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TALEN MONTANA, LLC 

COLSTRIP STEAM ELECTRIC STATION 

ADMINISTRATIVE ORDER ON CONSENT 

UNITS 1 & 2 STAGE I & II EVAPORATION POND AREA 

 

 

EXECUTIVE SUMMARY 

 

On August 3, 2012, PPL Montana, LLC (PPLM) and the Montana Department of 

Environmental Quality (MDEQ) entered into an Administrative Order on Consent (AOC) 

Regarding Impacts Related to Wastewater Facilities Comprising the Closed-Loop System at 

the Colstrip Steam Electric Station (Colstrip SES). On June 1, 2015, PPLM transferred 

ownership of their share of the Colstrip SES to Talen Montana, LLC (Talen); further, Talen 

assumed the role as operator of the facility.  As required by the AOC, Talen committed to 

prepare Site Reports for the Plant Site, Stage I Evaporation Pond (SOEP) and Stage II 

Evaporation Pond (STEP), and Units 3&4 Evaporation Holding Pond (3&4 EHP) areas.   

 

Minimum requirements of the AOC Site Reports are:  

 identification of releases, if any, for each area and the source of the releases;  

 a description of the investigations performed to date, including a list of reports 

resulting from the investigations and summary of the findings and results from the 

investigations;  

 groundwater models and results of modeling; 

 a description of completed and ongoing remedial actions (including the sampling 

parameters and frequency of any ongoing monitoring);  

 an effectiveness assessment of the remedial actions;  

 for each area that contains a pond, a description of the construction of the ponds and 

of pond contents through time; for each pond, an estimate of seepage to groundwater 

beneath the pond; 

 identification of data gaps, if any; and  

 recommendations for additional site characterization, if any.  
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This Site Characterization Report provides information required in the AOC for the SOEP 

and STEP area. 

 

Talen is the operator of the Colstrip SES, which consists of two 333-megawatt, and two 805-

megawatt coal-fired steam electric generating units.  Units 1&2 have been in service since 

1975.  Unit 3 has been in service since October 1983.  Unit 4 went in to service near the end 

of 1985.  The Colstrip SES is co-owned by Talen, PacifiCorp, Puget Sound Energy, Inc., 

Portland General Electric Company, Avista Corporation, and NorthWestern Corporation. 

 

A closed-loop process is used at the Colstrip SES to minimize impacts to local water 

resources.  Coal combustion residuals from the generating plants are impounded in ponds 

designed and constructed to minimize seepage losses.  Ponds that service Colstrip SES Units 

1 and 2 are located approximately 1.5 miles west-northwest of Colstrip.  The Stage I 

Evaporation Pond, or SOEP, was constructed with a partial clay liner and began serving 

Units 1 & 2 in 1975.  The SOEP received fly ash, transported as scrubber slurry, for final 

disposal.  The SOEP was full in 1997; and the reclamation program for this pond was 

completed in 2002.   

 

Colstrip SES operators began routing scrubber slurry from Units 1 and 2 to the STEP in 

1992.  There are currently five cells constructed in the STEP; and each has a specific 

function.  At a minimum, STEP cells were lined with a single geo-synthetic liner.  The 

function of each cell and summary of liner construction is as follows:  

 Cell A – constructed with single High Density Polyethylene (HDPE) liner, received 

scrubber slurry for final disposal, full and no longer active; 

 Cell E – constructed with single High Density Polyethylene (HDPE) liner, formerly 

received scrubber slurry, actively receives paste; 

 Old Clearwell – constructed with single HDPE liner, received clear water from the 

settling portion of the STEP and will eventually be filled with paste; 

 Cell B (New Clearwell) – constructed with a Reinforced Polypropylene (RPP) 

double-liner and redundant leachate collection system, receives clear water from the 

paste plant and returns it to the scrubbers for re-use; and  
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 Cell D – constructed with a Reinforced Polypropylene (RPP) double-liner and 

redundant leachate collection system, receives clear water or paste, as needed.     

 

A detailed description of each of the SOEP and STEP area ponds is presented in this report, 

including dates of service, use, pond capacity (volume), surface area, and liner construction 

information.  In addition, water quality data for each of the ponds including minimum, 

maximum, arithmetic mean, and median concentrations for up to 92 analytes are tabulated in 

the report for each pond.  Although numerous analytes have been evaluated for water from 

the SOEP and STEP, a smaller number of parameters are characteristic of water/waste of the 

Colstrip SES process.  Increased specific conductance (SC) and elevated concentrations of 

sulfate, boron, and chloride are present in process water liquids/solids within the SOEP and 

STEP compared to background groundwater concentrations.  These parameters are used as 

indicators for process water impacts in groundwater outside of the ponds.  In addition, water 

from the SOEP and STEP has a high concentration of magnesium in relation to calcium, 

which makes the ratio of these two parameters an important indicator parameter of process 

water impacts outside of the ponds.  

 

Estimates of pond seepage to local groundwater are presented in Section 2.  A HYDRUS 2D 

variably-saturated numerical flow model was used to estimate seepage from the reclaimed 

SOEP.  Methods of seepage calculation appropriate for active geomembrane-lined ponds 

were selected for analysis of the STEP cells.  Because the SOEP was reclaimed with an 

evapotranspiration (ET) cap, seepage estimates are based on annual precipitation.  Estimates 

of recharge to groundwater though the SOEP averaged 1.44 inches per year or about 8.8% of 

annual average precipitation during the 10-year simulation period (equivalent 4.1 and 10.3 

gallons per minute).  The cumulative estimate of seepage to groundwater from the five 

geomembrane-lined ponds in the STEP is approximately 17 gallons per minute (gpm).   

 

Water quality monitoring is conducted routinely by Talen at a network of over 216 

monitoring sites in the SOEP and STEP area.  Monitoring sites include process ponds, 

monitoring wells, private wells, groundwater capture wells, surface water, sumps, and ponds.  

Water quality data are evaluated and further investigation and/or mitigation actions are 
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conducted in areas showing process water impacts. Groundwater with process water impacts 

has been identified downgradient of the SOEP and STEP.  As of the end of 2015, 60 

groundwater capture wells, four process pond under-liner secondary collection systems, and 

chimney and toe drains installed in the face of the STEP Main Dam are operated by the 

Colstrip SES to capture impacted groundwater in the SOEP and STEP areas.  Impacted 

groundwater is pumped to lined process ponds or treated via the Vibratory Shear 

Enhancement Process (VSEP).  Evaluation of water quality and water level data at capture 

wells and paired monitoring wells indicates that the existing capture system is largely 

effective to date as a source control measure and hydraulic gradient control.   

 

The AOC provides for investigations and mitigation to be implemented via Interim Response 

Actions (IRAs).  IRAs are implemented in response to circumstances identified through 

hydrogeologic evaluation and not because of an acute threat to human health or a recent spill.  

A summary of past releases of process water; a description of investigations and IRAs 

performed to date; a list of reports resulting from the investigations and IRAs; and a 

summary of the findings and results from investigations and IRAs conducted in the SOEP 

and STEP area are included in Section 3 of this report.    

 

Groundwater modeling analyses required by the AOC are introduced in Section 4 of this 

report.  The complete report is included as Appendix A.  A preliminary conceptual 

groundwater model was developed for the Plant Site and SOEP and STEP areas in 2004 

(Maxim, 2004).  Maxim (2005) further summarized the conceptual model, described the 

initial numerical model design, and discussed model calibration methods and results.  The 

initial model was developed using the USGS code MODFLOW-2000 (Harbaugh et.al, 2000).  

Geomatrix (2007) updated the conceptual model to include water level and water quality data 

at new capture and monitoring wells installed since the inception of the initial modeling 

effort.  A more robust code, USGS MODFLOW-SURFACT Version 3 (HydroGeoLogic, 

1998) was used in the updated model to allow for variable saturation.  The current model 

report for the SOEP and STEP areas (NewFields 2017, Appendix A), describes expansion, 

calibration, steady-state and transient groundwater flow simulation, sensitivity analysis, and 

capture system evaluation.  Capture analysis was conducted in the current model using 
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particle tracking via MODPATH Version 3.  Particle tracking is analogous to advective 

transport; and the results do not indicate constituent concentrations or account for chemical 

transformation, sorption, diffusion, or dispersion.  Results of the conservative capture 

analysis from prior simulations and the current model indicate that the majority of potentially 

impacted groundwater in the SOEP and STEP areas is captured by the existing capture 

system.  Based on 50-year particle tracking simulations, complete capture of groundwater 

originating where an indicator BSL is currently exceeded may not be occurring in the 

following areas. 

 Particles originating beneath the north and northwestern portion of the SOEP source 

area. These particles migrate very slowly to the north. 

 Particles released beneath the southwest area of the SOEP source area.  These 

particles migrate very slowly northeast under the SOEP Dam. 

 Particles originating in the southern portion of the SOEP source.  Particles originating 

in this area travel slowly to the northeast. 

 Particles released in a small area of Layer 2 within the SOEP Dam.  These particles 

remain within the SOEP Dam after 50 years due to the relatively low permeability of 

the dam material. 

 Particles originating along the northern edge of Cell A (these particles represent 

residual impact and not seepage from Cell B).  These migrate slowly north. 

 Particles originating in the northwest corner of Cell E. These particles travel very 

slowly northeast and east. 

 

Particles were also release outside of source areas at locations showing concentrations of 

some indicator parameters above the BSL.  Model simulations suggest the following areas 

with uncaptured particles after 50 years. 

 A few particles released in an area east of the SOEP in Layers 2, 3, and 4.  These 

particles travel very slowly northeast and end up under Cell E, the Old Clearwell, or 

Cell D after 50 years. 

 Particles originating along the north and northwest margin of the SOEP in Layers 3 

and 4.  These particles migrate north less than 2,500 feet within 50 years. 
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 An area of groundwater west of the SOEP source area is uncaptured.  Groundwater in 

this area travels northeast under the SOEP Dam. 

 Particles originating in Layer 4 north of the SOEP and Cell A and beneath Cell B.  

These particles travel less than 2,000 feet north of the SOEP and STEP within 50 

years. 

 Particles originating in an area north of Cell A (in Layer 5) and beneath Cell B (in 

Layer 5 and Layer 6).  The uncaptured particles released north of Cell A migrate 

approximately 2,500 feet north and northwest within 50 years and the uncaptured 

particles released beneath Cell B migrate to the north and northeast and travel less 

than 600 feet within 50 years  

 

Data gaps identified through the modeling effort are outlined in the 2017 model report 

(NewFields 2017, Appendix A).  Additional data gaps identified through evaluation of SOEP 

and STEP area groundwater monitoring data are included in Section 5.  These data gaps 

include the need for more accurate flow data from capture wells, additional hydrogeological 

information from specific areas, additional groundwater capture at, or near, well 903D, and 

further documentation of activities.      

 

Recommendations to address noted data gaps are included in Section 6.  These 

recommendations include: 

 continuation of current groundwater capture activities and expansion, if necessary;  

 continuation of groundwater monitoring and possible expansion of monitoring 

network; 

 continuation and refinement of groundwater modeling, including consideration of fate 

and transport modeling;  

 continuation of Best Management Practices (BMPs); 

 continuation of annual synoptic runs on East Fork Armells Creek (the Creek); 

 continuation of water balance refinement;   

 further study of scaling problems in capture systems; and 

 evaluation of pond liner permeability. 
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TALEN MONTANA, LLC 

COLSTRIP STEAM ELECTRIC STATION 

ADMINISTRATIVE ORDER ON CONSENT 

UNITS 1 & 2 STAGE I & II EVAPORATION POND AREA 

 

 

1.0  INTRODUCTION 

 

Talen Montana, LLC (Talen) is the operator of the Colstrip Steam Electric Station (Colstrip 

SES), located in Colstrip, Montana (Figure 1-1).  The Colstrip SES (Plant) is co-owned by 

Talen, PacifiCorp, Puget Sound Energy, Inc., Portland General Electric Company, Avista 

Corporation, and NorthWestern Corporation. 

 

Colstrip Units 1 & 2, which are two 333-megawatt, coal-fired steam electric generating units, 

have been in service since 1975.  Colstrip Units 3&4 are 805-megawatt generating units 

adjacent to Units 1 & 2.  Unit 3 has been on line since October 1983.  Unit 4 came on line 

near the end of 1985 and began producing commercial power in April of 1986.  Ponds 

serving Units 1 & 2 were put into service in 1975.  The pond system servicing Units 3&4 has 

been in use since 1983. 

 

On August 3, 2012, PPL Montana, LLC (PPLM), the previous operator of the Colstrip SES, 

and the Montana Department of Environmental Quality (MDEQ) entered into an 

Administrative Order on Consent (AOC) Regarding Impacts Related to Wastewater Facilities 

Comprising the Closed-Loop System at the Colstrip Steam Electric Station (MDEQ/PPLM 

Montana, 2012).  On June 1, 2015, PPLM transferred ownership of their share of the Colstrip 

SES to Talen Montana, LLC (Talen); further, Talen assumed the role as operator of the 

facility.   
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As part of the AOC, Talen is committed to prepare Site Reports for the Plant Site, Stage I 

Evaporation Pond (SOEP), Stage II Evaporation Pond (STEP), and Units 3&4 Evaporation 

Holding Pond (3&4 EHP) areas.  These site reports are the basis for further remedial 

activities under the AOC.  A fourth category of reporting, involving area process water 

associated spills or releases not included in one of the previously mentioned areas was also 

defined.  All past spills and releases have fallen into one of the three areas defined earlier in 

this paragraph.  This report provides information regarding past process water spills, pond 

seepage, and current conditions in accordance with the AOC. 

 

Minimum requirements of the AOC Site Reports are: 

 Identification of releases, if any, for each area and the source of the releases; 

 A description of the investigations performed to date, including a list of reports  

resulting from the investigations and summary of the findings and results from the 

investigations; 

 Groundwater models and results of modeling (Appendix A); 

 A description of completed and ongoing remedial actions (including the sampling 

parameters and frequency of any ongoing monitoring) and an effectiveness 

assessment of the remedial actions; 

 For each area that contains a pond, a description of the construction of the ponds and 

of pond contents through time; 

 For each pond, an estimate of seepage to groundwater beneath the pond; 

 Identification of data gaps, if any; and 

 Recommendations for additional site characterization, if any. 

 

This report provides information required as listed for AOC Site Reports for the SOEP and 

STEP areas.  
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2.0  POND CONSTRUCTION AND CLOSED LOOP SYSTEM DESCRIPTION 

 

 CLOSED LOOP SYSTEM 2.1

A closed-loop process water/scrubber system is used at the Colstrip SES to minimize impacts 

to water resources in the area.  Water-based liquid wastes from the generating plants are 

impounded in ponds designed and constructed to minimize seepage losses.  The Plant Site 

pond system includes ponds that serve all four generating units in various capacities.  Flyash 

disposal is not conducted on the Plant Site but rather in holding ponds at separate locations.  

Flyash from Units 1 and 2 are, or were, routed to the SOEP and STEP, located northwest of 

Colstrip.  The SOEP and STEP ponds presently servicing Colstrip Units 1 & 2 have been in 

use since 1975 and 1992 respectively.  Details of the SOEP and STEP ponds are described in 

the subsequent sub-sections.  Table 2-1 contains descriptions of the SOEP and STEP ponds.  

Table 2-2 contains pond and pipeline nomenclature for the SOEP and STEP area for 

correlation purposes.  

 

2.1.1 Definitions 

Several terms used in Table 2-1 and throughout this report require defining as follows. 

 Blowdown – A portion of water from the cooling tower which is removed and 

replaced with raw water containing lower concentrations of dissolved solids.  The 

process is conducted to reduce the potential for scale buildup in the cooling towers.   

 Boiler – structure where coal combustion occurs and steam is produced for the 

turbines.  Pulverized coal is injected with air into the boiler resulting in combustion.  

The heat from the burned coal heats the water in the boiler tubes which generates 

steam to turn turbines and generate electricity. 

 Bottom ash – a coarse grained residual from burning coal which falls to the bottom of 

the boiler where it is collected. 

 Circulating water system – System of water used in the generation of electricity 

including raw water, makeup water, cooling water, bottom ash and flyash scrubber 

slurry, etc.  The water is reused in various parts of the process. 
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 Forced Evaporation – Mechanical processes used to enhance the rate of evaporation.  

Typically conducted by mechanical means through high speed fans, compressed air, 

and/or Venturi types of spray nozzles. 

 Flyash – a residual of burning coal that is exhausted with flue gases through the 

scrubbers. 

 HDPE – High Density Polyethylene – a synthetic material that is a polyethylene 

thermoplastic.  HDPE has a multitude of industrial uses including pipelines and liners 

to name a few.  HDPE resists deterioration from chemicals, weather, heat, and 

oxygen.  HDPE has been used to line some of the ponds at the Colstrip SES since it is 

flexible and does not crack. 

 Hypalon – A synthetic material that is a registered trademark for a family of 

chlorosulfonated polyethylene synthetic rubbers.  Hypalon resists deterioration from 

chemicals, weather, heat, and oxygen, and is flexible.  Hypalon has been used to line 

some of the ponds at the Colstrip SES. 

 Leachate Collection – collection of fluids that have passed through a solid material 

such as solid waste, liners, soil, or organic debris. 

 Liner – An impermeable material (HDPE, Hypalon, reinforced polypropylene (RFP 

or RPP)), or material that exhibits very low permeability (clay, polymers, etc.) that is 

placed on the bottom of a pond, lake, canal, stream bed, etc. to retain water in the 

structure or to limit movement of fluids through the bottom of the structure. 

 Paste Plant – A process facility used to dewater scrubber slurry reducing the amount 

of water that must be managed in ponds.  Creates a “paste” consisting of over 65% 

solids while binding the majority of water. 

 RFP – A synthetic material sometimes referred to as reinforced polypropylene (RPP), 

which is lightweight, heat weldable, ultraviolet resistant polypropylene sheeting 

reinforced by sandwiching reinforcing fiber between polypropylene sheets.  The 

material is commonly used for lining ponds due to its light weight, strength, UV 

resistance, chemical resistance, flexibility, and low expansion and contraction 

characteristics.  RPP has been used to line some of the ponds at Colstrip SES. 

 Scrubber – Pollution control equipment that removes SO2, particulates, and other 

potential pollutants from the combustion flue gas. 
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 VSEP – Vibratory Shear Enhancement Process – Reverse osmosis system for water 

treatment. A technology designed to reduce fouling and/or the buildup of particulates 

on the osmotic membranes. 

 

2.1.2 Facility-Wide Process Water Flow 

Figure 2-1 is a schematic illustrating closed-loop process water flow for the Colstrip SES.  

Process water routing and facilities at the STEP are shaded on this figure.  Note only ponds 

that are part of the current process water circuit are shown on Figure 2-1.   

 

Up to 69 cubic feet per second (CFS) of raw water is piped from the Yellowstone River to 

Castle Rock Lake (also known as the Surge Pond).  Water can then be pumped to the holding 

tanks on the Plant Site.  Water is then distributed for use in the boilers and cooling towers as 

makeup water, or used in the bottom ash systems or the scrubbers.  Process water that is 

routed to the STEP (and previously the SOEP) is the scrubber slurry. 

 

Raw water is treated at the Plant Site by filtration, demineralization, and reverse-osmosis 

prior to being directed to the boilers.  The majority of water used at the facility is in the 

cooling water systems.  The cooling water systems are primarily used to condense the steam 

after it goes through the turbines so it can be sent back to the boiler to be re-used.   

 

The Colstrip SES burns coal in the boiler where steam is generated from water contained in 

boiler tubes.  The steam is used to rotate turbines that generate electricity.  Exhaust and flue 

gas are generated from burning of the coal and is directed to the scrubbers.  Air scrubbers, 

the Plant’s main pollution control equipment, are used to capture SO2, particulates, and other 

potential pollutants generated from the combustion of coal.   

 

Burning the coal leaves two residuals; bottom ash and flyash.  Flyash, which is less dense 

than bottom ash, is exhausted with flue gases through the scrubbers.  Scrubbers remove the 

particulates creating scrubber slurry.  The scrubber slurry is transported through pipelines to 

paste plants located at the STEP and 3&4 EHP.  The paste plants remove water from the 

scrubber slurry, creating a “paste” that is deposited in the STEP or EHP.  Water removed 
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from the scrubber slurry (clear water) in the paste plants is sent to lined clearwells.  Clear 

water is returned to the Plant Site for reuse in the scrubbers. 

 

Bottom ash is coarser grained than flyash (pebble sized (4-64 mm)).  Bottom ash falls to the 

bottom of the boiler where it is collected and piped as a slurry to the bottom ash pond 

corresponding to the units (either Units 1 & 2, or Units 3&4 bottom ash ponds).  The bottom 

ash settles out in the pond.  Clear water decants into the adjacent Bottom Ash Clearwell 

(either Units 1 & 2 Bottom Ash Clearwell or Units 3&4 Bottom Ash Clearwell).  Water from 

the clearwells is normally routed back to the bottom ash system at the Plant Site for reuse. 

Bottom ash is transported from the bottom ash ponds and deposited in holding ponds. 

 

 SOEP AND STEP PONDS 2.2

2.2.1 Stage I Evaporation Pond (SOEP) 

The SOEP was designed to store 10 years of flyash (Bechtel, May 1976).  Construction 

included a partial liner consisting of natural clay.  The bottom was prepared by grubbing 

vegetation from the ground surface, grading and compacting the existing clay.  The crest of 

the Units 1 & 2 SOEP Dam is at an elevation of approximately 3,308 feet above mean sea 

level (msl) and the total height is about 70 feet above the original ground surface.  Maximum 

pool elevations were approximately 3,300 feet above msl.  With the partial clay lining, 

seepage was estimated between 85 and 115 gpm, assuming a full pond, saturated conditions, 

limited fractures in bedrock, and steady state conditions (Bechtel, May 1976).  The SOEP 

was constructed with chimney drains, a blanket drain, and toe drain.  Water from the drains 

was routed to a sump which returned seepage water to the pond.  Copies of design drawings 

for the SOEP are included in Appendix K. 

 

The pond was operated between 1975 and 1997.  During its operation, flyash slurry was 

pumped from Plant Site Units 1 & 2 A/B Pond through a fiberglass pipeline to the SOEP.  

Flyash settled in SOEP and the water was periodically pumped back to the Plant Site for use 

as process water through the same pipeline.  Reclamation involved staged installation of an 

evapotranspirative cover.  The cover was completed in 2002. 
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2.2.2 Stage II Evaporation Pond (STEP) 

The STEP was constructed directly down the drainage from the SOEP (Figure 1-1).  It 

consists of five cells (A, B (New Clearwell), D, E, and Old Clearwell) which are 

synthetically lined with either high density polyethylene (HDPE) or reinforced polypropylene 

(RPP).  Copies of construction plans and drawings are included in Appendix K.  

 

Cell A, located at the toe of the Units 1 & 2 Stage I Main Dam, is essentially full and no 

longer receives flyash scrubber slurry.  Cell A no longer receives captured groundwater nor 

passive evaporation system water as of October 19, 2015 and no water is impounded within 

the cell.   

 

Cell E is currently the active cell.  This cell originally served as a decant pond receiving 

water from Cell A.  Scrubber slurry was routed to the pond after Cell A was filled until the 

paste plant was completed and began operations.  Flyash slurry from Units 1 & 2 is routed to 

a paste plant that was constructed directly south of Cell A in 2008 and began operations in 

2009.  Paste from the plant is then piped to Cell E.  

 

Cell B was constructed in 2006 to provide additional space to store process water.  In 2001, 

Cell B was equipped with pumps and converted to the New Clearwell.  The Old Clearwell, 

located adjacent to the Units 1 & 2 STEP Main Dam is now used for water storage and will 

eventually be filled with paste.  Cell D was constructed in 2011 and is currently used for 

water management.  Cell C is a future cell, planned for construction north of Cell E. 

 

During operation of the SOEP, STEP Cell A, and early phases of Cell E, flyash scrubber 

slurry was piped through a single pipeline to the ponds.  Periodically, the piping was changed 

so clear water could be pumped back to the Plant for reuse.  A new flyash scrubber slurry 

pipeline was installed in 2002.  The new piping system consisted of one HDPE pipeline to 

convey flyash scrubber slurry to the STEP and a second for return water to the Plant Site to 

be reused in the scrubbers. 
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2.2.3 Surge Pond (Castle Rock Lake) 

The Surge Pond is not a Plant process pond.  Rather, the Surge Pond is a water supply 

reservoir that stores water for use by Plant operations, the City of Colstrip, and nearby coal 

mines.  Therefore, discussion of the Surge Pond will be limited to its effects on the 

groundwater table in the vicinity of the SOEP and STEP. 

 

Water for the Surge Pond is supplied by the Yellowstone River via a 29-mile long pipeline 

originating at the Nicols pump station west of Forsyth, Montana.  Water in the Surge Pond is 

either routed to the City of Colstrip Water Treatment Plant and distributed, or piped to the 

Power Plant.  Water levels in the Surge Pond are regulated between an elevation of about 

3,280 feet above msl in the summer and 3,284 feet above msl in the winter months.  The 

quality of the water is generally good and reflects the river water quality.   

 

2.2.4 Process Pond Storage and Water Management 

Process water in the STEP is contained in ponds and is circulated back to the Plant Site to 

operate as a zero discharge facility.  Water management is essential so an adequate amount of 

freeboard is maintained to account for upset conditions or to accommodate water introduced 

through precipitation.  Management of the amount of water present in the ponds is complex 

because of plant operation and natural conditions.  In some cases, it is necessary to re-direct 

process water to various ponds to allow for maintenance or to deal with unforeseen 

occurrences in the operations.   

 

Furthermore, because of the large area associated with the facility, a significant amount of 

water volume is added through precipitation.  For example, Colstrip receives an average of 

15 inches (1.25 feet) of precipitation water each year.  Water falling directly on ponds adds to 

pond volumes.  Relatively large portions of water falling on portions of the Plant Site also 

enter the ponds through stormwater runoff control measures.   

 

Deposition of flyash and bottom ash (about 10% of the coal volume burned) is a continuous 

process during electric generation.  Scrubber slurry carrying flyash from Units 1 & 2 is 

currently directed to the STEP paste plant.  Scrubber slurry has not been directed to the 
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SOEP since the mid 1990’s.  Placement of the ash in the ponds reduces the amount of 

available storage for water.  For this reason, it is necessary to reduce the amount of water at a 

rate faster than ash deposition and precipitation input rates to maintain sufficient storage.  

Colstrip SES uses best management practices (BMPs) to help manage water volumes (see 

Section 2.2.6).   

 

2.2.5 Water Use and Measurement Difficulties 

Text contained in this section has been revised from the AOC Plant Site Report 

(Hydrometrics, July 2015) and relates to the entire facility and not just the SOEP and STEP 

area. 

 

The majority of water from the Surge Pond is used at the Plant Site.  However, a portion is 

also is also used at nearby coal mines and as domestic water supply to the City of Colstrip.  

An estimate of water flows throughout the Plant process has been made, but detailed, 

accurate flow rates have not been determined because of difficulties with accurate flow 

measurement.   

 

Difficulties in flow measurement throughout the process water circuit include the following. 

 Some of the piping is not equipped with flow meters, some of the flow rates are 

estimated and general corrections, based on extensive site experience, professional 

judgment, and observations are made to some of the flow circuits. 

 Where flow gages have been used, their accuracy has been limited due to scaling 

buildup, corrosion, and other maintenance issues. 

o Scale build up in pipes and flow meters reduces the accuracy.  Scale reduces 

the pipe inside diameter causing velocities to be higher than in a pipe void of 

scale.  Flows measured by externally mounted flow meters results in 

overestimation of pumping volumes. 

o Furthermore, scale buildup on in-line flow meters creates inefficiencies, 

typically resulting in lower flow readings. 

 The large slurry flows can contain solids which range from 0 – 20%.  This variability 

in solids can lead to a significant error in flow measurement. 
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 Reuse patterns- the process water circuit is not static.  That is, it is necessary to open 

and close values and redirect water during different processes which can introduce 

error in water balance calculations. 

 The ponds have a large surface area, and therefore undergo relatively large amounts 

of evaporation.  The amount of water being removed from the system through 

evaporation can be estimated but the margin of error is large. 

 Similarly, the efficiency of forced evaporation used to reduce the amount of water in 

the process circuit, is highly variable due to humidity and temperature.  This 

variability causes difficulty in making an accurate estimate of water being evaporated. 

 The volume of impacted groundwater collected from capture systems is estimated 

using local measurements at the pumps.  Because of scaling problems and pressure 

differential caused by pumping uphill to the ponds, the accuracy of the flow estimate 

is limited. 

o Use of flow meters was attempted early in the groundwater capture process.  

Severe scaling resulted in continued maintenance of the flow meters, 

inaccurate measurements, or meter failure. 

o Volumetric flow measurements (time to fill a container of known volume) are 

used as an alternative to using flow meters.  Inaccuracies arise with this 

method since the flows are measured at individual well heads but pipeline 

pressures downstream of the capture wells vary.  For example, flow may be 

measured at a well with a pipeline back pressure of 50 PSI, while the pressure 

at the well head is essentially zero.  Flow in the pipeline is affected by the 

amount of back pressure.  In this scenario, estimated pumping rates will be 

higher than those actually occurring in the pipeline. 

 

As a result of these flow measurement difficulties, some of the current flow rates are not 

being measured, some of the flow rates are measured (possibly with correction), and some of 

the flow rates are estimated. 
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2.2.6 BMP’s for Water Management 

Talen institutes several BMP’s to reduce water in the ponds.  BMP’s are upgraded when 

necessary to improve the methods used to reduce or contain water.  In addition, new 

measures are periodically implemented to add new BMPs or improve existing facilities to 

improve water management.  BMPs and site improvements are listed in the following bullets:  

 Forced Evaporation; 

 Weekly Pond Inventory; 

 Multifunctional Water Management Team; 

 Water  Management Guidelines for Operation and Maintenance; 

 Cooling Tower Water Management Cycle Optimization; 

 On-going Water Reduction/Reuse Initiatives; and 

 Review of current technologies with outside consultants. 

 

2.2.7 SOEP and STEP Process Pond Sampling and Water Quality 

Water quality samples are periodically collected from cells at the STEP.  Samples were also 

collected from the SOEP pond during its operation.  This section describes sampling from the 

ponds and chemistry of the water in the ponds obtained through sample analysis. Potential 

reasons for variations in the pond chemistry are also described. 

 

2.2.7.1 Pond Sampling 

Ponds listed in the project monitoring plan (Appendix B), are sampled at a minimum 

frequency of once every three years.  Samples are collected from near the surface of the 

ponds at the approximate same location for each event.  Actual sampling locations depend on 

site access, safety considerations, and pond levels.  Grab samples are collected and the water 

sample preserved as needed, placed on ice, and transported to an analytical laboratory for 

analysis.  

 

Metals within the pond samples are typically analyzed for dissolved phase concentrations in 

accordance with the MDEQ approved monitoring plan.  However, pond samples have been 

analyzed for both total recoverable and dissolved phases of metals in some cases.  The total 

analysis uses a digestion step to place both suspended and dissolved metals into solution.  
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However, dissolved analysis is considered more applicable for the ponds since water leaving 

the ponds as seepage will enter groundwater or unsaturated media that typically have very 

slow groundwater flow velocities.  The very low flow velocities and filtration characteristics 

of soil or clay liners make transport of solids from within the pond to groundwater very 

unlikely except under abnormal conditions.  Furthermore, the Federal Ambient Water 

Quality Criteria are based upon aquatic toxicity testing of the dissolved form of the 

constituent.  Therefore, dissolved phase of analysis is applicable to analysis of the pond 

water. 

 

2.2.7.2 SOEP and STEP Pond Water Quality 

Table 2-3 shows statistics for pond water quality including the most recent pond sample 

collected through 2015.  In some cases a particular analyte may have only been analyzed 

once.  In this case the minimum, maximum, average, and most recent result will all be the 

same.  Note that some of the data for pond water quality is for ponds that are not currently in 

use (SOEP), method of use has changed (from Clearwell or decant ponds or visa-versa) or 

that have been closed.  Data for the SOEP is included on Table 2-3 although it has been out 

of service and has not contained free water at the surface since about 1995.   

 

Note also, that pond water quality depicted for Cell A includes data collected both before and 

after the cell was active.  STEP Cell A is essentially full and flyash scrubber slurry and/or 

paste are no longer introduced to the pond.  Water entering the pond decants into the New 

Clearwell or Cell E.  Concentrations for more recent samples from Cell A are elevated due to 

the extreme evaporative effects associated with the pond and evaporation pad.  Note that  

Cell A no longer impounds water. 

 

Graphs, showing concentrations of indicator parameters versus time, Piper diagrams which 

illustrate the cation and anions distribution with time, and pond water quality data are in 

Appendix C.  Variation in the quality of process waters is illustrated on the graphs.  The 

Piper diagrams show that the water in the ponds has remained magnesium-sulfate type water 

throughout the monitoring period.  Note also that only median concentrations for cations and 

anions were plotted for the SOEP Piper diagram but no time/concentration graphs were 
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prepared because the sample points within the pond were not differentiated.  For this reason 

the Piper diagram represents the median water chemistry in the SOEP as a whole and does 

not represent individual areas within the pond through time.  Water quality in the SOEP and 

STEP ponds varies (varied) for a number of factors including, but not limited to the 

following.  

 Changes in routing of process waters may change for short periods for operational 

reasons.  For example if a pond is going to be relined or rebuilt, the water from that 

pond has to be placed in different ponds.  Water quality of the receiving pond may 

change following the transfer.  In addition, various cells have changed from active or 

decant ponds to clearwells.  Two examples are Cell E which was initially a decant 

pond from water exiting Cell A and Cell B which was initially a secondary decant 

pond and is now used as a clearwell.  Water periodically may be transferred between 

ponds at the facility. 

 Evaporation of water from the pond surface results in higher concentrations of 

chemical constituents in the remaining water. 

 Force or passive evaporation efforts results in higher concentrations of chemical 

constituents in the remaining water. 

 Precipitation results in dilution of waters in the ponds.  All other things being equal, 

this results in a lowering of SC in ponds.  Colstrip receives an annual average of 

about 1.25 feet of precipitation that falls directly on the ponds or that flows to the 

ponds as runoff. 

 Introduction of water from groundwater capture systems is lower in concentrations of 

chemical constituents and reduces overall concentrations. 

At the request of the MDEQ Major Facilities Siting Program, PPLM conducted a more 

detailed sampling and analysis of six ponds at the Colstrip SES in 2002.  Included in this 

sampling was the STEP Old Clearwell.  Water from the STEP New Clearwell was analyzed 

for a similar set of parameters in 2012.  Clearwells were chosen for the additional analysis 

since they are most likely to receive chemical constituents in the event of on-site releases or 

upset conditions in containment features (oil/water separators at the Plant Site).   
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Samples were analyzed for an extensive list of parameters including major constituents, 

hydrazine, nutrients, an extended metals list, volatile organic constituents, semi-volatiles 

constituents, diesel range organics, diesel range organics as diesel, total extractable 

hydrocarbons, total purgeable hydrocarbons, hydrocarbon fractions (aliphatic & aromatics), 

cyanide, oil and grease, ethylene glycol, and residual chlorine.  Results of the analysis are 

included in data routinely submitted to the MDEQ Major Facilities Siting Program. 

 

Hydrocarbons were not detected in the sample from the STEP Old Clearwell in 2002.  Low 

concentrations of diesel range organics (DRO - 0.39 mg/L) and Extractable Petroleum 

Hydrocarbons (0.56 & <0.306 mg/L) were reported in water sampled from the New 

Clearwell in 2012.  Additional analyses were conducted for C5-C-8 aliphatics, C9-C10 

aromatics, and C9-C12 aliphatic fractions based on the initial analysis; with all the 

concentrations below the detection limits. 

 

2.2.7.3 Bromide 

Calcium bromide has been added to the combustion process as part of the mercury control 

system at the Plant Site since 2010.  Calcium bromide causes mercury present in the flue gas 

to be oxidized and be captured in the scrubbers.  Some bromide containing chemicals are also 

used as scale inhibitors in cooling towers.  Typically, ponds that are directly connected to the 

scrubbers will have higher bromide concentrations.  However, bromide concentration can be 

affected by factors other than the scrubber process.  The amount of inventory in a pond also 

has an effect on the bromide concentrations in the ponds.  Higher bromide concentrations 

result with more evaporation.  Conversely, lower concentrations result from periods of high 

precipitation or if a substantial amount of raw water is added to the system.  The highest 

concentration of bromide in an active cell at the STEP has been 576 mg/L in Cell E.  Water 

collected from water above the flyash in Cell A has shown a maximum concentration of 746 

mg/L.  Cell A is no longer part of the process water circuit and no longer impounds water.   

 

Recently revised Background Screening Levels (BSLs) for bromide ranged from 5 to 10 

mg/L for intervals existing in the SOEP and STEP area (Neptune and Company, 2016).  Note 

that these values were assigned based on the lowest non-detect since results of bromide 
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analysis did not meet statistical rules applied to the data (Neptune and Company, 2016).  

Bromide was detected in several wells in both the SOEP and STEP areas, but all at 

concentrations of 3 mg/L or less.  The low bromide concentrations suggest that current 

seepage from the ponds is minimal, which is consistent with the assertion that the approach 

to estimating seepage is conservative.  

 

2.2.7.4 Reporting Limits and Method Detection Limits 

Water quality samples collected at the facility are submitted to commercial laboratories for 

analysis of parameters listed on a table referenced from the site monitoring plan.  Reporting 

limits are also referenced in the Water Resources Monitoring Plan (WRMP) (Appendix B).  

This includes pond water, samples from the Creek, and from groundwater monitoring wells.  

Reporting limits (RL) and method detection limits (MDL) are described in this section and 

apply for surface water and groundwater analysis, but would also hold true for other types of 

laboratory analysis.   

 

RLs are typically the lowest concentrations that a particular analyte can be detected by a 

laboratory and the concentration reported with a reasonable degree of accuracy and precision.  

These values are often the lowest standard on the calibration curve. RL’s are generally driven 

by the client or regulatory guidelines and as such have changed over time.  Less accurate 

laboratory methods in the past produce a greater variance in the curves which may produce 

an artificial upward trend.  Matrix interferences, caused by the presence of other chemical 

constituents may raise the level at which the concentration of a given analyte can be detected 

for reporting purposes.  A simple, easy to use, protocol to evaluate the effects of matrix 

interferences and variations with reporting limits over time is not possible and a substantial 

amount of statistical interpretation is required.  For this reason, any trends that are potentially 

artificial and may be associated with variations in laboratory analysis should be looked at on 

a case by case basis. 

 

MDLs are the lowest concentrations that an analyte can be detected in a sample that does not 

cause matrix interferences using a particular analytical method.  An analyte is considered 

detected when a value has been defined at a concentration that the analyst is almost positive 
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is not background, also called the critical level.  The MDL is essentially equal to the critical 

level.  The critical level is where detection is considered positive, with an allowable false 

positive result of less than 1%.  So the MDL is a value at which an analyte can be detected 

with at least 99% accuracy.  However, quantitation is less accurate compared to 

concentrations that are greater than the RLs.  MDLs are evaluated using pure water blanks 

(water that contains extremely low or no analytes).  In other words, MDLs are evaluated 

using the purest water available under the most ideal conditions.  At no time is the MDL 

higher than the RL. 

 

Water occurring in the environment, whether process or natural water, is generally far from 

pure.  A relatively high number of false positives occur when analyzing a sample because of 

the additional interfering substance that is present.  This reduces the confidence level, and 

raises the MDL for a particular sample.  Actual detection levels for water quality samples 

from ponds, surface water and wells are just above the point where a sample distribution 

barely intersects the blank sample distribution.  Water with a high concentration of 

interfering substances tend to broaden the sample distribution and raise the level at which 

individual analytes can accurately be detected.  This is referred to as matrix interference.  

The higher the degree of matrix interferences, the higher the detection limit will be for a 

given sample.  Laboratories routinely perform MDL studies but MDLs can vary between 

sites due to site-specific sample matrix interferences. 

 

Practical quantitation limits (PQL) are the lowest level that can be consistently achieved 

during routine laboratory conditions.  The PQL is typically about two to five times the MDL 

(Van Buuren, B.H., 2011).  The PQL may also be set at a level up to 10 times (one order of 

magnitude) higher than the MDL.  A table listing available reporting limits through time, and 

recent MDLs evaluated at the analytical laboratory are contained in Appendix D. 

 

Water samples from the Colstrip SES exhibit a wide range of concentrations of chemical 

constituents which frequently result in variations in the MDL and the RL.  Samples that 

exhibit elevated levels of constituents may require a dilution.  Dilutions are prepared by 
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mixing the sample water with a known quantity of deionized water.  Laboratory sample 

dilution raises the reporting limit. 

 

 POND SEEPAGE ESTIMATES 2.3

In accordance with Section VI. A.1(f) of the AOC, estimates of pond seepage to groundwater 

are presented herein for the SOEP and STEP.  SOEP seepage estimates include design 

seepage estimates applicable to the operational pond and seepage estimates based on the 

current reclamation and evapotranspiration cover.  Seepage estimates for the STEP are based 

on actual geo-synthetic liner construction; but a comparison is made to prior seepage 

estimates (Hydrometrics 1985) that considered native earth or clay-lined pond construction. 

 

2.3.1 Stage I Evaporation Pond Operational Seepage Estimates  

Design seepage estimates for the SOEP were made prior to construction by Bechtel (May 

1976).  The SOEP design seepage estimates were based on permeability data gathered from a 

series of exploration boreholes and monitoring wells drilled within the perimeter of the then 

proposed unlined SOEP.  Seepage rates were calculated for three individual sections of the 

SOEP with observed differences in hydraulic gradient: 1.) the northwest rim; 2.) the east rim; 

and 3.) the Units 1 & 2 SOEP Dam section.  Permeability calculated from the exploration 

program and assigned to the seepage model ranged from 100 ft/year for the Units 1 & 2 

SOEP Dam section to 300 ft/year for the northwest and east sections.  Bechtel (1976) based 

their seepage estimate on Darcy’s Law and made several simplifying assumptions; their 

projection of seepage from the SOEP during operation was 130 gpm.  These calculations 

assumed a full pool to 3300 foot elevation and a mound formed under the pond. 

 

2.3.2 HYDRUS Model Simulations of Percolation Through Stage I Flyash 

A HYDRUS-2D numerical model (HYDRUS 2012) was used to simulate recharge rates to 

groundwater through the SOEP soil cover and underlying fly ash.  The HYDRUS model is 

appropriate for evaluating percolation through the SOEP soil cover, as HYDRUS is one of 

the few model's that simulates both saturated and unsaturated flow conditions.  HYDRUS 

applies the Richards equation to solve for unsaturated flow.  As noted in Albright, Benson & 

Waugh (2010) regarding modeling of unsaturated flow, “the most important attribute is that 
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the model must be based on a solution of the fundamental partial differential equation 

governing water flow in unsaturated soil, namely, the Richards equation”.  Further, MDEQ 

lists HYDRUS as an acceptable model for simulating unsaturated flow in their Guidance on 

Final Alternative Cover Demonstrations (MDEQ, 9/22/11).  Therefore, HYDRUS is one of 

the few tools widely accepted as appropriate for evaluating percolation through a soil cover.  

It is unclear what analytical methods would be appropriate for simulating long-term 

percolation from unsaturated flow through such a cover.   

 

The SOEP no longer holds surface water.  An engineered cap was installed to balance the 

water storage capacity of the cover soil with the ability of vegetation to extract, utilize, and 

transpire infiltrating precipitation.  Based on measurements in test pits excavated in different 

portions of the SOEP in 2012 by Hydrometrics, the engineered cover is comprised of three 

distinct material types or layers.  These included an upper topsoil layer about 15 cm (6 

inches) thick, an underlying subsoil layer averaging about 45 cm (18 inches) thick, and a 

bottom layer of clinker or porcelanite intended to act as a capillary break and ranging in 

thickness from 20 cm (8 inches) to 43 cm (17 inches).  Underlying the porcelanite layer is the 

fly ash fill material approaching 50 feet in thickness in central portions of the impoundment.  

The cap thickness and material properties are described in the HYDRUS model Technical 

Memorandum (Hydrometrics December 2013 – Stage One Evaporation Pond Soil Cover 

Hydrologic Evaluation). Reclamation Research Group (RRG) also conducted exploratory 

trenching in the soil cover and reported an average cap thickness of 96 cm (37.7”), including 

20 cm (~7.8”) of topsoil, 50 cm (~19.7”) of subsoil and 26 cm (~10.2”) of porcelanite 

(capillary break), (RRG Phase 1 Ash Disposal Ponds report, Castiglione and Jennings, 2010). 

 

This cover was designed to restrict infiltration of precipitation and thereby reduce or 

eliminate the amount of water that could enter the flyash and percolate to groundwater which 

is present at a depth of about 25 to 30 feet below ground surface (bgs).   

 

Well 966A is completed near the deepest part of the SOEP and data from this location 

provide an indication of site hydrogeologic conditions.  The flyash at this location is 

underlain by narrow, alluvial deposits that were present in the drainage bottom prior to pond 
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construction.  Alluvium encountered in the 966A borehole ranged from poorly sorted, sub-

angular to angular, sandy silty clay to sandy gravel.  The current ground surface elevation at 

well 966A is about 3,304 feet above mean sea level (msl).  The bottom of the flyash at this 

location is at an elevation of about 3,253 feet above msl.  The elevation of the groundwater 

table at the time of installation was about 3,279.3 feet above msl.  This equates to 

approximately 26 feet of saturated flyash at this location at the time of installation.  The 

saturated thickness decreases peripheral to 966A due to increasing elevation of the native 

ground surface outward from the historic drainage centerline.  The flyash above the water 

table is slightly moist to moist (unsaturated). 

 

Since a free water surface is not present on the pond, the pond was modeled using existing 

site-specific data to simulate flow through the engineered cap and predict the amount of 

precipitation that may reach groundwater in the flyash.  Based on this hydrogeologic 

scenario, water infiltrating through the cap and flyash to a depth of 20 feet is considered 

equivalent to potential seepage from the pond since this water will reach the groundwater 

table. 

 

Movement of water through the SOEP evapotranspiration (ET) cap was modeled using the 

HYDRUS 2D/3D unsaturated flow numerical model (HYDRUS, 2012).  The model 

discretizes the cap into finite elements and numerically solves the Richards equation for 

variably saturated flows.  Model output includes percolation, soil water content, evaporation, 

root water uptake, and numerous other fields.  Mesh lines may be inserted in the model to 

observe flux at specified locations.  For this analysis a two-dimensional (2D) model was 

constructed for vertical water movement through a defined cap profile. 

 

2.3.2.1 Model Input Parameters 

Model inputs include geometric properties, time and iteration criteria, soil hydraulic model 

parameters, root water uptake parameters, initial and boundary conditions, and climate data.  

As the model was refined, analyses were performed on the effects of modifying several of the 

model inputs.  Sensitivity analyses were conducted during modeling and focused on soil 

layer thickness, saturated hydraulic conductivity (Ksat), and potential evapotranspiration 
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(PET).  These are the parameters typically addressed in a sensitivity analysis due to their 

strong influence on unsaturated flow and, in the case of the latter two, their high level of 

variability.  Once the base model was developed and calibrated to field measured soil 

moisture contents, each parameter was adjusted independently to determine the model 

sensitivity to that particular parameter.  In addition to the primary sensitivity runs, additional 

model runs were performed while varying other parameters related to the three primary 

sensitivity parameters.  For instance, once the PET sensitivity analysis was completed, 

additional model runs were performed while varying PET, rooting depth and leaf area index 

to look at the combined effect of these transpiration-controlling variables.  Overall, the 

sensitivity analysis showed the model to be most sensitive to PET and least sensitive to soil 

cover thickness.  The sensitivity analysis results are described in Appendix E (Hydrometrics 

December 2013 – Stage One Evaporation Pond Soil Cover Hydrologic Evaluation).  

 

As indicated in the previous section, the SOEP ET cap layers vary in thickness throughout 

the site, and a cap thickness of 20 cm (8 inches) of topsoil, 50 cm (20 inches) of subsoil, and 

26 cm (10 inches) of porcelanite (clinker) was chosen based on information from the 

Reclamation Research Group (RRG) Phase 1 Ash Disposal Ponds Report (Castiglione and 

Jennings, 2010) and test pit observations.  These parameters were based on test pit 

measurements as well as observations made by RRG.  Soil samples of each cap component 

(topsoil, subsoil, porcelanite) were collected from each test pit and submitted to Daniel B. 

Stephens & Associates Soil Testing & Research Laboratory in Albuquerque, NM for 

complete hydraulic testing.  Each sample was tested for a full suite of hydrologic parameters 

including saturated hydraulic conductivity (Ksat), gradation analyses, porosity, bulk density, 

residual and saturated moisture content, and the van Genuchten parameters alpha and n.  Soil 

water characteristic curves were also developed for each sample equating moisture content to 

varying matric potential.  The test pit and lab data are included in the HYDRUS model 

Technical Memorandum (Appendix E) (Hydrometrics December 2013 – Stage One 

Evaporation Pond Soil Cover Hydrologic Evaluation).  

 

The underlying ash was modeled to a depth of 20 feet (610 cm) bgs.  Water reaching the 20-

foot depth most likely continues vertical flow downward until encountering groundwater.  
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The ten year period from 2003 to 2012 was modeled so that results could be compared to 

data collected at the site during that same time period.  HYDRUS default and recommended 

values were used for iteration criteria.  Soil hydraulics were modeled using the van 

Genuchten-Mualem model, which estimates unsaturated conductivities.  Soil parameters 

required for the model are residual water content, saturated water content, saturated hydraulic 

conductivity (Ksat), a pore-connectivity parameter, and two empirical coefficients that define 

the shape of soil hydraulic functions.  Samples were collected and analyzed for each layer at 

three test pits in the Units 1 & 2 SOEP cap area.  Initially, an average of the results for each 

layer was used.  This approach was of limited value due to the interdependence of 

parameters, and subsequent models used soil parameters from individual test pits.  

Additionally, Ksat was increased by an order of magnitude in each layer to better correlate 

with the flux response observed at the site (Pokorny, Franklin & Jennings, 2012).   

 

The Ksat value for the model was increased from the laboratory-measured values for two 

reasons.  First, detailed studies conducted under the Alternative Cover Assessment Program 

show that laboratory-measured Ksat values are typically lower than Ksat under field 

conditions due to fissures, burrows, and other micro/macro conduits that develop in soil 

profiles.  According to Albright et al. (2010), regardless of permeameter testing results, most 

soils range from 10
-3

 to 10
-5

 cm/sec after a few years of field exposure.  Therefore, the 

laboratory values were increased by an order of magnitude to better represent the expected 

existing conditions in the soil cap.  Second, the Ksat values utilized in the model were 

determined in part by comparison of the model results to field-measured soil moisture 

contents.  Soil moisture monitoring conducted by RRG over the past several years provides a 

unique opportunity to calibrate the model to actual field conditions, lending an added level of 

confidence in the results not typically available for unsaturated flow models.  The calibration 

process and results are presented in Appendix E.   

 

Increasing the Ksat value over the lab values is considered a conservative element (i.e., 

increases percolation) in the model since a higher K will result in a higher percolation rate.  

In addition, averaging the Ksat values is not appropriate.  Because virtually all of the 

hydrologic properties governing unsaturated flow, including Ksat, Kunsat, and the van 
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Genuchten parameters alpha and n are interrelated, using average values or different 

parameters from different samples will lead to erroneous results.    

 

Soil parameters for test pit TP-1209-02 are shown in Table 2-4.  These parameters were 

based on field observations and laboratory analytical results.  Hydrologic properties for the 

topsoil, subsoil and porcelanite cap components were determined from laboratory testing on 

soil samples submitted to Daniel B. Stephens & Associates Soil Testing & Research 

Laboratory.  Complete hydrologic analyses were performed on three samples of topsoil, 

subsoil and porcelanite, each, for a total of nine sample analyses.  In addition, four archived 

intact flyash core samples were submitted to the lab for complete hydrologic testing. 

 

Root water uptake parameters define the upper and lower pressure heads and optimum range 

at which plants can remove water from the soil, as well as the vertical root distribution.  Root 

water uptake parameters are given in Table 2-5.  The HYDRUS model includes a number of 

default crops to choose from including alfalfa, corn, pasture grass, etc.  For the SOEP cap, 

pasture grass was used.  A crop coefficient correction factor was applied to the PET data 

from the AgriMet station to adjust the alfalfa-based PET values to pasture grass.  The crop 

coefficient accounts for varying crop conditions throughout the year.   

 

HYDRUS model default options assume a mature crop.  The vegetative cover density is 

controlled through the leaf area index (LAI) input parameter.  LAI was set to zero from 

November 1 through April 1, increased linearly to one on May 15, remained at one until 

September 18, and decreased linearly to zero on October 31, equating to a moderate 

vegetation density.  A moderate density is consistent with Hydrometrics observations of the 

site and vegetative cover characteristics reported by RRG.  The LAI was also adjusted during 

the model sensitivity analysis which showed the model is not particularly sensitive to the LAI 

value within the range of typical LAI values. 

 

Initial soil water contents for the ten year model runs were determined from a three year 

simulation using climate data from 2003, which was a typical year during the 2003 to 2012 
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period.  An atmospheric boundary condition was applied at the surface and a free-draining 

boundary condition was applied at 20 feet bgs. 

 

The HYDRUS model requires precipitation, potential evaporation, and potential transpiration 

input data.  These climate data were developed from multiple sources.  Daily precipitation 

and Hargreaves PET at the Colstrip weather station were downloaded for 2003 to 2012 from 

the Utah Climate Center (Utah, 2013).  Precipitation during the 10-year simulation period 

averaged 42.0 cm (16.5 inches).  For comparison, average annual precipitation at Colstrip 

since 1928 is 37.5 cm, and the 30-year average from 1980 through 2010 is 36.1 cm.  The 

wettest and second wettest years on record were 2011 and 2005.   

 

A correction factor was developed to adjust the available Hargreaves PET to the more 

accurate Modified Penman PET.  Both Penman and Hargreaves PET were available for 

Terry, Montana, which is located about 90 miles northeast of Colstrip.  Modified Penman 

PET data were downloaded from the Terry AgriMet station (US DOI, 2013), and Hargreaves 

PET at Terry was downloaded from the Utah Climate Center.  Monthly correction factors 

were calculated as the ratio of Penman to Hargreaves PET and applied to the Colstrip 

Hargreaves PET to estimate Penman PET for the Colstrip site.  The results are comparable 

to, and somewhat less than, Penman PET values from other locations in the region:     

 

Location 
Distance 

(mi) 

PET* 

(cm) 

Precipitation* 

(cm) 
Source 

Colstrip, MT - 121.8 42.0 Described in Section 3.1.7 

Badger Peak, MT 19 125.9 33.5 

Desert Research Institute 

WRCC 

Terry, MT 89 128.3 32.1 AgriMet 

Melstone, MT 91 133.4 35.7 AgriMet 

Glendive, MT 116 127.0 31.8 AgriMet 

Beach, ND 142 156.4 32.7 NDAWN 

Bowman, ND 154 155.8 32.7 NDAWN 

Harlowton, MT 161 149.0 29.5 AgriMet 

*Average annual values 2003-2012. 
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AgriMet Penman PET uses alfalfa as a reference crop, so a daily crop coefficient for pasture 

grass was applied to generate a more appropriate PET.  The crop coefficient has a maximum 

value of 0.68 (during peak growing season) and minimum value of 0.25 (during non-growing 

season).  Applying the pasture grass crop coefficient reduced PET from 121.8 cm to 70.2 cm 

of potential actual ET annually.  Potential actual PET was partitioned into PET and potential 

transpiration using the Ankeny function (PT=0.52*PET*LAI
0.5

).  Leaf Area Index was set to 

zero from November 1
st
 through April 1

st
, increased linearly to one on May 15

th
, remained at 

one until September 18
th

, and decreased linearly to zero on October 31
st
.  The ten year 

simulation period averaged 42.0 cm per year of precipitation and 70.2 cm per year of actual 

PET. 

 

2.3.2.2 HYDRUS Model Results 

The HYDRUS model was constructed to 20 feet bgs and it is assumed that any water 

percolating beyond that depth reaches groundwater.  Over a ten year period the average 

percolation was 3.65 cm per year, or 8.7 percent of average precipitation.  The minimum and 

maximum annual percolation values at 20 feet were 2.95 cm (2005) and 4.12 cm (HYDRUS 

2012).  The minimum percolation followed the dry year of 2004, while the maximum 

percolation followed the wet year of 2011.  The percolation lag was significantly reduced at 

shallower depths.  At the bottom of the porcelanite a net upward flux was observed in 2004, 

while 2011 resulted in the largest downward flux observed during the simulation period.  

Estimated annual evaporation averaged 27.9 cm while actual root water uptake averaged 10.7 

cm.  The following chart illustrates the cumulative fluxes at various depths for the model 

duration.  Increasing cumulative flux represents a downward flow of water. 
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Model simulations indicate the effects of precipitation and ET are evident at shallower 

depths, while the fluxes are dampened as depth increases.  Changes in soil water content 

account for the difference between precipitation and the sum of modeled ET and percolation.  

Mass balances computed within the HYDRUS model show a relative percent error of less 

than 0.2 percent at the end of each month, with most values less than 0.03 percent. 

 

Estimates of recharge to groundwater based on HYDRUS model analysis range from 0.6 to 

1.5 inches per year, or 3.6% to 8.8% of average annual precipitation.  The ten-year average 

simulated recharge to groundwater was 1.4 inches per year.  The footprint of the SOEP 

covers approximately 133 acres as measured at the perimeter run-on capture ditches.  This 

results in a conservative estimate of actual area.  Based on the HYDRUS calculated recharge 

rates and pond area between 4.1 and 10.3 gpm of recharge to groundwater is occurring 

through the cap of the SOEP, with a 1-year average of 9.9 gpm. 

 

The current numerical groundwater flow model of the SOEP and STEP areas was calibrated 

in steady state to 2014 water level elevations (NewFields 2017, Appendix A).  Calibration 

was achieved using a SOEP recharge rate of 14 gpm.  Note that the SOEP is no longer used 

and water levels are well below the ground surface.  Current potential seepage through the 
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cap and flyash are assumed to be attributable to recharge from direct precipitation on the cap.  

Run-on is still managed by ditches that divert water around the perimeter the SOEP. 

 

2.3.3 STEP Lined Cells Seepage Calculations 

Prior to construction, Hydrometrics, Inc. made seepage predictions for the STEP (1985) 

similar to those made previously by Bechtel for the SOEP (1975).  Hydrometrics’ 

calculations were based on a conceptual plan of operation for the 176-acre STEP and 

included transient analysis of both an unlined pond configuration and implementation of a 

low permeability clay liner.  Maximum percolation estimates for the clay-lined pond and 

unlined pond were 146 gpm and 161 gpm, respectively.  Note, however that the model 

(Hydrometrics 1985) only predicted increases in baseline groundwater flux downgradient of 

the pond of 10.9 gpm (for the lined pond) and 12.9 gpm (for the unlined pond) at the end of 

26 years of simulation.  Storage in pore space beneath the STEP accounted for the remainder 

of the percolated budget in the calculations.   

 

Design seepage rates for the unlined or clay-lined pond were not favorable to operation; thus, 

the STEP was constructed with synthetic liners.  A design seepage estimate of 5 to 15 gpm 

(Hydrometrics, 1985) was suggested for the 176-acre lined pond based on manufacturer’s 

specifications.  This design estimate does not reflect actual pond development and operation.  

In accordance with Section VI. A.1(f) of the AOC, an estimate of seepage to groundwater 

from each of the five active cells of the STEP is made herein. 

 

Each of the STEP cells is lined with a geomembrane liner (e.g. High Density Polyethylene 

(HDPE) or reinforced polypropylene (RPP)), as specified in Table 2-1.  A geomembrane is a 

thin, flexible, low permeability material that is used as a fluid barrier (Giroud and Bonaparte, 

1989).  Ponds that have a geomembrane or dual geomembrane components have a much 

lower seepage potential than ponds constructed of earthen material alone; and the 

mechanisms for seepage through geomembrane liners differ from that through clay liners.  

The mechanisms of seepage through a liner system constructed with a geomembrane include 

permeation through the intact geomembrane liner and seepage through geomembrane 

defects.  Further, geomembrane-lined ponds at the STEP consist of either a single composite 
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liner or a double-liner system.  Practical engineering methods specific to each liner type 

(single or double-lined) were used to make a head-dependent calculation of seepage to 

groundwater from each pond.  Specifically, empirical equations developed by Giroud et. al. 

(1992, 1994, and 1997) were used to estimate seepage from ponds with single or double 

geomembrane liners.  Parameter input for each liner type is variable; thus, seepage estimates 

for STEP ponds are listed in Table 2-6A for ponds with single composite liners and Table  

2-6B for ponds with double liner systems.  Pond dimensions, water levels, and parameter 

assignments used in the seepage estimates are included in the tables. 

 

A composite liner is a single liner comprised of two or more low-permeability components in 

contact with each other (Giroud and Bonaparte, 1989).  Cells with composite liners at the 

STEP are Cell A, Cell E, and Old Clearwell.  Each of these ponds is constructed with a 

geomembrane component overlaying compacted native soil or conditioned bedrock (blanket 

layer installed over exposed bedrock).  A double liner system includes two liners with a 

drainage layer to detect, collect, and remove liquids between the two liners (Giroud and 

Bonaparte, 1989).  STEP Cells B and D are constructed with double-liner systems.  The 

double liner system at each of these two ponds consists of the following, from top to bottom: 

 A 45-mil reinforced polypropylene primary geomembrane liner; 

 A geosynthetic drainage layer (~0.03 ft thick) constructed of a geonet between two 

geo-synthetic cushions; 

 A 36-mil reinforced polypropylene secondary geomembrane liner;  

 A geosynthetic cushion layer; and  

 Compacted native soil/conditioned bedrock.   

 

Giroud, Soderman & Badu-Tweneboah (1997) evaluated the optimal configuration of a 

double liner system to minimize seepage.  In that analysis, a method of estimating seepage 

through a double liner system with a primary geomembrane overlaying a geonet leachate 

collection layer and a secondary composite liner was presented.  The method (Giroud et al., 

1997) includes calculating hydraulic head on the secondary liner that results from seepage 

through the primary liner into the leachate collection layer.  Based on a comparative analysis, 

head on the secondary liner and seepage through the secondary liner decrease by at least four 
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orders of magnitude compared to that of a single composite liner.  Seepage estimates for the 

double-lined B and D Cells were made using a procedure consistent with Giroud et al. (1997) 

that consider the inherent decrease in hydraulic head on the secondary liner produced by the 

geo-net drainage layer.  Note that there is also collection under the secondary liner which 

would serve to further reduce the potential of pond releases. 

 

For each geomembrane-lined pond, the cumulative estimate of seepage includes flow through 

the liner from geomembrane defects.  Seepage through defects is calculated using the 

equations and methods of Giroud, Badu-Tweneboah & Bonaparte (1992), Giroud (1997), and 

Giroud et al. (1997).  Specifically, Giroud’s equations are used to calculate the rate of 

seepage through a single defect in a composite liner and are parameterized by the amount of 

head on the liner, the hydraulic gradient, the hydraulic conductivity of the low permeability 

soil beneath the geomembrane, the area of the geomembrane defect, and the quality of the 

contact between the geomembrane and the underlying soil.  For double-lined ponds, there is 

an intermediate step that involves calculating the reduced head on the secondary liner.  The 

seepage rate through an entire geomembrane liner (double-liner or composite) is calculated 

by multiplying the rate of seepage through a single defect by the total number of defects 

present on the liner.  

 

Flow through a geomembrane is not purely through defects but also occurs on the molecular 

level as either vapor transmission or liquid permeation (Giroud and Bonaparte, 1989).  Vapor 

transmission only occurs when one side of the geomembrane is not saturated; while, liquid 

permeation occurs as the result of a large pressure head differential between liquids on both 

sides of the liner.  Water vapor transmission through geomembrane liners is typically 

analyzed by standardized conformance testing (ASTM E-96) and results are provided by 

liner manufacturers.  Based on available testing results, water vapor permeance of RPP and 

HDPE geomembrane liners ranges from 0.05 to 0.12 perms (grain/ft
2
*hour*in-Hg).  A 

conservative estimate of seepage by permeation can be made for a given pond directly from 

the water vapor permeance results by 1.) converting the mass (grains) transfer rate to volume 

by assuming a density of water; and 2.) multiplying the result by both the pond area and head 

on the liner.  This was done for STEP ponds constructed of either a geomembrane composite 
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liner or geomembrane double-liner system.  A conservative value of 0.1 perms was assumed 

in all calculations.   

 

Note that the equations for liquid migration through defects (Giroud et al. 1992, and Giroud 

1997) are semi-empirical and must be evaluated using the International System of Units 

where length is in meters, area in m
2
, volume in m

3
, and time is in seconds.  Final seepage 

results were converted to gpm at the conclusion of the seepage calculation for each pond.  

Estimates of seepage from STEP ponds with composite liners is calculated in Table  

2-6A.  Estimates of seepage due to permeation and defects from STEP ponds with double-

liner systems is calculated in Table 2-6B.  The estimates are parameterized by the frequency 

and size of liner defects, head above the liner, pond acreage, and thickness and permeability 

of soil beneath the liner.  The cumulative estimate of seepage from all STEP cells is 

approximately 17 gpm.  A discussion of model input, results, and sensitivity of parameters is 

as follows.     

 

2.3.3.1 Parameterization of Liner and Defects 

Liner inspections have been conducted and/or liner defects have been documented for each 

of STEP Cells A, B, E, and the Old Clearwell.   

 A leak was discovered in the STEP Cell E in February 2006.  The water level in the 

pond was lowered rapidly to decrease the amount of head on the suspected lead area.  

Leak Location Services, Inc. of San Antonio Texas was contracted to perform a liner 

inspection to locate any liner defects that may be responsible for the leak.  A single 

semi-circular puncture approximately one-inch in diameter was found in the liner just 

above the prevailing water level at the time the inspection.  This puncture was 

submerged before the pond water level was lowered; and it is suspected that it was 

the sole source of the leak.  Leakage rates slowed as head above the puncture was 

reduced; and the leak stopped when the puncture was repaired.  Cell E was returned 

to service at operating levels above the puncture after it was repaired.           

 Major liner failure occurred at Cell A after its installation.  The cell was drained and 

repaired/replaced in 1996 (URS 2000).  A small tear was documented in STEP Cell A 
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in December of 2006.  The tear was above the current water level of the inactive 

pond.    

 The Old Clearwell was struck by a barge in 2007; and some seepage was observed 

beneath the liner.  The liner was repaired and well 955D was installed to capture the 

released water.  Note that well 955D was abandoned prior to construction of Cell D 

but replaced with capture well 2019D.   

 The most rigorous liner inspection was performed on the STEP B Cell in 2007.  The 

inspection was prompted by the presence of water in the between-liner collection 

system.  Several defects ranging from minor punctures (<1 cm
2
) to a bad seam weld 

were discovered during the inspection.  The cell was drained and repairs were made.       

 

For a geomembrane liner installed under strict quality assurance protocol, one to two liner 

defects per 4,000 m
2
 (43,055.6 ft

2
) can be expected (Giroud and Bonaparte, 1989).  Two 

defects per 4,000 m
2
 (43,055.6 ft

2
) were assumed for the STEP pond liners, based on Talen’s 

site experience.  A defect area of 0.1 cm
2
 (0.0155 in

2
) is often considered for liner 

performance evaluation; and a defect area of 1 cm
2
 (0.155 in

2
) is considered for conservative 

design (Giroud, Badu-Tweneboah & Soderman, 1994).  The more conservative figure was 

used to evaluate STEP pond seepage.  Seepage calculations presented herein are based on 

liner defects that could reasonably be expected to be present during routine operation of the 

ponds.  These defects are differentiated from major liner tears or malfunctions that result 

from infrequent extreme events, such as the liner tear in the Old Clearwell caused by a 

collision with the barge.  Seepage losses resulting from extreme events may be significant, 

but are at the same time temporal and reparable.  Past releases are tabulated in Table 3-1.  As 

noted, all known defects found in the STEP have been repaired.  Further, ongoing monitoring 

of cells with between-liner collection systems indicates that little or no water is present 

between the liners (pers. Comm. Mike Holzwarth); thus, all calculated estimates of seepage 

through the STEP are conservative estimates.    

 

An empirical contact factor (C) is included in the equations of Giroud (1994, 1997) to further 

parameterize the quality of liner installation.  A liner in good contact with underlying 

sediments is assigned a C value of 0.21.  Alternatively, a liner in poor contact with the 
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underlying sediments is assigned a C value of 1.15.  The empirical factor has a linear effect 

on seepage results; thus, Giroud’s equations are very sensitive to the assignment of this 

parameter.  Assuming equal values of all other parameters, seepage estimates made with the 

poor C factor are greater than five times those made with the good C factor.   

 

The C value for good contact is assumed for STEP Cells A, E, and the Old Clearwell, due to 

the weight of overlying low permeability fly ash deposited in the pond bottoms.  Solids in the 

pond bottom likely bridge any liner defects.  The C value for poor contact (1.15) is assumed 

for seepage estimates from STEP Cells B and D because a thin geotextile separates the 

secondary geomembrane liners from the underlying soil.  Further, less fly ash is present in 

Cells B and D to bridge defects.  Although the contact factor increases the seepage estimate 

from these two cells by five times, the modern double liner system still reduces seepage by at 

least two orders of magnitude compared to single liners.    

 

2.3.3.2 Head on Pond Liner 

Head on each of the STEP liners is assumed to be 30 feet, based conservatively on maximum 

operational depths.  This assumption will result in an overestimate of pond seepage because 

not all STEP cells are full of free water.  There is currently impounded water in Cell A.  

However, for calculation purposes a maximum of approximately six feet of standing water in 

Cell A was used for calculations and the remainder of the pond is filled with ash. This 

approach results in a conservative estimate of seepage.  Similarly, water depths in Cell E 

range from zero to 24 feet; and the water is impounded over a variably thick layer of ash.  

For these seepage estimates, the ash is assumed to be saturated and all heads are assigned a 

maximum value of 30 feet.  However, it is likely that the ash layer further limits the flow of 

water through the pond.  The hydraulic conductivity of ash is on the order of 1x10
-5

 cm/sec 

(0.028 ft/day) (Hydrometrics, 1985); and Cells A, B, E, and the Old Clearwell have a layer of 

ash beneath impounded water.  

 

Head on the geomembrane-lined STEP ponds is typically greater than the thickness of the 

underlying compacted silt/clay soil.  This factor is important to note because it dictates which 

form of the leakage equation Giroud et al. (1992) or Giroud (1997) is necessary for the STEP 
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liner evaluation.  Where head on the geomembrane liner is less than the thickness of the 

underlying soil layer, the hydraulic gradient term iavg is assumed to be one (see Tables 2-6A 

and 2-6B for equations and variable assignments).  Where head on the geomembrane liner is 

greater than the thickness of the underlying clay layer, the iavg term must be calculated and 

included in the leakage equation.   

 

As noted above, calculating seepage through a double-lined pond filled with water is a two-

step process whereby the head on the secondary liner is evaluated; then, the seepage rate 

through the secondary liner is calculated given the reduced head (Giroud et al. 1997).  To 

provide a conservative estimate of seepage from the primary liner to the between-liner 

leachate collection layer, singular defects are treated as orifices and free flow is calculated 

using Bernoulli’s equation, rather than Giroud’s equations.  The assumption of free flow is 

satisfied by the relatively large hydraulic conductivity and abundance of pore space in the 

geonet.  Adjusted head on the secondary liner is a function of the hydraulic conductivity of 

the geonet, the slope of the leachate collection layer, the length of the pond, and the unit rate 

of seepage through primary liner defects (qi) (Giroud et al. 1997).  The equation for adjusted 

head on the secondary liner is presented in Table 2-6B.   

 

The final seepage rate through the secondary liner is calculated using the form of Giroud’s 

equation (Giroud 1997) for small head on the liner (i.e. head is less than thickness of 

compacted clay layer).  In this form of the equation (Table 2-6B), the hydraulic gradient is 

equal to one.  Final estimates of seepage through defects are added to that estimated by 

permeation to obtain the total seepage rate through each of the double-lined ponds.   

 

2.3.3.3 Pond Areas 

The area of STEP Cells A and E assigned to the seepage calculations were determined by 

delineating the approximate wetted perimeter of the pond observed during a recent 

bathymetric survey (Dowl, April 2015).  The design area of Cells B, D, and the Old 

Clearwell were assumed in the calculations.  Pond acreages used in calculations are 

summarized in Tables 2-6A and 2-6B. 
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2.3.3.4 Lithology and Hydraulic Conductivity 

An assessment of lithology beneath the STEP, directed at evaluating liner suitability of native 

materials, was conducted by Northern Engineering and Testing (1985).  Soil types 

encountered and tested in the evaluation ranged from sand to claystone.  The permeability of 

undisturbed soils ranged from 5 x 10
-7

 cm/sec to 1 x 10
-4

 cm/sec (0.0014 to 0.28 ft/day).  

Native materials that were remolded or amended with bentonite exhibited permeabilities as 

low as 4 x 10
-8

 cm/sec (1.13 x 10
-4

 ft/day).  Additional field testing from on-site monitoring 

wells has been conducted for saturated horizons beneath the ponds (Table 2-7).  All of the 

aquifer tests were conducted after construction of the STEP; and the saturated test intervals 

are not immediately beneath the liner.     

 

A range of hydraulic conductivity from0.0002 to 0.0005 cm/day (0.6 to 1.4 ft/day) was 

calculated at well 921A (located between Cell A and Cell E).  The clayey silt/silty sand 

tested at well 921A is present at an elevation from 3,203.9 feet to a basal elevation of 3,189.9 

feet.  The bottom of Cell E is at elevation 3,220 feet, which implies that roughly 17 feet of 

clay/silt embankment fill separates the pond liner from the underlying aquifer.  Note that the 

hydraulic conductivity of alluvium at capture well 922A is much greater than that for 

alluvium or shallow bedrock at any of the other wells completed within the STEP.  Alluvium 

logged at wells 921A and 922A is very poorly sorted clayey silt to silty sand.  However, a 

sub-angular to rounded clinker gravel, up to ¼-inch, was logged near the base of the alluvium 

at well 922A.  The coarser grained material in 922A likely accounts for the difference in 

calculated hydraulic conductivity.  However, the limiting permeability is that of the clay 

above the alluvium.  Based on lithology at capture well 922A, approximately 10 feet of low 

permeability clay overlays the alluvium.  For each seepage estimate, the thickness of the low 

permeability soil layer (ts) beneath the liner is assumed to be 10 feet.  

 

A hydraulic conductivity of 1 x 10
-5

 cm/sec (~0.03 ft/day) was assigned to the soil/sediment 

layer beneath the liner in the calculations included in Table 2-6A and 2-6B.  This 

conservative variable assignment is one to two orders of magnitude lower than horizontal 

hydraulic conductivities resulting from aquifer tests conducted on saturated sediments 

beneath the STEP; but the assigned K is consistent with the upper range of K expected for 
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fine-grained materials as tested by Northern Engineering and Testing (1985).  Also, it should 

be noted that Cells A, B, E, and the Old Clearwell have a layer of ash beneath impounded 

water.  The hydraulic conductivity of ash is on the order of 1x10
-5

 cm/sec (~0.03 ft/day) 

(Hydrometrics, 1985).  Test results for wells within or near the STEP are included in Table  

2-7.  Lithologic logs for the wells listed in Table 2-7 are in Appendix F.  

 

2.3.3.5 Discussion of Results 

As previously stated, the total seepage estimate from geomembrane-lined ponds (composite 

lined ponds and double-lined ponds) in the STEP is approximately 17 gpm.  A seepage 

estimate of 161 gpm was previously made for the STEP (Hydrometrics 1985), assuming a 

pond area of 176 acres and no geo-synthetic liner.  This estimate suggests a potential seepage 

rate of 0.91 gpm/acre.  The geomembrane-lined ponds have a cumulative design area of 110 

acres, resulting in an estimated seepage rate of about 0.15 gpm/acre.  Single composite lined 

ponds (Cells A, E, and the Old Clearwell) have a cumulative design area of 71 acres and 

account for nearly all of the estimated seepage.  The estimated seepage rate from the double-

lined cells (B and D) is just 1.5 x 10
-3

 gpm/acre.  Seepage from double-lined ponds is two 

orders of magnitude less than for single-lined ponds.  The reduction in seepage from double-

lined ponds indicates that the current technology is an effective source control.  The primary 

and secondary leachate collection systems at STEP Cells B and D collected no water in 2015 

(pers. comm. Mike Holzwarth), which validates these estimates. 
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3.0  SUMMARY OF INVESTIGATIONS 

 

 SYNOPSIS OF PAST SPILLS, INVESTIGATIONS, MITIGATION, AND 3.1

STATUS 

Table 3-1 provides a list of past releases, date of the release, estimated amount of release, 

action taken to address the release, the fate of the released process water, and any reports 

prepared specifically for the release.  Information provided in Table 3-1 is not inclusive of 

non-process water related spills such as chlorine, petroleum hydrocarbons, or other 

operational chemicals which have not been introduced into the process water or are not 

intended to be part of the process water circuit.   

 

 PAST INVESTIGATIONS 3.2

Table 3-2 contains a chronological listing of events on the SOEP and STEP area that have 

been, or are being investigated.  The table includes the approximate date of the report, report 

title, general topic, and a summary of results or findings.  The reference section of this report 

(Section 7) contains a complete listing of the reports outlined in Table 3-2.  Examples of data 

data collected during past investigations are included in Appendix J.   

 

 CURRENT SITE CONDITIONS 3.3

Site hydrogeologic descriptions have been presented in numerous previous site reports.  A 

brief overview is provided here for convenience. 

 

3.3.1 Regional and Site Hydrogeology 

Regional Geology 

Colstrip is located in the northern portion of the Powder River Basin, an asymmetrical basin 

oriented northwest to southeast.  This structural basin is responsible for the general regional 

orientation of bedding. “In general, Fort Union Strata dip very gently (less than a few 

degrees) in easterly and southerly orientations from west to east across the coalfield, 

respectively.  Locally, however, dips are steepened by high-angle faults that are present 

throughout much of the Colstrip area” (Roberts, et. al, 1999).  
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Stratigraphy in the Colstrip area consists of, in descending order, the Fort Union Formation, 

Hell Creek/Lance Formation, Fox Hills Sandstone, and Bearpaw Shale.  The Fort Union 

Formation is divided into three members; the upper Tongue River Member, the middle Lebo 

Shale Member, and the lower Tullock Member.  The Tongue River Member is at the surface 

in the Colstrip area.  The Lebo Shale, and then the Tullock Members are exposed to the 

north.  At Colstrip, the total thickness of the Fort Union Formation is about 650 feet. The 

Lebo Shale is typically about 75-125 feet thick and is found at variable depths in the Colstrip 

area depending on the amount of erosion that the Tongue River member has undergone. 

 

The Fort Union Formation consists of alternating and intercalated deposits of shale, 

claystone, mudstone, siltstone, sandstone, carbonaceous shale and coal.  The formation was 

deposited in a fluvial system of meandering, braided, and anastomosed streams near the basin 

center and by alluvial fans at the margins.  Colstrip is situated in an area that was deposited 

from streams.  The fluvial systems were typically oriented northeast-southwest (Flores and 

Ethridge, 1985). 

 Anastomosing streams are comprised of multiple channels within a single drainage.  

Individual floodplains of an anastomosing system may include braided or 

meandering, or straight characteristics.  Deposition typically occurs under low energy 

conditions near a local base level (Makaske, 2000). 

 Braided flow systems consist of a network of flow channels within a single floodplain 

or flow belt (Makaske, 2000).  These channels have multiple thalwegs (deepest part 

of channel) that branch back and forth from single to multiple channels.  

 Meandering streams consist of one or more individual channels that migrate back and 

forth across a single floodplain.  Meandering channels consist of one thalweg. 

 

Numerous coal seams are present in the Tongue River Member of the Fort Union Formation, 

the result of peat deposits which accumulated in swampy areas and channels.  A tropical to 

sub-tropical climate resulted in thick peat deposits within the swamps and bogs (Nichols, 

Wolf & Pocknall, 1989; Flores, Ochs, Bader, Johnson & Vogler, 1999).  Because of the 

depositional setting, the coal beds may pinch out laterally or stop abruptly.  The main coal 
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seams of interest near Colstrip are the sub-bituminous Rosebud (~ 24 feet thick) and McKay 

seams (~ 8-10 feet thick) which can economically be strip mined.  These two coal seams 

merge into a single seam on the west side of the Little Wolf Mountains near the Absaloka 

Mine, approximately 20 miles southwest of Colstrip.  The Rosebud Coal, however, is the 

only seam mined in the area due to quality of the McKay Seam which makes it undesirable 

for use in many coal-fired boilers.  Both the Rosebud and McKay coals are generally cleated.  

That is, they contain natural vertical fracturing generally oriented perpendicular to the 

bedding plane.  Hydraulic conductivity of the coal seams is typically around one to three feet 

per day, but fluctuates locally. 

 

The depositional setting results in numerous lateral facies changes within the sedimentary 

rock deposits.  Channel sandstones often grade laterally into siltstones or shale resulting in 

preferential pathways for groundwater flow.  Cementation, or the chemical binding of 

individual grains to one another, is highly variable within the units, mostly consisting of 

weak calcium carbonate cement although thin deposits with silica cementation also occur.  

Localized thin limestone beds may also exist.  The combination of the depositional setting of 

the Fort Union Formation (which resulted in lateral facies changes), variations in the 

lithologies of vertical sequences (sandstone, siltstone, shale), mining disturbances that have 

interrupted the original depositional setting,  formation of highly fracture clinker from in situ 

coal burning, secondary porosity (minor fractures in bedrock) combined with erosion and 

deposition from the Creek result in vertical and horizontal anisotropy (the condition of 

having different properties in different directions) and heterogeneities (variations through 

space within a geologic formation).  Although driven by potentiometric heads, groundwater 

flow may not always follow a direct path from high potentiometric heads to lower head areas 

because of the anisotropic and heterogeneous nature of the geology. 

 

Alluvium is present along many of the drainage bottoms throughout the region.  The most 

prominent deposit in SOEP and STEP area is along East Fork Armells Creek.  Alluvial 

deposits of clay, silt, sand and gravel reach a maximum thickness of about 38 feet.  A basal 

gravel, comprised of mostly of clinker, is often present in the alluvium.  Clinker fragments 

are typically also found throughout finer-grained alluvial deposits.   
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As mentioned previously, the Rosebud Coal, and in some places, the McKay Coal has 

burned.  This is most easily identified as red cap rock on hilltops around the region.  Burning 

of the coal baked the overlying strata.  As a result of the burning, the coal volume reduced 

either leaving a void for the overlying rock to collapse in or resulted in slow settling of the 

overlying rock into the space formerly held by the coal.  The thermally altered rock is 

referred to as clinker or scoria.  Collapse of the rock resulted in secondary porosity 

(fractures).  Permeability of the clinker varies but is typically very high (exceeding 2,500 

ft/day) and depends on the amount of fine grained sediments that have moved vertically into 

the available pore spaces and the degree and nature of fracturing.  Clinker is present along 

most of the higher ridgetops in the SOEP and STEP area.  The base elevation of the clinker is 

typically above the top elevation of both the SOEP and STEP ponds and above the 

groundwater table in nearly all locations.   

 

SOEP and STEP Hydrogeology 

Geology in the SOEP and STEP area generally is comprised of alluvium, colluvium, shallow 

bedrock, coal, clinker, and various strata of the Fort Union Formation.  Spoil associated with 

area coal mining are also present south and west of the SOEP area.  Figures 3-1, 3-2 and 3-3 

are geological cross sections that illustrate the relationship of various units in the STEP and 

SOEP area.  Monitoring and capture well locations are shown on Figure 3-24.  A general 

description of these deposits in approximately descending order follows. 

 Alluvium – These deposits are present in drainage bottoms under the SOEP and 

STEP and along East Fork Armells Creek.  The alluvium generally consists of various 

mixtures of clay, silt, sand, and gravel.  The most significant alluvium is present 

along East Fork Armells Creek and is represented by a fining-upward depositional 

sequence.  That is, basal gravels typically overlie the Fort Union Bedrock.  Gravel 

generally grades upward into poorly sorted sands and silts.  Near surface deposits 

include silty clay to clayey silt and are generally gradational with colluvium that lines 

the margins and much of the valley bottom.  The ancestral East Fork Armells Creek 

has eroded through the bedrock units to below the McKay Coal and basal gravels are 

typically in contact with sub-McKay strata.  



H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\STEP SOEP Site Rpt_ FINAL_REVISED_June 2017.Docx 

 3-5 6/23/17\9:34 AM 

A relatively small deposit of alluvium still exists coincident with the drainage 

bottoms under the valley in which the SOEP and STEP were constructed.  Alluvium 

in this drainage is finer grained that that under East Fork Armells Creek.  Deposits 

range from very poorly sorted clayey silt, to silty sandy gravel.  Rock fragments are 

angular to sub-rounded and are mostly comprised of clinker.  The presence of the 

clinker is indicative of the near source deposition which occurred.  

Groundwater flow in the alluvium follows the drainage, generally at gradients that are 

similar to the topographical gradient.  A small deposit of alluvium, with a limited 

extent, is present below the SOEP.  The alluvium downgradient the SOEP is cutoff by 

the Stage I Dam (see Figure 3-1). Water levels measured in wells completed in the 

alluvium rise into the overlying flyash.  This is a function of a direct hydraulic 

connection between the flyash in the SOEP and the underlying alluvium. No distinct 

confining layers are present between the base of the flyash and the alluvium.  

Horizontal groundwater flow in the alluvium under the STEP is cutoff by the grout 

curtain and core trench of the STEP Dam (see Figure 3-1).   

A deposit of alluvium of limited extent is also present below the lined STEP, directly 

east of the Stage I Dam.  The alluvium was removed for construction of the STEP 

Main Dam core trench.  Dam core material cut off horizontal groundwater flow in the 

alluvium.  Water levels in the alluvium below the STEP are above the upper alluvial 

contact in embankment materials.  This condition is a function of confinement by the 

overlying pond liners and damming by fine-grained dam core construction materials.  

Alluvium is present directly east of the STEP Main Dam.  A relatively small amount 

of groundwater is present in this alluvium due to the reduced recharge area.  Water in 

this alluvium is derived from the local precipitation recharge and bedrock.  

Groundwater in the alluvium flows eastward contributing to the East Fork Armells 

Creek alluvium. 

East Fork Armells Creek alluvial groundwater flows northward.  There are gaining 

and losing reaches in the Creek suggesting that groundwater is contributing to the 

flow in some areas and receiving recharge from the Creek in some areas.  Hydraulic 

conductivity of the East Fork Armells Creek alluvium is generally an order of 
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magnitude higher than in tributary drainages, a function of larger overall grain size of 

the alluvium. 

 Colluvium – Colluvium is slope wash deposits which have been transported 

downslope by fluvial or gravitational means.  In the SOEP and STEP area, colluvium 

is most often a silty clay or clayey silt composition, although coarser deposits may be 

present locally.  Colluvium deposited on the valley slopes tends to grade into the 

alluvium at the valley centers.  Colluvium also tends to be in gradational contact with 

underlying weathered bedrock. Hydraulic conductivity of colluvium, where 

groundwater is present, is typically low, less than one foot per day. 

 Rosebud overburden – Bedrock units of the Fort Union Formation are comprised of 

siltstone, claystone, shale, and fine-grained sandstone that typically overlay Rosebud 

Coal.  Groundwater is present in the overburden south of the SOEP.  Overburden has 

been removed by erosion north and east of the SOEP and STEP.  Hydraulic 

conductivities of the overburden are typically on the order of one to three feet per 

day. 

 Rosebud Coal – Cleated coal with thickness on the order of 20 to 25 feet.  It has been 

eroded north and east of the SOEP and STEP.  This coal has burned in the southern 

portion of the SOEP and STEP, leaving clinker and ash in its place.  Cleats are 

defined as systematic fractures that have a common spatial orientation. Orientation 

and the interconnection of fractures generally dictate the hydraulic conductivity of the 

coal.  Groundwater flow paths within the coal are also dictated by hydraulic pressures 

and cleat orientation.  The Rosebud Coal lies stratigraphically above the McKay Coal 

and is separated by interburden (see below). Hydraulic conductivity of the coal is 

typically low, on the order of one to three feet per day, although areas of higher and 

lower permeability exist locally.  The Rosebud Coal is burned in the SOEP and STEP 

areas (see clinker below). 

 Clinker – Also referred to as scoria and baked shale – Comprised of thermally altered 

and collapsed overburden (sandstone, siltstone, shale, etc.) that is formed by the 

burning of previously underlying coal.  The degree of thermal metamorphism of the 

sediments overlying the coal varies depending on the temperature of the burn, 
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thickness of the overburden, fracture patterns, moisture, and duration of burn.  As the 

coal burned, its volume decreased.  As this occurred, or some period of time after 

burning concluded, the overburden collapsed into the void left by the burned coal.  

The result is a highly fractured interval of metamorphosed sedimentary rock.  Ash 

layers and/or layers of unburned coal sometimes remain below the clinker.   

Clinker is generally quite permeable, a function of the secondary porosity caused by 

fracturing.  Hydraulic conductivities at the facility have been tested at over 2,500 

ft/day, although much higher values have been documented regionally.  Groundwater 

flow in the clinker may be preferential in a direction parallel with the original bedding 

planes.  Fracturing is generally widespread and interconnected making vertical and 

horizontal permeability nearly equal.  However, most groundwater flow is parallel to 

the hydraulic gradient.  Because of the high permeability, clinker is generally capable 

of transmitting large quantities of groundwater.  Groundwater is rarely contained in 

the clinker in the Colstrip area, however, due to its presence on hilltops and ridges 

where it readily drains.  If present, groundwater in clinker in the Colstrip area is 

typically found in structural low areas following periods of high recharge, either from 

precipitation or snowmelt.  Clinker is present on many of the ridgetops in the SOEP 

and STEP area. 

 Spoil – Spoil consists of silt, clay, sandstone, coal fragments, formerly overburden 

units that have been used to backfill areas where the Rosebud Coal was mined.  The 

spoil is the result of strip mining of the Rosebud Coal seam.  Strip mining involves 

removing overburden material (sedimentary rocks that overlie the coal) and placing it 

in the previously mined pit.  The coal is then removed.  The overburden placed in the 

previous pit is referred to as spoil.    

Spoil does not exist in the STEP or SOEP area but is present upgradient of the SOEP 

(see Figure 1-1). Groundwater levels in spoil start to recover once backfilling begins.  

Recharge may occur from precipitation, flow into the unit from the adjacent spoil or 

coal, and ponds constructed on or near the spoil.  Recharge typically takes many 

years.  For this reason, groundwater flow directions may vary as the spoil recharges.  

Spoil is typically mineralized and initially exhibits higher concentrations of dissolved 
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constituents than before mining.  Spoil may serve as a groundwater supply source 

following recharge.   

 Interburden – Typically comprised of sandstone, siltstone and claystone which 

separate the Rosebud and McKay Coal seams.  Interburden is present south of the 

ponds, but generally absent north of the drainage center due to erosion.  The absence 

of the Rosebud and McKay Coal north of the ponds is a function of the dip and 

erosion and/or much less likely due to a normal fault that may exist in the valley 

bottom.  The location of this fault in relation to the SOEP and STEP are shown on the 

inset of the following page.  The downthrown block of this normal fault on the south 

meaning that strata north of the fault is higher relative to the south side of the fault. 

Note, however, that the fault and potential associated fractures do not show clear 

evidence of preferential flow pathways for groundwater.  The fault has not been 

mapped in the study area and has not been identified in any borings or through field 

observations. Although faults may sometimes act as preferential flow pathways, the 

converse is also often the case due to the buildup of fine-grained fault gouge along 

the fault.  Faults can cause a damming affect whereby groundwater levels are higher 

on one side of the fault than the other. This condition is also not observed at the site.   

 

Fractures and formation of joint sets may result during or after faulting or in response to 

regional stresses.  These structures can act as preferential flow paths which typically occur at 

various orientations to the faults depending on the type of faults, and the stresses that cause 

the faulting.  No evidence of preferential groundwater flow paths associated with larger scale 

(laterally extensive) fracture or joints has been observed in either the interburden or McKay 

Coal that is described below.  An area where some fracture flow is suspected occurs in the 

sub-McKay, in the vicinity of capture well 380D.  However, groundwater yield in this area is 

relatively low, suggesting only a small scale fracture system (if any) is present.  Groundwater 

in the interburden is contained in sandstone that is in direct contact with the McKay Coal, 

such as at well 948M. 

 McKay Coal – Cleated coal with a thickness of 7 to 14 feet.  Thickness of the coal in 

the SOEP and STEP area is typically 7 to 9 feet thick, although a thickness of about 

13 feet was logged at well EAP-121.  Fifteen feet of coal was logged in well 121-2, 
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although the actual position of the upper and lower contact are suspect since 

circulation was lost or poor when this replacement well was drilled.  The McKay 

Coal is present in the SOEP and STEP area only south of the ponds.  The coal is 

likely not present north of the ponds due to the dip of the beds.  A normal fault, with 

the downthrown block to the south, is mapped west-southwest of the area with a 

terminus about 1.8 miles from the Units 1 & 2 STEP Main Dam (Vuke, Heffern, 

Bergantino & Colton, 2001 (revised 2007).  The trend of this fault would bring it 

through the drainage near the Units 1 & 2 STEP Main Dam if the fault extends that 

far to the east.  Groundwater flow in the McKay is towards the east northeast.  

Groundwater flowing through the McKay Coal may contribute to the water present in 

the alluvium.  The McKay Coal receives recharge regionally, but also from the Surge 

Pond since it crops out in the pond approximately 700 feet west of the Surge Pond 

Dam. 

 Sub-McKay – Fort Union strata consisting of interbedded claystone, siltstone, fine-

sandstones, and thin coal seams.  Channel sands are not uncommon resulting in 

numerous lateral sedimentary facies changes.  These depositional changes result in 

rapid variations in thickness and limit the lateral continuity of units.  Sandstone is 

typically un-cemented or poorly cemented with calcium-carbonate.  Water in the sub-

McKay units flows east northeast.  Water flowing in the sub-McKay units either 

issues to the alluvium or flows further northward below the Creek.  Impacts to 

groundwater in the alluvium and shallow units east of the STEP Main Dam are 

mostly derived from sub-McKay flow.  The hydraulic conductivity in the sub-McKay 

strata are variable, although it is most often less than 2 feet per day. 

 

Monitoring wells are coded with a letter to identify the completion interval.  In general, the 

following well designations apply: A=Alluvium, S=shallow unconsolidated or interburden, 

I=Interburden, R=Robinson Coal or clinker in this interval, C=Clinker, M=McKay Coal, 

D=Sub-McKay Strata, SP=Spoil.  These designations are true in the majority of cases, 

although the reader should reference the well logs for verification of the completion unit if 

there is doubt.  An example of where this nomenclature does not apply are at wells 368D and 

976D, which are actually interburden wells.
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Fault location in relation to SOEP and STEP 
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Groundwater is found in the alluvial deposits, interburden south of the ponds, McKay Coal, 

and sub-McKay.  Groundwater is generally absent from the clinker due to its stratigraphic 

position, elevations, and high hydraulic conductivity which results in rapid drainage.  

Hydraulic conductivities observed on the SOEP and STEP area are highly variable.  Alluvial 

deposits along East Fork Armells Creek alluvium, under the ponds, is also variable but 

generally exhibits lower hydraulic conductivity than the East Fork Armells Creek alluvium.  

Bedrock units typically exhibit lower hydraulic conductivity values, depending on the degree 

of sorting, grain size, presence of secondary porosity, and cementation.   

 

3.3.2 Distribution of Indicator Parameters 

Several indicator parameters are used to evaluate potential process water impacts to 

groundwater at the Colstrip SES.  These include specific conductance (SC), dissolved boron, 

chloride, sulfate, and the ratio of concentrations.  SC, sulfate, dissolved boron, and chloride 

are good calcium to magnesium indicators of process water since the levels of these 

parameters are typically high and each behaves in a conservative manner (mobile in the 

actual environment).  The calcium to magnesium ratio is also useful as an indicator of 

process water.  This is due to the fact that magnesium is typically more concentrated in 

process pond water when compared to calcium.  An exception is Units 3&4 Bottom Ash 

Ponds at the Plant Site, which has higher calcium concentrations when compared to 

magnesium.  All of the water contained in the STEP exhibits a calcium to magnesium ratio 

that is well below 1, typically less than 0.3.  Most ambient waters in the Colstrip area have 

calcium to magnesium ratios that range from a little less than, to above 1.  These indicator 

parameters have been accepted as an evaluation method for water quality by Talen and 

MDEQ.  All analytical parameters used for routine groundwater monitoring at Talen Colstrip 

SES through 2015 are in the WRMP (Appendix B).   

 

Background screening levels (BSLs) were updated in late 2015 (Neptune and Company, 

2016).  The update included use of data obtained since BSLs were last calculated in 2007 

(ARCADIS, 2007).  Data from numerous groundwater sites from the Colstrip area were 

added to the BSL database and all areas (Plant Site, SOEP/STEP, and 3&4 EHP) were 
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combined for calculation of BSLs that could be applied to all three AOC areas.  All 

background sample sites used were reviewed and accepted by the MDEQ.  Completion units 

for each well used was evaluated for its stratigraphic position.  Statistical evaluation was 

conducted on each of the intervals and BSLs were calculated.  Based on the statistical 

evaluation, BSLs for five intervals (alluvium, spoil, clinker, coal-related (Rosebud 

overburden, Rosebud Coal, Interburden, McKay Coal), and sub-McKay) were calculated.  

Intervals that were grouped together were either in direct contact with overlying or lateral 

units and data that were general similar.  Baseline screening levels (BSLs) for units found in 

the SOEP and STEP are included on Table 3-3 and detailed in Tables 5 and 8 of the updated 

BSL report (Neptune and Company, 2016) which is included as Appendix G.  Note:  The 

BSL report was later updated based on MDEQ comments and submitted May 25, 2017.  As 

agreed with MDEQ at the November 2016 meeting, BSLs referenced in this report are based 

on those presented in Final Report on Updated Background Screening Levels, Plant Site, 

1&2 SOEP and STEP, and 3&4 EHP Jan. 2016 (Appendix G).  Note that spoil is not present 

in the SOEP or STEP area and were therefore excluded from Table 3-3. 

 

Clinker in the SOEP and STEP area is typically dry.  Groundwater is occasionally present in 

wells completed in the clinker, however, following high precipitation or snowmelt events.  

Any groundwater present in the clinker, however, is very localized and not laterally 

extensive.  

 

BSLs are used to provide a basis for comparing groundwater that may have potentially been 

impacted by process water to other waters in the Colstrip area that are considered to be 

unimpacted by the closed loop wastewater system.  Water quality in the Colstrip area and 

Fort Union Formation in general is highly variable.  However, the BSLs are mainly used as a 

basis for comparison in areas where baseline data (data obtained prior to operations in the 

STEP area) are not available.  Note that an exceedance of a BSL does not necessarily 

indicate that there are definitive groundwater impacts.  For example, groundwater in 

alluvium upgradient of the Plant Site may exceed calculated BSLs.  In this case, impacts 

from the Colstrip SES are not possible.  A thorough review of all indicators, local 

hydrogeology, and other factors must be considered in a multiple lines of evidence approach 
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to evaluate impacts.  Indicator parameters are collectively used to evaluate if groundwater is 

impacted by process water. 

 

Measured SC values and concentrations of boron, sulfate and chloride are used in the 

following discussion to describe the distribution of chemical constituents at the SOEP and 

STEP.  Results for 2010 and 2015 are presented to facilitate an evaluation of potential 

changes through time.  The distribution of these indicator parameters (SC, sulfate, boron and 

chloride) during the Spring of 2015, as measured in wells completed in the shallow (alluvium 

and coal-related intervals) and sub-McKay hydrostratigraphic units, are presented on Figures 

3-4, 3-6, 3-8, 3-10, 3-12, 3-14, 3-16 and 3-18 described below.  Results from water quality 

samples collected in the spring were used since a larger number of wells are sampled during 

that monitoring period.  BSLs for each parameter and hydrostratigraphic unit (ARCADIS 

2007) are included in the discussion below.  Figures 3-5, 3-7, 3-9, 3-11, 3-13, 3-15, 3-17 and 

3-19 were prepared to illustrate the distribution of indicator parameters based on spring 2010 

analytical results.  Note that the data set used for the 2010 maps is smaller since fewer wells 

were installed at that time, which results in variation of the position of contour lines.  For this 

reason, comparison of the paired maps sets need to be viewed with caution when drawing 

conclusions of expanding or shrinking areas of possible impacts.  Iso-contour maps are 

divided by shallow (which includes data from wells completed in alluvium and coal-related 

units) and sub-McKay which contain only data from wells completed at a deeper 

stratigraphic interval than the McKay Coal.  More detailed discussion of water quality in the 

various areas of the SOEP and STEP are in Section 3.5. 

 

Overall, a reduction in impacted areas is apparent in the alluvium downgradient of the STEP 

Main Dam, including the tributary and East Fork Armells Creek.  The reduced area is due to 

efforts to control source areas, capture groundwater near the source, and from groundwater 

capture within areas interpreted to have process water impacts. 

 

Figures 3-1 through 3-3 are geologic cross sections in the SOEP/STEP area.  Indicator levels 

have been added below the cross sections on each figure.  The profiles provide a visual 

indication of indicator parameter levels below the ponds and at monitoring wells along the 
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cross section.  Sample depths for each well are coincident with the position of the well 

perforations. 

 

Specific Conductance  

Calculated BSLs for laboratory SC for the various intervals of interest in the SOEP and 

STEP area are 4,270 µmhos/cm (field SC BSL – 4,314 µmhos/cm) for alluvium,  

3,550 µmhos/cm (field SC BSL – 4,120 µmhos/cm) for coal-related intervals (overburden, 

Rosebud Coal, Interburden, McKay Coal), and 4470 for sub-McKay(Neptune 2016).  Note 

that the BSL calculated for field measured SC is often higher than those measured in a 

laboratory.  SC shown on the following figures represent laboratory values.  Although clinker 

is present in the SOEP and STEP area the BSL is not pertinent since the unit is almost always 

dry.  

 

Figures 3-4 and 3-5 present SC values for the alluvium, and coal-related intervals that occur 

beneath and to the south of the ponds for spring 2015 and 2010, respectively.  Wells with 

groundwater exceeding the updated BSL for either alluvium or the coal-related units are 

highlighted in red.  Coal related units represented in the map appear in the southwestern 

portion of the figures near well 368D, also referred to as Area 1.  Coal related units are 

absent north of the south edge of the STEP.  Discussion of SC values proceeds from the 

South of the SOEP (Area 1) to areas downgradient of the STEP Main Dam (Area 6).  Sub 

area locations are shaded on Figure 3-4. 

 

SC exceeding the pertinent BSLs were present at six wells southeast of the SOEP (Area 1) in 

spring 2010 and spring 2015, although only four wells exceeded the BSL in both events.  The 

highest value was reported in water from 366S in 2015.  Values slightly higher than the BSLs 

were present south of 366S at wells 374S, 977A, 978S, and 979S.  Bedrock groundwater in 

this area flows to the northeast, although gradients are very flat (see Figures 3-20 and 3-21).  

Water levels used to construct the potentiometric maps are shown in  

Table 3-4. Note that shallow groundwater flows away from the Surge Pond towards capture 

well 389A-P.   
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Water level elevations in the Surge Pond typically range from about 3280 during summer 

months to about 3284 in the winter.  This fluctuation also influences groundwater flow in the 

immediate vicinity of the Surge Pond.  SC decreases northwest of 366S before increasing 

again at interburden wells 368D and 976D.  SC below the BSL is observed at wells 926S, 

389A-P, 949D, 388D, and 390D-P.  Water quality at 366S is believed to be influenced by 

local variations in water levels induced by the Surge Pond, the completion interval and 

location at the base of burn, rather than the SOEP.  A complete flow path between the pond 

and the 366S area has not been identified. 

 

SC exceeding the BSL of 4,270 µmhos/cm for alluvium is observed under both the SOEP 

and STEP.  A thin, narrow alluvial deposit is present under both ponds.  However, the 

alluvium was removed under the SOEP and STEP main dams, effectively blocking 

downgradient flow.  Groundwater capture is conducted from the alluvium in both the SOEP 

and STEP.  SC under the SOEP in spring 2015 was similar or lower than SC observed in 

spring 2010, while the values were generally slightly lower under the STEP for this same 

period. 

 

Several wells completed in the alluvium directly east of the STEP Main Dam (Areas 4 and 5 

exceed the BSL).  Extensive groundwater capture is being conducted in this area.  

Groundwater downgradient of well 982A, in the tributary drainage east of the STEP Main 

Dam, and in East Fork Armells Creek alluvium to wells nested around 944A has generally 

shown improvement since the fall 2010.  Most of the wells within this reach are near or 

below the BSL for SC in alluvium.  SC in the vicinity of well 944A was similar in 2015 

when compared to 2010. SC at these wells is about 7 to 40% higher than the BSL.   

 

Wells 948M and 957M are completed in the McKay Coal north of the Surge Pond.  Both of 

these wells show SC values less than 4,000 µmhos/cm.  Water from well 948M shows 

probable effects of the Surge Pond, with an SC of less than 1,500 µmhos/cm.  Well 957M 

does not show these influences.  The McKay Coal crops out in the Surge Pond approximately 

700 feet west of the Surge Pond Dam potentially providing a route of direct recharge to the 

coal.   
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The updated BSL for SC for the sub-McKay is 4,470 µmhos/cm.  Figures 3-6 and 3-7 are 

iso-contour maps illustrating SC in the sub-McKay for spring 2015 and 2010, respectively.  

Measured SC in the sub-McKay were the highest directly north of the SOEP and STEP, 

under the Old Clearwell and Cell D (Capture Well 2019D), the area east of the Units 1 & 2 

STEP Main Dam and at capture well EAP-119 (Figure 3-6).  See Sections 3.5.2.2 and 3.5.2.3 

for further explanation.  Sub-McKay wells directly east of the STEP Main Dam have shown 

improved water quality, while those directly north of the SOEP have shown a slight decline 

in quality.  Monitoring wells have not been installed through the SOEP into the sub-McKay 

Strata. 

 

Sulfate  

Figures 3-8 through 3-11 are iso-contour maps of shallow and sub-McKay units for spring 

2010 and 2015.  Sulfate concentrations exceeding the updated BSLs for alluvium and coal-

related strata were similar to SC and are present directly south of the SOEP, in alluvium 

under the ponds, east of the STEP Main Dam and directly north of the golf course.  Water 

from one well point (SP3), completed in colluvium south of the golf course also exceed the 

BSL.  The number of wells in the alluvium exceeding the BSL east of the STEP was lower in 

2015 than in 2010. 

 

The distribution of wells with concentrations of sulfate exceeding the sub-McKay BSL 

(2,200 mg/L) was generally similar to SC and consistent between 2010 and 2015.  A notable 

difference is the area north of the ponds where additional wells have been installed.  Several 

new wells were installed since 2010 to further characterize groundwater conditions.  Some of 

these wells exhibit concentrations of sulfate above the BSL.  These levels of sulfate may 

have been present in 2010 but were not detected until installation of the new wells. 

 

Dissolved Boron 

Figures 3-12 through 3-15 are iso-contour maps of dissolved boron for shallow and sub-

McKay units for spring 2010 and 2015.  Areas with concentrations exceeding the BSL for 

dissolved boron in the shallow bedrock and alluvium are under the ponds east of the Units  
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1 & 2 STEP Main Dam, under the SOEP, historically in shallow well SPN which is located 

near the North 1AD Pipeline Drain Pond, southeast of SOEP, and in portions of East Fork 

Armells Creek alluvium.  The concentration gradient for boron southeast of SOEP is 

different from that described above for SC and sulfate, potentially indicating that the SC and 

sulfate are not site-related. 

 

BSLs are exceeded in the sub-McKay in the area directly north of the SOEP, east of the 

STEP Main Dam, and in isolated areas southeast of the SOEP and directly north of the New 

Clearwell.  The distribution of boron was generally similar in 2010 and 2015 but less 

extensive than SC and sulfate.  More discussion of boron concentrations is contained in 

Section 3.5 

 

Chloride 

Figures 3-16 through 3-19 are iso-contour maps of chloride for shallow and sub-McKay units 

for spring 2010 and 2015.  Chloride concentration distributions were similar or covered a 

slightly larger area in the fall of 2010.  Many wells were installed between 2010 and 2015.  

The additional wells allowed chloride concentrations to be more accurately delineated.  In 

some cases, the new data identified areas that had not previously been mapped as having 

chloride concentrations exceeding BSLs.  However, the extra delineation does not 

necessarily indicate an increase in the area that has had concentrations of chloride exceeding 

BSLs, but is a function of a broader monitoring network.  Chloride concentrations exceeding 

the BSL in alluvium and coal related bedrock units were observed under the ponds, east of 

the STEP Main Dam, and at a few locations in the alluvium of East Fork Armells Creek.  

Chloride concentrations exceeding the BSL for chloride were present north of the SOEP, east 

of the STEP Main Dam and in isolated areas north of the New Clearwell (STEP Cell B) and 

the Surge Pond. 

 

3.3.3 Groundwater Flow 

Water levels are periodically measured at the facility in monitoring wells and capture wells 

using commercial water level meters equipped with calibrated tapes.  Groundwater elevations 

are calculated by subtracting the depth to water (pumping or static) from the measuring point 
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elevation.  Water levels measured in monitoring wells represent static conditions.  Water 

levels measured in capture wells represent pumping water levels, or levels measured during 

some portion of “recovery” when pumps have turned off.  Water levels inside a pumping 

well are often lower than those in the surrounding formation due to frictional losses caused 

by drilling and well completion processes.  Multiple types of head losses occur in and around 

a pumping well.  These are formation losses, disturbed zone losses, and well losses.  

Formation head losses are a function of the rate at which water is removed from a well and 

the hydraulic conductivity of the formation in the well completion zone.  Head losses also 

occur at the interface between the formation and the portion of the formation that is disturbed 

during the drilling process.  This “disturbed zone” may have lower permeability than the 

surrounding formation from an accumulation of drilling fluids, fines pushed into the 

formation during drilling, or other effects of the drilling process.  A head loss will occur 

where the hydraulic conductivity at the interface between the two media is lower than that of 

the adjacent water bearing formation.  Well losses are a result of the well installation itself 

and are a function of restrictions of groundwater flow to a well.  These may be caused by the 

presence of a filter pack, size and amount of perforations, type of flow into the well 

(turbulent versus laminar), and post-construction factors such as scaling of perforations 

causing blockage.  Any or all of these factors may restrict flow to a well, causing water levels 

inside a well to be lower than those in the adjacent formation.  Water levels measured inside 

a pumping well are typically an overestimate of actual drawdown affects outside of the 

pumping well because of the head losses not associated with the formation.  Therefore water 

levels from capture wells that are used for potentiometric map construction represent an 

estimate of actual conditions.   

 

Water levels are measured in select monitoring wells during the first 10 days of each month.  

A broader set of water levels are measured twice a year, typically in late spring and fall.  

Water levels measured in shallow units are typically higher in the spring than in the fall.  

However, the effect on groundwater flow direction is negligible.   

 

Measured water levels are used to construct figures that illustrate the elevation and 

configuration of the water table (unconfined) or potentiometric surface (confined).  These 
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figures are typically referred to as either water table or potentiometric maps.  For the 

purposes of this report, all figures depicting groundwater surfaces are referred to as 

potentiometric maps.  Potentiometric figures are constructed by plotting water level 

elevations for multiple wells within the same hydrostratigraphic unit on a map; then, lines of 

equipotential (lines representing equal groundwater elevations) are interpolated between 

known water level elevations in wells.  Water level data used during map construction are 

selected from a narrow temporal window, such that potentiometric surfaces are representative 

of a specific point in time.  However, the frequency of water level measurements may vary at 

each well.  Spatially, some areas have a smaller density of wells than others.  The number of 

wells used to construct a map is dependent on the density of wells in an area which are 

completed in similar hydrostratigraphic units.  Calculated water table elevations are used for 

all available wells, except when data appear erroneous or there are multiple wells in close 

proximity to one another with similar water level elevations.  In order to make the 

potentiometric figures more legible, only one well may be used in an area when a high 

density of wells are present that exhibit similar water level elevations.  In these cases, the 

location of contour lines are not affected. 

 

Figures 3-20 and 3-20A are potentiometric maps constructed using water levels measured 

during fall 2015 and fall 2010, respectively, for the shallow groundwater horizon of the 

SOEP/STEP areas.  This horizon consists of alluvium and shallow bedrock associated with 

Rosebud and McKay Coal beds.  The Rosebud Coal is missing (burned) southeast of the 

SOEP and immediately west of the Surge Pond; so first groundwater is either found in 

Rosebud-McKay interburden or the McKay Coal.  Groundwater at this location exists under 

unconfined conditions and is laterally continuous with alluvium that is present beneath the 

SOEP and STEP.  Shallow bedrock and alluvial groundwater elevations are the highest west 

of the Surge Pond and the area southeast of the SOEP.  Water levels west of the Surge Pond 

indicate groundwater flow towards the SOEP.     

 

Alluvial groundwater flows eastward under the SOEP and STEP but is interrupted by the 

Stage I and II Dams.  Alluvial groundwater directly east of the Units 1 & 2 STEP Main Dam 
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flows east towards the East Fork Armells Creek alluvium.  Flow in the East Fork Armells 

Creek alluvium is northward.  The shallow groundwater intersects the Creek.   

 

Figures 3-21 and 3-21A are potentiometric maps constructed of water levels measured in the 

sub-McKay hydrostratigraphic interval during fall 2015 and fall 2010, respectively.  Sub-

McKay groundwater generally flows to the north-northeast; this includes groundwater 

underneath and north of the SOEP and STEP ponds.  Flow near the Surge Pond is more 

northward.  Depressions in the potentiometric map are centered at active capture wells.  The 

potentiometric depressions suggest that the pumping wells create localized influence on 

hydraulic gradient and direction of groundwater flow.   

 

Under normal conditions, that is when capture wells are not pumping, groundwater flow in 

the shallow units (i.e. alluvium and coal-related intervals) of the SOEP and STEP areas 

generally mirrors surface topography.  Alluvial groundwater of an ephemeral tributary 

drainage flows eastward under the SOEP, STEP, and directly east of the Units  

1 & 2 STEP Main Dam towards the East Fork Armells Creek alluvium.  Flow in the East 

Fork Armells Creek alluvium is northward.   

 

The direction of flow in sub-McKay bedrock on the west side of East Fork Armells Creek is 

generally to the east/northeast.  Where the sub-McKay bedrock sub-crops in East Fork 

Armells Creek alluvium, groundwater flow from the shallow bedrock issues to the alluvium.  

Alternatively, deeper sub-McKay bedrock strata that does not sub-crop in the alluvium may 

follow a more regional groundwater flow path towards the northeast.  Note that regional 

groundwater flow in the Tongue River Member of the Fort Union Formation has been 

reported to be generally eastward (Van Voast, W.A., and Reiten, J.C. 1988).  Flow beneath 

the SOEP/STEP area is generally in a northeast direction but may turn more eastward outside 

of the area. 

 

3.3.3.1 Vertical Gradients 

Groundwater flows from areas of higher potentiometric head to those with lower 

potentiometric head.  It is critical, however, to understand that significant or even minimal 
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groundwater flow may not occur between hydrostratigraphic units even though there may be 

a relatively large differential in potentiometric head at wells completed in various strata at 

roughly the same location.  In fact, a large differential head at paired wells completed in 

different strata usually indicates a poor hydraulic connection, which inhibits vertical flow.  

Vertical hydraulic gradients, like horizontal hydraulic gradients, should be calculated using 

hydraulic head data from monitoring wells or piezometers completed in the same 

hydrostratigraphic interval.  Calculation from different intervals may be misleading due to 

heterogeneities that may exist between the two intervals measured.  However, the head 

differential between two wells completed in different strata may provide an indication of the 

potential for vertical migration of groundwater.   

 

Actual vertical flow between separate saturated units is controlled by the hydraulic 

conductivity of the individual units, the hydraulic conductivity of the intermediate unit 

separating them, and the difference in head between the units.  Units with very low hydraulic 

conductivity, such as claystone, shale, and clayey siltstone, for example, will have very little 

groundwater flow through them, regardless of the head differential unless there are enhanced 

secondary porosity resulting from interconnected fractures.  Note that head differentials in 

individual wells may be affected by completion intervals and/or method of completion.   

 

When a well is completed with perforations positioned over multiple water bearing intervals, 

the water level in the well will equilibrate such that it is not representative of the hydraulic 

head in either unit.  For example, if a saturated interval of higher hydraulic head is not sealed 

off from a targeted saturated interval of lower head, the well water level may rise to a level 

consistent with the upper unit and not the targeted lower unit.  Conversely, if the lower 

targeted interval has a higher hydraulic head than the incompletely sealed upper interval, 

groundwater (head) from the lower unit will dissipate into the upper unit.  Either case may 

occur when an upper saturated interval is not identified during drilling due to its extremely 

low yield.   

 

Accepted well completion methods have changed substantially throughout the life of the 

Colstrip- SES.  Initially, wells were completed by either placing neoprene packers above the 
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perforated interval or by covering the perforations with a filter material, commonly pea 

gravel.  The annular space above the packer or gravel pack was typically covered with about 

two feet of bentonite; and the remainder of the annulus was filled with cuttings.  Improper 

placement of well filter material (gravel pack), bentonite, or other annular seal material (i.e. 

cuttings) during well completion could result in bridging and a subsequently poor seal.  A 

poor seal could also occur if cuttings used in the annulus were primarily coarse-grained.  

Later wells were completed using neoprene packers with bentonite seals placed above them 

to the surface.  Packer failure was the primary concern with this method of well completion, 

as failed packers could potentially result in unstable seals and downward groundwater flow 

through the annulus.  Currently, wells are completed by placing a filter pack, generally silica 

sand, over the perforations, and then backfilling with bentonite (chips or slurry) to the ground 

surface.  A solid seal forms once the bentonite has hydrated with formation water.  Note too, 

however, that high sodium content water may affect the bonding strength of bentonite, 

potentially weakening a seal. 

 

Figure 3-22 contains hydrographs for various paired or nested wells, or for wells in very 

close proximity to one another.  The hydrographs illustrate the potentiometric head in each 

well and head differentials between separate units.  Observations for the hydrographs  

(Figure 3-22) are included under the following bullets.  Groups of wells or well pairs were 

chosen that would demonstrate gradients in areas that have minimal effects from pumping of 

groundwater capture wells.  Where pumping effects are present, their influence on vertical 

gradient is discussed.  In general, hydraulic head in the STEP area is highest in 

hydrostratigraphic intervals with the highest elevation head; and hydraulic head decreases 

with formation elevations.    

 389A-P, 390D-P, and 950D (south of SOEP) – These wells are located southeast of 

the SOEP (see Figure 3-24).  Well 389A-P is completed in first groundwater 

coincident with shallow weathered sandstone.  Stratigraphically, the shallow interval 

at this location is equivalent to the Rosebud-McKay interburden but it exists under 

unconfined conditions.  The Rosebud Coal is missing at this location.  Well 390D-P is 

completed in the first water-bearing sub-McKay bedrock; and well 950D is the 

completed in an even deeper sub-McKay interval.  Groundwater capture is being 
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conducted in the interburden horizon at well 976D and in the first sub-McKay 

horizon at well EAP-119; but capture well pumping in this area does not affect the 

prevailing vertical flow direction.  Hydraulic head is greatest in the shallowest well 

(389A-P), intermediate in the middle saturated interval (390D-P), and lowest in the 

sub-McKay at well 950D.  Assuming a hydraulic connection between the three 

intervals, the vertical gradient is downward.   

 374S and 979S (South of SOEP) – These paired wells are completed south of the 

SOEP and west of the Surge Pond.  Both wells are completed at different depths in a 

common hydrostratigraphic interval that includes the McKay Coal.  Based on well 

completion depths and typical water level elevations, a vertical hydraulic gradient of 

approximately 0.025 exists at this well pair.  The direction of flow is downward.   

 397D, 398D, and 399D (north/northwest of SOEP/STEP) – A battery of three wells 

(397D, 398D, and 399D) was completed in successively deeper intervals of sub-

McKay bedrock north of the SOEP/STEP areas.  Specifically, well 398D was 

completed in the shallowest sandstone bedrock interval from 3,174.3 feet to 3,212.8 

feet of elevation; well 399D was completed in the intermediate interval from 3,141.6 

feet to 3,160.6 feet of elevation; and 397D was completed in the deepest unit from 

3,063.2 feet to 3,087.2 feet.  Hydrographs for these wells, included in Figure 3-22, 

indicate a hydraulic head differential of approximately 32 feet between the upper 

(398D) and intermediate (399D) sandstones.  A differential of about 22 feet of head 

exists between the intermediate (399D) and deepest (397D) sandstones.  The 

differences in hydraulic heads between the wells at this location indicate there is 

likely very little vertical connection between units.  

 921A and 958D (STEP Cell E) – These paired alluvium (921A) and bedrock (958D) 

wells are located on the dike between STEP Cell E and Cell A.  Based on 

groundwater quality impacts observed at well 958D, there may be a hydraulic 

connection between the shallow alluvium and the bedrock unit.  The head differential 

at this location is consistent with that observed elsewhere in the STEP area and 

suggests a downward vertical gradient.  Well 958D was converted to a groundwater 

capture well in 2010.  Prior to the start of pumping in the bedrock well, the vertical 

gradient was approximately 0.3.  The already steep vertical gradient was increased to 
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greater than one after pumping began.  Note that a vertical gradient greater than one 

can likely only be achieved by artificially lowering hydraulic head (i.e. pumping) in 

the downgradient unit. 

 2029D and 2030A (East of STEP Main Dam) – These paired wells were installed east 

of the STEP Main Dam to monitor groundwater in alluvium and shallow bedrock.  A 

hydraulic connection is thought to exist between alluvium and bedrock at this location 

because shallow bedrock sub-crops in the East Fork Alluvium east of this well pair; 

and water level trends at 2029D and 2030A are nearly identical.  Based on well 

completion depths and the hydraulic head differential between the wells, a downward 

vertical gradient of 0.01 is typical at this location.    

 972D and 913A; and 919D and 918A (Downgradient areas east/northeast of STEP 

Main Dam) – These well pairs are located east of Colstrip SES.  Each of these well 

pairs targets sub-McKay bedrock and alluvium of East Fork Armells Creek.  Unlike 

well 2029D, the bedrock completion interval at wells 972D and 919D is deep and not 

directly hydraulically connected to the alluvium.  The lack of hydraulic connection is 

evident by the lack of water level response in well 972D when the water level in 

nearby well 913A was drastically lowered due to capture system pumping.  Under 

static (non-pumping) conditions, hydraulic head in alluvial wells 913A and 918A is 

greater than that in the underlying bedrock.     

 995DD, 951D, 2037D and 2038A (Industrial Park Area, East of STEP) – These wells 

are located near Talen’s eastern property boundary; on or west of the former Moose 

Lodge property.  Wells 951D and 995DD are completed in hydrostratigraphic 

intervals that are deeper than any active capture wells in the area.  Well 2037D is 

completed in the first water-bearing sub-McKay interval that is subject to 

groundwater capture by nearby wells such as 927D, 928D, and PW-704D2, among 

others.  Well 2038A is completed in alluvium on the margins of the East Fork 

Armells Creek alluvial deposit.  Nearby capture wells in the alluvial interval include 

377A and 378A.  Hydrographs for wells 2037D and 2038A exhibit some variability 

in response to pumping at nearby wells; however, a comparison of hydraulic head 

between each of the four completion intervals targeted by 2038A, 2037D, 951D, and 
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995DD indicates a general trend of declining head in successively deeper strata (i.e. a 

downward vertical gradient).   

 

3.3.4 Hydraulic Parameters 

Hydraulic properties of SOEP/STEP Site hydrostratigraphic units are listed below.  The 

parameters were used in development of the groundwater flow model documented in 

Appendix A.  The geometric mean was used to calculate the average transmissivity, 

hydraulic conductivity, and storativity of SOEP/STEP area hydrostratigraphic units.  

Geometric mean was calculated by multiplying the values in a data set together and then 

taking the n
th 

(number of values in data set) root of the product.  A geometric mean indicates 

the central tendency or typical value of a set of numbers by using the product of their values 

(as opposed to the arithmetic mean which uses their sum).  For aquifer parameters that vary 

by more than two orders of magnitude as well as those with log-normal distributions (e.g. 

hydraulic conductivity), the geometric mean is often thought to be more representative of 

average values than the arithmetic mean (Fetter, 1988).  

Aquifer Properties from SOEP, STEP, Plant Site, and Colstrip Townsite Areas 

Hydro-

Stratigraphic 

Unit 

Geometric Mean 

Transmissivity 

(feet2/day) 

Geometric 

Mean 

Hydraulic 

Conductivity 

(feet/day) 

Minimum 

Hydraulic 

Conductivity 

(feet/day) 

Maximum 

Hydraulic 

Conductivity 

(feet/day) 

Geometric Mean 

Saturated 

Thickness (feet) 

Geometric 

Mean 

Storativity 

Alluvium 225 18.3 0.15 355 12 0.0003 

Rosebud 149 12.5 0.9 65 12 N/A 

Interburden 13 1.1 0.02 39 13 N/A 

McKay 26 2.3 0.06 9.3 10 N/A 

Sub-McKay 41.5 2.5 0.03 242 14.1 0.0008 

Aquifer Properties from Studies1 of the Fort Union Formation  

Hydro- 

Stratigraphic Unit 
Transmissivity (feet2/day) 

Hydraulic Conductivity Range 

(feet/day) 
Storage Coefficient 

Alluvium 1,900 0.00007 –  492 -- 

Rosebud 1.3 – 1,700 0.1 –  68 -- 

Interburden 28 0.9 -- 

McKay 0.7 – 31 0.01 – 3.1 -- 

Sub-McKay2 0.7 – 31 0.01 – 3.1 -- 

N/A – not applicable "—"  – no data available. 
1 – Rehm et al. (1980), Van Voast and Reiten (1988), and Van Voast et al. (1977).  

2 - Assumes same values as McKay Hydrostratigraphic Unit. 
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3.3.5 Surface Water – East Fork Armells Creek 

Talen has conducted 18 synoptic runs on East Fork Armells Creek (the Creek) in 1993, 1994, 

1996, 2000, 2003, 2004, 2005, 2007, 2008, 2009, 2010, 2011, 2012, 2013, spring 2014, fall 

2014, spring 2015, and fall 2015.  A synoptic run, also referred to as a seepage run, consists 

of surface water monitoring along a reach (section of a stream between two designated 

points) of a creek or river to characterize flow and water quality conditions.  Synoptic run 

monitoring sites within the SOEP/STEP area are shown in Figure 3-23.  Locations for 

synoptic run sites upstream of the SOEP/STEP area are in Appendix H, which contains a 

technical memorandum for the Spring 2015 synoptic run.  Synoptic run sites on East Fork 

Armells Creek are as follows. 

 AR-12 – Upstream of Plant Site and directly upstream of Highway 39. 

 AR-5 – Directly upstream of the culvert located on Currant Drive.  This location is 

west of the Units 1 & 2 A and B Ponds and northwest of Units 1 & 2 Blowdown Pond 

C North and South Ponds. 

 AR-4 – Directly upstream of the culvert on Willow Avenue.  This site is a very short 

distance west of the Units 1-4 Sediment Retention Pond. 

 AR-3 – Upstream and upgradient from the City of Colstrip Wastewater Treatment 

Plant settling ponds. 

 AR-2 – Also known as the South Flume, this site is located downgradient and 

downstream of the two easternmost City of Colstrip Wastewater Treatment Plant 

settling ponds and adjacent to the westernmost pond (North Sewage Effluent Pond). 

 AR-1 – Also known as the North Flume, this site is located downstream from the City 

of Colstrip Wastewater Treatment Plant settling ponds, downstream of a tributary that 

drains the town site,  downgradient from the Surge Pond, and downstream from 

Power Road.  This site is also downgradient from the boundary between the Plant Site 

and Units 1 & 2 Stage I and II areas. 

 AR-9 – Located about midway between AR-1 and the Ponderosa Butte Golf Course. 

 AR-8 – Located on Ponderosa Butte Golf Course upstream from the irrigation 

holding pond.  This pond receives treated water via pipeline from the City of Colstrip 

Wastewater Treatment Plant. 
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 AR-7 – Located on Ponderosa Butte Golf Course downstream from the irrigation 

holding pond and upstream from the confluence of the tributary that holds the SOEP 

and STEP. 

 AR-6 – Located downstream from the City of Colstrip sports fields (baseball, softball, 

soccer, etc.) and downstream from the confluence of the tributary that holds the 

SOEP and STEP. 

 AR-11 – Located on the Ponderosa Butte Golf Course between sites AR-6 and  

AR-10. 

 AR-10 – Also known as the Pine Butte Road Flume this site is located at the northern 

edge of the golf course and upstream of Pine Butte Road. 

 

As shown on Figure 3-23 synoptic run sites AR-1, AR-9, AR-8, AR-7, AR-6, AR-11, and 

AR-10 are within the area defined as the STEP/SOEP Site for the purposes of this and 

subsequent AOC reports.  A small tributary, known as the Power Road Tributary, is also 

included in the reach of the Creek within the STEP/SOEP Site boundary.  This site is 

typically dry.  The first sites on the Creek upstream of the STEP/SOEP Site are AR-2 and 

AR-3.  These upstream sites are adjacent to the City of Colstrip Wastewater Treatment Plant 

settling ponds.   

 

Synoptic runs have routinely been conducted in the spring of the year before the golf course 

begins irrigation and/or fertilization practices, and before vegetation growth is sufficient to 

cause significant evapotranspiration effects on stream flow and water quality.  More recently, 

two synoptic runs have been conducted in the spring and fall of the year (October of 2014 

and 2015).  In October, golf course irrigation practices have concluded for the year and most 

vegetation has gone dormant.  The timing of spring and fall synoptic runs is intended to 

monitor the stream during “baseflow” conditions.  Baseflow conditions exist when the Creek 

flow is the result of groundwater contributions and are not affected by precipitation or 

artificially caused runoff events.  Synoptic runs are conducted over a short period of time to 

minimize diurnal flow variations.  Higher flows, attributable to runoff from snowmelt, 

typically occur between February and March.  Runoff is magnified due to rain on snow 

events and/or when snowmelt cannot infiltrate due to frozen conditions.  Lowest flows 
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typically occur in late summer and early fall due to evapotranspiration affects.  Short term 

high flows also occur in response to intense rainfall and runoff events.   

 

Stream reaches may be defined as gaining (increasing in flow) or losing (decreasing in flow) 

based on flow measurements.  Gaining reaches are supplied by groundwater inflow; while, 

surface water recharges groundwater in losing reaches.  Occasionally, groundwater levels 

and quality are also monitored in association with the synoptic run.  Groundwater levels 

higher than the Creek are indicative of areas that are likely flowing into the Creek (gaining); 

conversely, lower groundwater levels are suggestive of places where surface water is 

recharging groundwater (losing).  In some reaches, groundwater levels are higher than the 

level of the Creek on one side and lower than the level of the Creek on the other side.  This 

indicates that groundwater is flowing into the Creek from the bank with higher groundwater 

levels; and water is flowing out of the Creek toward the side with lower groundwater 

elevations.  This flow pattern is typical at meander bends, where the Creek flow is 

temporarily perpendicular to the direction of groundwater flow.    

 

Average surface water discharge measured during synoptic runs conducted since 1993 show 

a losing reach near the southern boundary of the SOEP and STEP area, between the North 

Flume (synoptic run site AR-1) and AR-9, which is about 1,250 feet downstream of AR-1 

(see Figure 3-20).  Average flows downstream of AR-9 are relatively constant, although 

slight losing and gaining reaches are observed.  The variations are generally within the 

margin of error for the stream gaging conditions along the Creek (Hydrometrics, 2012). 

 

3.3.5.1 Synoptic Run Results - Current Conditions 

Current conditions of East Fork Armells Creek are summarized herein based on results of the 

Spring 2015 synoptic run.  During the Spring 2015 synoptic run event, 14 surface water sites 

were monitored, including 12 sites on the Creek, one tributary, and one pond.  Water quality 

samples were collected and flows were measured at twelve sites on the Creek.  A sample was 

also collected from the City of Colstrip Wastewater Treatment Plant settling pond.  Standing 

water was present in the Power Road Tributary; but no sample was collected.  Groundwater 

elevations were measured at boreholes adjacent to the Creek at 19 sites; the groundwater 
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elevations were paired with surface water elevations to evaluate gaining and losing patterns.  

In addition to groundwater and surface water observations, sediment samples were collected 

from the streambed at 12 sites (AR-1 through AR-12, see Appendix H) along the Creek in 

2015.  All of the samples were analyzed for an extensive list of parameters (Appendix H).  A 

copy of the March 2015 East Fork Armells Creek Synoptic Run Technical Memorandum is 

included in this report as Appendix H.  Appendix H also includes figures showing losing and 

gaining reaches of the Creek based on flow measurements between 2005 and 2015 and trend 

plots of SC, sulfate, boron, chloride, and the calcium to magnesium ratio for all synoptic runs 

through spring 2015. 

 

Figure 3-23 shows the synoptic run monitoring sites within the SOEP/STEP area that were 

monitored during the March 2015 (spring) synoptic run.  Appendix H contains a technical 

memorandum with results of the synoptic run and maps showing the location of each site.  

Flows measured during the Spring 2015 synoptic run were above average; however, flow 

gaining and losing patterns for the Spring 2015 synoptic run were similar to patterns 

observed during previous events.  That is, flow increased across reaches where it normally 

increases, and decreased over reaches where it normally decreases.  Flow is typically the 

lowest at upstream site AR-12 and increases in a downstream direction.  During recent years, 

however, flow has increased between AR-12 and AR-5, decreased between AR-5 and AR-3, 

and increased downstream of AR-2.  Decreases in flow between AR-5 and AR-3 are likely 

the result of groundwater capture conducted on the east side of the Creek on the Plant Site.  

In spring 2015, a slight increase in flow was observed between AR5 and AR-4.  Flow 

patterns in the reach of the Creek within the STEP and SOEP Site boundary in spring 2015 

were similar to previous years.  Flow decreased between AR-1 and AR-9; and an overall 

gradual increase in flow occurred from AR-9 to AR-10.   

 

Groundwater elevations were measured at 19 sites and compared to adjacent surface water 

levels in the Creek.  About half of the sites showed likely gains and about half showed likely 

losing conditions.  The data from the stream gaging and water level measurements 

demonstrate that the Creek has multiple areas that either gain or lose water; however, results 
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for spring 2015 were consistent with stream flow observations and indicate that overall the 

Creek shows a net increase in flow (gain) through Colstrip.     

 

Graphs of chemical constituent concentrations for the various indicator parameters at 

synoptic run sites are in Appendix H.  In general, concentrations of indicator parameters have 

declined with time in the reach of the Creek adjacent to the Plant Site and STEP/SOEP area.  

Improvement in water quality through this reach is likely the result of ongoing groundwater 

capture efforts, best management practices by Talen, water management practices of the City 

of Colstrip, and improved water quality from upstream.  

 

The load or loading rate of a chemical constituent in surface water is a function of volumetric 

flow rate and the concentration (mass per volume) of a given chemical constituent in the 

water.  An equal loading rate can be achieved for a stream with either high or low 

concentrations of a given constituent, provided that the flow rate changes in proportion to the 

difference in concentration of the chemical constituent.  Thus, loading can either be dictated 

by high concentrations and low flow or by low concentrations and high flow.  Loading rates 

are seen to increase in the downstream direction in East Fork Armells Creek.  Because there 

is only slight variation in concentrations of chemical parameters between sites, loading 

increases are driven by increasing flow rates.  The following two charts illustrate loading 

versus flow in the stream for Total Dissolved Solids (TDS) and chloride in spring 2015.  

TDS is used for this comparison since it is a concentration value available for simple load 

calculations.  SC and TDS values typically show parallel trends so use of TDS as an indicator 

for comparison of loading is reasonable.   

 

TDS concentrations were the highest (2,760 mg/L) at site AR-10; however, loads were the 

highest at AR-1 (TDS – 2,630 mg/L) because the flow rate is greater at AR-1, as influenced 

by the wastewater lagoons and the Surge Pond.  Chloride concentrations were generally very 

similar at all sites on the Creek in spring 2015 (ranging from 38 mg/L to 52 mg/L); however, 

the chloride load increased in the downstream direction in accord with increases in flow.  

Other indicator parameters (sulfate, boron, calcium, and magnesium) showed trends very 

similar to those illustrated as follows.     
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Although groundwater quality samples were not collected in spring 2015, previous synoptic 

run results suggest that shallow groundwater along the Creek is primarily a magnesium-

sulfate type.  Surface water of the Creek is also of a magnesium-sulfate type, which supports 

a conclusion of a connection between groundwater and the Creek.  Constituent 

concentrations in shallow groundwater vary in relation to adjacent surface water sites.  In 

general, groundwater samples near the upstream creek sites exhibit higher constituent 

concentrations than the adjacent creek samples; and groundwater samples along the lower 
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creek sites have constituent concentrations generally similar to or lower than the adjacent 

creek. 

 

Twelve sediment samples were collected during the Spring 2015 synoptic run from upstream 

of the surface water sample locations along the Creek.  Soil textures were not evaluated in 

2015; but results of textural analysis from previous synoptic runs indicates that surface 

stream sediments range from silty loam to sandy loam.  Soil pH ranged from 7.4 to 7.8; and 

sodium adsorption ratios (SAR) ranged from 1.63 to 3.63 in spring 2015.  Metals 

concentrations were variable.  Ranges of concentrations of select trace metals reported for 

sediment from synoptic run monitoring sites in the SOEP/STEP area were: 

 Arsenic - 0.9 to 3.0 mg/Kg; 

 Beryllium – 0.11 to 0.46 mg/Kg; 

 Cadmium - <0.5 to 0.16 mg/Kg; 

 Copper – 3.9 to 10.1 mg/Kg; 

 Lead – 2.52 to 8.04 mg/Kg; 

 Mercury - <0.1 mg/Kg; 

 Nickel – 4.4 to 10.6 mg/Kg; and 

 Selenium – 0.2 to 0.4 mg/Kg. 

 

Full results of the sediments analysis are included in Attachment 1 of the technical 

memorandum in Appendix H. 

 

3.3.6 Simplified Conceptual Groundwater Model 

A detailed conceptual model for the STEP and SOEP Site is included in the groundwater 

model report in Appendix A.  The conceptual model in the groundwater model report 

contains graphics that allow the reader to better visualize the hydrogeological system in the 

SOEP/STEP area.  A summary of a simple conceptual model is presented below.   

 

Colstrip is located in Rosebud County in the northern portion of the Powder River Basin.  

Surficial geology is dominated by the Fort Union Formation, which dips at less than two 

degrees to the east, and unconsolidated sediments which occur in valley bottoms as 

unconsolidated alluvium and along hillslopes as colluvium.   
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The Fort Union Formation is comprised of an upper Tongue River Member, middle Lebo 

Shale, and lower Tullock Member.  The SOEP and STEP areas are underlain by the Tongue 

River Member.  The Tongue River Member of the Fort Union contains numerous coal seams.  

The Rosebud is the coal seam of economic interest south and west of the STEP and SOEP 

areas; but this seam is absent from the SOEP and STEP area proper.  Clinker, resulting from 

in situ burning of the coal (Rosebud and McKay) is present in the southwestern extent of the 

SOEP area.  The cross sections in Figures 3-1 through 3-3 show typical SOEP and STEP area 

geology. 

 

Groundwater at the site is present in alluvium and shallow bedrock, which may include 

Rosebud-McKay interburden, McKay Coal, and sub-McKay.  Shallow groundwater found in 

alluvium is typically unconfined, although some semi-confined conditions exist where fine-

grained sediments overlie coarser grained water-bearing sediments.  Groundwater in the 

McKay Coal and Rosebud-McKay interburden is typically unconfined.  Confined conditions 

are common in deeper sub-McKay units found in the SOEP and STEP areas.   

 

Hydraulic conductivity is variable in all hydrostratigraphic units of the SOEP and STEP 

areas.  The alluvium typically exhibits the highest hydraulic conductivity (avg. ~ 18 ft/day or 

less); while, shallow units related to the coal seams (excluding clinker) and sub-McKay 

bedrock typically exhibit relatively low hydraulic conductivity (1.1 to 12.5 ft/day).  

Hydraulic conductivity of the clinker varies but is typically very high (exceeding 2,500 

ft/day) and depends on the amount of fine grained sediments that have moved vertically into 

the available pore spaces and the degree and nature of fracturing.  Because clinker is so well 

drained, it is not a significant groundwater reserve in the STEP and SOEP areas. Flow 

through clinker is not considered in either the conceptual groundwater flow model or the 

numerical groundwater flow model presented in Appendix A.        

 

Groundwater in the coal related intervals south of the SOEP and west of the Surge Pond 

flows in a northerly direction and is laterally continuous with flow in alluvium of an 

ephemeral tributary drainage that travels eastward under the SOEP/STEP.  Flow in the 

alluvium in the drainage is blocked by the SOEP and STEP Main Dam.  Flow from alluvium 
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of the ephemeral drainage flows east of the Units 1 & 2 STEP Main Dam towards the East 

Fork Armells Creek alluvium.  Flow in the East Fork Armells Creek alluvium is generally 

northward.  The direction of flow in sub-McKay bedrock on the west side of East Fork 

Armells Creek is generally to the east/northeast.  Groundwater flow from the sub-McKay 

bedrock flows to the alluvium where the bedrock sub-crops in East Fork Armells Creek 

alluvium.  Alternatively, sub-McKay bedrock that does not sub-crop in the alluvium may 

follow a more regional groundwater flow path towards the northeast.  As noted previously, 

natural vertical gradients between units are universally downward in the STEP and SOEP 

areas.  Reductions in hydraulic head caused by capture system pumping may potentially 

reduce the downward gradients.   

 

Groundwater quality is variable and is discussed in detail in Section 3.3.2.  Mitigation 

measures have been implemented in areas showing groundwater impacts.  A portion of this 

includes groundwater removal using pumping wells.  The pumping creates areas of local 

depressions (cones of depression).  Other mitigation actions include pond reconstruction, 

lining, and improved water management practices. 

 

Groundwater recharge in the area comes from precipitation, which averages about 15 inches 

per year, infiltration of domestically used water (lawn water) east of the STEP, infiltration 

from the Creek in losing reaches, minor percolation through the closed SOEP, seepage from 

the lined STEP, City of Colstrip Sewage Lagoons,  and seepage from Castle Rock Lake 

(a.k.a. the Surge Pond).  The Surge Pond supplies the majority of the water used at the 

facility, town, and the Rosebud Mine.  It is considered to be a major source of recharge in the 

STEP and SOEP areas.  Groundwater discharges include flow to the Creek, 

evapotranspiration, and extraction from groundwater supply wells and capture wells. 

 

Surface water (other than ponds) is limited to East Fork Armells Creek, which flows from 

south to north adjacent to the SOEP and STEP areas.  East Fork Armells Creek is a gaining 

reach from the upstream end of town at the Highway 39 road crossing to the northern end of 

Ponderosa Butte Golf Course, located two miles north of Colstrip.  Increases in flow to the 

Creek are from groundwater on both sides of the Creek, from the City of Colstrip Wastewater 
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Treatment Plan settling ponds, and from surface water additions from minor tributaries.  

Flows vary seasonally in response to precipitation, urban uses, and upstream activities.   

 

 DESCRIPTION OF COMPLETED AND ONGOING REMEDIAL ACTIONS 3.4

Talen conducts extensive activities associated with groundwater in the SOEP and STEP area.  

These activities include routine operational groundwater monitoring, groundwater mitigation, 

specific groundwater or surface water investigation, operational changes, and best 

management practices.  Mitigation and/or specific investigations are conducted in response to 

changes detected through operational water quality monitoring indicating process pond 

seepage, and/or in response to past spills or releases.  These actions are discussed in the 

following sections.  The combination of the activities described below provide a summary of 

current site conditions, and current or planned future activities that will be conducted to 

further improve groundwater conditions in the vicinity of the SOEP and STEP process ponds. 

 

3.4.1 Operational Monitoring 

Talen conducts operational monitoring in and around the SOEP and STEP at a network of 

monitoring and capture wells.  The monitoring program is outlined in the site monitoring 

plan (Appendix B Talen Montana, December 2015, WRMP).  The monitoring plan includes 

lists of monitoring wells, monitoring frequency for ponds and wells, analytical parameters, 

and evaluation and reporting criteria.  New wells are sampled and evaluated for addition to 

the monitoring program when the monitoring plan is updated.  In 2015, 382 wells were 

sampled; 214 during the first half of the year and 168 during the last half of the year.  Many 

of the wells are sampled twice a year with the largest sampling being during the first half of 

the year. 

 

Sampling frequency has been determined in coordination with the MDEQ and is designed so 

changes in water quality are identified.  Biannual sampling is conducted at most of the wells 

to allow seasonal variations to be documented.  Wells that are considered critical for 

detection monitoring or to evaluate current water quality conditions are generally monitored 

twice a year.  Less frequent monitoring is conducted at wells that are located in less critical 

locations or in areas where sampling intervals are less critical to the evaluation of 
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groundwater conditions.  Less frequent monitoring is also conducted on wells that have been 

installed for specific investigational purposes but are not critical for the overall evaluation of 

an area, typically because of the high density of wells.   

 

Well samples are most commonly analyzed for SC, pH, TDS, total alkalinity as CaCO3, 

bicarbonate, bromide, carbonate as CO3, chloride, sulfate, and dissolved metals (boron, 

calcium, magnesium, potassium, selenium, and sodium), and ionic balance.  Mercury is 

analyzed at a few select sites.  Nitrate plus nitrite is also typically analyzed in newly installed 

wells.  With the exception of selenium, these parameters are present in the process water at 

relatively high concentrations.  Hence, many of these parameters are used as indicators of the 

presence of process waters.  Broader spectrum analyses were conducted from the mid 1970’s 

to the mid 1980’s.  The analytical parameter list has been modified to the current list based 

on discussions with MDEQ and results of prior analysis.  Mercury is analyzed at a few select 

sites.  These sites are at locations that are considered as “sentinel” type wells, that is, they are 

in locations that would likely be most susceptible to impacts from efforts to remove mercury 

from the flue gas. 

 

Talen samples pond water from cells within the STEP typically at least once every three 

years.  Pond samples have also been collected and analyzed for a more extensive list of 

parameters than indicated in the monitoring plan.  In 2015, samples were also collected from 

four cells in the STEP and from the Units 1 & 2 STEP Main Dam Sump.  Data are included 

in Table 2-3. 

 

East Fork Armells Creek is the only natural surface water body in the SOEP/STEP Area.  

The monitoring plan includes three surface water sites along East Fork Armells Creek (South 

Flume – AR-2, North Flume – AR-1, and the PBR Flume – AR-10).  However, samples are 

collected independent of the operational program from several sites on East Fork Armells 

Creek during periodic synoptic runs.  Synoptic runs began in 1993 and have been conducted 

annually in the spring since 2007 (see Section 3.3.5 and Appendix H).  A total 12 sites along 

East Fork Armells Creek are sampled during the synoptic runs.  This includes the South 

Flume – AR-2, North Flume – AR-1, and the PBR Flume – AR-10.  Spring and fall synoptic 
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runs were conducted in 2015.  In 2015, each of these sites was monitored for flow and water 

quality samples were collected if water was present.  Surface water samples from East Fork 

Armells Creek were analyzed for dissolved oxygen, pH, SC, TDS, alkalinity as CaCO3, 

nitrate plus nitrite, sulfate, chloride, bromide, bicarbonate as CaCO3, carbonate as CO3, total 

boron, calcium, magnesium, potassium, mercury, selenium, and sodium.  Groundwater 

samples have been collected as part of past synoptic runs.  Groundwater samples were not 

collected during 2015 synoptic runs although groundwater elevations were surveyed.  

Appendix H contains the memorandum for the Spring 2015 synoptic run.   

 

All water quality samples are submitted to a certified commercial laboratory for analysis.  

Results of the analyses are validated through a quality control/quality assurance process and 

maintained in a project database.  These validated data are provided to the MDEQ on an 

annual basis, following completion of the validation. 

 

Results of operational monitoring for the previous year are summarized in annual monitoring 

reports (see References, Section 7).  These reports are typically issued in late spring/early 

summer of each year.  Reports are submitted to the MDEQ for review.  Upon review, MDEQ 

and Talen meet to discuss the findings of the monitoring program and to discuss activities 

that can be conducted to further evaluate a particular condition or to mitigate a condition if it 

is interpreted to be related to the SOEP and STEP process water operations. 

 

Talen Environmental Compliance Department personnel review data on a routine basis.  

Additional evaluation is conducted in areas showing changes in water quality.  In addition to 

investigations conducted in response to water quality variations, Talen also responds to 

operational occurrences which could potentially result in environmental impacts.  Such 

events could include surface observations such as apparently affected vegetation, water 

issuing to ground surface in areas not previously observed, increases in water levels in wells 

that may or may not be accompanied by water quality changes, pipeline breaks, problems 

with drain pits such as overfilling, and other miscellaneous events. 
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Evaluations of these data are used to identify changes in the groundwater system.  Any 

changes in the system are evaluated to identify those that may be caused by process pond 

activities.  Changes which are attributed to process ponds are further evaluated through 

continued monitoring, site investigation, implementation of mitigation activities, changing of 

normal processes, or a combination of the previous.  Groundwater mitigation is initiated 

following the identification of impacted waters as indicated by increases in concentrations of 

indicator parameters or levels of indicator parameters in new wells.  Other factors, such as 

location, groundwater flow paths, and historical use of an area are also considered when 

evaluating impacts. 

 

3.4.1.1 Water Level Measurements 

Talen measures water levels at most non-capture system monitoring wells on a monthly basis 

(see Section 3.4.1.2 for Capture System Monitoring).  At a minimum, the wells listed in 

Appendix B of the WRMP (Talen, 2015) are measured.  Newly installed wells may also be 

monitored on a monthly basis until official inclusion in the updated monitoring plans.   

 

Monitoring wells are typically measured on either a monthly, quarterly, semi-annually or 

every three years.  Monitoring frequency depends on the density of wells in an area, previous 

observations in the area indicating wide variations in water levels, and relation to area 

capture wells.  Water levels will be measured more frequently in connection with particular 

site activities.  For example, water levels in wells may be measured more frequently if 

investigations are being conducted that require additional information for construction of 

potentiometric figures.  Note also, that water levels are measured in some wells that are not 

routinely sampled for quality.  These wells are typically associated with the Surge Pond. 

 

Water levels in the wells are measured using electronic probes with calibrated tapes.  The 

probes are lowered into the well until electrical contacts encounter water at which time the 

meter provides an audible signal and a light comes on. The probe is moved up and down until 

the surface of the water is accurately located.  The tape is then placed against a measuring 

point and the depth to water below the measuring point is recorded in a field book.  The 
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elevation of the groundwater for the well is then calculated by subtracting the measured 

depth to water from the surveyed measuring point elevation. 

 

3.4.1.2 Capture System Monitoring 

Capture wells are routinely monitored at least twice per month for operation, water levels, 

and pumping rate.  Water levels in capture wells are measured to evaluate groundwater 

capture system performance and to identify adjustments to pumping rates, if necessary.  Field 

SC is measured monthly.  In addition, water quality samples are collected and submitted for 

laboratory analysis twice a year.  Samples submitted for laboratory analysis are analyzed for 

Talen’s standard list of analytes (Table 2 of the Water Resources Monitoring Plan – 

Appendix B).  These data (field and laboratory) are reviewed prior to shutting down any 

capture well.  Capture wells may be shut down if: water quality improves to conditions that 

were observed prior to conversion for capture and it is concluded that process water impacts 

are no longer occurring; if water quality improves to below calculated BSLs, or; if water 

levels or yield drop in the area so capture from a specific well becomes impossible or 

impractical.  Any capture wells that are shut down continue to be monitored for SC on a 

routine basis (monthly minimum) and sampled for laboratory analysis twice a year.  Pumping 

will be resumed if data indicate worsening water quality.   

 

3.4.2 Groundwater Mitigation Activities 

Groundwater mitigation in the SOEP and STEP area is conducted where groundwater has 

been interpreted to be impacted by process water.  Sixty groundwater capture wells were in 

service at the end of 2015.  Wells 910A, 913A, 938A, and 940A are not currently pumping.  

910A and 913A were turned off after pumping resulted in improved water quality at the 

wells (see Section 3.5). Wells 939A and 940D (capture) were shut down due to improved 

water quality following initial startup.  Monitoring continues at any wells that are turned off 

due to improved water quality and are started again if water quality declines or if it is 

concluded that additional capture is needed in a specific area based other conditions in the 

area (water quality, pumping performance, etc.).    
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The New Clearwell and Cell D were constructed with underdrain collection.  Water was not 

present in either of these systems in 2015.  The STEP Main Dam was constructed with 

chimney drains (vertical drains along the face of the dam) and toe drains (pipe placed along 

the toe of the dam to collect seepage and water entering the chimney drains).  Water that 

enters the drains flows by pipe to the STEP Main Dam Sump.  Water entering the STEP 

Main Dam Sump is pumped to Cell E.  Table 3-5 is a summary of the wells, the date the 

wells began collecting water, where the water is piped, and estimated pumping rates since 

2009. Monitoring wells used to evaluate the various collection areas are listed in Table 3-6. 

 

The majority of groundwater capture wells are located east of the Units 1 & 2 STEP Main 

Dam and are completed in shallow bedrock or alluvium.  Locations of groundwater capture 

wells are shown on Figures 3-24 and 3-25.  Groundwater capture wells are routinely 

monitored for flow, hours operated, water level, and SC.  Monitoring of the capture systems 

is conducted to document depth to water in pumping wells, approximate pumping rates, 

make adjustments to maximize drawdown in the wells, and to identify problems.  

Maintenance requests are completed when problems arise and repairs are made by a 

contractor.  Data collected from the capture systems are documented in a project field book 

and then maintained in an electronic file. 

 

The average collection rate for all SOEP/STEP capture wells for 2015 was 183 gpm.  An 

additional four gpm was collected by the Units 1 & 2 STEP Main Dam collection system at 

the Units 1 & 2 STEP Main Dam Sump and is pumped into Cell E.  Note that the volume of 

water captured is overestimated to some degree.  Scaling problems have made it necessary to 

operate the majority of systems without flow meters.  Flow is measured at the well head 

through a sampling port.  Therefore, flow is measured without the back pressure that is 

present on the system under normal operating conditions.  Less water is pumped when the 

system is back pressured, resulting in an overestimate of measured flow and calculated 

capture volumes.  Higher pipeline back pressures result in a higher margin of error.  In some 

cases the overestimate can be 100 percent or more.  For these reasons, the pumping rates 

presented in Table 3-5 have been adjusted to 75% of the measured values to compensate for 

backpressure effects. 
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3.4.3 Completed SOEP and STEP Site Mitigation Measures 

Several activities have been conducted on the SOEP and STEP to assist with groundwater 

remediation.  Each of these activities and their potential influence on the groundwater 

system, and associated remedial activities are described hereafter. 

 Installation of an engineered cap during reclamation of the SOEP.  The cap is 

designed to limit infiltration of storm water into the flyash and consists of upper soil 

layers and a capillary break above the flyash.  Vegetation has been established to 

provide evapotranspiration.  Managed grazing has been used since the early 2000’s to 

further enhance vegetative growth and establishment of native communities.  Studies 

have been conducted that indicate the cap is generally successful at limiting 

infiltration.  Furthermore, model simulations using HYDRUS analytical software and 

input parameters gained through site study, indicate infiltration to groundwater 

through the cap is on the order of 0.6 to 1.5 inches per year (3.6% to 8.8% of average 

annual precipitation, or approximately 4.1 to 10.3 gpm).  Therefore the cap is 

preventing approximately 90 to 95% of the precipitation from infiltrating the cap and 

reaching groundwater. 

 Installation of double-lined cells (New Clearwell (Cell B) and Cell D) with RPP and 

leachate collection in 2006.  The double liner system allows capture of process water 

from between the liners.  In addition, the presence of water under the upper liner is an 

indicator of potential liner problems that can be addressed to further limit the 

potential for losses of process water.  Water was not pumped from between the liners 

of either the New Clearwell or Cell D in 2015 indicating that the upper liners were 

intact.  Cell A, Cell E, and the Old Clearwell were lined with HDPE in 1992.  

 Utilization of paste - a paste plant was installed at the STEP in 2008 and began 

producing paste in 2009.  The paste process reduces the available free water by about 

90% when compared to the original design and operation of the STEP.  Use of the 

paste plant along with forced evaporation and water management practices help 

reduce the amount of water that is stored in the cells.  Reduction in the amount of 

water in the cells reduces the hydraulic head on the liners and consequently reduces 
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the amount of potential seepage.  The reduced head will also lower the potential for 

liner failure and would act to reduce losses if liner failures occur. 

 Evaporation of process water is conducted when climatic conditions allow (low winds 

and warm or hot temperatures).  Enhanced evaporation reduces the amount of process 

water that must be contained in the cells. 

 City water is supplied to residences and businesses east of the Units 1 & 2 STEP 

Main Dam to limit the potential for exposure.  Private wells without well logs or 

completions that suggest a potential for downward movement around the annulus, 

will be abandoned.  Well PW-704 was abandoned and replaced in 2012.  There 

currently are no wells that are considered at risk.  However, monitoring continues in 

late spring and fall at remaining private wells to identify changes that could be 

attributed to the process ponds.   

 Installation of new scrubber slurry and clearwater return pipelines to replace the 

original pipeline.  The original pipeline transported scrubber to the ponds from the 

Plant Site and periodically was used to return clearwater to the Plant Site.  Installation 

of the new piping system reduces the potential for pipeline releases. 

 

3.4.4  Planned and Continuing SOEP and STEP Site Activities 

Talen continues to improve best management practices, training, and facility upgrades to 

improve environmental conditions in the SOEP and STEP area to aid in groundwater 

mitigation efforts, and to reduce the chance of creating new problems in the future.  Some of 

the activities that are planned, are being considered, or will continue in the future include the 

following. 

 Monitoring the Stage 1 Evaporation Pond (SOEP) Cap performance has been on-

going since construction was completed in 1998.  The MSU Reclamation Research 

Group initiated the study with test plots on the SOEP in 1990.  In the 10 year 

summary report of 1990 to 2000 that was submitted to the Montana Department of 

Natural Resources and Conservation (DNRC), study results are presented with plans 

to manage the SOEP reclamation area for cattle grazing and wildlife habitat.  Ponds 

are monitored for moisture movement, monitored for boron and salt movement in the 

cap soils and the cap vegetation, and the cap vegetation monitored for plant diversity. 
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Currently, these annual studies of moisture movement, vegetation performance and 

vegetation diversity are being conducted and the reports are being sent to the MDEQ.  

The SOEP will continue to be monitored for cap performance.  In addition, 

dewatering will continue within the footprint of the SOEP to help reduce process 

water effects.   

 Groundwater is currently being pumped from capture well 966A in the SOEP.  This 

well encountered alluvial sediment at the base of the SOEP.  Additional wells may be 

converted for pumping to enhance dewatering.  

 Runoff from precipitation uphill or up the drainage from the SOEP will continue to be 

diverted around the pond.  This will reduce the amount of water potentially entering 

the ash.   

 To reduce the volume of water that must be kept in ponds, groundwater from various 

groundwater capture systems is monitored for quality, treated, and routed to the 

various Plant water circuits.  This approach takes captured groundwater out of the 

system inventory.   

 The New Clearwell and Cell D are double lined.  The composite liners incorporate 

two layers of synthetic liners; and a collection sump is situated between the liners and 

under both liners to collect water that possibly leaves the pond through liner breaches.   

 Water will continue to be pumped from alluvium below the Old Clearwell, Cell E and 

the dike between the Old Clearwell and Cell D.   

 Cell A, Cell E, and the Old Clearwell are lined with HDPE.  These liners seem to be 

containing water based on analytical results at capture wells 922A, 924A, and 2019D.  

Groundwater sampled from these wells show low levels of bromide even through 

water in the ponds contain elevated levels of bromide.   

 Talen will continue to promptly respond to changes in water quality, spills, or other 

identified problems associated with the ponds or pond operations.  Responses 

typically include an internal evaluation and reporting to regulatory agencies, if 

required.  Additional study and investigation is conducted if potential problems are 

identified and/or if regulatory agencies request more extensive evaluation.  Future 

investigation will be covered under guidelines of interim actions outlined in the AOC 
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which include preparation of a work plan, regulatory review, conducting the 

investigation, evaluation, and reporting. 

 Worker awareness training will continue so facilities operations can be conducted 

while minimizing effects on the environment. 

 Ecological and human health risk assessments will be conducted to evaluate potential 

risk from the SOEP and STEP on potential receptors. 

 A remedial alternatives evaluation will be performed to evaluate other potential 

methods of mitigating, eliminating, or managing impacts. 

 

3.4.5 Best Management Practices 

Best Management Practices (BMPs) is a term used to describe activities conducted to 

minimize or eliminate impacts to surface and groundwater.  Talen implements multiple types 

of BMPs to reach this end.  Many of the measures described in the previous sections are 

further examples of BMPs that are, or will be, implemented or used at the facility.  Several 

other BMPs are described in the following paragraphs.   

 Training and Education – employees are educated as to the importance of water 

management and control at the facility.  The goal of the training is to limit 

unnecessary losses of water, reduce the amount of water in the process circuit, and 

quickly respond when incidents occur to minimize potential migration and to remove 

affected materials. 

 Water management – Talen has made significant progress in reducing the amount of 

water at the facility.  Reduction of the amount of water reduces hydraulic head on the 

liner and the amount of seepage that can occur.  Methods used include forced 

evaporation and water reuse methods. 

 Stormwater management – site drainage control systems have been maintained to 

reduce flow of precipitation runoff onto the SOEP.  These diversion ditches and 

associated diversion dam will remain in place and maintained. 

 Pond liner upgrades – as discussed previously, Talen is, has, or will be installing 

synthetically lined ponds with underdrain capture.  Use of the liner/underdrain system 

reduces potential releases due to seepage through the liners if it occurs.  
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 Scrubber slurry will continue to be dewatered using STEP Paste Plant.  Use of the 

paste plant makes reuse and handling of the process waters more efficient by 

eliminating volume. 

 Efforts will be continued to reuse water to eliminate the amounts present in the ponds.  

This will include treatment of captured groundwater in various areas of the facility. 

 

 EFFECTIVENESS ASSESSMENT OF REMEDIAL ACTION 3.5

The effectiveness of the existing remedial measures should be evaluated in two ways.  First, 

the effectiveness of existing source control measures such as pond liner upgrades can be 

evaluated based on trends in water quality for extraction wells and monitoring wells located 

nearby (but downgradient from) the pond source area.  Second, the effectiveness of migration 

management measures such as hydraulic barriers produced by groundwater extraction wells 

farther downgradient can be evaluated using multiple lines of evidence.  These lines of 

evidence include evaluation of the induced hydraulic gradients toward the capture well using 

potentiometric figures and trends in water quality for monitoring and capture wells.   

 

The induced hydraulic gradients and associated capture zones are discussed in Sections 3.3.3 

and Appendix A.  Results of capture analysis from the 2017 50-year model simulation 

(NewFields 2017, Appendix A), indicates groundwater in most areas of the SOEP and STEP 

with concentrations above a BSL are currently intercepted by the current capture systems.  

Areas where current capture systems may not be completely capturing impacted groundwater 

in the future include the following. 

 Particles originating beneath the north and northwestern portion of the SOEP source 

area.  These particles migrate very slowly to the north. 

 Particles released beneath the southwest area of the SOEP source area.  These 

particles migrate very slowly northeast under the SOEP Dam. 

 Particles originating in the southern portion of the SOEP source.  Particles originating 

in this area travel slowly to the northeast. 

 Particles released in a small area of Layer 2 within the SOEP Dam.  These particles 

remain within the SOEP Dam after 50 years due to the relatively low permeability of 

the dam material. 
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 Particles originating along the northern edge of Cell A (these particles represent 

residual impact and not seepage from Cell B).  These migrate slowly north. 

 Particles originating in the northwest corner of Cell E.  These particles travel very 

slowly northeast and east. 

 

Particles were also release outside of source areas at locations showing concentrations of 

some indicator parameters above the BSL.  Model simulations suggest the following 

areas with uncaptured particles after 50 years. 

 A few particles released in an area east of the SOEP in Layers 2, 3, and 4.  These 

particles travel very slowly northeast and end up under Cell E, the Old Clearwell, or 

Cell D after 50 years. 

 Particles originating along the north and northwest margin of the SOEP in Layers 3 

and 4.  These particles migrate north less than 2,500 feet within 50 years. 

 An area of groundwater west of the SOEP source area is uncaptured.  Groundwater in 

this area travels northeast under the SOEP Dam. 

 Particles originating in Layer 4 north of the SOEP and Cell A and beneath Cell B.  

These particles travel less than 2,000 feet north of the SOEP and STEP within 50 

years. 

 Particles originating in an area north of Cell A (in Layer 5) and beneath Cell B (in 

Layer 5 and Layer 6).  The uncaptured particles released north of Cell A migrate 

approximately 2,500 feet north and northwest within 50 years and the uncaptured 

particles released beneath Cell B migrate to the north and northeast and travel less 

than 600 feet within 50 years.  

 

Note that these areas are not source areas; they are migration pathways with constituents that 

may have been derived from source areas.  However, these are areas where it has been 

interpreted that process water from source areas has migrated into and are currently being 

mitigated or are targeted for additional investigation, and if necessary, expand mitigation. 

 

It is important to note at this point that the capture zone analysis performed using the 

groundwater model in Appendix A provides a very conservative estimate of particles that 
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may not be captured.  Capture zone analysis involved placing particles in areas where water 

quality results suggest BSLs for the indicator parameters are exceeded.  The inference from 

this may be that if a BSL is exceeded, then the water must be impacted.  This is not 

necessarily the case.  The effect is to place particles over broader area than have actually had 

identified impacts.  Capture systems are intended to extract groundwater containing a portion 

of process water, not necessarily all groundwater that exceeds a particular BSL.  For this 

reason, it would be expected that more particles would bypass the capture systems than 

estimated in previous model versions when BSL values were higher. 

 

The remainder of this section has descriptions of trends in groundwater quality.  Trends for 

the majority of wells discussed in this section are included in Appendix I.  SC is used in this 

analysis as an overall indicator of water quality degradation by releases from the process 

wastewater system.  Under normal conditions, SC is proportional to the concentration of 

dissolved major constituent ions in a water sample (i.e. total dissolved solids).  Generally, 

depending on the concentrations of chemical constituents in the water, particularly sulfate, 

TDS can range anywhere from about 2/3 to 1 times the SC value.  In other words, in normal 

water an SC of 1,000 µmhos/cm would have an approximate TDS of around 650 mg/L.  As 

sulfate and some other constituents increase, the relationship becomes closer to 1 to 1 ratio. 

Therefore, in evaluating overall trends in groundwater quality in response to remedial 

measures, SC is a very useful indicator of the concentration of process wastewater 

constituents of interest (COIs).   

 

For the process wastewater ponds at Colstrip, the major ions are sulfate and magnesium.  

Sulfate is highly mobile in groundwater and contributes substantially to the measured SC 

values.  As such, sulfate concentrations, specifically reductions in sulfate concentrations, at 

capture and monitoring wells are discussed in relation to effectiveness of the ongoing 

remedial action.  Finally, boron and chloride are other notable indicator parameters of 

process water impacts.  The relative concentrations of these dissolved chemical constituents 

are typically at least an order of magnitude less than the concentration of TDS; thus, they do 

not contribute significantly to SC.  However, declining concentrations of boron and chloride 

in wells near the SOEP and STEP are indicative of remedy effectiveness. Note, however, that 
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chloride concentrations do not decrease in all wells near the SOEP and STEP.  Increasing or 

stable chloride concentrations which are elevated in relation to BSLs are not necessarily 

indicative of process water influences.  

 

Talen evaluates capture system effectiveness by analyzing water quality trends in monitoring 

and capture wells downgradient from and near the capture systems.  Evaluation of indicator 

parameter trends provides an additional line of evidence of capture system effectiveness if 

source area control measures are working well.  In general, SC at monitoring and capture 

wells near the SOEP and STEP has shown improvement (decreased) compared to the highest 

observed SC previously measured at a given well.  This improvement could result from the 

source control measures, migration management measures, or both.   

 

A comparison is made of highest SC measurements in capture wells to current groundwater 

quality data collected during routine capture system monitoring.  This comparison provides a 

snapshot and general indication of overall capture system effectiveness.  Calculated 

improvements in groundwater quality based on SC ranged from 2 to 64 percent (reduction in 

SC).  The least amount (2 percent) of improvement is present at capture well 987D.  The 

greatest amount (64 percent) of improvement has occurred at capture well 958D, where SC 

was reduced from 10,300 µmhos/cm to 3,870 µmhos/cm.  An overall reduction in SC of 29 

percent has occurred in wells in the SOEP and STEP Area.  Late in 2008, the overall 

reduction in SC was on the order of 21 percent.  The reduction in SC is an indicator that 

mitigation measures being taken in the area are effective where monitored.  However, 

capture wells are placed and or converted from monitoring wells at locations that have 

known process water impacts and hydraulic properties (i.e. hydraulic conductivity) that are 

conducive to groundwater capture effectiveness.  Observed increases in concentrations of 

dissolved constituents are not uncommon at capture wells, since the flow of groundwater 

with higher concentrations of process water indicator parameters is induced toward the 

pumping wells.   

 

Effectiveness of remedial actions in each of seven areas, shown in Figures 3-26 and 3-27, is 

discussed in the following sections.  Boundaries of the areas identified on these figures are 
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very loosely defined based on the general area that groundwater capture is occurring.  As 

such, a well is shown within a particular area does not in itself indicate that the well is 

impacted by process water.  Since the boundaries are loosely defined, there is overlap with 

adjacent areas.  Graphs of SC, sulfate, boron, and chloride trends for representative 

monitoring and capture wells in each of the seven areas near the SOEP and STEP are 

included in the following discussion.  Dates associated with major pond operational changes 

and/or remedy implementation (including capture system startup dates) are included on the 

graphs, where applicable. 

 

3.5.1 Stage I Evaporation Pond 

Actions taken to address source control during operation of the SOEP included a partial clay 

liner and chimney, blanket, and toe drains designed to capture and return water to the pond.  

As noted in Table 2-1, the pond was full in 1997 and completely reclaimed in 2002.  Source 

control at the reclaimed pond includes an engineered ET cap and groundwater capture 

systems (EAP-119, EAP-205, EAP-208, 369D, 375D, 376D, 966A, 976D, and 2024D-2).  

 

Groundwater capture systems associated with the SOEP area are generally located north and 

south of the reclaimed pond, as the STEP was constructed downgradient (east) of the SOEP, 

considering the natural direction of groundwater flow.  The capture well network at the 

SOEP is not as extensive as that found east of the STEP.  It is possible that most of the 

impacted water captured in the cross-gradient wells flowed from the SOEP under mounding 

conditions created during pond operation.  Groundwater capture areas north and south of the 

SOEP are shown in Figures 3-26 and 3-27.  Groundwater quality trends in the SOEP capture 

areas are discussed as follows.       

     

3.5.1.1 Southeast of the SOEP (Area 1) 

Water quality graphs for wells southeast of the SOEP are included in Figure 3-28.  

Groundwater capture south of the SOEP began at well EAP-119 in December 1998.  Water 

quality improved substantially at this well immediately after pumping began. Since 

mitigation actions were initiated, a reduction in SC of 46 percent has been observed at  

EAP-119.  Well 366S, located south of the SOEP but nearer the Surge Pond, has been the 
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subject of much discussion and evaluation over the years.  Based on extensive study in the 

area this water appears to be from a local source, possibly from wetting of the nearby clinker 

following the filling of the Surge Pond.  Monitoring well 366S has shown little or no change 

in water quality since pumping began at capture well EAP-119 (Figure 3-28).  In addition, 

groundwater flow direction is currently northward, from the area of 366S towards capture 

well EAP-119.   

 

Capture well 976D is located near the southeast corner of the SOEP.  Capture began at this 

well in March 2007.  A reduction in SC of 27 percent has been observed at 976D since 

capture began.  Observation well 368D is paired with well 976D.  Wells 368D and 976D are 

listed as sub-McKay completions, as indicated by the “D” designation.  However, both of 

these wells are actually completed in the interburden interval directly above the McKay Coal.  

This stratigraphic setting makes the potential for flow from the SOEP into this area more 

feasible.  Groundwater quality improved rapidly at observation well 368D in responses to 

pumping at well 976D.  Specifically, a 61 percent reduction in SC was observed at 368D less 

than a year after capture at 976D began.  However, water quality at 368D has begun to 

decline in recent years, as evidenced by increases in SC, sulfate, boron, and chloride.  SC is 

currently only 20 percent less than the highest observation on record at well 368D.  Wells 

976D and 368D are completed very close to the southeast corner of the SOEP.  Although, 

there has been some operational down time at 976D, the reason for the increase in 

concentrations at the nearby observation well is not clearly understood.  One possible 

scenario is that groundwater capture at 976D has created a capture zone that results in 

impacted groundwater flowing through well 368D.  Additional investigation is planned for 

this area in 2016. 

 

Note that monitoring well 949D was installed in shallow bedrock to evaluate potential flow 

from the 368D area to the southeast.  Well 949D does not show any evidence of process 

water impacts; water quality trends for this well are included in Appendix I.  Talen submitted 

a Work Plan to further investigate groundwater quality in the 368D/976D area in 2016.  The 

intent of the investigation is to evaluate the extent of process water impacts observed at well 

368D and identify the need, if any, for additional groundwater capture south of the SOEP.        
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Stiff Diagrams depicting the current (2015) major ionic composition of groundwater in wells 

south of the SOEP (Area 1) are included in Figure 3-29.  The Stiff Pattern for water 

previously contained in the SOEP during its operation is also included in the figure.  Process 

water from the SOEP was of a magnesium-sulfate hydrochemical character.  A similar 

pattern, albeit with lower concentrations (meq/L) of magnesium and sulfate ions, is exhibited 

at monitoring well 368D, capture well EAP-119, and 366S.  As noted previously: conditions 

at 368D are under further investigation; groundwater quality at well EAP-119 has improved 

greatly in response to pumping (Figure 3-27); and dominant ions present at well 366S are 

thought to be from an isolated local source, most likely the base of the burned coal.  The Stiff 

diagram in Figure 3-29 suggests that groundwater south of the SOEP tends to be dominated 

by magnesium and in some cases calcium-magnesium cations and sulfate anions, regardless 

of whether process water impacts are present.   

 

3.5.1.2 North of the SOEP (Area 2)  

Figures 3-30 and 3-31 show water quality graphs for capture wells in Area 2, north of the 

SOEP.  Concentrations of indicator parameters, including SC, sulfate, boron, and chloride in 

well EAP-205 showed an increasing trend beginning in about 1987.  Groundwater capture 

was initiated at this well in 1995.  Groundwater quality continued to decline (higher 

concentrations of constituents) after pumping began at capture well EAP-205.  Groundwater 

quality at EAP-205 exhibited a varied response to pumping between 1997 and 2001 but 

quasi-stabilized at near maximum concentrations for each of the process water indicator 

parameters from 2001 to 2009.  Levels of indicator parameters decreased, indicating water 

quality improvement between 2009 and 2014; but the most recent water quality observations 

at EAP-205 do not exhibit the improving trend.  Groundwater capture began at wells 375D 

and 376D in 2001. These wells are located on either side of well EAP-205.  Water quality in 

these capture wells has been highly variable.  However, several observations of SC and 

sulfate have been at or below BSLs since capture was initiated at both 375D and 376D; and 

concentrations of boron and chloride below BSLs have occasionally been observed at well 

375D.  
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Capture well 369D (Figure 3-31) is located northwest of the SOEP and began pumping in 

December 1998.  Water quality improvements have been observed at 369D coincident with 

the start of pumping and final SOEP reclamation.  Current values of SC and chloride are 

below BSLs.  Similar groundwater quality trends have been observed at monitoring well  

391-D, which is located downgradient of capture well 369D.  Both wells are completed in 

sub-McKay sandstone.  Note that well 391D-P was originally only used to monitor water 

levels; so water quality data are only available since 2006.   

 

Capture well EAP-208 is located west of EAP-205 and is positioned very close to the 

northwestern boundary of the SOEP.  Groundwater capture was initiated at this well on 

September 27, 2001.  A gradual improving trend in water quality, evidenced by decreasing 

levels of process water indicator parameters (i.e. SC, sulfate, boron, and chloride) has been 

observed since pumping began.  Further, evaluation of groundwater was conducted north of 

well EAP-205 in 2012.  Based on results of that investigation, well 2024D was converted as a 

capture well.  Well 2024D was replaced with 2024D-2 after the original well was damaged. 

 

Monitoring well 929D is located north of the SOEP.  Groundwater at 929D does not show 

definitive evidence of process water impacts.  Except for the most recent groundwater quality 

observations, a slight increasing trend in SC and sulfate has occurred at this site.  Chloride 

concentrations exhibited the opposite trend, declining steeply throughout the period of 

observation.  It is unclear if trends observed at 929D are a function of natural long term 

fluctuations in water quality or impacts from process water. 

 

Stiff Diagrams for monitoring and capture wells located north/northwest of the SOEP  

(Area 2) are presented in Figure 3-32.  The Stiff Pattern of process water from the SOEP, 

characterized prior to pond closure, is included in the figure for comparison to well water 

quality.  Stiff Patterns for capture wells in Area 2 (i.e. EAP-205 and EAP-208) are consistent 

with the ionic composition of the SOEP.  Wells 354D, 355D, and 370D located north of the 

SOEP exhibit ion distributions that are generally dissimilar to the magnesium-sulfate pattern 

of the SOEP.  However, similar to Area 1, it is common for groundwater in Area 2 to exhibit 

a magnesium-sulfate character even though process water impacts are not present.  Temporal 
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changes in the amount of dissolved cations and anions at capture well 369D are shown via 

multiple Stiff Diagrams in Figure 3-33.  The shrinking area of the Stiff diagram is indicative 

of decreased concentrations of dissolved constituents in the capture well.          

 

3.5.2 Stage II Evaporation Pond 

As noted in Section 2.2.2, each of the STEP cells is constructed with a geo-synthetic liner to 

control seepage at the source.  Liner technology used at the STEP has evolved from single 

lined Cells A, E, and the Old Clearwell to the more recently constructed double-lined Cells B 

and D.  Redundant leachate collection systems (between and below liners) were also included 

in the double-lined cells.  In addition to pond liners, water that has seeped from the ponds is 

controlled by groundwater capture wells installed downgradient of and within pond 

boundaries and chimney and toe drains installed in the face of the Main Dam.  

Approximately 4 gpm was captured at the Units 1 & 2 STEP Main Dam Sump in 2015.  This 

sump is connected to drains designed to lower water pressure in the face of the Units 1 & 2 

STEP Main Dam and collect water potentially seeping through the dam and into chimney or 

toe drains.  Water from the Units 1 & 2 STEP Main Dam Sump is pumped to Cell E.  A 

discussion of remedy (source control and groundwater capture) effectiveness in each of the 

capture areas associated with the STEP delineated in Figures 3-26 and 3-27 is as follows.   

 

3.5.2.1 STEP Cell E and Old Clearwell Area (Area 3) 

There are four capture wells that operate within the STEP boundary on the perimeter of Cell 

E and the Old Clearwell in Area 3.  These include 922A, 924A, 958D, and 2019D.  Capture 

system effectiveness at removing impacted groundwater from well 958D was discussed 

previously in Section 3.5.  As implied by the “D” designation, well 958D is completed in 

sub-McKay bedrock.  Rapid improvement in water quality at well 958D following the 

conversion to a capture well in 2010 suggests that either the source or pathway of process 

water impacts is limited in sub-McKay bedrock at the well location.  Well 2019D was 

installed southeast of the Old Clearwell in summer 2011 and was converted to a capture well 

early in 2012.  Well 2019D was specifically installed to replace historic capture well 955D.  

Prior to being abandoned in 2011, well 955D was located within the footprint of current  

Cell D.  The initial levels of process water indicator parameters at well 2019D were slightly 
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greater than the final levels observed at well 955D.  The discrepancy is attributable to the fact 

that well 2019D is located closer to the source than was 955D.  Process water indicator 

parameter trends at 2019D indicate gradual water quality improvement since pumping began. 

Water quality graphs for wells 958D and 2019D are presented in Figure 3-34.       

 

Water quality in monitoring wells 959D, 974D, and 975D, completed in bedrock directly 

north of the STEP, does not exhibit process water impacts.  This suggests that the source of 

impacts is controlled from creating a flow path to the north (by mounding).  Water quality 

trends at well 974D are included in Figure 3-34.  Water quality trend plots for 959D and 

975D are included in Appendix I.        

 

Groundwater quality at alluvial capture wells 922A and 924A, completed on the perimeter of 

Cell E, has not shown the same level of improvement as that at well 958D.  Process water 

indicator trends for well 922A are included in Figure 3-34.  The relative lack of improvement 

in water quality at these wells is attributable to the lower thickness of separation and greater 

hydraulic connection between impacted water held in storage from previous liner tears, 

minor pond seepage and the shallow alluvial sediments.  Although water quality has not 

improved in the STEP alluvial capture wells, pumping at capture wells 922A and 924A limits 

the flow of impacted groundwater that travels in alluvium beyond the STEP.       

 

Stiff Diagrams constructed of 2015 groundwater chemistry observations for wells in Area 3 

are compared to the Stiff Pattern of STEP Cell E water quality in Figure 3-35.  Consistent 

with water quality observations discussed previously, the Stiff Patterns for groundwater at 

wells 922A and 924A most closely resemble that of Cell E, although concentrations are 

substantially lower.  Groundwater at bedrock wells in Area 3 has a Stiff Pattern that is 

contrary to the extreme magnesium-sulfate dominance seen in STEP process water.  The Stiff 

Diagrams for wells 958D, 974D, 959D, 2011D, 351D, EAP-411, and 971D illustrate the 

geochemical signature for groundwater in this portion of the site.  Note that the groundwater 

for these wells does not seem to exhibit a dominant cation or anion.    
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3.5.2.2 East of Units 1 & 2 STEP Main Dam (Area 4) 

As presented in Figures 3-26 and 3-27, Area 4 is delineated east of the Units 1 & 2 STEP 

Main Dam and includes wells installed between the dam crest and Talen’s east property 

boundary.  Area 4 is limited longitudinally to the narrow alluvial channel that extends 

eastward from beneath the STEP Main Dam and the limited northern margins of the 

alluvium.  This area has been the focus of numerous investigations and on-going mitigation 

efforts; and several capture wells have been installed to collect groundwater from the 

alluvium and shallow bedrock.  Capture wells in this area include (from the Main Dam 

eastward):  970D, 969D, 962D, 963D, 911D, 985A, 984D, 987D, 905D, 906D, 2013A, 

2016A, and 2021D.  Some of these capture wells and nearby monitoring wells are discussed 

individually in evaluation of the general effectiveness of groundwater capture in this area.  

Water quality trends in this area also inform the effectiveness of upgradient source control.   

 

Groundwater quality trend plots for capture wells 905D, 911D, and monitoring well  

EAP-413 are presented in Figure 3-36A.  The longest record of groundwater quality in this 

area occurs at monitoring well EAP-413.  Levels of process water indicator parameters at this 

monitoring well increased gradually throughout the period of record but increased more 

rapidly from 2004 to 2010.  More recently (2010 to 2015) water quality has improved at 

EAP-413.  The observed water quality improvements lag behind but are generally consistent 

with initiation of groundwater capture at nearby wells (i.e. 905D, 906D, and 911D) and 

implementation of the paste plant process that led to more storage of free water in double-

lined Cells B and D as opposed to active Cell E.  Levels of process water indicator 

parameters increased sharply after pumping began at well 911D but have remained at nearly 

consistent levels from 2005 to present.  This pattern suggests the well is effectively removing 

impacted groundwater but also may be indicative of a continued upgradient source area.  

Recent water quality improvements at EAP-413, which is downgradient of 911D, suggest 

that the pumping well is intercepting impacted groundwater.   

 

Monitoring well 906D was converted to a capture well in 2006; and 905D was converted to a 

capture well in 2008 in response to observations of increase concentrations of indicator 

parameters.  Values of process water indicator parameters have generally remained lower at 
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906D since capture was initiated.  Further increases in concentrations, as evidenced by 

increases in SC, sulfate, boron, and chloride levels, was observed in 905D following the start 

of capture.  Levels of these parameters have plateaued and are beginning to drop.  

Monitoring well 904D was installed east of the STEP Main Dam at the same time as 905D.  

Boron concentrations at well 904D have remained below levels that would suggest source 

impacts; but levels of SC, sulfate, and chloride were above the recently updated BSLs 

between 2005 to 2010.  Recent observations of SC, sulfate, and chloride at monitoring well 

904D are all at or below BSLs.  Water quality graphs for wells 904D and 906D are shown in 

Figure 3-36B.   

 

Well 985A was installed in fall 2007 near bedrock well 905D on the margin of the alluvial 

channel downgradient of the STEP Main Dam.  Initial water quality observations from the 

well indicated that process water impacts were present.  Groundwater capture by pumping 

began at 985A in February 2008.  Levels of SC, sulfate, boron, and chloride at the capture 

well have remained relatively constant and indicative of impacts since pumping began.  The 

relatively consistent water quality at 985A suggests a continued upgradient source is feeding 

the area immediately around the well.  Water quality graphs for well 985A are presented in 

Figure 3-36B.   

 

Alluvial groundwater capture wells 2013A and 2016A and bedrock capture well 2021D were 

installed downgradient of 985A, farther east of the STEP Main Dam.  Capture was initiated 

at both alluvial wells in early 2012.  Capture began at well 2021D in fall 2012.  As seen in 

Figure 3-36C, levels of SC, sulfate, chloride, and boron were elevated in all three wells prior 

to the start of pumping.  With the exception of chloride, levels of process water indicator 

parameters have declined rapidly, indicating an improvement in water quality.  The water 

quality improvements suggest that the impacted water captured by these wells was held in 

storage within the subsurface and that the upgradient source of impacts is not persistent.  It is 

likely that the source is controlled by upgradient capture wells, described previously.  Higher 

than expected chloride concentrations may be indicative of a local source other than process 

water. 
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Current Stiff Diagrams for bedrock and alluvial wells are presented in Figure 3-37; and 

temporal changes of the ionic makeup at well 2021D in response to capture system pumping 

is presented in Figure 3-38.  The current Stiff Diagrams are presented from top to bottom in 

order of increasing distance from the STEP.  In general, groundwater in Area 4 exhibits a 

magnesium-sulfate most similar to process water at wells near the STEP; but the magnesium-

sulfate dominance is muted or non-existent at the downgradient boundary of the area.  Note 

that several wells in Area 4 do not have a Stiff Pattern indicative of a dominant ionic species 

(e.g. 358D, 359D, and 2029D).  Further, overall water quality has improved at well 2021D, 

although the rate of improvement has slowed since the original pumping.  Water quality at 

this well has continued to show decreases in TDS, SC, and sulfate levels and slight decreases 

in chloride, while dissolved boron concentrations have remained relatively steady.  

 

3.5.2.3 Industrial Park Area (Area 5) 

As considered in this discussion, the Industrial Park Area (Area 5) includes capture and 

monitoring wells that are located between Highway 39 and the STEP but south of the alluvial 

channel that underlies the STEP Main Dam.  Area 5 is shaded magenta on Figures 3-26 and 

3-27.  A light industrial park borders Talen property in this area.  Water quality trend plots 

for wells in the Industrial Park Area (Area 5) are included in Figures 3-39A through 3-39C.   

 

Capture well 934D is located at the north end of the Industrial Park Area.  This well was 

completed as a monitoring well in 2003 but was converted to a capture well in 2004.  SC, 

sulfate, boron, and chloride concentrations increased in the well from 2004 to 2007 in 

response to pumping.  Then, a general decline in process water indicator parameters 

(improvement in water quality) was observed from 2007 to present.  Water quality trends for 

well 934D are presented in Figure 3-39A.  Observed improvements at 934D were coincident 

with the start of capture well 988D, nearby.  Monitoring well 988D is located near 934D, on 

the southern margin of the tributary alluvial deposit.  This well was advanced through 

shallow dry alluvium and completed in first water-bearing bedrock in October 2007.  

Groundwater quality in the well exhibited process water impacts; and it was converted to a 

capture well in 2008.  SC, sulfate, boron, and chloride trends, plotted in Figure 3-39A 

indicate that water quality has improved at this well since capture was started.       
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Wells 927D and 928D are capture wells and well 990D is a monitoring well located east of 

the STEP Main Dam.  The wells are about 100 feet apart.  Each of these three wells are 

completed in sub-McKay sandstone to elevations of about 3,100 feet msl.  Wells 927D and 

928D both began capturing groundwater in March 2004.  Water quality has shown a slight 

improvement at 927D.  Water quality at 928D improved rapidly after pumping began to 

levels similar to those observed in well 990D.  The spring 2013 sample from 928D indicated 

an increase in indicator concentrations but are lower than prior to pumping.  Water quality 

graphs for wells 927D and 928D are presented in Figure 3-39A.  Water quality at 990D has 

not shown indications of process water impacts and has remained relatively constant 

throughout the monitoring period (Figure 3-39B). 

 

Well 377A is one of several capture wells completed in alluvium on the East Fork Armells 

Creek valley margins in the Industrial Park Area.  Well 377A was installed and has been a 

capture well since 1998.  Groundwater quality at well 377A exhibited variability but no 

consistent trend until steady improvements began in around 2010 (Figure 3-39B).  Well 

382A is completed in alluvium downgradient of capture wells 377A, 378A, 991A and 994A.  

This well was converted to a capture well and began pumping in April 2004.  Water quality 

has improved at this well; and SC, TDS, and sulfate levels are currently at or below BSLs 

(Figure 3-39B).  Higher concentrations of chloride at 382A may be the result of influences 

from a nearby septic drain field.  Dissolved boron concentrations at 382A have dropped from 

14 mg/L in 2004 to 4.3 mg/L in fall 2015.  The timing of water quality improvements 

preceded those observed at upgradient wells (e.g. 377A) by about two years.  More rapid 

improvement at 382A is attributable to upgradient source control.  Some of this improvement 

may be the result of the cessation of operations at the Moose Lodge and the associated septic 

system. 

 

Well 998A is located the farthest south of the alluvial wells completed in the Industrial Park 

Area.  Like the other alluvial wells, water quality has improved at 998A since pumping 

began in December 2008.  Specifically, SC, sulfate, and boron concentrations have declined 

since 2008.  SC and sulfate values were consistent with the BSLs at time of the original 
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report submittal (Figure 3-39C).  However, values for these constituents have increased back 

to above the BSL, likely a function of variability of transport of impacted groundwater.  

Bedrock capture wells 2000D and 2003D were completed near 998A in the southern portion 

of the Industrial Park Area.  Water quality at each of these wells has exhibited a general trend 

of improvement; but improvements are more pronounced at well 2000D.  Since 2010, SC 

decreased from 6,860 µmhos/cm to 5,220 µmhos/cm at well 2003D.  A decrease in SC from 

6,080 µmhos/cm to 4,010 µmhos/cm was observed at well 2000D between 2008 and 2015 

(Figure 3-39C).   

 

Stiff Diagrams for Area 5 wells are shown in Figure 3-40.  Current Stiff Patterns for most of 

the selected wells in Figure 3-40 are inconsistent with the highly magnesium-sulfate 

dominated water found in STEP Cell D.  Changes in Stiff Patterns for wells 988D, 382A, and 

2000D through time are presented in Figures 3-41, 3-42, and 3-43, respectively.  These three 

wells were selected to demonstrate water quality changes in the north and south halves of 

Area 5 in both the alluvium and bedrock intervals.  The shrinking magnesium-sulfate base of 

each of the Stiff Pattern polygons indicates decreased contributions of process water in local 

groundwater and signifies effectiveness of groundwater capture wells in this area.   

 

3.5.2.4 Downgradient Areas (Area 6) 

Figures 3-44A through 3-44C contain water quality graphs for shallow alluvium wells further 

east of the Units 1 & 2 STEP Main Dam.  This area is named Area 6 and extends from the 

east Talen property boundary to East Fork Armells Creek and northward to Pine Butte Road 

at the north end of the Ponderosa Butte Golf Course.  Area 6 is shaded gold on Figures 3-26 

and 3-27.   

 

Wells 910A and 913A are completed in alluvium directly west of Highway 39.  Well 910A is 

36 feet deep and 913A is 40 feet deep.  Both wells are located at the confluence of the 

tributary drainage that holds the SOEP and STEP and East Fork Armells Creek.  

Groundwater capture started in June 2002 at well 910A and April 2004 at 913A.  Boron, 

sulfate, and SC levels at both of these wells have improved to values at or below BSLs 

(Figure 3-44A).  Conversely, chloride concentrations at 910A and 913A have increased. 



H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\STEP SOEP Site Rpt_ FINAL_REVISED_June 2017.Docx 

 3-60 6/23/17\9:34 AM 

These wells are relatively close to Highway 39 where salt is used for winter road 

maintenance and a Montana Highway Department facility where salt is sometimes stored.  

Salt applied to local roadways, parking lots, and work yards may enter the shallow system 

that are downgradient of this facility.  Capture well 940A was installed in 2004; and levels of 

SC, sulfate, and boron have consistently been below BSLs at this well.  Chloride 

concentrations at well 940A have been variable throughout the period of observation; but a 

general increasing trend in chloride concentrations is evident from 2012 to 2015.  Higher 

chloride levels at this well could be associated with operations around the ball fields.  

Because other process water indicator parameters have not shown a trend of increasing 

concentration, chloride concentrations at well 940A are more than likely attributable to a 

source other than the SOEP or STEP.  Well 940A is very near Highway 39 and the 

Ponderosa Butte Golf Course.  Note that well 940A is no longer pumping.         

 

Monitoring well 938A and capture well 939A are paired alluvial wells located on the 

Ponderosa Butte Golf Course.  Water quality trends at both wells are nearly identical.  Water 

quality graphs are presented in Figure 3-44B.  Values of SC, sulfate, and boron have 

remained below the BSLs throughout the period of record at these wells.  However, like 

other alluvial wells east of the STEP, chloride concentrations at wells 938A and 939A are 

greater than the BSL of 48 mg/L.  Elevated chloride levels at these sites are not necessarily 

indicative of process water impacts.  Many potential sources for chloride exist upgradient of 

these wells including water transported by East Fork Armells Creek from treated roadways 

on the highway and townsite, and from golf course maintenance of parking lots and access 

roads.  Capture well 938A has been shut down because of the noted water quality 

improvements.   

 

Capture well 916A is located about 360 feet downgradient of monitoring well 939A on the 

west edge of the golf course.  Well 916A was originally installed as a monitoring well in East 

Fork Armells Creek alluvium to a depth of 17 feet bgs during July 2000.  Capture began at 

well 916A in March 2004.  Since capture began, water quality has noticeably improved.  A 

reduction in SC from 8,100 µmhos/cm in 2002 to 4,820 µmhos/cm in 2014 has been 

observed at capture well 916A.  Water quality graphs for 916A are shown in Figure 3-44B.  
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Well 935A was installed during July 2003 in the East Fork Armells Creek alluvium at a 

depth of about 13.5 feet.  This well is on the west edge of the Ponderosa Butte Golf Course 

and about 800 feet north of the Colstrip baseball field.  Well 935A is about 500 feet 

downgradient of capture well 916A, 900 feet downgradient of capture well 913A, and 1,350 

feet downgradient of capture well 910A.  Water quality graphs for well 935A are included in 

Figure 3-44B.  Water quality at well 935A has shown improvement since the well was 

installed.  This is indicated by a reduction in SC, TDS, and sulfate levels.  The most recent 

levels of these parameters are below calculated BSLs.  Boron and chloride concentrations 

have also declined at well 935A; but recent observations are still slightly above BSLs.  The 

boron concentration at well 935A was 1.9 mg/L, compared to the BSL of 1.6 mg/L.  The 

most recent chloride concentration was 56 mg/L, compared to the BSL of 48 mg/L.  This 

well is also in a location that may have other influences besides pond water including golf 

course and ball park facility maintenance.  

 

Capture wells 943A, 944A, and 945A are operated in East Fork Armells Creek alluvium 

north of Pine Butte Road.  These wells are the farthest north (downgradient) of all of the 

STEP area capture wells.  Capture at these wells began in April 2004.  Water quality graphs 

for each of these wells is included in Figure 3-44C.  None of these capture wells have boron 

concentrations that are elevated significantly above BSLs or are necessarily indicative of 

process water impacts; but levels of SC, sulfate, and chloride are elevated.  SC and sulfate 

concentrations have declined at well 945A in response to pumping.  SC and sulfate levels 

have not exhibited the same response in wells 944A and 943A.  Chloride concentrations have 

been variable in all three capture wells.  These wells are located near a strongly losing reach 

of East Fork Armells Creek that causes fluctuations in groundwater quality.  Surface water 

from East Fork Armells Creek pools directly downstream of the wells.  This water shows 

higher concentrations of dissolved constituents during times of the year due to pooling and 

evaporation.  

 

942A-P is completed to a depth of 29 feet bgs in alluvium.  This well is directly 

downgradient of capture wells 943A, 944A, and 945A, about 100 feet north of Pine Butte 

Road.  SC and sulfate levels at 942A-P increased slightly in the year following startup of the 
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nearby capture wells; but steady decreases in these parameters have been observed at 942A-P 

since 2006 (Figure 3-44C).  Similar to boron concentrations at the nearby capture wells, 

boron at well 942A-P is not indicative of process water impacts. Chloride  concentrations at 

these wells are above the BSL except at well 944A.  Chloride concentrations at this location 

are a function of the many upgradient sources resulting from urbanization and road 

maintenance.    

 

Stiff Diagrams of current water quality observations at wells in Area 6 are presented in  

Figure 3-45.  Stiff Patterns in the downgradient area are either contrary to the magnesium-

sulfate hydrochemical type and/or represent minute concentrations of dissolved constituents 

compared to STEP process water.  Changes in abundance and species of dissolved ions in 

groundwater at well 910A are plotted in a series of Stiff Diagrams in Figure 3-46.  A 

reduction in TDS is illustrated by the narrower width of the Stiff Diagrams that occurs 

between 2004 and 2013.  Most of the reduction is caused by a decrease in the amount of 

sodium, magnesium, and sulfate.  Patterns on the Stiff Diagrams are similar after 2013 

indicated little change in the type of water in the well.   

 

A review of groundwater monitoring results indicates a significant improvement in water 

quality has occurred throughout the downgradient areas.  Continued mitigation efforts and 

implementation of additional management practices will continue to result in an improved 

quality of water.  Groundwater capture systems will be evaluated for groundwater quality and 

water level trends.  Capture systems showing levels of process water indicator parameters 

that have dropped below BSLs will be evaluated for possible shutdown. 

 

3.5.3 North 1AD Drain Pond (Area 7) 

Piezometers SPN, SPS, SP3, SP4 and SP5 were installed to investigate the extent of a spill 

that occurred in June 2002 at the North 1AD Drain Pond (Figure 1-1).  Initial samples from 

piezometer SPN showed SC near 7,000 µmhos/cm, sulfate concentrations near 5,700 mg/L, 

chloride concentrations near 90 mg/L, boron concentrations exceeding 17 mg/L, and low 

calcium to magnesium ratios.  PPLM contained and removed the process water that was 

outside of the drain pond, and lowered the water within the pond to safe levels within the 
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structure.  Based on the finding of the investigation, a shallow rectangular pit was excavated 

to capture the near surface water in the area that was potentially impacted by the release.  A 

solar powered pump was installed and water that accumulated within the pit was pumped to 

the drain.  Concentrations of dissolved constituents in the pit dropped; and in 2012 the SC 

was near 4,000 µmhos/cm, sulfate concentrations were near 2,500 mg/L, chloride 

concentrations were near 250 mg/L, boron concentrations were 1.5 mg/L, and calcium to 

magnesium ratios were near one.  Chloride concentrations were actually higher than 

immediately following the spill.  This area is prone to salt accumulation due to the shallow 

groundwater, potential sources from nearby access roads, railroad, and highway.  Shallow 

water tables tend to concentrate salts due to the capillary action that then migrate salts 

upward towards the surface.   The reduction of other indicator parameters in the absence of a 

reduction in chloride concentrations is likely a function of local sources and site conditions 

and only marginally from effects of the spill, if at all.  Capture of the shallow groundwater in 

this area was stopped due to the improved quality.  Water quality graphs for shallow sand 

points in the North 1AD Drain Pond area and for monitoring well 917A, downgradient of the 

Drain Pond, are included in Figure 3-47.   

 

Stiff Diagrams for sand points and monitoring wells are included in Figure 3-48.  Water 

quality data from the STEP D Cell was used for the Stiff diagram representing process water.  

Water that overflowed at the drain pit is most likely represented by this chemical signature.  

As can be seen, the water is strongly magnesium-sulfate type water.  Stiff Diagrams for the 

shallow well points around the spill area demonstrate greatly reduced cation/anion amounts, 

especially indicators magnesium and sulfate.  The vastly lower meq/L levels and slightly 

different patterns (most Stiff Diagrams have nonsymmetrical patterns for magnesium and 

sulfate when compared to D Cell) demonstrate that process water is likely not affecting the 

shallow groundwater at this location..  The differences in the Stiff Patterns demonstrate that 

influences from the spill, if any persist, are very minimal.  
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4.0  GROUNDWATER MODEL RESULTS AND INTERPRETATION 

 

PPLM initiated groundwater modeling in the area in 2004.  The original model was 

developed by Maxim Technologies (2004) and included the Plant Site and the Units 1 & 2 

Stage I and II Evaporation Ponds.  In 2005, the initial numerical model in the STEP area was 

developed by Maxim.  The model is based on United States Geological Survey (USGS) 

MODFLOW code (Harbaugh et al., 2000). 

 

Geomatrix updated the model in 2007 (Geomatrix, 2007).  Revisions included updated 

interpretations of aquifer characteristics, the groundwater flow system and chemistry and 

integration of new hydrogeologic information obtained through installation of additional 

monitoring wells, well testing, and water quality sampling.  The groundwater model was 

further refined by again updating hydrogeologic information, revising model boundaries to 

include a larger portion of the SOEP in addition to the STEP area, revising model layers, and 

including more calibration with respect to groundwater pumping system data (NewFields, 

2014).  A more robust code, USGS MODFLOW-SURFACT Version 3 (HydroGeoLogic, 

1998) was used in the updated model to allow for variable saturation.  Further refinement of 

the model was recently conducted by updating available data, expanding the boundaries of 

the model and refining model layer geometry.  The updated groundwater model is included 

in this report as Appendix A. 

 

Information contained in the 2017 revision includes a description of the current model input 

parameters and any changes since the last version.  A description of the revised model design 

including model limits, boundary conditions, layers, and hydraulic parameters can be found 

in Appendix A.  Calibration methods and results are presented.  A sensitivity analysis was 

performed to identify which areas in the model were most subject to change through 

variations in individual parameters.  Model limitations are discussed. 

 

An updated capture zone analysis was conducted using steady-state and transient simulations.  

Particle tracking methods were employed to evaluate the effectiveness of the current 
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groundwater capture systems. Particles were simulated in multiple layers in areas with 

groundwater exceeding one of the updated BSLs.  Note that particles do not represent 

constituent concentrations or BSLs but only indicate groundwater flow pathways.  

Additionally, placement of particles in areas with groundwater exceeding BSLs may 

overestimate the amount of impacted water related to process ponds that is not being 

captured.  For example, particles were placed in areas with chloride concentrations that 

exceed BSLs but other indicator parameter concentrations don’t.  Several other sources of 

chloride exist in the area (de-icing, salt from domestic sources, etc.).   

 

The capture analysis suggests that the most of the particles placed in the model are being 

intercepted by the existing capture system network.  Areas that may not have complete 

capture of groundwater exceeding BSLs include; groundwater beneath the SOEP and 

possibly in the sub-McKay along the southeast portion of the SOEP; directly north and 

northwest of the SOEP; groundwater along the western and northwest edge of STEP Cell A; 

beneath the west half of Cell B; north and northwest of the SOEP; and near East Fork 

Armells Creek near wells 938A and 939A, where the BSL for chloride only is exceeded 

(NewFields 2017, Appendix A).  Note that particle tracking focuses only on the movement of 

groundwater through the subsurface system and does not provide an indication of the fate of 

the materials. Reverse particle tracking is conducted to try to identify source areas by placing 

particles in areas that are considered impacted and then running the simulation backwards. 

Reverse particle tracks started southeast of the SOEP move to the south and west suggesting 

a source different from the SOEP (Appendix A).   

 

Conclusions of the model simulations are presented in the report in Appendix A.  

Recommendations to address data gaps and to provide additional data for model adjustments 

include the following. 

 Develop a more accurate method of measuring capture well pumping rates to increase 

model accuracy. 

 Monitoring well(s) should be installed in bedrock between wells 2022D and 2023D 

and 2009D to evaluate the downgradient extent of process pond-affected groundwater 

and the feasibility of additional capture on this area based on well yield. 
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 Monitoring well(s) should be installed in bedrock north of well 2032D to evaluate the 

downgradient extent of process pond-affected groundwater and the feasibility of 

additional capture on this area based on well yield.  

 It is recommended the feasibility of converting 903D to a capture well be evaluated.  

It this is not feasible, installation of an additional well in this area should be 

considered to evaluate feasibility of additional capture based on well yield.  
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5.0  IDENTIFICATION OF DATA GAPS 

 

Bulleted items listed below are data gaps identified through review of existing data, past 

reports, and current water quality data.  Many of these gaps in data are the basis of 

recommended additional work described in Section 6.  Areas of the SOEP/STEP where 

additional work is planned are shown on Figure 5-1. 

 Groundwater model simulations (NewFields 2017, Appendix A) suggest groundwater 

capture systems are intercepting the majority of groundwater impacted by process 

pond water.  There were four recommendations in the most recent version of the 

report.  These included: 

o Develop a more accurate method of measuring capture well pumping rates to 

increase model accuracy. 

o Monitoring well(s) should be installed in bedrock between wells 2022D and 

2023D and 2009D to evaluate the downgradient extent of process pond-

affected groundwater and the feasibility of additional capture on this area 

based on well yield. 

o Monitoring well(s) should be installed in bedrock north of well 2032D to 

evaluate the downgradient extent of process pond-affected groundwater and 

the feasibility of additional capture on this area based on well yield.  

o It is recommended the feasibility of converting 903D to a capture well be 

evaluated.  If conversion is not feasible, installation of an additional well in 

this area should be considered to evaluate feasibility of additional capture 

based on well yield.  

 Installation of multiple monitoring wells between well 903D and 355D, two wells at 

different depths between wells 902D and 903D, and one well northwest of wells 

970D (capture) and 971D. 

 Currently, flow rates at capture wells are measured from the majority of wells at the 

well heads.  This method results in an overestimation of actual amount of water 

captured since pumping pressures tend to reduce pump performance.  Unfortunately, 

many of the wells exhibit scaling problems, making use of inline flow meters 
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impractical.  More accurate measurement of flow is necessary to better evaluate 

system performance.  This recommendation aligns with model derived 

recommendations previously stated. 

 Additional data are needed from the area north of the SOEP and STEP. It is 

recommended that additional wells be installed north of well 2032D and between well 

367D and capture well 369D.   

 Additional wells are needed north of the former Moose Lodge.  It is recommended 

that paired alluvial and bedrock wells be installed at three locations, two north of the 

former Moose Lodge along the access road to the Colstrip SES property, and one pair 

along the county road between the former Moose Lodge and the State Highway 

Department.  
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6.0  RECOMMENDATIONS FOR ADDITIONAL SITE CHARACTERIZATION 

 

 Conduct the necessary tasks to address the data gaps identified in Section 5. 

 Continue groundwater capture efforts.  Evaluate data on an ongoing basis and make 

adjustments to various capture systems, or individual wells, to increase the 

effectiveness of mitigation efforts.  It is recommended that groundwater wells 

showing improvement to BSLs, or better, be considered for shutdown, but monitoring 

would be continued.  However, it is further recommended that the wells be 

maintained as operational capture points.  If water quality deteriorates at these wells, 

indicating further process pond impacts, they should be restarted.   

 Continue to evaluate groundwater potentiometric surfaces as they relate to 

groundwater flow near, or upgradient, of groundwater capture systems.  This activity 

is routinely conducted as part of annual reporting and is essential for on-going site 

characterization. 

 Continue operational groundwater and surface water quality monitoring of capture 

systems.  Maintain capture wells as part of the sampling and analysis program. 

 Make necessary repairs to groundwater capture systems as they are identified.  

 Continue to implement best management practices - BMP's – see Section 3.4. 

o Continue to further educate employees regarding the importance of process 

water management. 

 Continue to manage paste, force evaporation and conduct water management 

practices to reduce process water volumes. 

 Continue conducting annual synoptic runs on East Fork Armells Creek.  Parameters 

for this evaluation should be refined.  Groundwater levels adjacent to the Creek 

should be gathered periodically so flow conditions near the Creek can be evaluated.  

Every other year should be a sufficient frequency for groundwater level 

measurements during the synoptic run.  Water levels should be measured at other 

wells during the synoptic run so levels near the Creek can be mapped along with 
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those further away from the Creek.  This will allow construction of a more detailed 

water table map. 

 Continue to address changes in water quality identified during operational monitoring 

and associated with spills or other releases by conducting further evaluation, 

monitoring or investigation.  Mitigation measures should be taken, if necessary. 

 Abandon private wells east of the STEP that do not have well logs available to verify 

construction details or those with well logs that indicate wells are not sufficiently 

sealed to inhibit movement of groundwater between hydrostratigraphic intervals.  

Continue monitoring remaining private wells with suitable access and completion 

information. 

 Conduct long-term pumping tests at SOEP wells 2001A and 2002A to further 

evaluate the effect of pumping from the alluvium on water levels in the flyash. 

 Evaluate seal at well EAP-413 and replace the well if a faulty seal is identified.  This 

shallow bedrock well shows water levels that seem to be anomalously high, similar to 

alluvial water levels.  The high water levels are believed to be from either a poor 

annular seal or the result of lateral communication with alluvial sediments to the 

south. 

 Install one or two sentinel wells along the fence line north of well 912D and east of 

well EAP-411.  These wells would provide additional monitoring coverage near the 

property boundary and would provide additional model calibration information. 

 Further evaluate the area around well 368D.  Water quality at this well has declined 

recently.  Water quality had improved after the initiation of pumping at well 976D.  

Both the interburden and deeper units should be examined. 

 Update the groundwater model on a periodic basis using data obtained since the 

previous update.  Particle tracking in future updates should focus on areas interpreted 

to be impacted by process waters. Introduction of particles into all areas that exceed 

BSLs is misleading since all of these areas may not be impacted by process waters. 
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 Fate and transport modeling should be considered in future models.  These models 

simulate the movement and chemical variations as groundwater moves through the 

hydrogeologic system.  These models are simulate the movement of chemical 

constituents through the system by advection, diffusion and dispersion and may 

provide a better understanding of the ultimate fate of any impacted groundwater. 
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       5602 Hesper Rd. 
         Billings, MT 59106-3236 
         (406) 656-1172 
         Fax:  (406) 656-8912  
         www.hydrometrics.com 
November 23, 2016 
 
Sara Edinberg, Hydrogeologist 
Waste Management & Remediation Division 
Montana Department of Environmental Quality 
1225 Cedar Street 
Helena, Montana   59620-0901 
 
RE:  Responses to DEQ Comments on Units 1&2 Stage I&II Evaporation Ponds Site 
Report and Groundwater Conceptual Model and Numerical Model 
 
 
Sara, 
 
On behalf of Talen Montana, Hydrometrics is submitting the attached responses to “DEQ 
Comments on Units 1&2 Stage I&II Evaporation Ponds Site Report and Groundwater 
Conceptual Model and Numerical Model” that were transmitted in a letter from you to 
Talen Montana dated September 28, 2016.  Once MDEQ has reviewed and approved the 
comment responses, a date for revised report submittal will be provided.  Note that the 
report will be revised where appropriate and this response document will be included as 
an appendix in the revised report.  
 
Please do not hesitate to contact Gordon Criswell at Talen or me with any questions or 
comments you have regarding these responses. 
 
Respectfully submitted, 


 
Albert Hilty, P.G. 
Hydrometrics, Inc. 
Senior Hydrogeologist 
 
 
Attachment:  Comment responses 
 
 
 
Cc: Aimee Reynolds, MDEQ 
 Gordon Criswell, Talen Montana 
 Cam Stringer, NewFields 


Hydrometrics, Inc.
 Consulting Scientists and Engineers 
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 SITE REPORT GENERAL COMMENTS 
 COMMENT RESPONSE 


1. The text indicates that two different background screening levels 


(BSLs) are developed for the alluvium and coal-related units.  


Talen should present the groundwater sample data for each 


hydrostratigraphic unit separately to clearly illustrate the 


distribution of the constituents of interest (COIs) at the site. 


 


Figures will be color coded to identify different hydrostratigraphic 


intervals. 


2. Talen should add diagrams with well screen intervals and 


hydrostratigraphic units to the selected paired or nested wells used 


in vertical gradient studies to demonstrate hydraulic connections, if 


any, between hydrostratigraphic units. 


 


Lithology for each of the paired wells shown in Figure 3-22 will be 


added to the report or as a table. 


 


3. Talen should explain how the seven capture areas, shown in 


Figures 3-26 and 3-27 were determined.  This comment is also 


associated with Specific Comment #27. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


No changes to the report are planned for this comment.  However, 


an explanation for the division of the seven areas follows: 


 


The seven areas shown were delineated primarily on physical area.  


Groundwater capture occurs within these areas but is not 


necessarily inclusive of the entire areas.  Groundwater capture may 


also overlap in adjacent areas. However, there are some 


characteristics that are specific to each area as follows. 


 


Area 1.  Located between the Units 1&2 Stage I Evaporation Pond 


(SOEP) and Castle Rock Lake (Surge Pond).  This area was 


defined to include wells that are present between the southeast 


corner of the former SOEP and the northwest corner of the Surge 


Pond.  Capture in this area is restricted to a narrow band extending 


approximately from well 376D and well EAP-119.  Both are 


completed in bedrock.  Well 376D in interburden and EAP-119 in 


sub-McKay. 


 


Area 2. This area is directly north of the former SOEP.  


Groundwater capture in this area is from the sub-McKay strata. 


 


Area 3.   This area is shown as underlying a portion of A Cell, E 


Cell and the Old Clearwell.  Groundwater capture in mainly from a 
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Comment #3 continued narrow band of alluvium that underlies the pond.  The alluvium is 


truncated by the Stage II Main Dam.  Groundwater is also being 


pumped from well 958D.   


 


Area 4.  Located directly east of the STEP Main Dam.  


Groundwater capture in this area occurs from the alluvium 


deposited by the SOEP and STEP tributary drainage.  There is also 


capture from the shallow sub-McKay at elevation near or above an 


elevation of about 3100 feet above mean sea level).  The alluvium 


and shallow bedrock are hydraulically connected in these areas as 


demonstrated by drawdown induced in both units in response to 


capture system pumping.  


 


Area 5.  Located directly east of the STEP Main Dam, but south of 


the tributary drainage that houses the dam.  Groundwater capture 


also removes water from both the alluvium and shallow bedrock in 


this area.  And there is hydraulic communication between the two 


units.  The difference between this area and Area 4 is the source of 


the alluvium.  The alluvium in Area 5 was deposited from historical 


East Fork Armells Creek.  Impacted groundwater in the alluvium is 


likely derived from flow through the shallow bedrock to the west. 


 


Area 6.  This area is located along East Fork Armells Creek 


downgradient of the confluence of the aforementioned tributary 


drainage and East Fork Armells Creek alluvium.  Capture is limited 


to the alluvium. 


 


Area 7.  This area is located adjacent to a slurry/return water drain 


pit.  Impacts have been observed only in the very shallow strata.  


Impacts to the deeper alluvium have not been observed. 


 


4. Talen has acknowledged inaccuracies in flow measurements 


throughout the Plant processes, including overall water usage, as 


well as the volume of impacted groundwater collected from 


capture systems.  These inaccuracies create errors in water balance 


calculations, seepage calculations, and may influence the apparent 


Efforts to improve flow measurement are continuously ongoing, 


including better flow monitoring at capture wells, treatment 


facilities where water is received, process flow streams, water 


levels in ponds, to name a few. 
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effectiveness of the groundwater capture systems.  Talen should 


evaluate the flow monitoring system and develop an effective 


approach to address this issue. 


5. Evaluation of the effectiveness of capture systems should be 


conducted based on the analysis of monitoring well data from 


wells installed in a specific area and/or hydrostratigraphic unit.  


Effectiveness should not be based on the pumping well and 


its radius of influence alone. 


 


We agree that evaluation of capture system effectiveness should 


not be conducted based solely on the pumping well and their radii 


of influence.  That is why multiple lines of evidence are used for 


these evaluations. 


 


Radius of influence can be estimated from pumping wells alone.  


However, use of observation wells improves those estimates.  


Water levels from both pumping and non-pumping wells are used 


to construct potentiometric maps which provide one piece of 


information from which groundwater capture can be evaluated.   


 


Other types of information that are used in evaluating the 


effectiveness of groundwater capture and the overall remedy 


evaluation include; water levels in pumping wells, monitoring 


wells, and piezometers; pumping rates over time; water quality 


trends; and simulations from groundwater model; and source 


control..  All of these lines of evidence are used during the 


evaluation of groundwater capture. 


 


A groundwater flow model (Appendix A) has been developed and 


refined on multiple occasions.  One of the tasks that the model has 


been developed for is to evaluate the effectiveness of groundwater 


capture.  This model has been calibrated using an abundance of 


information making it a useful tool for this purpose.  The multiple 


lines of evidence provide confidence regarding the effectiveness of 


groundwater capture at the facility.  


6. An important aspect to evaluating contaminant migration is to 


identify how contaminants react, disperse, or otherwise travel 


through the various aquifers.  Therefore, Talen should include a 


section evaluating and discussing Fate and Transport processes of 


the source of contamination and the changes that take place in 


constituents and their concentrations as they move through 


different environmental media. 


A fate and transport model is currently under development, and 


will be one tool that is used to evaluate potential future remedy 


action. This evaluation and discussion is included in the Remedy 


Evaluation Report. 
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7. When discussing measurements, please stick to one unit to avoid 


confusion. For instance, in Section 2.3 (Seepage estimates), some 


measurements are in inches, some are in cm, and some have both—


this can be confusing to the reader. 


Within Section 3 both centimeter (cm) and inches are used to 


communicate distances, lengths, etc.  In most cases the equivalent 


unit has been included using the simple 2.54 cm/inch conversion 


factor.  However, those conversions have not been made in all 


cases.  The alternate units will be added where absent. 


8. In the “Effectiveness of Remedial Action” section, please 


provide more information for future work/follow up for wells that 


are showing declining water quality. 


 


Monitoring will continue, water quality testing will continue, 


additional wells will be installed if necessary, well maintenance 


and repair will be conducted as needed, source control, alternative 


remedial measures.  This information is included and described in 


the report and no further revisions are planned. 


 


However, as described in the AOC, risk assessment evaluations 


(Human Health and Ecological) and a remedy evaluation will be 


conducted as parts of the future AOC process.  These reports will 


contain a description of risk to human and ecological receptors and 


will present a description of the evaluation of remedies, predicted 


effect of those actions, pros and cons of each, and estimated costs 


to implement. Therefore, future follow-up for those wells will be 


addressed in those subsequent reports. 


9. More analysis should be done regarding the increased chloride 


concentrations in Armells Creek alluvium.  Several sections 


indicate that the increased/elevated chloride concentrations are 


probably not from the Stage I and II Evaporation Ponds 


(SOEP/STEP) ponds due to lack of other COIs.  Section 3.5.2.4 


indicates that elevated chloride could be a result of inputs from 


the baseball field, golf course, or road salt.  These sources need to 


be quantified in order to eliminate the possibility of SOEP/STEP 


influence.  Additionally, influences from groundwater-surface 


water interaction in the alluvium need to be accounted for.  The 


interaction is thought to be significant, but BSLs for chloride 


in surface water are much higher than for groundwater (228 


mg/L vs 45 mg/L, respectively), so perhaps the chloride BSL for 


alluvium should be adjusted to reflect surface water impacts. 


 


 


 


Chloride concentrations do vary considerably through the Townsite 


and reaches down gradient of the STEP.  Multiple sources do exist 


that can potentially add chloride to the system, including road and 


parking lot maintenance and urbanization.  A very conservative 


approach to the BSL development was used to choose which wells 


would be included in the statistics.  A team including a 


hydrogeological consultant, a statistician and a hydrogeologist from 


the MDEQ evaluated each well and made the determination to 


include or not include each one.  Wells with even a slight chance of 


contributions from the plant site were eliminated from the list.  In 


doing so, wells within the entire reach from the Plant site through 


the STEP reach were eliminated.  This removed wells that may 


exhibit chloride contributions from the sources mentioned above 


from being included. 


 


However, given the multiple potential sources, the difficulty in 


quantifying many of those sources, the variation in surface water 
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Comment #9 continued and groundwater flow, it would not be possible to develop BSL’s 


that would be more statistically valid than those calculated.  With 


that said, there are many instances when chloride concentrations 


may increase while other indicator parameters do not.  When these 


conditions occur, it is unlikely that the chloride is sourced from the 


facility. As discussed with MDEQ representatives, when such 


conditions occur, cleanup conditions will be evaluated based on 


other indicator parameters on a case by case basis.  It is our 


understanding that Talen and MDEQ will continue to evaluate and 


develop an approach for these conditions with it being understood 


that chloride concentrations are highly variable in the area and will 


be considered a second tier indicator parameter. 


10. Please review all AOC references to ensure the correct parties are 


identified in the Report. 


The references will be thoroughly checked. 


11. Please incorporate any new information regarding the shutdown of 


Units 1&2. 


Units 1&2 will be shut down by 2022.  The shutdown will include 


final closure of the ponds.  Details of the closure will be presented 


in the Remedy Evaluation Report. 


 


 SITE REPORT SPECIFIC COMMENTS 
 COMMENT RESPONSE 


1. Page E-2, Third paragraph. Second Line: The text states the 


Colstrip Steam Electric Station (SES) operators began routing 


scrubber slurry from Units 1 and 2 to the STEP in 1994.  This 


statement appears to be inconsistent with the Table 2-1 which 


indicates the STEP was in service since 1992.  Please clarify. 


This will be revised in the report. 


2. Page E-4, First paragraph.  Third Line:  Talen should define the 


term “Vibratory Shear Enhancement Process (VSEP)” by adding it 


to Section 2.1.1. 


The definition for VSEP will be added to the revised report. 


3. Page 2-1, Section 2.1. Sixth sentence: See Specific Comment #1.  


The initial-use year of 1994 for the STEP is inconsistent with Table 


2-1. Please clarify. 


Comment noted. 


4. Page 2-5, 3
rd


 paragraph, 4
th
 sentence:  Please provide a brief 


description of what Cell D is used for. 


A brief description of what Cell D is used for will be added to the 


referenced paragraph.  Cell D is currently used for water 


management. 


5. Page 2-6, Section 2.2.5: Please see general comment #5 See response to general comment #5. 
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6. Page 2-7, Section 2.2.5: Talen should define the term “forced 


evaporation” by adding it to Section 2.1.1. 


A definition for forced evaporation will be added. 


7. Page 2-12, Section 2.2.7.3, Second paragraph, Last Sentence: 


The statement “The lack of bromide concentrations greater than 


BSL in wells collecting groundwater from directly under the 


ponds (922A, 924A, and 2019D) supports a conclusion that water 


is not currently seeping from the ponds” is not consistent with 


the calculation/conclusions from Section 2.3.3 and Table 2-6A. 


Please clarify. 


The values presented in Table 2-6A are calculations based on 


variables input into equations described in section 2.3.  The fact 


that there is a calculated value is not contradictory to the statement 


that water is not seeping from the ponds based on low bromide 


concentrations, but demonstrates the difference between a 


calculated value and observations that indicate seepage.  In this 


case, the low bromide concentrations suggest that seepage from the 


ponds is minimal which is consistent with the assertion that the 


approach to estimating seepage is conservative. 


8. Page 2-14, Section 2.3: Talen should provide a diagram of 


detailed design for each pond to better illustrate the pond structure 


and the seepage calculations. 


Any available drawings will be added to a new appendix in the 


revised report.   


9. Page 2-14, Section 2.3.3.2, First paragraph, Third and Fourth 


Sentences: Please change “A Cell” to “Cell A” for Report 


consistency. 


The wording will be revised. 


10. Page 2-21, 1
st
 paragraph: Please explain the difference between 


Penman and Hargreaves potential evapotranspiration (PET), and 


why Hargreaves PET is more accurate. 


DEQ may have misread the referenced sentence that says “A 


correction factor was developed to adjust the available Hargreaves 


PET to the more accurate Modified Penman PET. “  Please see the 


following description of the methods: 


 


The main difference between the Hargreaves and Penman PET 


estimation methods is that the Hargreaves method is an empirical 


method while the Penman method is a physical method, meaning 


the Penman method utilizes more site specific information than the 


Hargreaves method.  The Hargreaves equation requires site specific 


values for solar radiation, mean daily temperature and temperature 


range only as well as a number of empirical constants.  The 


Penman Modified equation incorporates local data on solar 


radiation, daily high and low temperatures, wind speed, and relative 


humidity, all of which can be obtained from AgriMet weather 


stations such as the AgriMet station in Terry, Montana.   


 


 


11. Page 3-7, Section 3.3.1, Last paragraph: The text indicates Spoil is Spoil are not present within the boundary of the Units 1&2 Stage I 
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present upgradient of the SOEP, and Spoil may serve as a 


groundwater supply source following recharge.  The last sentence 


of the first paragraph on page 3-10 indicates “spoil is not present in 


the SOEP or STEP area...” Please clarify or confirm the statement 


on 3-10 and, if applicable, identify the area(s) where Spoil is 


located on a site map. 


& II Evaporation Pond area as defined on Figure 1-1.  There is 


spoil southwest of the SOEP area at the Rosebud Mine. 


12. Page 3-8, Section 3.3.1, First & Second paragraphs: The text 


states, “The absence of the Rosebud and McKay coal north of the 


ponds is a function of the dip and/or due to a normal fault that may 


exist in the valley bottom.”  Please provide information of the dip 


and the normal fault on the site Figure and cross sections.  Please 


note the structural fault and its fractured zone will likely act as 


preferential pathways for groundwater flow and contaminant 


migration.  Additional characterization of the normal fault should 


be performed, and should be included in both conceptual and 


numerical groundwater models. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Comment #12 continued 


We disagree with the assertion that the structural fault that is 


mapped coincident with the valley holding the STEP and SOEP 


likely act as preferential flow pathways. The fault has not been 


mapped in the study area and has not been identified in any borings 


or through field observations. Although faults may sometimes act 


as preferential flow pathways, the converse is also often the case 


due to the buildup of fine-grained fault gouge along the fault.  


Faults can cause a damming affect whereby groundwater levels are 


higher on one side of the fault than the other. This condition is also 


not observed at the site.  In some cases, faulting has little or no 


effect on the groundwater flow regime.  No change in groundwater 


flow conditions across a fault occur when fault gouge is minimal or 


is lithologically similar to both sides of the fault, throw is minimal, 


and the stratigraphy exhibits similar hydrologic conditions on either 


side of the fault. 


 


Fractures and formation of joint sets may also be formed during or 


after faulting or in response to regional stresses.  These structures 


can act as preferential flow paths which typically occur at various 


orientations to the faults depending on the type of faults, and the 


stresses that cause the faulting.  Southwest of the STEP, a fault is 


mapped with the downthrown block on the south. 


 


Mapping shows that the fault does not extend eastward as far as the 


SOEP.  Evidence of hydrologic influences by the normal fault have 


not been identified and are not suspected.  However, as mentioned, 


fractures and joints are present which may affect groundwater flow, 


typically resulting in a flow regime that is a combination of porous 


media flow and fracture flow.  The degree at which the flow is 


affected is dependent on the interconnectivity of the fractures or 
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joints, length, and size.   


 Response to Comment #12 continued 


 
 


13. Page 3-9, 2
nd


 paragraph, 6
th
 sentence: Please elaborate on why the 


Ca:Mg ratio is greater than one in the Bottom Ash Pond, or indicate 


if this is discussed in the Plant Site Report. 


The process used in the Bottom Ash circuit is different than in 


other parts of the facility.  The difference in the process involves no 


addition of magnesium so the resulting water is concentrated in 


calcium in relation to magnesium. Ratios of calcium to magnesium 


are higher in the 3&4 Bottom Ash Ponds than in the 1&2 Bottom 


Ash Ponds.  The scrubber process waters were enriched in 


magnesium through the addition of dolomitic lime.  


14. Page 3-10, last paragraph, last sentence: Please re-phrase this 


sentence to acknowledge that exceedance of BSLs does not 


necessarily imply that the groundwater is impacted.  Or, this 


sentence could be removed entirely, since this was stated earlier in 


the paragraph. 


 


 


 


Comment #14 continued 


The sentence was deleted and the paragraph now reads: 


BSLs are used to provide a basis for comparing groundwater that 


may have potentially been impacted by process water to other 


waters in the Colstrip area that are considered to be unimpacted.  


Water quality in the Colstrip area and Fort Union Formation in 


general is highly variable.  However, the BSLs are mainly used as a 


basis for comparison in areas where baseline data (data obtained 


prior to operations in the STEP area) are not available.  Note that 


an exceedance of a BSL does not necessarily indicate that there are 


Approximate edge of SOEP 







DEQ Comments on Units 1&2 Stage I&II Evaporation Ponds Site Report and Groundwater Conceptual 


Model and Expanded Numerical Model 


Responses: NewFields response in Red; Hydrometrics response in Blue 
Submitted November 23, 2016 


H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\Comment_Responses\Units12_SiteCharacterization_Nov2016AllComments_Oct 2017Rev.docx 


 Page 9 of 46 10/20/2017 2:37 PM 


definitive groundwater impacts.  For example, groundwater in 


alluvium upgradient of the Plant Site may exceed calculated BSLs.  


In this case, impacts from the Colstrip SES are not possible.  A 


thorough review of all indicators, local hydrogeology, and other 


factors must also be considered in a multiple lines of evidence 


approach to evaluate impacts. 


15. Page 3-12, Section 3.3.2: The text indicates that two different 


BSLs are developed for SC in groundwater in the Alluvium and 


coal-related unit.  Talen should clarify that these two units are (or 


are not) considered to be one hydrostratigraphic unit, and Talen 


should make it clear on Figures 3-4 and 3-5 (for example), which 


wells with BSL exceedances are Alluvium versus coal-related unit 


wells.  See also general comment #1 and Figures comment #2. 


Text in the report will be revised to clarify this section. 


These wells are not one hydrostratigraphic unit. 


 


Both the alluvium and coal related units are mapped on the 


reference figures.  Wells with an “A” identifier are highlighted 


based on the BSL calculated for the alluvium.  The majority of 


these wells are directly under the ponds, in the tributary drainage 


east of the STEP Main Dam, and along East Fork Armells Creek. 


Alluvial wells are also present west of the Surge Pond.   


 


Coal related wells are located southeast of the SOEP and north of 


the Surge Pond.  Note that wells 368D and 976D are both 


completed in interburden, directly overlying the McKay Coal. 


Wells with an “S” designator in this same area are generally 


completed in shallow bedrock interpreted to be interburden.  As 


such, these wells, and the McKay wells north of the Surge Ponds 


are highlighted based on the BSL for the coal related units. A few 


wells 974S, for example, are completed in weathered clinker and 


coal and are unconsolidated.  These units are considered as coal 


related.  


16. Page 3-12, Section 3.3.2: The text introduced the sub-areas of 


Area 1 to Area 6 at the site.  Please identify, or direct the reader 


to, the location of each sub-area. 


Sub-areas have been added to Figure 3-4 and are also shown on 


Figure 3-26. 


17. Page 3-12, Section 3.3.2: The text discussed the SC 


exceedances in groundwater of the shallow interval including 


Alluvium and coal-related intervals in “Area 1.”  Talen should 


provide a cross-section with all wells discussed in this area, and 


the sample depth from each well, to show if these wells are placed 


within and monitor the same water-bearing zone. 


 


The wells with perforated intervals will be added to cross section 


C-C’. 
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18. Page 3-12, Section 3.3.2: The text states “Water quality at 366S is 


believed to be influenced by local variations in water levels 


induced by the Surge Pond, the completion interval, and location 


at the base of burn rather than the SOEP.” Please provide data 


and/or clarification to support this statement. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


The text will not be changed in the report.  However, further 


clarification of this statement follows: 


As described in “Hydrogeology and Ecology of Clinker in the 


Powder River Basin, Wyoming and Montana” Heffern, Edward L. 


and Coats, Donald A:  in Coalbed Methane and the Tertiary 


Geology of the Powder River Basin, Wyoming and Montana; 50th 


Annual Field Conference Guidebook, 1999. 


 


“In the Rochelle Hills of Wyoming, groundwater from clinker 


recharges coal, overburden, and spoil aquifers downdip to the 


west. Some mines encounter inflow from large saturated clinker 


bodies updip, where water is dammed against the face of the less 


permeable coal. Groundwater quality in clinker varies widely; 


quality appears better in well-drained areas where soluble ash at 


the base of the clinker has dissolved away, and poorer where 


water has ponded along a coal contact. “ 


 


Well 366S was installed directly west of the Surge Pond with the 


surface near the base of clinker formed following the in situ 


burning of the Rosebud coal seam.  The Rosebud Coal is the same 


coal that is burned at the Colstrip Steam Electric Station (Colstrip 


SES).   For this reason, the ash generated by combustion in the 


power plant and the naturally burned coal have the same types of 


chemical constituents.  Ash generally remains at the base of the 


interval after the coal is burned. 


 


Lithologies encountered in the boring for well 366S consisted of 


unconsolidated sediments derived from the burn.  The lithology for 


the completion interval was described as silty sand with clay 


derived from weathered bedrock and deposited as colluvium, 


Clinker is still present directly west of well 366S.  Precipitation 


falling on this area would have mobilized soluble constituents that 


had accumulated near the base of the burn interval.  Since clinker 


has higher permeability the solids would be transported laterally 


toward the edge of the clinker.  However, since the sediments are 


much less permeable than the clinker, there would be a damming 
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Comment #18 continued affect at the contact and the water would drain into the finer-


grained sediments very slowly.  Mobilized constituents were likely 


concentrated near this contact. Since the constituents are the same 


as that contained in the fly ash, the groundwater quality would have 


the same pattern on a stiff diagram.  


 


Water levels in the Surge Pond are raised and lowered during the 


spring and fall to maintain sufficient storage for CSES throughout 


the year.  Water from the Surge Ponds affects water levels at well 


366S.  In fact, the completion interval for 366S may have been dry 


prior to pond construction.  Water levels at 366S rise and fall in 


response to the level of the pond (see below drawing).  This 


fluctuation results in an area of very low groundwater flow.  


Dissolved constituents deposited prior to pond construction become 


mobilized and concentrated in this area.   This results in the higher 


concentrations at 366S than are observed at wells between the well 


and the SOEP.  Note that groundwater from this area likely does 


not enter the Surge Pond due to the fluctuations in water levels and 


area groundwater levels.   


 Response to Comment #18 continued 
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19. Page 3-13, Section 3.3.2. Third paragraph: The text indicates that 


highest values of specific conductivity (SC) in the sub-McKay 


were observed north of the SOEP and STEP, under the Old 


Clearwell and Cell D, in the area east of the Units 1 & 2 


STEP Main Dam, and at capture well EAP-119.  The text 


indicates, “Sub-McKay wells directly east of the STEP Main 


Dam have shown improved water quality, while those under, or 


directly next to, the SOEP  have shown a slight decline in quality.”  


Please provide additional discussion to explain these observations. 


Additional explanation will be provided. 


20. Page 3-13. 3
rd


 paragraph: Figure 3-6 indicates that the highest SC 


measured in the sub- McKay is within the reclaimed SOEP (north 


edge), but this is not acknowledged in this paragraph. 


Further explanation will be provided in the revised report. 


21. Page 3-14, last paragraph, 3
rd


 sentence: Please provide further 


details on how the higher density of wells in 2010 contributed to 


the increased distribution of chloride. 


The increased density did not contribute to an increased 


distribution of chloride. This paragraph will be clarified. 


 


Data obtained from the additional wells that were installed between 


2010 and 2015 may result in the appearance of an expanding area 


of higher chloride concentrations because of broader or denser 


coverage.  This does not mean the areas with chloride 


concentrations exceeding BSLs has expanded but may simply be a 


function of having more data to delineate concentrations.   


22. Page 3-16, Section 3.3.3. Second paragraph: The text indicates 


that water level data used for construction of potentiometric 


figures are selected from a narrow temporal window to be 


representative of a specific point in time.  Talen should provide a 


stand-alone Table displaying selected water level data and 


collection dates in the report. 


Water levels used are included on the individual maps.  However, a 


table will be provided which duplicates this information 


23. Page 3-17, Section 3.3.3. First paragraph: The text discusses the 


data in relation to locations of “North Flume or AR-1” and “AR-


9” of Figure 3-20.  However, these locations were not labeled on 


this Figure.  Please add these locations to the Figure. 


AR-1 and AR-9 have been added to Figure 3-20.  Note also that the 


synoptic run site locations for the STEP area are also identified on 


Figure 3-23. 


24. Page 3-17, Section 3.3.3. Second and Third paragraphs: Please see 


General Comment # 7 for Appendix A and specific comment #22, 


above. 


 


 


Figure 3-20A and 3-21A will be added to show the potentiometric 


surfaces prepared based on data from 2010. 
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25. Page 3-17, Section 3.3.3. Third paragraph: The text indicates 


that the sub-McKay bedrock that does not sub-crop in the 


alluvium may follow a more regional groundwater flow path 


which is generally eastward for this formation.  This appears 


inconsistent with the groundwater flow direction of the deep sub-


McKay unit presented in Figures 2-10 and 2-13 of Appendix A, 


which show the groundwater flow toward the northeast.  Also 


refer to the last sentence of General Comment #7 of the Appendix 


A.  Talen should clarify the inconsistency to provide clear 


understanding of the site groundwater flow system. 


The referenced paragraph will be reworded. 


26. Page 3-19, Section 3.3.3.1. Third paragraph: The text discusses 


the vertical gradient using hydrographs from selected paired or 


nested wells, as shown in Figure 3-22.  Talen should also 


provide a Table or Diagrams with well construction details of 


the paired, or nested wells to clearly demonstrate head 


differences of each screened unit, as well as vertical gradients. 


A table with completion information will be added to the body of 


the report. 


27. Page 3-20, 2
nd


 bullet:  Please indicate whether there is a hydraulic 


connection between units and if so, the direction of groundwater 


flow based on head differences for wells 397D, 398D, and 399D. 


General comment #3 says it is associated with specific comment 


#27 but the intent is not a clear indication of this from this 


comment, which lists wells that are located well north of any of the 


areas identified on Figures 3-26 and 3-27.  The relationship 


between the two comments is unclear. 


 


Answer to specific comment 27: 


There is a downward gradient between each completion interval.  


Note that Figure 3-21 (sub-McKay potentiometric map) has been 


revised by using well 399D instead of well 398D.  Well 398D is in 


a shallower interval than other wells in the area that were used for 


contouring. 


28. Page 3-20, Section 3.3.3.1.  First paragraph: The text discusses 


the hydrographs/vertical gradients of nested wells in relation to the 


capture wells located in the area (well 976D and well EAP-119).  


Please add these two capture wells to Figure 3-22. 


Locations for these two wells have been added to Figure 3-22.   


29. Page 3-26, 2
nd


 paragraph, 6
th
 sentence: Please indicate the locations 


of the twelve sediment samples, specifically in relation to surface 


water monitoring sites. 


 


Text will be added to clarify the sampling location in the report. 


 


The sediment samples were collected at the 12 synoptic run 


monitoring sites located on East Fork Armells Creek.  A reference 
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Comment #29 continued to Appendix H, which contains a Technical Memorandum 


describing results of the March 2015 synoptic run was also added 


to the referenced paragraph.   


 


Please note also that sediment samples were collected directly 


upstream of the point that water samples were collected and after 


water samples and flow measurements were obtained.  Sampling 


directly upstream of these areas ensured that work activities at the 


site would not affect sediment samples. 


30. Page 3-26, 3
rd


 paragraph, last sentence: Please expand Figure 3-23 


to include the upstream sites mentioned. 


The text in this paragraph was revised to clarify that only the 


synoptic run sites in the Stage I and II Evaporation Pond area are 


shown.  A reference to Appendix H, which contains a Technical 


Memorandum describing results of the March 2015 synoptic run 


was also added to referenced paragraph.   


31. Page 3-30, Section 3.3.6: See General Comments #2 and #3 of the 


Appendix A comments. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Extensive hydrogeologic characterization has been and is ongoing 


at the site for many years.  This includes field observations, 


pumping tests (including wells suspected of containing fractures), 


groundwater monitoring, installation and testing of additional 


wells, geophysical studies, and groundwater modeling to name a 


few.  As such, the hydrologic system of the Colstrip Area, 


including the SOEP/STEP areas is well understood.  


 


Most groundwater in the area is transmitted through a combination 


of fracture and porous media flow.   Porous media flow tends to 


normally control this flow as fractures tend to be of relatively short 


length and terminate either laterally and/or vertically and are often 


not interconnected. Fractures are also contained within lithologies.  


Joints/fractures at Well 380D mentioned in the preceding response 


is a good example.  Note, also, that joints and fractures observed 


during studies tend to be limited stratigraphically.  That is, joints 


observed in sandy units, with moderate cementation; do not extend 


into claystone or shales. Fractures in poorly cemented intervals 


tend to be even more localized. 


 


The conceptual model identified in 3.3.6 Simplified Conceptual 


Groundwater Model, is just that.  A basic conceptual model was 
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Comment #31 continued 


 


 


 


(Appendix A General Comment #3.  Talen appears to have 


acknowledged that the subject area is located at a small drainage 


basin. Talen should evaluate potential impact of a “hydrologic 


divide” to each hydrogeologic unit identified in the subject area 


and delineate the boundary of each drainage system, which is 


usually associated with elevated terrain between the drainage 


systems.  Hydrologic divides suggest a barrier to groundwater 


flow, especially to the shallow groundwater flow systems. Please 


clarify if this is true for the hydrogeologic conditions at the subject 


site.) 


presented here to eliminate redundancy since a detailed conceptual 


model is contained in Appendix A. Groundwater Model.   


 


 


Please see response to Appendix A General Comment #3. 


32. Page 3-32, 2
nd


 paragraph, 3
rd


 sentence: With respect to the 


groundwater model, recharge from the Surge Pond is not included 


in the 12 recharge zones.  If the Surge Pond is “considered to be a 


major source of recharge in the STEP and SOEP areas,” Appendix 


A (the model report) should indicate how Surge Pond recharge is 


accounted for. 


The Surge Pond is used as a source of water for the general head 


boundary along the south side of the model. 


33. Page 3-33, Section 3.4.1: See General Comment # 6 of the 


Appendix A comments. 


As indicated in Section 3.4.1, Talen conducts operational 


monitoring using an MDEQ approved work plan.  A summary of 


the monitoring schedule for the wells will be added to the text of 


the report.  The practicality of adding the capture system wells to 


the operational monitoring program will be considered and 


evaluated for the next revision of the Water Resources Monitoring 


Plan. 


 


The statement is not clear what is meant by the first sentence of the 


comment “each …..and Administrative Order On Consent”. 


34. Page 3-39, Section 3.4.3. Second to last bullet: The text 


indicates that private wells that could be potentially impacted by 


process water will be abandoned.  Please provide a list of private 


wells at risk, and a planned schedule for their abandonment. 


There are not currently any private wells that have been identified 


as being at risk.  Several private wells have been abandoned 


including PW-704, PW-708, PW-713, PW-715, and PW-716 and 


plans to abandon well PW-712 are currently being developed. 


Several of the private wells are currently used to monitor water in 


the deeper sub-McKay strata.  







DEQ Comments on Units 1&2 Stage I&II Evaporation Ponds Site Report and Groundwater Conceptual 


Model and Expanded Numerical Model 


Responses: NewFields response in Red; Hydrometrics response in Blue 
Submitted November 23, 2016 


H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\Comment_Responses\Units12_SiteCharacterization_Nov2016AllComments_Oct 2017Rev.docx 


 Page 16 of 46 10/20/2017 2:37 PM 


35. Page 3-40, Section 3.4.4. First bullet: If not already developed 


and implemented, Talen should develop a cap monitoring plan for 


the SOEP area to document the cap performance. 


Comment noted. 


Monitoring the Stage 1 Evaporation Pond (SOEP) Cap 


performance has been on-going since construction was completed 


in 1998.  The MSU Reclamation Research Group initiated the 


study with test plots on the SOEP in 1990.  In the 10 year summary 


report of 1990 to 2000 that was submitted to the Montana 


Department of Natural Resources and Conservation (DNRC), study 


results are presented with plans to manage the SOEP reclamation 


area for cattle grazing and wildlife habitat.  Ponds are monitored 


for moisture movement, monitored for boron and salt movement in 


the cap soils and the cap vegetation, and the cap vegetation 


monitored for plant diversity. Currently, these annual studies of 


moisture movement, vegetation performance and vegetation 


diversity are being conducted and the reports are being sent to the 


Montana DEQ. 


36. Page 3-44, 2
nd


 paragraph, last sentence: Please indicate that 


chloride concentrations do not decrease in all wells near the SOEP 


and STEP, but that this is not necessarily indicative of process 


water influences. 


The following sentence has been added to the end of the paragraph.   


 


Note, however, that chloride concentrations do not decrease in all 


wells near the SOEP and STEP.  Increasing or stable chloride 


concentrations which are elevated in relation to BSL’s are not 


necessarily indicative of process water influences. 


37. Page 3-44 & 45, Section 3.5: Beside the trend graphs of 


groundwater quality of each well shown in Appendix I, Talen 


should consider using a statistical approach to determine whether 


or not COIs, or their trends, are to be considered in excess of a 


BSL. 


Although not applied to the AOC analysis, statistical methods are 


routinely used during annual report preparation along with water 


quality trend observations to evaluate if indicator parameters are 


increasing which may indicate process water may be approaching, 


or has entered, a well.  BSLs were only recently calculated and 


DEQ has recently commented on the final BSL report, making it 


possible that revisions to some of the values may occur.  Statistical 


comparison with BSLs has been considered. 


38. Page 3-46, Section 3.5.1. First paragraph, third sentence: The text 


indicates that groundwater capture areas in the SOEP area are 


“delineated in Figures 3-26 and 3-27.”  However, on page 3-45, in 


the second paragraph, these areas are indicated to be “very loosely 


defined.”  These terms/phrases “delineated” and “very loosely 


defined” are not interchangeable.  Please clarify. 


 


Agreed.  The text has been revised to indicate that capture areas are 


shown on Figures 3-26 and 3-27. 
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39. Page 3-47, Section 3.5.1.1. Last paragraph: The text indicates 


exceedances detected in well 366S are “thought to be from an 


isolated local source.”  However, the Stiff diagram of this well 


exhibits a similar pattern as SOEP pond process water, as 


depicted in Figure 3-29.  Talen should conduct additional 


investigation to confirm or identify the “isolated local source.” 


Please see the response for Comment #18. 


40. Page 3-48, Section 3.5.1.2.  Last paragraph, second line:  Please 


change “northern” to “western.” 


The wording was changed to indicate that well EAP-208 is very 


close to the northwest edge of the SOEP. 


41. Page 3-49, Section 3.5.1.2. First paragraph: The text indicates 


the cause of groundwater quality trends observed at well 929D 


is currently unknown.  Talen should ensure that well 929D is 


included in the monitoring program for further 


investigations/evaluations. 


Additional work has been conducted in this area and a report is 


forthcoming.  Of note, well 929D is part of the Water Resources 


Monitoring Program. 


42. Page 3-49, first paragraph: The cause of groundwater quality trends 


at well 929D is unknown.  However, other nearby wells 


downgradient of 929D are known to be impacted by process water, 


and the stiff diagram shows similarities between pond water and 


929D.  Please pursue further analysis of this well, especially given 


that well 903D (downgradient) is thought to be impacted by 


process water and is being considered for conversion to a capture 


well. 


Additional work has been conducted in this area and a separate 


report is forthcoming. 


43. Page 3-51, Section 3.5.2.1. Second paragraph: The Stiff 


diagrams show groundwater at bedrock wells in Area 3 have 


different Stiff patterns from the STEP process water.  Talen 


should provide additional explanation and discussion of the data 


via fate and transport of the site COI. 


The text has been revised to indicate that the wells on the lower 


portion of the diagram, below well 958D do not show impacts from 


the process ponds.   


 


However, this comment seems to insinuate that COIs have been 


removed from the system prior to reaching all the wells on this 


diagram.  There is not any evidence that is the case.  Rather, the 


data show that no impacts have occurred to groundwater in the area 


north of the STEP Main Dam and the geochemical signatures for 


many of the wells are a function of the local natural water quality.  


Piper diagrams for wells listed below 974D on Figure 3-35 show 


that the water in these areas contains relatively low concentrations 


of dissolved constituents and a lack of dominant cations or anions.    
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44. Page 3-53, Section 3.5.2.2. Second paragraph: This paragraph 


indicates “rapid changes” occurred after pumping in well 2021D.  


A change is observed directly after pumping started in 2021D (see 


Figure 3-38); however, that appears to be the only change that has 


occurred.  The remaining Stiff diagrams appear to show a 


consistent pattern with only minor fluctuations in constituent 


concentrations.  Please reword this sentence, in part, by removing 


“rapid changes.” 


“Rapid changes” has been removed and the sentence reworded.  


This wording would have been accurate for the initial submittal of 


the report in 2013.  However, as noted, water quality improvement 


at this well has slowed somewhat.  Concentrations of TDS and 


sulfate have continued to decline and to a lesser degree chloride 


concentrations have declined since pumping began.  Dissolved 


boron concentrations, however, have remained relatively 


consistent, increasing slightly since the initial decline. 


45. Page 3-54, 1
st
 paragraph, 4


th
 sentence: Figure 3-39A shows a 


distinct spike in COI concentrations around 2012-2014 that 


deviates from the general declining trend.  Please explain if there is 


a known reason for this spike in concentrations. 


Increases in concentrations at the wells shown on Figure 3-39A 


during the reference time period are believed to be from a pulse of 


water moving to the capture wells.  The concentrations dropped 


after 2014 to levels observed prior to 2013.  The overall trend is 


improving water quality. That said, additional investigation is 


currently being conducted in this area and results will be presented 


in a future report. 


46. Page 3-55, 1
st
 paragraph, 1


st
 and last sentences: This paragraph 


indicates that high chloride concentrations may be a result of a 


nearby septic field, but the last sentence attributes some of the 


improvement in water quality to the closure of the septic system at 


the Moose Lodge.  Please clarify whether these septic systems 


mentioned are the same, and if so, why chloride concentrations 


increase after septic system closure. 


The septic systems are the same. 


 


All indicator parameters except chloride drop during this time 


period.  Well 382D is located very near a barrow ditch for Light 


Industrial Park Road.  As such, the increased chloride 


concentrations are believed to be from infiltration of salt bearing 


recharge water.  Chloride concentrations have ranged from about 


57 mg/L to 110 mg/L over the life of the well, showing increases 


and decreases that do not correlate with the other indicator 


parameters. 


47. Page 3-55, Section 3.5.2.3. Second paragraph: The fourth 


sentence indicates SC and sulfate values in well 998A are 


consistent with BSLs; however, the last several rounds of data 


indicate concentrations of SC and sulfate remain above BSLs.  


Please reword this sentence. 


At the time of the initial report submittal, the values were similar to 


the BSLs.  However, there was an increase in these constituents 


after that time, probably a result in variations in flux and pond 


influences that were reaching this well.  The text has been revised 


to reflect the more recent data. 


48. Page 3-55, Section 3.5.2.3.  Second paragraph:  This paragraph 


indicates a general improvement in water quality at well 2000D; 


however, this well is experiencing a general increase in chloride 


concentrations since about 2009.  Please address this inconsistency 


in water quality at this well and provide a plausible explanation for 


this increase. 


No changes were made to the text.  A weight of evidence approach 


is used to evaluate impacts to groundwater and water quality trends 


at or near capture wells. Improvements in water quality at the 


facility are generally evaluated based on trends of the main 


indicator parameters (SC, SO4, B, Cl, and the ratio of calcium to 


magnesium).  This evaluation method has been described in the 
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Comment #48 continued text of the report.  Four sets of water quality vs. time plots are 


shown below.  


 


As can be seen in the graphs on the following page, the 


concentrations of all indicator parameters have decreased since 


pumping began.  Calcium to magnesium ratios have increased and 


have been near 1 for a few years. Chloride is a highly conservative 


constituent in groundwater, meaning that it moves relatively easily 


through the subsurface. The slight increase in concentrations and 


subsequent drop are well within normal ranges of fluctuations.  The 


fact that chloride concentrations are not tracking with 


concentrations of the other indicator parameters, could be attributed 


to contributions of chloride from different sources than just process 


water (CaCl, MgCl for road and parking lot snow control) etc., or 


normal cyclicity in the concentrations of the constituent. 


 Response to Comment #48 continued 
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49. Page 3-56, Section 3.5.2.4. Second paragraph: Please 


determine if the Montana Department of Transportation 


actually stores road salt at this facility, and revise the pertinent 


language to determine if this is a potential source of chloride.  


Additionally, please provide an explanation for the potential 


chloride concentrations’ impacts resulting from the ball fields’ 


proximity. 


Road salt is sometimes stored at the MDOT yard in the Industrial Park of 


Colstrip.  Salt stored on the ground would potentially affect the alluvium 


downgradient of the facility and is therefore a potential source.  Transport 


from salt storage piles can be transported by wind and precipitation 


runoff. 


 


The text was revised to clarify that road salt is sometimes stored at the 


site and could potentially provide chloride for downgradient areas, 


including the nearby tributary drainage, baseball field area, the west side 


of the golf course, and below the golf course in East Fork Armells Creek. 


50. Page 3-57, Section 3.5.2.4. First paragraph: Please provide 


an explanation for potential impacts associated with the ball 


fields and the golf course maintenance activities to the chloride 


concentrations observed in well 935A. 


All indicator parameters have shown a long term decreasing trend at well 


935A, including chloride.  Chloride concentrations, however, have not 


dropped at quite the same rate as the other indicators.   Chloride sources 


upstream of 935A are numerous including:  Salts transported through 


Colstrip from upstream sources, salt from the Townsite itself that runs off 


following road, parking lot, and driveways treatment, salt from the sports 


facility where both liquid and solid chloride containing chemicals are 


applied.  Salts from the sources either enter the alluvial groundwater 


system through infiltration or direct runoff into the creek.  Recharge from 


the creek near 935A likely occurs since this is a losing area along the 


creek.  Furthermore, ponding occurs in this area during warmer periods.  


So later in the year, salts may become more concentrated in the slow 


velocity or stagnant waters so infiltrating waters may have higher 


concentrations. 


 


No revisions were made to the text. 


51. Page 3-58, Section 3.5.2.4.  Second paragraph:  This 


paragraph describes trends for SC, sulfate, and boron, but does 


not address elevated concentrations of chloride detected above 


the BSL.  Please revise to include a discussion of chloride 


concentrations. 


The text has been revised to mention chloride in this area. 


52. Page 3-58, Section 3.5.2.4. Third paragraph: Please 


provide an explanation of the Stiff diagram trend observed 


for well 910A on Figure 3-46. 


 


 


An explanation will be added to indicate the Stiff Diagrams show a trend 


of decreasing constituent concentrations while maintaining a similar 


distribution of cations and anions. 
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53. Page 3-59, 1
st
 paragraph, 2


nd
 sentence: Concentrations of 


chloride increased by over 100 mg/L (90 mg/L in 2002 to 250 


mg/L in 2012).  Please indicate if this increase was related to 


the spill, and why increases in chloride were not a concern 


when deciding to cease groundwater capture in the area due to 


increased water quality. 


Some of the chloride in the very shallow groundwater (a few feet below 


ground surface) may have been from the original spill.  However, the area 


is also prone to salt accumulation due to the shallow groundwater, 


potential sources from nearby access roads, railroad, and highway.  


Shallow water tables tend to concentrate salts due to the capillary action 


that then to pull salts to the surface.   The reduction of other indicator 


parameters in the absence of a reduction in chloride concentrations is 


likely a function of local sources and site conditions and only marginally 


from effects of the spill, if at all.   


 


No revisions to the report are planned. 


54. Page 3-59, Section 3.5.3: Please provide a brief discussion of 


the patterns observed on the Stiff diagrams (Figure 3-48) for 


Report consistency and narrative explanation. 


The following text has been added to the paragraph following the 


reference to Figure 3-48. Water quality data from the STEP D Cell was 


used for the Stiff Diagram representing process water.  Water that 


overflowed at the drain pit is most likely represented by this chemical 


signature.  As can be seen, the water is strongly a magnesium-sulfate type 


water. 


 


Stiff diagrams for the shallow well points around the spill area, 


demonstrate greatly reduced cation/anion amounts, especially indicators 


magnesium and sulfate.  The vastly lower meq/L levels and different 


patterns (most Stiff Diagrams have nonsymmetrical patterns for 


magnesium and sulfate when compared D Cell) demonstrate that process 


water is likely not effecting the shallow groundwater at this location.  The 


differences in the Stiff Patterns demonstrate that influences from the spill, 


if any persist, are very minimal. 


55. Page 5-2, Section 5.0: Talen should include a Figure to show 


the approximate locations for new, recommended wells.  


Such a Figure should also include the location of the 


former Moose Lodge referenced in the text. 


The location of the former Moose Lodge has been added to Figure 1-1. 


 


A location map with the proposed new recommended wells has not been 


added.  Additional investigation has been conducted in three main areas.  


Locations for the new wells will be included in reports that will be 


prepared following well testing and analysis, sampling and analysis, and 


data evaluation. 


 


The approximate area of the investigation will be shown on a figure in the 


revised report. 
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56. Page 5-2, Section 5.0:  Talen has proposed/recommended the 


installation of multiple monitoring wells to further delineate 


the extent of the impacted groundwater north of the former 


Moose Lodge.  Talen should evaluate the site data to better 


understand the current distribution, and migration pathways of 


process-pond-affected groundwater in the bedrock, both 


horizontally and vertically, to determine the locations and 


screen intervals of the proposed delineation wells. 


Conditions in this area are very well understood.  Additional investigation 


is currently on-going to gather additional information to further evaluate 


the area and to identify if additional capture is needed in this area.  Wells 


were placed based on extensive site and area knowledge and the wells 


were positioned in areas approved by MDEQ. 


 


Field work has begun and a report should be forthcoming in late 


2016/early 2017. 


57. Page 6-2, Section 6.0.  Last bullet:  Please note that fate and 


transport modeling would provide a better understanding of 


movement and ultimate fate of impacted groundwater only if 


the site has been fully characterized and a sound site 


conceptual model is developed.  Talen should re-evaluate and 


improve the current site conceptual model to provide better 


understanding of the distribution and migration pathways of 


COI, with particular attention to the bedrock aquifer. 


We agree with the statement that a sound conceptual model is necessary 


to provide useful simulations for fate and transport evaluation purposes.  


However, we strongly disagree with the assertion that the site is poorly 


understood and that additional work needs to be conducted so a “sound” 


conceptual model can be developed.  To the contrary, the site 


hydrogeology is very well understood and has been extensively studied 


and documented.  As such, a very sound conceptual model has been 


developed for the site.  Site and area geology is well understood 


stratigraphically, geomorphologically, structurally, lithologically and 


from a depositional environmental perspective.  Conditions that result in 


primary and secondary porosity are well understood.  Extensive 


hydrogeologic characterization has been and is ongoing at the site.  This 


includes field observations, pumping tests (including wells suspected of 


containing fractures), groundwater monitoring, installation and testing of 


additional wells, geophysical studies, and groundwater modeling to name 


a few.   


 SITE REPORT FIGURES 
 COMMENT RESPONSE 


1. Figure 3-1 to 3-3: Please distinguish the recovery wells on 


the cross section maps with a new legend item 


Capture wells have been color coded to identify them on the reference 


cross sections as requested. 


2. Figures 3-4 and 3-5: The red symbol representing a BSL 


exceedance is the same for both the Alluvium and coal-related 


unit wells.  Please change the symbol type for one of these 


units such that an exceedance can be clearly associated with a 


specific unit. 


The color has been changed on the wells with concentrations exceeding 


the BSL to distinguish the units. 


3. Figures 3-4 to 3-19: please see the figures Comment #4 of the 


Appendix A comments 


This response will be addressed under Appendix A General comments. 
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4. Figures 3-20 to 3-21: Please see General Comment #7 of 


Appendix A. 


(General Comment #7 of Appendix A. The potentiometric 


surface maps of all three “identified” hydrostratigraphic units 


were constructed using the water level data from various time 


periods to provide additional spatial coverage.  This is 


somewhat problematic, especially when seasonal variation and 


long-term changes in groundwater elevations have been 


observed, and pumping activities have been on- going in the 


area.  The variations could potentially influence the 


groundwater flow directions and contamination migration 


pathways.  Talen should provide evaluation of the water 


level data from various time periods used in construction of the 


potentiometric surface maps corresponding with seasonal and 


regional variations, and pumping of capture wells to assure that 


these data are representative.  In addition, some of the water 


level data were collected from monitoring wells either with 


long screen intervals or were screened at multiple intervals that 


represent composite heads.  Talen should explain which 


hydrostratigraphic unit is monitored by each well.  This is 


especially important since the numerical groundwater model is 


calibrated based on these water level data for each 


hydrostratigraphic unit). 


 


 


 


 


 


 


 


 


 


 


 


 


 


Four examples of bedrock well hydrographs are shown below to illustrate 


the consistency of groundwater elevations.  The variations are less than 


the resolution of the contours and do not affect the interpretation of 


groundwater flow.   
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 Response to Comment #4 continued 
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Response to Comment #4 continued 


 


 
 


5. Figure 3-22: Please correct the vertical scales of hydrographs 


374S and 979S, and 2030A and 2029D.  An apparent rounding 


error gives the appearance of repetitive values. 


The scales will be revised. 


6. Figure 3-22: Please provide total depth and hydrologic unit on 


the graph for each well for ease of understanding. 


The requested information will be provided.  See Specific Comment #26 


and General Comment #2 responses. 


7. Figures 3-26 to 3-27: The titles on the Figures are inconsistent 


with the titles listed on the Table of Contents.  Please correct 


the Figure titles. 


The table of contents will be revised to be consistent with the figure 


names, where different. 


8. Figure 3-33: This Figure is missing from the electronic version. Please recheck the electronic version for this figure.  File copies of the 


figure that were distributed contain Figure 3-33. 


 SITE REPORT APPENDICES 
 COMMENT RESPONSE 


1. Appendix A: Please see the section on Appendix A Comments 


(next page). 


 


 


 


Noted 
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2. Appendix B: See General Comment #6 of the Appendix A 


comments. 


(General Comment #6 of the Appendix A 6.  Talen should 


develop monitoring and capture networks for each identified 


hydrostratigraphic zone and Administrative Order on Consent 


(AOC).  Talen should provide this information in a summary 


Table.  If such a program exists, Talen should add a section to 


discuss the current monitoring and capture network, and 


specify which zone/depth each well is monitoring, as well as 


the well’s designation, such as source wells, plume wells, 


fringe, sentinel, and/or capture wells.) 


Please see response to Specific Comment 33. 


3. Appendix H, Page 9, last paragraph, 3
rd


 sentence: Please 


indicate if a conclusion was reached regarding the unusually 


high nitrate plus nitrite (N+N) concentrations in 2012.  The 


increase appears to be just downstream of the Colstrip Sewage 


Treatment Ponds, which could be a viable source of N+N. 


Results for samples collected from the Colstrip Treated Sewage Lagoons 


are included in the referenced appendix and although one might expect 


this to be a source of nitrogen, the results do not support that expectation. 


4. Appendix H, Figures 4-10: Please indicate the BSL levels on 


these charts. 


BSL levels will be added to these figures. 
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 APPENDIX A GENERAL COMMENTS 
 COMMENT RESPONSE 


1. Talen should clearly outline the model objectives as (1) to increase 


the basic understanding of the site groundwater system; (2) to 


improve the current understanding of the groundwater flow, and 


identify any potential preferential migration pathways; (3) to assess 


the current monitoring and capture network, and any data gaps; (4) 


to better determine aquifer properties; (5) to evaluate the 


effectiveness of the site capture systems; and, (6) to improve 


management of the well network by forecasting future changes to 


groundwater. 


The numerical model is not really capable of identifying 


preferential pathways or determining aquifer characteristics. 


 


Text will be modified as follows: The overall goals of 


developing and updating the groundwater model are to 


improve the overall understanding of the groundwater flow 


system and provide tool that will help to: 


• improve the basic understanding of the site groundwater 


system in the vicinity of the SOEP and STEP;  


• assess the current monitoring and capture well network, 


• help identify data gaps;   


• evaluate the effectiveness of the site capture systems; and, 


• improve water management practices. 


2. The report indicates that fracture zones are presented in bedrock at 


the site, which could potentially act as preferential pathways for 


groundwater flow and constituents of interest (COIs) at the site. 


Talen should conduct a full hydrogeologic characterization at the 


site via field observations, well logs, downhole geophysical logging, 


pumping tests, and geochemical data to evaluate the hydraulic 


connections between well clusters and wells with different screened 


intervals to identify potential preferential pathways for groundwater 


flows and site COIs in the alluvial and underlying bedrock aquifer 


to improve the current conceptual site model.  


 


The hydrogeologic characterization should define the groundwater 


flow systems and discuss if any natural hydrogeologic boundaries 


(such as drainage divides) were present in the site area and their 


potential influences to the site hydrogeologic systems. 


Extensive hydrogeologic characterization has been and is 


ongoing at the site for many years.  This includes field 


observations, pumping tests (including wells suspected of 


containing fractures), groundwater monitoring, installation and 


testing of additional wells, geophysical studies, and 


groundwater modeling to name a few.  As such, the hydrologic 


system of the Colstrip Area, including the SOEP/STEP areas is 


well understood.  


 


As discussed during the 11-17-16 meeting, additional text will 


be added to the report regarding preferential pathways and 


solute transport. 
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3. Talen appears to have acknowledged that the subject area is located 


at a small drainage basin. Talen should evaluate potential impact of 


a “hydrologic divide” to each hydrogeologic unit identified in the 


subject area and delineate the boundary of each drainage system, 


which is usually associated with elevated terrain between the 


drainage systems.  Hydrologic divides suggest a barrier to 


groundwater flow, especially to the shallow groundwater flow 


systems. Please clarify if this is true for the hydrogeologic 


conditions at the subject site. 


Additional text will be added to address this, especially with 


regard to how hydrologic divides might affect shallow 


groundwater flow. . 


4. Talen should provide a summary of the conceptual model presented 


in Geomatrix (2007). 


Text will be modified to indicate that the current conceptual 


model is inclusive of all previous conceptual model work.  


5. Talen should add a discussion on aquifer/layer classifications and 


describe if the boundaries were determined by the depth of the 


transition zone between lithostratigraphic units, by fixed arbitrary 


depths, or by combinations of both. 


This was a combination of both.  More discussion will be 


added to the text 


6. Talen should develop monitoring and capture networks for each 


identified hydrostratigraphic zone and Administrative Order on 


Consent (AOC).  Talen should provide this information in a 


summary Table.  If such a program exists, Talen should add a 


section to discuss the current monitoring and capture network, and 


specify which zone/depth each well is monitoring, as well as the 


well’s designation, such as source wells, plume wells, fringe, 


sentinel, and/or capture wells. 


No changes will be made to Appendix A  


 


There is a monitoring plan that includes all the wells that are 


monitored for quality and level.  Capture well monitoring is 


included in the WRMP.  However, there is additional 


monitoring conducted on capture wells.  This monitoring 


includes a combination of water level measurement and 


capture well site visits.  Water level measurement schedules 


are monthly.  Capture well visits are 2-3 times per month.  


Flows are measured at the well head.  Specific conductance is 


measured monthly.  In addition the wells are sampled a 


minimum of once a year and in most cases twice a year. 
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7. The potentiometric surface maps of all three identified” 


hydrostratigraphic units were constructed using the water level data 


from various time periods to provide additional spatial coverage. 


This is somewhat problematic, especially when seasonal variation 


and long-term changes in groundwater elevations have been 


observed, and pumping activities have been on- going in the area. 


The variations could potentially influence the groundwater flow 


directions and contamination migration pathways.  Talen should 


provide evaluation of the water level data from various time periods 


used in construction of the potentiometric surface maps 


corresponding with seasonal and regional variations, and pumping 


of capture wells to assure that these data are representative. In 


addition, some of the water level data were collected from 


monitoring wells either with long screen intervals or were screened 


at multiple intervals That represent composite heads.  Talen should 


explain which hydrostratigraphic unit is monitored by each well. 


This is especially important since the numerical groundwater model 


is calibrated based on these water level data for each 


hydrostratigraphic unit 


Several potentiometric maps have been prepared between 2003 


and 2015.  Seasonal changes in groundwater levels have little 


effect on the overall groundwater flow directions and 


gradients.   


 


Head data for the pumping wells in Figures 2-11 and 2-12 will 


be replaced with October 2014 data.  As was discussed at the 


11-17-2016 meeting, data prior to fall 2014 were included to 


provide better spatial coverage.    


 


Several other wells were used to create potentiometric surface 


maps representing Fall 2014 (Figures 2-12, 2-13, and 2-13) 


with groundwater elevation data from times prior to Fall 2014.   


Based on review of the hydrograph for Wells 926S, the water 


elevations for well 926S (located south of the Surge Pond) 


from February 2013 is not representative of typical October 


conditions so it will be removed from the map. 


 


For the remaining subject wells on these maps, the text will be 


modified to acknowledge that use of water levels from other 


times introduces some temporal uncertainty to the map.  


Hydrographs for these wells illustrate that water levels in most 


of these wells measured within 2 years of October 2014 vary 


by less than 1 or two feet.  Inspection of Figures 2-11, 2-12 and 


2-13 indicates that using water levels for these well within the 


observed range would not change the flow directions or 


gradient depicted on these maps appreciably.  


8. Talen should consider the use of pressure transducers in select 


monitoring wells for each identified water bearing zone to obtain 


better groundwater elevation data for construction of potentiometric 


surface maps for each hydrostratigraphic unit at the site. 


No text will be changed. This could be done in some of the 


wells in the vicinity of capture.  However, monthly water 


levels are measured in most of the wells and an extended list of 


wells has the water levels measured twice a year.  Talen will 


consider installing pressure transducers in key wells, especially 


in wells near capture wells or in areas where additional water 


level data may be necessary for specific investigations.  
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9. Talen should provide justification for the potentiometric surface 


maps of intermediate and deep zones over large model areas based 


on only a few data points. 


Text will not be modified. As was discussed at the 11-17-2016 


meeting, although the maps are based on relatively few wells, 


they illustrated the current understanding of general flow 


directions and gradients within the medium and deep Sub-


McKay units. The maps also provide for qualitative 


comparison of model calibration.  


10. Contamination distribution in the Sub-McKay bedrock presented in 


the report were created using the water quality data collected 


through a wide range of intervals and potential different water 


bearing layers. Talen should provide vertical profiles of the site 


COIs and discuss how the plume delineations are achieved using the 


water quality data collected from different water bearing 


zones/intervals. 


Cross Sections showing concentrations with depth, and text 


will be added. 


11. The extent of groundwater exceeding background screening levels 


(BSLs) was depicted in Section 2 Figures only for the alluvium and 


bedrock groundwater systems. This is inconsistent with 


hydrostratigraphic units/layers defined in the groundwater model, 


where three hydrogeologic units were defined and the shallow 


groundwater system includes both alluvium and upper Sub-McKay 


unit. 


Maps and text will be added for coal related bedrock. 


12. The report indicates pumps at some of the pumping wells have 


periodically been turned off/on.  Talen should provide 


documentation in tabular format of complete pump on/off records 


for all pumping wells. 


Capture system tables will be presented in electronic format.  


They are too voluminous for inclusion as hard copy. 


13. In the site conceptual model section, Talen should discuss the 


sediment and surface water sample results in East Fork Armells 


Creek and the possible impacts to the groundwater systems beneath 


the East Fork Armells Creek. 


We don’t believe this is necessary. Especially the sediments as 


the groundwater results from monitoring wells along the creek 


provide direct information about quality and the surface water 


data do the same for the creek.  Sediments are being evaluated 


as a risk assessment.  Note that Appendix H contains a report 


of the 2016 synoptic run and several older reports exist that 


contain various combinations of sediment, groundwater, flow 


and surface water quality information. 


14. Talen should provide the sample depth and aquifer sampled for each 


sampled well to better determine the vertical distribution of the site 


COIs. 


That information is provided in Appendix B of the Site report 


(Water Resources Monitoring Plan – Talen 2015).  No changes 


are planned for Appendix A 
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15. Talen should group the wells completed in each model layer in a 


summary Table to provide better understandings of the site 


conceptual and numerical models and illustrate the capture systems. 


Information will be provided in and appendix. This is also 


referenced below in Specific Comment 34 


16. Please include a Table that lists the various abbreviations 


designating well screen depths (i.e., D = Deep, M = McKay, etc.). 


This can be included either in the main report or in Appendix B 


(Water Resources Monitoring Plan). 


This will be added but will require notation indicating that the 


nomenclature is not always an accurate indicator of the unit a 


well is completed in. 


17. The comments regarding the concentration and source of chloride in 


the Armells Creek alluvium may require further analysis. The report 


indicates that the source is most likely from further upstream and 


may not be from the SOEP and STEP ponds. If this is the case, 


further analysis of the groundwater-surface water interaction in the 


Armells Creek alluvium should be conducted. Several statements 


are given throughout the site reports and synoptic run reports that 


indicate there is significant interaction between the creek and the 


adjacent (alluvial) groundwater. If the surface water does interact 


with the alluvial groundwater, the chloride BSL for alluvium should 


be re-evaluated, since the BSL for alluvium is currently 45 mg/L—


much lower than the surface water BSL of 228 mg/L. 


As was discussed at the 11-17-2016 meeting, text will be 


added discussing why chloride is a secondary indicator 


parameter and is not necessarily and indicator of process water 


impacts. 


 APPENDIX A SPECIFIC COMMENTS 
 COMMENT RESPONSE 


12. Page 5, Section .1.2:  Talen should discuss regional strike and any 


faults/fracture zones encountered and/or identified in the 


Interburden, McKay Coal, and Sub-McKay layers in the subject 


area during the site investigation. 


Text will be added to Section 2.1.2 discussing this. 


13. Page 7, Section 2.1.2.3, 2nd paragraph, 3rd sentence: The extent of 


interburden appears to have its own map in Figure 2-2, and it seems 


to occur in more places than just underneath the clinker. Please 


confirm that the extent of interburden is reflected by the map in 


Figure 2-2. 


Interburden is below more than clinker. Map will be revised 


and text modified. 
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14. Page 7, Section 2.1.2.5:  The text indicates that the Sub-McKay unit 


(at least 300 feet in thickness at the site) was subdivided into two 


zones (shallow and deep) for the purposes of describing differences 


in groundwater flow although the zones have similar 


lithostratigraphy. This statement appears to be inconsistent with the 


hydraulic conductivity values assigned in the calibrated 


groundwater model and the text on Page 55 (third paragraph) which 


indicates a steep vertical gradient exists between the shallow and 


deep Sub-McKay due to different lithology of the two units. Please 


provide clarifications. 


As was discussed at the 11-17-2016 meeting, text regarding the 


similarity in lithostratigraphy will be modified, and discussion 


of reasons for differences in K will be provided.   


15. Pages 10 – 11, Section 2.1.4.5: The text indicates that there are 


likely fractures present in Sub-McKay unit that may create 


preferential flow paths as indicated by high hydraulic conductivity 


values calculated from the aquifer testing data.  Talen acknowledged 


no information is available documenting the presence, orientation or 


hydraulic properties of fractures.  As provided in General Comment 


# 2, Talen should consider performing a full hydrogeologic 


characterization at the subject area via field observations, downhole 


geophysical logging, pumping tests, etc. to document presence, 


orientation, or hydraulic properties of  fractures, if any, and  their 


potential impacts for the migration and spatial distribution of 


contamination horizontally and vertically. 


See response to General Comment #2. 


16. Page 13, Section 2.3.1. 2nd paragraph, last sentence: Please clarify 


if the measurement from 4/5/2011 was used in calculations in Table 


2-2. 


Assuming this means Table 2-3, a footnote will be added to the 


table for clarity  


17. Page 14, Section 2.4.1: Potentiometric Surface. Please see General 


Comment # 7. 


See response to General Comment #7 


18. Page 15, Section 2.4.1, 1st  paragraph, last sentence (referring to 


Appendix D): Although this section acknowledges that the 


groundwater elevation data are influenced by capture well pumping 


(as seen by evidence of cones of depression on the potentiometric 


surface), there is no indication of whether the individual water 


levels measured are static (i.e., representative of steady-state 


conditions) on either the potentiometric surface maps or the data in 


Appendix D. 


Additional detail will be added to the text and Appendix D 


clarifying this. 
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19. Page 17, Section 2.4.3: Talen should include well screen intervals 


information and water level data used for calculation for the paired 


wells in the Vertical Gradient Summary Table (Table 2-4). Delete 


the date of 10/8/2014 for the pair 991/990D from the Table since no 


water level data was collected on 10/8/2014 for 990D. Talen should 


include some diagrams for each paired wells depicted on Figure 2-


14 with well screen depth and a hydrostratigraphic unit monitored to 


provide better illustration of the vertical gradient profile at the site. 


A table will be added to Appendix E with the additional 


information requested (well screen/water level data). 


 


991A/990D: Water level data was collected on 10/8/14 for 


990D.  991A data/calcs will be revised to reflect a similar date 


to 990D. 


 


Paired well diagrams:  Diagrams of the well pairs will be 


added with the detailed table in Appendix E 


20. Page 18, Section 2.4.4: Figure 2-15 and Figure 2-16 are numbered 


incorrectly. The contents discussed in the text do not match the 


information depicted in the cited Figures. Please change well 379S 


to 979S on the Figure 2-15 (South of SOEP). Talen should explain 


the observed sharp changes in groundwater elevation exhibited in 


wells 389A-P/390D-P between 2012 and 2015. 


Text will be rearranged to match the figures.  Text will be 


added addressing the referenced groundwater elevation 


changes in 389A-P/390D-P. 


21. Page 18, Section 2.4.4. Third paragraph: Well pair PZ10S and 


PZ10D located east of the Surge Pond (current Figure 2-15) exhibits 


mostly upward vertical gradient in 2008, 2012, and mid-2013, but 


displayed minimal vertical gradient between 2013 and 2014. Talen 


should explain what has caused the changes.  


 


Text will be added addressing the vertical gradient change in 


PZ10S/PZ10D before and after mid-2013. 


22. Page 18, Section 2.4.4. Fourth paragraph, second sentence: Well 


pair 2028A/2027D referred in the text is not shown on either Figure 


2-15 or 2-16; in addition, well 997D at line six should be well 996D.  


 


Text will be revised.  Text regarding 2028A/2027D was left 


over from an earlier draft and will be removed. 


23. Page 18, Section 2.4.4. Sixth paragraph: Well 949 referred to in the 


text should be well 946. 


Will be revised as suggested 


24. Page 18, Section 2.4.4. Sixth paragraph:  The well cluster 


967P/946/966A (located in the SOEP and screened in the same 


water bearing zone) should not be used for discussing vertical 


gradient variations. Specifically, because 966A is a pumping well.  


 


 


 


 


 


After further considering this comment, we believe that the 


interaction of between groundwater in the fly ash in the SOEP 


and the underlying needs further explanation and model more 


text will be added to the report.  Since the SOEP was capped, 


water in fly ash has been draining into underlying alluvium, a 


process enhanced by pumping at 966A.  Water levels in 946 


and 967P do respond to pumping at 966A, as it does in other 


wells in the area.  Pumping at 966A has been constant since 


2006, with only a few short-term changes, so the conditions 
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Comment #24 continued reflected by the vertical gradient calculation in the report are 


representative of not only current conditions, but conditions for 


the past 7 years.   In action to text describing drainage from fly 


ash, a figure will be added to the report similar to the one 


shown below, that shows water levels over time for the three 


wells and others in the immediate vicinity.  A diagram will 


also be included showing the relative screen elevations and 


stratigraphy to support the concept of downward water flow 


from the Fly Ash.  


 
 


25. Page 20, Section 2.4.5: The paragraph referring to Figure 2-20 


concludes by indicating well 959D, 974D, and 2022D are not 


influenced by pumping at 958D. These three well hydrographs are 


not included on Figure 2-20. Talen should consider including these 


hydrographs to support this statement.  


It appears this comment refers to Section 2.4.6.  The sentence 


will be removed.  Referenced hydrographs were in an earlier 


draft but subsequently taken out. 


26. Page 20, Section 2.4.6. Fourth paragraph: Wells 399D, 959D, 974D, 


and 2022D cited in the text are not included in the Figure. Please 


add the hydrographs of these wells on the Figure. 


Does this refer to the 2
nd


 paragraph not the fourth? Referenced 


hydrographs were in an earlier draft but subsequently taken 


out. 
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27. Page 20, Section 2.4.6. Second paragraph: The text indicates there 


are hydraulic responses in wells 902D, 975D, 2010D, and 2011D to 


958D pumping as shown in Figure 2-20. However, the hydrographs 


also show increased water levels in these monitoring wells with an 


increased pumping rate of 958D at the end of 2010. In addition, the 


hydrographs didn’t show correlations among the three wells (958D, 


975D, and 902D) prior to 2010. Talen should conduct additional 


hydraulic tests to further evaluate the condition.  


The hydrograph will be revised to make relationship clearer.  


 


No additional tests are necessary. 


28. Page 20, Section 2.4.6. Third paragraph: The text states the water 


level in well 368D has a 15 foot decline from 1997 to 2011. Talen 


should provide explanations as to why the decline occurred. 


Text will be added to clarify. 


29. Page 20, Section 2.4.6. Fourth paragraph, second line: Please 


change “2010” to “2007.” 


Will be revised as suggested. 


30. Page 22, Section 2.5.1, 1st paragraph, last sentence: Please give a 


brief explanation of why the BSL for chloride changed. 


Explanation will be added. 


31. Page 22, Section 2.5.2, 1st paragraph, 1st sentence: Please explain 


how the shape of the BSL exceedance was determined in areas that 


lack sampled wells. For instance, in the SOEP, the plume extends 


west in long, finger-like shapes, but there are no wells shown in the 


area to confirm these contours. If the exact shape of the plume is not 


known, it should be indicated on the Figure (i.e. by dashed borders). 


These are based on the extent of saturated alluvium which are 


assumed to exceed BSLs due to seepage form the SOEP.  Text 


will be added to explain this. 


32. Page 22, Section 2.5.2.  Third paragraph, at the end of the 


paragraph:  Please provide the upgradient monitoring well numbers 


discussed in the text. 


Wells include 913A, 918A, 938A, 939A, and 940A.  Text will 


be revised to include these.  


33. Page 22, Section 2.5.2.  Fourth paragraph:  The text states the 


depicted concentrations of groundwater COIs in bedrock are 


integrated vertically. Talen should provide cross-sections to show 


vertical spatial distributions of the site COIs in groundwater. 


See General Comment 10. Cross sections will be added, along 


with text describing the vertical distribution.  


34. Page 22, Section 2.5.2, 4th paragraph, last sentence: Please refer to 


General Comment #15. 


Model layers for the wells is not relevant to this part of the 


text. Instead a table will be provided in the report and 


referenced in Section 3 of the text. 
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35. Page 22, Section 2.5.2. Last paragraph, last sentence: Talen should 


discuss why the highest concentrations of COIs occur between the 


two main lines of the extraction wells. At the end of Section 2.5.2, 


Talen should discuss the water quality trends in bedrock presented 


in Figures 2-28 through 2-31, based on the site conceptual model. 


There are limited number of Sub-McKay wells beneath the 


SOEP and STEP to characterize the magnitude of 


concentrations in bedrock beneath the ponds.  However, well 


951D has lower concentrations of COIs than in alluvial well 


beneath the ponds.  It is assumed the higher concentrations of 


COIs in Sub-McKay wells east of the STEP dam are 


groundwater that originates in Alluvium.  Given this 


uncertainty, dashed lines will be added to the higher 


concentration polygons on these figures to indicate that higher 


concentrations could extend farther west beneath the STEP 


dam. 


36. Page 23, Section 2.5.3.1. Second paragraph, second sentence: The 


text indicates that pumps at 375D and 376D have periodically been 


shut off and turned back on. Please see General Comment #10. 


See General Comment response #12. A reference to the main 


Site Report will be added. 


37. Page 24, Section 2.5.3.3, 2nd paragraph, 3rd sentence: Please clarify 


that concentrations of indicator parameters have decreased in all 


alluvial wells since their installation in 2011, except for chloride, 


which has increased since 2011 in these same wells. 


Text will be revised to clarify that Chloride concentrations in 


2014A and 2013A have increased since 2011.  


38. Page 24, Section 2.5.3.5. Second paragraph, last sentence: Please 


provide the chloride concentrations of surface water detected in 


Station AR-12. Talen should discuss the sediment and surface water 


sample results in East Fork Armells Creek and the possible impacts 


to the groundwater system beneath the East Fork Armells Creek.  


Text will not be changed.  See response to General Comment # 


2 


39. Page 24, Section 2.5.3.5, 5th paragraph, 4th sentence: Please refer to 


General Comment #15. 


See response to General Comment #15.  


40. Page 32, Section 2.6.6: Groundwater Extraction. Talen should 


provide cross-sections for the two extraction lines of pumping wells 


to illustrate the captures systems for each hydrostratigraphic zone.  


These will be provided. 


41. Page 35, Table 2-14: Talen should provide well logs for all newly 


installed wells. 


Well logs for newly installed wells will be provided in futre 


reports documenting well installation  


42. Page 38, Section 3.2. Third paragraph, fifth sentence: The text 


indicates the presence of a groundwater divide near the Surge Pond, 


located west-southwest and upgradient of the reclaimed SOEP. 


Please provide a Figure to show the divide and discuss its potential 


influence to the groundwater flow systems at the Site.  


This will be addressed in text and figure. 
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43. Page 38, Section 3.3. Last three bullets: The last three bullets on this 


page indicate the highest elevation in Layer 8 (2,966 ft amsl), is 10 


feet less than the lowest elevation in Layer 7 (2,975 ft amsl), and 


that the highest elevation in Layer 7 (3,051 ft amsl) is 6 feet less 


than the lowest elevation in Layer 6 (3,057 ft amsl). This implies 


that these layers are not in direct contact and would have to 


incorporate a leakance factor between them. Please clarify and/or 


correct as appropriate.  


Numbers will be corrected. 


44. Page 42, Section 3.4.3. Second paragraph: The text indicates that 


while the model was established based on October 2014 


groundwater potentiometric surface maps, River Package cells were 


assigned stage values based on data collected during May 2012, 


instead of Spring 2014, owing to unusually high spring runoff in 


2014. Based on the information provided in Figure 2-6, there is 


approximately a 10 inch difference in precipitation between the two 


years. Talen should verify if the May 2012 synoptic gauging data 


are representative of the site conditions for the period of October 


2014.  


The text in the report was inaccurate and will be modified with 


the following text to explain how River Package stage 


elevations for the 2014 steady-state model were established as 


follows: 


 


The only reliable stage measurement available for October 


2014 was from Station AR-1 (North flume).  The most 


complete round of stage elevations at surface water stations 


within the model domain (AR-1, BPE, BPW, CHE, AR-6, AR-


7, and AR-11) were measured May 2012.  To help establish 


stage elevation for these stations representative of October 


2014 conditions, May 2012 stage data at these staff gages were 


adjusted by subtracting the difference between the measured 


elevation at AR-1 (North Flume) in May 2012 (3,185.36, feet, 


amsl) and October 2014 (3,185.12 feet, amsl). Stage elevations 


for River Package cells corresponding to these stations were 


assigned these adjusted values, and stage values for River 


Package cells between surface water stations were assigned by 


interpolating stage between adjacent stations.  


45. Page 41, Section 3.4.1: Talen should elaborate on the last sentence 


of this section: “Available data outside the model domain for 2005 


and 2014 are sparse and, therefore, the same potentiometric 


surfaces outside and near the edges of the active model domain 


were used for the 2005 and 2014 models.”  Although information 


from outside of the model area is necessary to properly build the 


general head boundaries (GHBs), or other boundary conditions, it is 


not clear what data were used in this instance. 


This will be clarified in the text. 
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46. Page 42, Section 3.4.3.1. Fourth paragraph, first sentence, third line: 


Please replace “October 2012” with “October 2014.” In addition, 


Talen should expand the discussion by providing the measured 


water level data for well 918A from the two events, and evaluating 


any pumping influences by nearby pumping wells.  


The correction will be made.  Please see Specific Comment 44   


Regarding how stage elevations were assigned to River 


Package cells. 


47. Page 43, Section 3.4.3.1.  Second paragraph, last sentence:  Replace 


“1 foot/day” with “1 foot”. 


Will be revised 


48. Page 43, Section 3.4.3.2, 5th paragraph, last sentence: Please 


provide an explanation of how the estimates for stream bed 


thickness and hydraulic conductivity were determined since site- 


specific data were not available. 


Explanations will be provided 


49. Page 43, Section 3.4.3.3, 1st paragraph, 1st sentence: Please explain 


why the River Package was used for the surge pond in lieu of the 


Lake Package. 


Text will not be revised. As was discussed at the 11-17-2016 


meeting, the River package is a simpler head dependent 


boundary condition and meets modeling needs. 


50. Page 43, Section 3.4.3.3. Last sentence: Replace “1 foot/day” with 


“1 foot.” Also please provide an explanation of how the estimates of 


stream bed thickness and K were derived since site-specific data 


were not available.  


An explanation will be provided.  


51. Page 44, Section 3.4.5. Last paragraph: The text states the water 


levels did not respond to the reported higher pumping rates. Talen 


should include a Figure to show the recorded pumping rates vs 


measured water levels in these wells. 


Plots of pumping rates and groundwater elevations will be 


added to Appendix E. 


52. Page 45, Section 3.4.6: The current drain package uses a 


conductance term that has not been discussed. Talen should define 


this conductance term here, or revise the report to document the 


conductance(s) used with the drain package. 


Text will be revised and an appendix added listing the drain 


package parameters. 


53. Page 50, Section 4.1.1. First paragraph, second sentence: The 


second sentence in this paragraph states, “Groundwater elevations 


measured in selected wells during other periods were included to 


provide additional spatial coverage for calibration.” The wells 


listed in Appendix J appear to have been measured only during 


October 2015 and not during any another month. Please clarify. 


Also, using data from a time period outside of the October 2015 


timeframe should be avoided to prevent bias based on seasonal or 


other fluctuation.  


As was discussed at the 11-17-2016 meeting, all 2005 targets 


were from October 2005.  This sentence will be removed. 
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54. Page 50, Section 4.1.1. Second paragraph:  This paragraph indicates 


that most of the wells screened across more than one layer were not 


used as calibration targets. This implies that at least one well, 


screened across multiple layers, was used as a calibration target. The 


wells listed in Appendix J appear to be screened across solely one 


layer.  Please clarify this discrepancy. 


This will be clarified in the text. 


55. Page 51, Section 4.1.4. First paragraph: This paragraph states that 


groundwater elevations collected at times other than October 2014 


were used to augment the groundwater elevation data. As presented 


in Appendix K, these data were collected from May and August 


2014. While these wells add a significant number of additional 


calibration points, we recommend avoiding the use of these data 


points to ensure the calibration is not skewed by seasonal or other 


influences. This same paragraph indicates that most wells screened 


across multiple layers did not have their data points used; however, 


Appendix K does not identify any well screened across multiple 


layers. Please clarify this discrepancy. 


As was discussed at the 11-17-2016 meeting, while use of data 


outside of the time frame for calibration may introduce some 


temporal uncertainty, it can reduce some spatial uncertainty. 


Additional discussion will be added to the text acknowledging 


uncertainty introduced by these targets. 


 


Please see the response to General Comment #7. Head target 


data from periods   


56. Page 54, Section 4.2.1:  The distribution of hydraulic conductivity 


values in the model (as presented in Figures 4-1 through 4-7), 


appears to be heavily based on the results of individual well tests 


(presumably pumping tests and slug tests). Although not an 


incorrect approach, the distribution of the zones within the SOEP 


and STEP area is extremely fine (relative to other areas of the 


model). For instance, individual grid cells of a given zone are 


isolated from other cells with the same zone and are surrounded by 


grid cells with K values that differ by several orders of magnitude. 


The screen shot below is of the zones representing differing 


hydraulic conductivities in model Layer 4 and illustrates the fine 


discretization of K (for reference, the left-to-right line of symbols at 


the bottom left is the STEP Main Dam). The fine zonal distribution 


is focused in areas with a relative abundance of wells where the 


geology has been observed, and hydraulic testing may have been 


conducted. Please clarify how this fine distribution of hydraulic 


conductivity, which spans orders of magnitude across a small 


distance, is representative of the hydrogeologic conditions.  


Additionally, please clarify why this apparent heterogeneity has not 


As was discussed at the 11-17-2016 this K distribution is the 


result of years of model calibration to different pumping tests.  


Additional explanation will be added explaining the 


complexity of the K distribution. 
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been incorporated across other areas of the modeled area, including 


areas in the vicinity of the SOEP and STEP. 


 
 Screen shot of hydraulic conductivity, central portion of Layer 


4. 


 


57. Page 54, Section 4.2.1. Last paragraph: Calibrated Parameter 


Discussion. The last paragraph on this page indicates, “The Kh:Kv 


ratios used in most of the model range from 1,000:1 in 


unconsolidated sedimentary deposits (e.g., alluvium) to 500,000:1 


for deeper bedrock, although there are some areas of the model 


where the ratio is as low as 1:1.” Although a reference to a 


2,000,000:1 ratio is made on page 55, even the 500,000:1 ratio 


appears too large in a setting that may include vertical fracturing. 


Please clarify how this high Kh:Kv ratio is representative of the 


hydrogeologic conditions across the modeled area.  


As was discussed at 11-17-2016 the meeting, these values are 


representative of the hydrostratigraphy present. As text already 


states, these values are consistent with other models developed 


for the th area near Colstrip. Well logs often indicate dry 


material in siltstone between sandstone layers.  This 


MODLFOW is designed to simulate saturated flow conditions 


and cannot simulate variably saturated flow.  The unsaturated 


hydraulic conductivity of these materials is probably orders of 


magnitude lower than the saturated Kz.    


 


Adequate justification for these values is presented in the 


paragraph that follows the paragraph referenced, and therefore 


the text will not be changed here. However, additional 


discussion of vertical anisotropy and its effects on groundwater 


flow and solute transport will be added to Section 2 of the 


report.  


58. Page 55, Section 4.2.1, 5th paragraph: Please indicate what the 


initial values were for specific yield and specific storage. 


Discussion will be added. 
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59. Page 56, Section 4.2.1.  Second paragraph, fifth line:  Please correct 


the unit “Day-1” to “foot/day”. 


Text will not be revised. The text for this sentence notes the 


conductance term is hydraulic conductivity (ft/d) divided by 


lakebed thickness (ft), so day
-1


 is correct. 


60. Page 58, Section 4.2.2.2, 2005 Calibration to Flux Data and Table 4-


4: This section indicates the model was effectively calibrated to 


within the ranges of anticipated flux through the modeled area; 


however, some of the ranges presented are overly large, as shown 


on Table 4-4 (e.g., Underflow In and Out, Surge Pond Seepage). To 


indicate the modeled output was within such a range does not prove 


good calibration. This same comment applies to Section 4.2.5.2 – 


2014 Calibration to Flux Data and Table 4-9. Please justify the use 


of the large ranges. 


The text simply states that fluxes are within expected ranges.  


During the 11-17-16 meeting, Weston requested that we “tone 


down the language” regarding how this demonstrates the 


quality of the model calibration.  However the current the text 


does appear to claim that this is proof of good calibration. As a 


result, no text modification is planned. 


61. Page 59, Section 4.2.3, 1st paragraph, 2nd sentence: This section 


indicates that simulated drawdown curves generally match the 


timing and magnitude of measured drawdown. However, the only 


simulated curve that matches the observed curve is for well 946. As 


mentioned, observation well 967P underestimates the drawdown; 


observation well 902D only has three data points, which is 


insufficient to truly determine how well the two data sets match; 


and, well 975D simulated drawdown levels increase at a different 


rate/time at the beginning of the test. Please address these 


differences in this section. 


This text will be modified to reflect comments. 


62. Page 59, Section 4.2.3. Second paragraph: The second paragraph 


indicates two other aquifer tests (on wells 2024D and PW704-D2) 


were evaluated; however, ultimately not used because the simulated 


data did not match the observed data. This paragraph indicates that 


the pumping test data is not reliable; however, the model was still 


used to simulate the pumping tests, with apparently non-


reproducible results. This raises the question of why the pumping 


test was used in the first place, and whether any of the pumping test 


data were used to discretize the aquifer parameters in the model. 


Please clarify.  


The text will be revised to provide clarification 


63. Page 59, Section 4.2.4, 2nd paragraph, 1st sentence: Section 3.0 


indicates that pumping wells were simulated using 75% of monthly 


pumping rates. Please clarify that 75% of the average monthly 


pumping rates was used. 


The text will be revised to provide clarification 
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64. Page 59, Section 4.2.4. Last paragraph, last line: Please provide an 


estimated amount of pond water released from the breach under Old 


Clearwell during April 2007 to November 2007. 


Table 3-2 of the Site History report lists the amount as 


“unknown”.  Text will be clarified to reflect this.  


65. Page 60, Section 4.2.4. First paragraph: The text indicates a breach 


occurred in the liner of the Old Clearwell, which was modeled with 


an increase in recharge from April 2007 to November 2007, and a 


return to the original low recharge rate thereafter (November and 


December 2007). However, the rate was changed to 0.05 ft/day, not 


to the “original” rate of 0.003 ft/day. Please justify why the rate was 


not returned to the original recharge rate and edit the report as 


appropriate.  


Text will be modified to clarify the subsequent rate was 0.05 


feet/day, not the “original” rate. 


66. Page 60, Section 4.2.4. Long-Term Transient Calibration. Last 


paragraph, last sentence: The last sentence, of the last paragraph on 


this page reads, “To adequately simulate the observed response, the 


low value of hydraulic conductivity assigned to the shallow alluvium 


of Layer 2 was removed from below the creek bed in the area of 


East Fork Armells Creek.” Was this change in hydraulic 


conductivity carried through to the steady state models?  If so, 


please indicate this in the text. 


Yes, the hydraulic conductivity is the same in all models. The 


text will be revised to provide clarification. 


67. Page 61, Section 4.2.4. Last paragraphs. Last line: Please provide 


the adjusted recharge rates in the text. 


Text will be revised 


68. Page 62, Section 4.2.4.  First paragraph:  The first paragraph on this 


page states:  “Initial calibration simulation indicates that water 


levels in wells did not respond appreciably well to Variable areal 


recharge.” Please elaborate on what “appreciably well” specifically 


means, as it is subjective in its current presentation. 


Clarification will be provided. 


69. Page 63, Section 4.2.5. Third paragraph: See previous comments for 


Page 42, Section 3.4.3. 


Please clarify, text does not seem to correlate with previous 


comment 


70. Page 63, Section 4.2.5.1. Last sentence before Table 4-8: The last 


sentence, directly before Table 4-8, should indicate that Layer 7 


over-estimates groundwater elevations, based on a negative 


Residual Mean. Please edit accordingly.  


Text will be revised 
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71. Page 65, Section 4.2.5.2. Last paragraph: The last paragraph of this 


section indicates “Changes in hydraulic conductivity were necessary 


to calibrate heads that were out of range for the bedrock types 


reported in well logs in the area.” Please clarify this sentence, as it 


is unclear whether the hydraulic conductivity or the head are “out of 


range.” If hydraulic conductivity is out of range, please indicate 


how an increased hydraulic conductivity is justifiable, and how 


hydraulic conductivity is related to the observed hydrogeologic 


conditions (i.e., if the increased K could be indicative of bedrock 


fractures, preferential flow paths, etc.).  


Clarification will be provided. 


72. Page 68, Section 5.1. Second paragraph: Based on Figure 4-6, Zone 


12 is not present in the Deep Sub-McKay unit. 


Text will be revised   


73. Pages 82. Section 6.4. First paragraph, fourth line: Please change 


“Figure 2-13” to “Figure 2-11.” 


Text will be modified as suggested. 


74. Pages 83. Section 6.4. Third paragraph, second line: Please change 


“Figure 6-17” to “Figure 6-20.” 


Text will be modified as suggested. 


75. Page 87, Section 8.0, bullet point 2: Previous sections indicate that 


groundwater exceeding BSLs in the Armells Creek alluvium is 


probably not from the SOEP and STEP, however this bullet point 


indicates that some of the BSLs could be from before 


implementation of the latest capture system. Please clarify whether 


groundwater above BSLs in the alluvium could be from the ponds, 


pre- or post- capture system. 


This text will be clarified 


 APPENDIX A TABLES 
 COMMENT RESPONSE 


1. Page 12, Section 2.3.1, and Table 2-3: Please confirm calculations 


in this Table. Averages and Geomean do not appear to include the 


measurement from 3/19/2015; minimums do not reflect the actual 


minimum; and gains/losses do not match up with subtraction of 


downstream-upstream flow averages. 


Table will be checked. 


2. 2. Page 54, Table 4-1: This Table attempts to summarize the 


horizontal hydraulic conductivity (K) for the various 


hydrostratigraphic units depicted by the model. Appendix L lists 


each of the zones and the respective K values for each zone, along 


with a description of the hydrostratigraphic unit. It appears 


The text will be revised and clarified to address any 


inconsistencies between the values in Table 4-1 and in 


Appendix L.  Talen will consider revising Table 4-1to clarify 


the purpose of the “right side” of Table 4-1.  
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Appendix L lists the K values which are used in the model. 


However, there is a disconnect between Table 4-1 and the values 


presented in Appendix L. For example, the minimum and maximum 


K values listed in Appendix L for Alluvium are 0.5 (zone 96) and 


200 (zone 41) ft/day; however, the minimum and maximum for 


Alluvium in Table 4-1 are listed as 2 and 20 respectively. This 


discrepancy should be clarified and corrected for each of the 


hydrostratigraphic units in Table 4-1. Additionally, the right side of 


Table 4-1 lists K values “Summarized in Table 2.” The purpose of 


including the right side of this Table is unclear, and the reference to 


Table 2 is incorrect. Please clarify the significance and intent of the 


right side of the Table.  


3. Page 58, Table 4-4: Please correct the number “381 468” in the 


Table under inflows. Also please provide details on how estimates 


of inflow and outflow were determined from the minimum and 


maximum inflow and outflow. 


Value will be edited.  Information on the left side of Table 4-4 


was presented in Table 2-6 along with an explanation of how 


min and max values were developed.  Text will be added 


referencing Section 2.6 


 APPENDIX A FIGURES 


 COMMENT RESPONSE 


9. Figure 2-7: Please add a Figure to show all surface water gauging 


stations. 


Most gaging stations are shown on Figure 2-1.  Locations of all 


stations will be added to Figure 2-7. 


10. Figures 2-8 to 2-11: Wells 373D, 391D-P, 374S, and 366S appear to 


be located in different locations on Figure 2-8 and Figure 2-11, 


respectively. Please clarify this discrepancy. 


Figures will be revised. 


11. Figure 2-20: Data is missing from wells 959D, 974D, 2022D, and 


399D. 


Figure will be revised. 


12. Figure 2-28 through 2-30, and Appendix F: Sample data used for 


demonstrating the extent of each site related constituent were from 


monitoring wells installed at various depths. Some wells were 


screened at multiple depths (such as EAP-205 with screen at 65-75 


and 85-95). Talen should explain from what depths the samples 


were collected for all wells with multiple screen intervals, or from 


what hydrostratigraphic unit the sample was acquired for wells 


installed at significantly different depths, such as wells 2031D (30-


45’ bgs) and 2032D (114-134’ bgs).  


 


The third dimension of water quality will be address through 


the addition of figures and discussion in Section 2.   
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Talen should be advised that samples collected from significantly 


different depths may likely represent different water bearing zones 


and should not be used as delineation points for different 


hydrostratigraphic units. 


13. Figures 2-28, 2-29, and 2-31: These Figures depict BSL 


exceedances in the SOEP/STEP area for the bedrock groundwater. 


However, other stratigraphic layers are included in this map, 


including the clinker and coal-related units, each of which have 


specific BSLs. The contours appear to only account for BSL 


exceedance in the Sub-McKay, even though there are wells that 


appear to exceed the BSLs for the other layers. The wells are not 


labeled in a manner that designates which layer(s) the wells are 


screened in, so it is difficult to understand if some of the wells that 


exceed the BSL for the coal-related units are actually exceeding the 


BSL (that is, are these wells actually screened in the coal-related 


units, in which case they do exceed the BSL, or are they screened in 


the Sub-McKay, in which case they don’t exceed the BSL?). 


This will be addressed through the addition of Figures 


14. Figures 2-32 through 2-36: Please add labels to the pumping wells. Figures will be modified as suggested 


15. Figures 3-2, 3-5, and 3-7: Please label the model grid in terms of 


rows and columns (e.g. R1–R189, C1-C268) on the Figures to 


provide a better orientation of the model domain. 


Figures will be modified as suggested 


16. Figure 6-4 through 6-7: Please add the active capture well IDs for 


each layer to better illustrate the capture of particles of each 


pumping well for the specific hydrostratigraphic system.  


Figures will be modified as suggested 


17. Figure 6-14 through 6-18: Please add a side-by-side comparison 


Figure for the two pumping rates for each layer (similar to Figure 6-


19) for better illustrations. Also please label the WECO Rosebud 


Mine Pit A, which is referenced in the text (on page 83).  


 


 


 


 


 


 


 


Figures will be modified as suggested 
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 APPENDIX A APPENDICES 
 COMMENT RESPONSE 


5.  Appendix G: Please re-create the Table in this appendix. A 


discrepancy was found, in the form of an omission of a GHB cell 


(r25, c40, l2), which casts doubt on the remaining data in this Table. 


There isn’t a GHB Cell at r25, c40, l2.  However table will be 


regenerated. 


6. Appendix I: Please add measured pumping rates for all capture 


system wells and other pumping wells as stated in the text.  Please 


correct the Table title from “2005-2014 Transient” to “2005-2007 


Transient.” 


Measured rates will be added to the tables. 
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GENERAL RESPONSES 


COMMENT RESPONSE 


1. Site Conceptual Model: DEQ acknowledges that 


extensive site characterization has been performed at the 


Units 1&2 Evaporation Ponds. However, much of the 


evidence, specifically raw data, needed to verify the 


completeness of the conceptual model is missing from the 


Report and Talen’s responses to DEQ’s comments. DEQ 


requires that additional data be provided to confirm Talen’s 


statements that the site is “well-understood”. This data 


should include geophysical surveys, aquifer tests, and 


geologic maps to confirm the presence of fractures, faults, 


and preferential pathways (for example, data and 


conclusions from reports such as the Results of Drilling and 


Testing of Geophysical Anomalies Technical 


Memorandum). In addition, as discussed in the November 


17th meeting, DEQ requests that Talen edit the Report to 


accommodate these additional data and explanations. This 


Report should be a standalone Report and should not rely on 


additional documentation for evidence regarding data gaps. 


As discussed with Sara Edinberg of the Montana Department 


of Environmental Quality (DEQ), it is not practical to include 


“raw data” for the site due to the amount of data collected 


since the 1970’s.  DEQ agreed with this conclusion and 


instead suggested that an appendix containing examples of 


the type of data that have been collected and used for 


evaluation of the site be included.  An appendix will be added 


that will include examples of aquifer tests, geophysical 


surveys, geologic maps, aerial photographs, and fracture 


analysis.  Examples of information that will be included in 


this appendix are attached.  Also, some of the specific 


comments have requested information be added to figures or 


as tables.  These data will be provided.   


 


Our understanding of a “stand-alone report” for this site is 


different from that of a CERCLA, RCRA, or CECRA sites 


due to the history of the site, the vast amount of past and 


ongoing investigations.  The AOC specifically requests a 


summary of past investigations and not a stand-alone report 


in the sense that it is used in this comment be provided (see 


F.VI.A. 1 (b) – A description of the investigations performed 


to date, including a list of the reports resulting from the 


investigations and a summary of the findings and results from 


the investigators). This information is provided in Table 3-2 


of the site report.  Furthermore, references to various 


investigational and summary reports are provided in the 


Reference section of the report. We believe that submittal of 


raw data collected over the life of the project is not required 


to verify the conceptual model to make the report a “stand 


alone” document. 


 


Note that DEQ and representatives of the Colstrip Electric 
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Station have worked together for over 40 years to gain an 


understanding of the site hydrogeology.  The understanding 


of the site hydrogeology is good and the conceptual model is 


sound.  A multitude of reports, some containing raw data, 


some not, have been provided to DEQ over this time period.  


2. Sub McKay: Although extensive work has been 


performed in the shallow aquifers at the site, DEQ feels that 


further characterization of the deep aquifer (Sub McKay) is 


needed. The number of deep aquifer wells is limited, and 


the full vertical extent has not been determined by these 


wells, as evidenced by wells screened 100-200+ feet bgs 


that show exceedances of BSLs. This is of particular 


concern due to assertion that the deep Sub-McKay is 


predicted to be the aquifer most suitable for a drinking 


water source, and data gaps in this aquifer present risks to 


human health. 


It should also be noted that evaluation of groundwater 


conditions have continued since issuance of the report.  


Investigational work will continue as needed to further define 


areas of concern that are identified through operational 


monitoring or other observed site conditions that may 


indicate the need for such investigations. 


 


The current understanding of the site is more than sufficient 


to move forward with assessing risk at the site and 


conducting remedial evaluations to identify potential longer 


term mitigation measures.  If areas of impacts are identified 


in any units, the remedies applied will be adjusted to fit the 


condition. 


 


We do not agree with DEQ’s assertion that the deep sub-


McKay has not been adequately characterized and therefore 


poses a risk to human health. Risk has not been evaluated at 


the site and current evidence suggests the deep sub-McKay is 


not impacted. Human and ecological risk assessments will be 


conducted as a later phase of the AOC to evaluate if there is a 


risk posed by hydrologic conditions in the sub-McKay. 


 


Some impacts have been observed in the shallow sub-McKay 


and deeper sub-McKay along the eastern edge of the Colstrip 


Steam Electric Station property.  Multiple wells have been 


monitored in the deep sub-McKay downgradient of the 


ponds.  With the exception of one well (PW-704), no impacts 


have been identified in the deep sub-McKay.  Impacts to the 


deep sub-McKay at this well were the result of well 


completion techniques that provided a localized vertical 
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migration pathway inside the wellbore and were not caused 


by impacted groundwater flowing from beneath or 


downgradient of the ponds to the well.   


 


Additional wells were installed at this site and downgradient 


of the former well to characterize the area. 


One of these downgradient wells has begun to show possible 


pond impacts and a second needs further evaluation.  These 


wells were installed to fill data gaps as described in the site 


history report.  However, wells farther downgradient of this 


well, including private wells, do not show impacts.  The area 


of impacted groundwater is well defined.   


SPECIFIC RESPONSES 


COMMENT RESPONSE 


1. Specific Comment #33: “AOC” was referring to the 


“Area of Concern”, not the “Administrative Order on 


Consent”. This term will not be used in future comments. 


Noted. 


2. Figure Comment #8: The Department’s electronic 


copy of the report does not have this figure. 


This figure will be provided in the revised report. 


3. Appendix A, General Comment #8: Please add a 


statement regarding the biennial model updates, which will 


incorporate any new, relevant information that could 


improve the model, including updated water level 


measurements. 


The following text will be added: 


 


The current model is being used to help evaluate remedial 


alternatives.  As such, updating the model within the two year 


time frame will pose problems and delay the current AOC 


process. We believe it is appropriate for the next model 


update to occur after remedy selection but before remedial 


design. 


 


Following approval of the remedial alternative evaluation, the 


conceptual and numerical models will be updated every two 


years, or when sufficient new information has been collected 


to warrant model updates.  During the update process all new 


hydrogeologic information collected since this last model 


update will be incorporated into the conceptual model.  This 


information will include additional lithologic, stratigraphic, 
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and aquifer testing data from any new wells installed since 


the last model update.  It will also include recent climatic, 


streamflow, groundwater elevation, and water quality data. 


 


The numerical model will then be calibrated to the most 


recent groundwater elevation and flow data available, using 


an approach consistent with previous model calibration.  


Future calibrations are not expected to differ significantly 


from previous calibrations.  As a check, sensitivity analyses 


will be conducted following calibration.  This will be 


followed by predictive simulations of groundwater flow and 


contaminant transport to help optimize groundwater capture 


and support ongoing remedial actions. 


4. Appendix A, Specific Comment #60: Please clarify 


that this response supposed to say "does not appear”. 


The responses should have read as follows: 


 


The text simply states that fluxes are within expected ranges.  


During the 11-17-16 meeting, Weston requested that we 


“tone down the language” regarding how this demonstrates 


the quality of the model calibration.  However the current text 


does not appear to claim that this is proof of good calibration. 


As a result, no text modification is planned. 


5. Appendix A, Specific Comment #69: It appears that 


this comment corresponds to Specific Comment #44, 


regarding verifying the river stages. This comment has been 


addressed previously, in the response to comment 44; please 


acknowledge this in the response to comment #69. 


Please see response to comment #44 
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Examples of aquifer test data or pumping data used to evaluate hydraulic properties of 
various units. 


Example Aquifer Test – Long-term test conducted at 922A while observing 921A.  Tests 
conducted using pressure transducers with data recorders.  Log cycle followed by linear 
recording.  Raw data for the observation well, 922A are contained on the following 72 pages.  
Note that hundreds of aquifer tests have been conducted at the site between the early 1970s and 
current.  Testing includes slug-in, slug-out, bail-down, single well, and multiple well tests have 
been conducted.  Hydraulic properties have also been calculated using startup data from capture 
systems.  Hydraulic parameters have been calculated using manual and computer aided methods.  
Raw data would involve hundreds of computer files as well as hard copies of manual solutions. 


	


	 	







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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Report from file: 


C:\Win-
Situ\data\SN14115 
2010-02-04 
133121 921A.bin     


DataMgr Version 3.71     


        


Serial number: 14115     


Firmware Version 3.09     


Unit name:  miniTROLL     


        


Test name:   921A   


        


Test defined on: 2/4/2010 13:31:18   


Test started on: 2/4/2010 13:31:21   


Test stopped on: 4/13/2010 9:26:27   


Test extracted on:   N/A       


        


Data gathered using Linear testing       


   Time between data points:      
30.0000 Minutes.     


   Number of data samples: 3256     


        


        


TOTAL DATA SAMPLES 3256     


        


Channel number [1]       


  Measurement type: Temperature     


  Channel name: OnBoard Temp     


        


Channel number [2]       


  Measurement type: Pressure     


  Channel name: OnBoard Pressure     


  Sensor Range:  30 PSI.     


  Specific gravity: 1     


        


        


             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ --------------- --------------- 


2/4/2010 13:31 0 11.87 31.923 


2/4/2010 14:01 30 11.93 31.943 


2/4/2010 14:31 60 11.93 31.957 


2/4/2010 15:01 90 11.93 31.965 


2/4/2010 15:31 120 11.93 31.972 


2/4/2010 16:01 150 11.93 31.969 


2/4/2010 16:31 180 11.93 31.962 


2/4/2010 17:01 210 11.93 31.957 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/4/2010 17:31 240 11.93 31.948 


2/4/2010 18:01 270 11.93 31.938 


2/4/2010 18:31 300 11.93 31.931 


2/4/2010 19:01 330 11.93 31.931 


2/4/2010 19:31 360 11.93 31.922 


2/4/2010 20:01 390 11.93 31.924 


2/4/2010 20:31 420 11.93 31.929 


2/4/2010 21:01 450 11.93 31.926 


2/4/2010 21:31 480 11.92 31.92 


2/4/2010 22:01 510 11.93 31.919 


2/4/2010 22:31 540 11.93 31.919 


2/4/2010 23:01 570 11.93 31.917 


2/4/2010 23:31 600 11.93 31.917 


2/5/2010 0:01 630 11.93 31.912 


2/5/2010 0:31 660 11.93 31.91 


2/5/2010 1:01 690 11.93 31.903 


2/5/2010 1:31 720 11.93 31.903 


2/5/2010 2:01 750 11.93 31.895 


2/5/2010 2:31 780 11.93 31.893 


2/5/2010 3:01 810 11.93 31.891 


2/5/2010 3:31 840 11.93 31.893 


2/5/2010 4:01 870 11.92 31.893 


2/5/2010 4:31 900 11.93 31.891 


2/5/2010 5:01 930 11.93 31.888 


2/5/2010 5:31 960 11.93 31.886 


2/5/2010 6:01 990 11.93 31.881 


2/5/2010 6:31 1020 11.93 31.879 


2/5/2010 7:01 1050 11.93 31.879 


2/5/2010 7:31 1080 11.93 31.876 


2/5/2010 8:01 1110 11.93 31.872 


2/5/2010 8:31 1140 11.92 31.872 


2/5/2010 9:01 1170 11.93 31.872 


2/5/2010 9:31 1200 11.93 31.867 


2/5/2010 10:01 1230 11.93 31.864 


2/5/2010 10:31 1260 11.93 31.867 


2/5/2010 11:01 1290 11.93 31.872 


2/5/2010 11:31 1320 11.93 31.874 


2/5/2010 12:01 1350 11.93 31.881 


2/5/2010 12:31 1380 11.93 31.891 


2/5/2010 13:01 1410 11.93 31.898 


2/5/2010 13:31 1440 11.93 31.9 


2/5/2010 14:01 1470 11.93 31.9 


2/5/2010 14:31 1500 11.93 31.898 


2/5/2010 15:01 1530 11.93 31.893 


2/5/2010 15:31 1560 11.93 31.903 


2/5/2010 16:01 1590 11.93 31.907 


2/5/2010 16:31 1620 11.93 31.907 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/5/2010 17:01 1650 11.92 31.903 


2/5/2010 17:31 1680 11.93 31.898 


2/5/2010 18:01 1710 11.93 31.9 


    


2/5/2010 18:31 1740 11.93 31.905 


2/5/2010 19:01 1770 11.93 31.907 


2/5/2010 19:31 1800 11.93 31.905 


2/5/2010 20:01 1830 11.93 31.907 


2/5/2010 20:31 1860 11.93 31.91 


2/5/2010 21:01 1890 11.93 31.91 


2/5/2010 21:31 1920 11.93 31.91 


2/5/2010 22:01 1950 11.93 31.912 


2/5/2010 22:31 1980 11.93 31.912 


2/5/2010 23:01 2010 11.93 31.912 


2/5/2010 23:31 2040 11.93 31.915 


2/6/2010 0:01 2070 11.93 31.915 


2/6/2010 0:31 2100 11.93 31.919 


2/6/2010 1:01 2130 11.92 31.931 


2/6/2010 1:31 2160 11.93 31.934 


2/6/2010 2:01 2190 11.93 31.936 


2/6/2010 2:31 2220 11.93 31.938 


2/6/2010 3:01 2250 11.93 31.941 


2/6/2010 3:31 2280 11.93 31.943 


2/6/2010 4:01 2310 11.93 31.943 


2/6/2010 4:31 2340 11.93 31.948 


2/6/2010 5:01 2370 11.93 31.946 


2/6/2010 5:31 2400 11.93 31.943 


2/6/2010 6:01 2430 11.93 31.943 


2/6/2010 6:31 2460 11.93 31.941 


2/6/2010 7:01 2490 11.93 31.941 


2/6/2010 7:31 2520 11.93 31.941 


2/6/2010 8:01 2550 11.92 31.941 


2/6/2010 8:31 2580 11.93 31.938 


2/6/2010 9:01 2610 11.93 31.936 


2/6/2010 9:31 2640 11.93 31.931 


2/6/2010 10:01 2670 11.92 31.929 


2/6/2010 10:31 2700 11.93 31.926 


2/6/2010 11:01 2730 11.93 31.931 


2/6/2010 11:31 2760 11.93 31.936 


2/6/2010 12:01 2790 11.93 31.941 


2/6/2010 12:31 2820 11.93 31.946 


2/6/2010 13:01 2850 11.93 31.946 


2/6/2010 13:31 2880 11.93 31.948 


2/6/2010 14:01 2910 11.93 31.948 


2/6/2010 14:31 2940 11.93 31.943 


2/6/2010 15:01 2970 11.93 31.938 


2/6/2010 15:31 3000 11.92 31.936 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/6/2010 16:01 3030 11.93 31.936 


2/6/2010 16:31 3060 11.93 31.934 


2/6/2010 17:01 3090 11.93 31.931 


2/6/2010 17:31 3120 11.93 31.926 


2/6/2010 18:01 3150 11.93 31.917 


2/6/2010 18:31 3180 11.93 31.917 


2/6/2010 19:01 3210 11.93 31.905 


2/6/2010 19:31 3240 11.93 31.907 


2/6/2010 20:01 3270 11.93 31.907 


2/6/2010 20:31 3300 11.93 31.907 


2/6/2010 21:01 3330 11.92 31.908 


2/6/2010 21:31 3360 11.93 31.907 


2/6/2010 22:01 3390 11.93 31.903 


2/6/2010 22:31 3420 11.92 31.905 


2/6/2010 23:01 3450 11.93 31.905 


2/6/2010 23:31 3480 11.93 31.9 


2/7/2010 0:01 3510 11.93 31.9 


2/7/2010 0:31 3540 11.93 31.905 


2/7/2010 1:01 3570 11.93 31.912 


2/7/2010 1:31 3600 11.93 31.912 


2/7/2010 2:01 3630 11.93 31.912 


2/7/2010 2:31 3660 11.93 31.912 


2/7/2010 3:01 3690 11.93 31.912 


2/7/2010 3:31 3720 11.93 31.91 


2/7/2010 4:01 3750 11.93 31.91 


2/7/2010 4:31 3780 11.93 31.907 


2/7/2010 5:01 3810 11.93 31.907 


2/7/2010 5:31 3840 11.93 31.905 


2/7/2010 6:01 3870 11.93 31.907 


2/7/2010 6:31 3900 11.93 31.907 


2/7/2010 7:01 3930 11.93 31.907 


2/7/2010 7:31 3960 11.93 31.905 


2/7/2010 8:01 3990 11.93 31.903 


2/7/2010 8:31 4020 11.93 31.9 


2/7/2010 9:01 4050 11.93 31.898 


2/7/2010 9:31 4080 11.93 31.9 


2/7/2010 10:01 4110 11.93 31.905 


2/7/2010 10:31 4140 11.93 31.907 


2/7/2010 11:01 4170 11.93 31.907 


2/7/2010 11:31 4200 11.93 31.915 


2/7/2010 12:01 4230 11.93 31.922 


2/7/2010 12:31 4260 11.93 31.926 


2/7/2010 13:01 4290 11.92 31.936 


2/7/2010 13:31 4320 11.93 31.943 


2/7/2010 14:01 4350 11.93 31.946 


2/7/2010 14:31 4380 11.93 31.943 


2/7/2010 15:01 4410 11.93 31.938 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/7/2010 15:31 4440 11.93 31.936 


2/7/2010 16:01 4470 11.93 31.926 


2/7/2010 16:31 4500 11.93 31.919 


2/7/2010 17:01 4530 11.93 31.912 


2/7/2010 17:31 4560 11.93 31.905 


2/7/2010 18:01 4590 11.93 31.895 


2/7/2010 18:31 4620 11.93 31.884 


2/7/2010 19:01 4650 11.93 31.864 


2/7/2010 19:31 4680 11.93 31.85 


2/7/2010 20:01 4710 11.93 31.843 


2/7/2010 20:31 4740 11.93 31.841 


2/7/2010 21:01 4770 11.93 31.841 


2/7/2010 21:31 4800 11.93 31.833 


2/7/2010 22:01 4830 11.93 31.826 


2/7/2010 22:31 4860 11.93 31.824 


2/7/2010 23:01 4890 11.93 31.822 


2/7/2010 23:31 4920 11.92 31.815 


2/8/2010 0:01 4950 11.93 31.81 


2/8/2010 0:31 4980 11.93 31.805 


2/8/2010 1:01 5010 11.93 31.802 


2/8/2010 1:31 5040 11.93 31.8 


2/8/2010 2:01 5070 11.93 31.793 


2/8/2010 2:31 5100 11.93 31.788 


2/8/2010 3:01 5130 11.93 31.786 


2/8/2010 3:31 5160 11.93 31.781 


2/8/2010 4:01 5190 11.93 31.774 


2/8/2010 4:31 5220 11.93 31.771 


2/8/2010 5:01 5250 11.93 31.767 


2/8/2010 5:31 5280 11.92 31.757 


2/8/2010 6:01 5310 11.93 31.76 


2/8/2010 6:31 5340 11.93 31.75 


2/8/2010 7:01 5370 11.93 31.745 


2/8/2010 7:31 5400 11.93 31.736 


2/8/2010 8:01 5430 11.93 31.729 


2/8/2010 8:31 5460 11.93 31.729 


2/8/2010 9:01 5490 11.93 31.724 


2/8/2010 9:31 5520 11.93 31.724 


2/8/2010 10:01 5550 11.93 31.726 


2/8/2010 10:31 5580 11.93 31.726 


2/8/2010 11:01 5610 11.92 31.731 


2/8/2010 11:31 5640 11.93 31.74 


2/8/2010 12:01 5670 11.93 31.75 


2/8/2010 12:31 5700 11.93 31.76 


2/8/2010 13:01 5730 11.92 31.772 


2/8/2010 13:31 5760 11.93 31.783 


2/8/2010 14:01 5790 11.92 31.788 


2/8/2010 14:31 5820 11.93 31.798 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/8/2010 15:01 5850 11.93 31.802 


2/8/2010 15:31 5880 11.93 31.805 


2/8/2010 16:01 5910 11.93 31.805 


2/8/2010 16:31 5940 11.93 31.807 


2/8/2010 17:01 5970 11.93 31.805 


2/8/2010 17:31 6000 11.93 31.805 


2/8/2010 18:01 6030 11.93 31.805 


2/8/2010 18:31 6060 11.93 31.805 


2/8/2010 19:01 6090 11.93 31.802 


2/8/2010 19:31 6120 11.93 31.805 


2/8/2010 20:01 6150 11.93 31.81 


2/8/2010 20:31 6180 11.93 31.81 


2/8/2010 21:01 6210 11.93 31.812 


2/8/2010 21:31 6240 11.93 31.819 


2/8/2010 22:01 6270 11.93 31.829 


2/8/2010 22:31 6300 11.93 31.836 


2/8/2010 23:01 6330 11.93 31.845 


2/8/2010 23:31 6360 11.93 31.848 


2/9/2010 0:01 6390 11.93 31.857 


2/9/2010 0:31 6420 11.93 31.869 


2/9/2010 1:01 6450 11.93 31.879 


2/9/2010 1:31 6480 11.93 31.879 


2/9/2010 2:01 6510 11.93 31.886 


2/9/2010 2:31 6540 11.93 31.9 


2/9/2010 3:01 6570 11.93 31.91 


2/9/2010 3:31 6600 11.93 31.919 


2/9/2010 4:01 6630 11.92 31.924 


2/9/2010 4:31 6660 11.93 31.926 


2/9/2010 5:01 6690 11.93 31.931 


2/9/2010 5:31 6720 11.93 31.938 


2/9/2010 6:01 6750 11.93 31.943 


2/9/2010 6:31 6780 11.93 31.946 


2/9/2010 7:01 6810 11.93 31.948 


2/9/2010 7:31 6840 11.93 31.953 


2/9/2010 8:01 6870 11.92 31.953 


2/9/2010 8:31 6900 11.93 31.96 


2/9/2010 9:01 6930 11.93 31.965 


2/9/2010 9:31 6960 11.93 31.967 


2/9/2010 10:01 6990 11.93 31.972 


2/9/2010 10:31 7020 11.93 31.977 


2/9/2010 11:01 7050 11.92 31.984 


2/9/2010 11:31 7080 11.93 31.993 


2/9/2010 12:01 7110 11.93 32.003 


2/9/2010 12:31 7140 11.93 32.017 


2/9/2010 13:01 7170 11.93 32.034 


2/9/2010 13:31 7200 11.93 32.039 


2/9/2010 14:01 7230 11.93 32.043 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/9/2010 14:31 7260 11.93 32.048 


2/9/2010 15:01 7290 11.92 32.055 


2/9/2010 15:31 7320 11.92 32.058 


2/9/2010 16:01 7350 11.93 32.06 


2/9/2010 16:31 7380 11.92 32.065 


2/9/2010 17:01 7410 11.92 32.065 


2/9/2010 17:31 7440 11.92 32.072 


2/9/2010 18:01 7470 11.92 32.065 


2/9/2010 18:31 7500 11.93 32.074 


2/9/2010 19:01 7530 11.93 32.072 


2/9/2010 19:31 7560 11.93 32.077 


2/9/2010 20:01 7590 11.93 32.077 


2/9/2010 20:31 7620 11.93 32.084 


2/9/2010 21:01 7650 11.93 32.089 


2/9/2010 21:31 7680 11.92 32.094 


2/9/2010 22:01 7710 11.93 32.096 


2/9/2010 22:31 7740 11.93 32.096 


2/9/2010 23:01 7770 11.92 32.096 


2/9/2010 23:31 7800 11.93 32.101 


2/10/2010 0:01 7830 11.93 32.105 


2/10/2010 0:31 7860 11.93 32.108 


2/10/2010 1:01 7890 11.93 32.112 


2/10/2010 1:31 7920 11.93 32.11 


2/10/2010 2:01 7950 11.93 32.11 


2/10/2010 2:31 7980 11.93 32.112 


2/10/2010 3:01 8010 11.93 32.122 


2/10/2010 3:31 8040 11.92 32.132 


2/10/2010 4:01 8070 11.93 32.139 


2/10/2010 4:31 8100 11.92 32.137 


2/10/2010 5:01 8130 11.93 32.139 


2/10/2010 5:31 8160 11.93 32.141 


2/10/2010 6:01 8190 11.93 32.141 


2/10/2010 6:31 8220 11.93 32.139 


2/10/2010 7:01 8250 11.93 32.132 


2/10/2010 7:31 8280 11.93 32.132 


2/10/2010 8:01 8310 11.93 32.129 


2/10/2010 8:31 8340 11.92 32.125 


2/10/2010 9:01 8370 11.93 32.124 


2/10/2010 9:31 8400 11.93 32.12 


2/10/2010 10:01 8430 11.93 32.122 


2/10/2010 10:31 8460 11.93 32.124 


2/10/2010 11:01 8490 11.93 32.124 


2/10/2010 11:31 8520 11.93 32.129 


2/10/2010 12:01 8550 11.93 32.139 


2/10/2010 12:31 8580 11.93 32.153 


2/10/2010 13:01 8610 11.93 32.16 


2/10/2010 13:31 8640 11.93 32.165 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/10/2010 14:01 8670 11.93 32.172 


2/10/2010 14:31 8700 11.93 32.177 


2/10/2010 15:01 8730 11.92 32.177 


2/10/2010 15:31 8760 11.92 32.179 


2/10/2010 16:01 8790 11.92 32.184 


2/10/2010 16:31 8820 11.93 32.184 


2/10/2010 17:01 8850 11.93 32.184 


2/10/2010 17:31 8880 11.93 32.184 


2/10/2010 18:01 8910 11.92 32.179 


2/10/2010 18:31 8940 11.93 32.172 


2/10/2010 19:01 8970 11.93 32.172 


2/10/2010 19:31 9000 11.93 32.17 


2/10/2010 20:01 9030 11.93 32.17 


2/10/2010 20:31 9060 11.93 32.174 


2/10/2010 21:01 9090 11.93 32.177 


2/10/2010 21:31 9120 11.93 32.179 


2/10/2010 22:01 9150 11.93 32.184 


2/10/2010 22:31 9180 11.92 32.187 


2/10/2010 23:01 9210 11.93 32.186 


2/10/2010 23:31 9240 11.93 32.184 


2/11/2010 0:01 9270 11.93 32.182 


2/11/2010 0:31 9300 11.93 32.189 


2/11/2010 1:01 9330 11.93 32.191 


2/11/2010 1:31 9360 11.93 32.196 


2/11/2010 2:01 9390 11.93 32.186 


2/11/2010 2:31 9420 11.93 32.182 


2/11/2010 3:01 9450 11.93 32.182 


2/11/2010 3:31 9480 11.92 32.182 


2/11/2010 4:01 9510 11.93 32.179 


2/11/2010 4:31 9540 11.93 32.17 


2/11/2010 5:01 9570 11.93 32.17 


2/11/2010 5:31 9600 11.93 32.165 


2/11/2010 6:01 9630 11.93 32.155 


2/11/2010 6:31 9660 11.93 32.148 


2/11/2010 7:01 9690 11.93 32.139 


2/11/2010 7:31 9720 11.93 32.134 


2/11/2010 8:01 9750 11.93 32.127 


2/11/2010 8:31 9780 11.93 32.112 


2/11/2010 9:01 9810 11.93 32.105 


2/11/2010 9:31 9840 11.92 32.096 


2/11/2010 10:01 9870 11.93 32.093 


2/11/2010 10:31 9900 11.92 32.094 


2/11/2010 11:01 9930 11.93 32.089 


2/11/2010 11:31 9960 11.93 32.091 


2/11/2010 12:01 9990 11.93 32.091 


2/11/2010 12:31 10020 11.92 32.091 


2/11/2010 13:01 10050 11.93 32.093 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/11/2010 13:31 10080 11.92 32.094 


2/11/2010 14:01 10110 11.92 32.094 


2/11/2010 14:31 10140 11.92 32.094 


2/11/2010 15:01 10170 11.92 32.089 


2/11/2010 15:31 10200 11.93 32.084 


2/11/2010 16:01 10230 11.92 32.079 


2/11/2010 16:31 10260 11.93 32.079 


2/11/2010 17:01 10290 11.93 32.077 


2/11/2010 17:31 10320 11.93 32.07 


2/11/2010 18:01 10350 11.92 32.067 


2/11/2010 18:31 10380 11.92 32.067 


2/11/2010 19:01 10410 11.93 32.07 


2/11/2010 19:31 10440 11.93 32.07 


2/11/2010 20:01 10470 11.93 32.077 


2/11/2010 20:31 10500 11.92 32.075 


2/11/2010 21:01 10530 11.93 32.074 


2/11/2010 21:31 10560 11.92 32.077 


2/11/2010 22:01 10590 11.93 32.084 


2/11/2010 22:31 10620 11.93 32.091 


2/11/2010 23:01 10650 11.93 32.096 


2/11/2010 23:31 10680 11.93 32.103 


2/12/2010 0:01 10710 11.93 32.11 


2/12/2010 0:31 10740 11.93 32.124 


2/12/2010 1:01 10770 11.93 32.132 


2/12/2010 1:31 10800 11.93 32.139 


2/12/2010 2:01 10830 11.93 32.141 


2/12/2010 2:31 10860 11.92 32.146 


2/12/2010 3:01 10890 11.92 32.156 


2/12/2010 3:31 10920 11.93 32.165 


2/12/2010 4:01 10950 11.93 32.174 


2/12/2010 4:31 10980 11.93 32.179 


2/12/2010 5:01 11010 11.93 32.179 


2/12/2010 5:31 11040 11.93 32.182 


2/12/2010 6:01 11070 11.93 32.189 


2/12/2010 6:31 11100 11.93 32.196 


2/12/2010 7:01 11130 11.93 32.196 


2/12/2010 7:31 11160 11.93 32.196 


2/12/2010 8:01 11190 11.93 32.198 


2/12/2010 8:31 11220 11.93 32.198 


2/12/2010 9:01 11250 11.93 32.198 


2/12/2010 9:31 11280 11.93 32.198 


2/12/2010 10:01 11310 11.93 32.198 


2/12/2010 10:31 11340 11.93 32.201 


2/12/2010 11:01 11370 11.93 32.198 


2/12/2010 11:31 11400 11.92 32.203 


2/12/2010 12:01 11430 11.92 32.203 


2/12/2010 12:31 11460 11.92 32.21 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/12/2010 13:01 11490 11.93 32.21 


2/12/2010 13:31 11520 11.92 32.21 


2/12/2010 14:01 11550 11.92 32.213 


2/12/2010 14:31 11580 11.93 32.215 


2/12/2010 15:01 11610 11.93 32.213 


2/12/2010 15:31 11640 11.93 32.213 


2/12/2010 16:01 11670 11.93 32.208 


2/12/2010 16:31 11700 11.93 32.208 


2/12/2010 17:01 11730 11.92 32.203 


2/12/2010 17:31 11760 11.93 32.201 


2/12/2010 18:01 11790 11.93 32.196 


2/12/2010 18:31 11820 11.92 32.196 


2/12/2010 19:01 11850 11.92 32.194 


2/12/2010 19:31 11880 11.93 32.194 


2/12/2010 20:01 11910 11.93 32.191 


2/12/2010 20:31 11940 11.92 32.187 


2/12/2010 21:01 11970 11.93 32.182 


2/12/2010 21:31 12000 11.92 32.187 


2/12/2010 22:01 12030 11.93 32.184 


2/12/2010 22:31 12060 11.93 32.182 


2/12/2010 23:01 12090 11.93 32.179 


2/12/2010 23:31 12120 11.92 32.175 


2/13/2010 0:01 12150 11.93 32.172 


2/13/2010 0:31 12180 11.92 32.172 


2/13/2010 1:01 12210 11.93 32.17 


2/13/2010 1:31 12240 11.93 32.17 


2/13/2010 2:01 12270 11.93 32.167 


2/13/2010 2:31 12300 11.92 32.158 


2/13/2010 3:01 12330 11.92 32.158 


2/13/2010 3:31 12360 11.93 32.158 


2/13/2010 4:01 12390 11.93 32.163 


2/13/2010 4:31 12420 11.93 32.153 


2/13/2010 5:01 12450 11.93 32.146 


2/13/2010 5:31 12480 11.93 32.129 


2/13/2010 6:01 12510 11.92 32.115 


2/13/2010 6:31 12540 11.93 32.101 


2/13/2010 7:01 12570 11.93 32.086 


2/13/2010 7:31 12600 11.92 32.067 


2/13/2010 8:01 12630 11.93 32.053 


2/13/2010 8:31 12660 11.93 32.036 


2/13/2010 9:01 12690 11.93 32.012 


2/13/2010 9:31 12720 11.93 31.996 


2/13/2010 10:01 12750 11.92 31.982 


2/13/2010 10:31 12780 11.93 31.969 


2/13/2010 11:01 12810 11.93 31.955 


2/13/2010 11:31 12840 11.92 31.934 


2/13/2010 12:01 12870 11.92 31.927 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/13/2010 12:31 12900 11.93 31.915 


2/13/2010 13:01 12930 11.92 31.905 


2/13/2010 13:31 12960 11.92 31.896 


2/13/2010 14:01 12990 11.92 31.879 


2/13/2010 14:31 13020 11.93 31.862 


2/13/2010 15:01 13050 11.93 31.843 


2/13/2010 15:31 13080 11.92 31.822 


2/13/2010 16:01 13110 11.92 31.808 


2/13/2010 16:31 13140 11.92 31.791 


2/13/2010 17:01 13170 11.92 31.772 


2/13/2010 17:31 13200 11.92 31.753 


2/13/2010 18:01 13230 11.93 31.731 


2/13/2010 18:31 13260 11.92 31.712 


2/13/2010 19:01 13290 11.92 31.695 


2/13/2010 19:31 13320 11.93 31.683 


2/13/2010 20:01 13350 11.93 31.671 


2/13/2010 20:31 13380 11.93 31.662 


2/13/2010 21:01 13410 11.92 31.65 


2/13/2010 21:31 13440 11.93 31.636 


2/13/2010 22:01 13470 11.93 31.628 


2/13/2010 22:31 13500 11.93 31.616 


2/13/2010 23:01 13530 11.93 31.609 


2/13/2010 23:31 13560 11.93 31.597 


2/14/2010 0:01 13590 11.93 31.597 


2/14/2010 0:31 13620 11.93 31.595 


2/14/2010 1:01 13650 11.93 31.593 


2/14/2010 1:31 13680 11.93 31.59 


2/14/2010 2:01 13710 11.93 31.588 


2/14/2010 2:31 13740 11.93 31.585 


2/14/2010 3:01 13770 11.93 31.588 


2/14/2010 3:31 13800 11.92 31.591 


2/14/2010 4:01 13830 11.92 31.588 


2/14/2010 4:31 13860 11.93 31.588 


2/14/2010 5:01 13890 11.93 31.583 


2/14/2010 5:31 13920 11.93 31.583 


2/14/2010 6:01 13950 11.93 31.583 


2/14/2010 6:31 13980 11.92 31.586 


2/14/2010 7:01 14010 11.92 31.586 


2/14/2010 7:31 14040 11.93 31.588 


2/14/2010 8:01 14070 11.93 31.585 


2/14/2010 8:31 14100 11.92 31.586 


2/14/2010 9:01 14130 11.92 31.583 


2/14/2010 9:31 14160 11.93 31.59 


2/14/2010 10:01 14190 11.93 31.595 


2/14/2010 10:31 14220 11.93 31.597 


2/14/2010 11:01 14250 11.92 31.6 


2/14/2010 11:31 14280 11.92 31.61 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/14/2010 12:01 14310 11.93 31.626 


2/14/2010 12:31 14340 11.93 31.636 


2/14/2010 13:01 14370 11.93 31.652 


2/14/2010 13:31 14400 11.92 31.664 


2/14/2010 14:01 14430 11.92 31.672 


2/14/2010 14:31 14460 11.92 31.676 


2/14/2010 15:01 14490 11.92 31.681 


2/14/2010 15:31 14520 11.93 31.695 


2/14/2010 16:01 14550 11.93 31.702 


2/14/2010 16:31 14580 11.92 31.707 


2/14/2010 17:01 14610 11.92 31.717 


2/14/2010 17:31 14640 11.92 31.722 


2/14/2010 18:01 14670 11.92 31.724 


2/14/2010 18:31 14700 11.93 31.729 


2/14/2010 19:01 14730 11.93 31.733 


2/14/2010 19:31 14760 11.93 31.74 


2/14/2010 20:01 14790 11.93 31.748 


2/14/2010 20:31 14820 11.92 31.753 


2/14/2010 21:01 14850 11.92 31.753 


2/14/2010 21:31 14880 11.92 31.757 


2/14/2010 22:01 14910 11.92 31.76 


2/14/2010 22:31 14940 11.93 31.764 


2/14/2010 23:01 14970 11.92 31.769 


2/14/2010 23:31 15000 11.92 31.772 


2/15/2010 0:01 15030 11.92 31.779 


2/15/2010 0:31 15060 11.92 31.781 


2/15/2010 1:01 15090 11.92 31.788 


2/15/2010 1:31 15120 11.92 31.793 


2/15/2010 2:01 15150 11.93 31.798 


2/15/2010 2:31 15180 11.92 31.808 


2/15/2010 3:01 15210 11.93 31.817 


2/15/2010 3:31 15240 11.93 31.826 


2/15/2010 4:01 15270 11.93 31.826 


2/15/2010 4:31 15300 11.92 31.827 


2/15/2010 5:01 15330 11.93 31.826 


2/15/2010 5:31 15360 11.92 31.827 


2/15/2010 6:01 15390 11.92 31.831 


2/15/2010 6:31 15420 11.92 31.831 


2/15/2010 7:01 15450 11.93 31.831 


2/15/2010 7:31 15480 11.92 31.829 


2/15/2010 8:01 15510 11.93 31.824 


2/15/2010 8:31 15540 11.92 31.824 


2/15/2010 9:01 15570 11.92 31.822 


2/15/2010 9:31 15600 11.93 31.819 


2/15/2010 10:01 15630 11.92 31.822 


2/15/2010 10:31 15660 11.92 31.824 


2/15/2010 11:01 15690 11.92 31.822 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/15/2010 11:31 15720 11.92 31.829 


2/15/2010 12:01 15750 11.93 31.836 


2/15/2010 12:31 15780 11.93 31.841 


2/15/2010 13:01 15810 11.92 31.846 


2/15/2010 13:31 15840 11.93 31.855 


2/15/2010 14:01 15870 11.92 31.862 


2/15/2010 14:31 15900 11.92 31.867 


2/15/2010 15:01 15930 11.93 31.864 


2/15/2010 15:31 15960 11.92 31.862 


2/15/2010 16:01 15990 11.92 31.862 


2/15/2010 16:31 16020 11.92 31.865 


2/15/2010 17:01 16050 11.92 31.867 


2/15/2010 17:31 16080 11.92 31.862 


2/15/2010 18:01 16110 11.92 31.862 


2/15/2010 18:31 16140 11.92 31.858 


2/15/2010 19:01 16170 11.92 31.86 


2/15/2010 19:31 16200 11.92 31.862 


2/15/2010 20:01 16230 11.92 31.862 


2/15/2010 20:31 16260 11.93 31.862 


2/15/2010 21:01 16290 11.92 31.862 


2/15/2010 21:31 16320 11.92 31.862 


2/15/2010 22:01 16350 11.92 31.862 


2/15/2010 22:31 16380 11.92 31.862 


2/15/2010 23:01 16410 11.92 31.862 


2/15/2010 23:31 16440 11.92 31.86 


2/16/2010 0:01 16470 11.93 31.862 


2/16/2010 0:31 16500 11.92 31.869 


2/16/2010 1:01 16530 11.92 31.879 


2/16/2010 1:31 16560 11.93 31.881 


2/16/2010 2:01 16590 11.92 31.886 


2/16/2010 2:31 16620 11.92 31.893 


2/16/2010 3:01 16650 11.93 31.9 


2/16/2010 3:31 16680 11.93 31.903 


2/16/2010 4:01 16710 11.93 31.907 


2/16/2010 4:31 16740 11.92 31.91 


2/16/2010 5:01 16770 11.92 31.915 


2/16/2010 5:31 16800 11.92 31.917 


2/16/2010 6:01 16830 11.92 31.927 


2/16/2010 6:31 16860 11.92 31.934 


2/16/2010 7:01 16890 11.93 31.934 


2/16/2010 7:31 16920 11.92 31.936 


2/16/2010 8:01 16950 11.93 31.936 


2/16/2010 8:31 16980 11.92 31.943 


2/16/2010 9:01 17010 11.93 31.948 


2/16/2010 9:31 17040 11.92 31.951 


2/16/2010 10:01 17070 11.92 31.958 


2/16/2010 10:31 17100 11.92 31.962 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/16/2010 11:01 17130 11.92 31.97 


2/16/2010 11:31 17160 11.92 31.974 


2/16/2010 12:01 17190 11.92 31.993 


2/16/2010 12:31 17220 11.92 32.005 


2/16/2010 13:01 17250 11.92 32.017 


2/16/2010 13:31 17280 11.93 32.029 


2/16/2010 14:01 17310 11.92 32.034 


2/16/2010 14:31 17340 11.92 32.041 


2/16/2010 15:01 17370 11.92 32.046 


2/16/2010 15:31 17400 11.92 32.048 


2/16/2010 16:01 17430 11.92 32.055 


2/16/2010 16:31 17460 11.92 32.06 


2/16/2010 17:01 17490 11.92 32.063 


2/16/2010 17:31 17520 11.92 32.058 


2/16/2010 18:01 17550 11.93 32.058 


2/16/2010 18:31 17580 11.92 32.063 


2/16/2010 19:01 17610 11.92 32.063 


2/16/2010 19:31 17640 11.92 32.06 


2/16/2010 20:01 17670 11.92 32.065 


2/16/2010 20:31 17700 11.93 32.065 


2/16/2010 21:01 17730 11.92 32.065 


2/16/2010 21:31 17760 11.93 32.065 


2/16/2010 22:01 17790 11.93 32.065 


2/16/2010 22:31 17820 11.92 32.063 


2/16/2010 23:01 17850 11.93 32.062 


2/16/2010 23:31 17880 11.93 32.06 


2/17/2010 0:01 17910 11.93 32.055 


2/17/2010 0:31 17940 11.92 32.058 


2/17/2010 1:01 17970 11.92 32.058 


2/17/2010 1:31 18000 11.92 32.06 


2/17/2010 2:01 18030 11.92 32.063 


2/17/2010 2:31 18060 11.93 32.065 


2/17/2010 3:01 18090 11.93 32.072 


2/17/2010 3:31 18120 11.92 32.077 


2/17/2010 4:01 18150 11.93 32.072 


2/17/2010 4:31 18180 11.93 32.072 


2/17/2010 5:01 18210 11.93 32.072 


2/17/2010 5:31 18240 11.92 32.079 


2/17/2010 6:01 18270 11.92 32.082 


2/17/2010 6:31 18300 11.92 32.082 


2/17/2010 7:01 18330 11.92 32.079 


2/17/2010 7:31 18360 11.92 32.077 


2/17/2010 8:01 18390 11.93 32.072 


2/17/2010 8:31 18420 11.92 32.072 


2/17/2010 9:01 18450 11.92 32.067 


2/17/2010 9:31 18480 11.92 32.063 


2/17/2010 10:01 18510 11.93 32.058 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/17/2010 10:31 18540 11.92 32.06 


2/17/2010 11:01 18570 11.92 32.055 


2/17/2010 11:31 18600 11.92 32.091 


2/17/2010 12:01 18630 11.92 32.089 


2/17/2010 12:31 18660 11.92 32.089 


2/17/2010 13:01 18690 11.92 32.086 


2/17/2010 13:31 18720 11.93 32.086 


2/17/2010 14:01 18750 11.92 32.086 


2/17/2010 14:31 18780 11.92 32.082 


2/17/2010 15:01 18810 11.92 32.077 


2/17/2010 15:31 18840 11.92 32.072 


2/17/2010 16:01 18870 11.92 32.067 


2/17/2010 16:31 18900 11.92 32.065 


2/17/2010 17:01 18930 11.92 32.055 


2/17/2010 17:31 18960 11.92 32.051 


2/17/2010 18:01 18990 11.92 32.046 


2/17/2010 18:31 19020 11.92 32.036 


2/17/2010 19:01 19050 11.92 32.032 


2/17/2010 19:31 19080 11.92 32.02 


2/17/2010 20:01 19110 11.93 32.015 


2/17/2010 20:31 19140 11.92 32.003 


2/17/2010 21:01 19170 11.92 32.001 


2/17/2010 21:31 19200 11.92 31.996 


2/17/2010 22:01 19230 11.92 31.989 


2/17/2010 22:31 19260 11.93 31.984 


2/17/2010 23:01 19290 11.92 31.977 


2/17/2010 23:31 19320 11.92 31.979 


2/18/2010 0:01 19350 11.93 31.974 


2/18/2010 0:31 19380 11.92 31.974 


2/18/2010 1:01 19410 11.92 31.977 


2/18/2010 1:31 19440 11.92 31.979 


2/18/2010 2:01 19470 11.92 31.972 


2/18/2010 2:31 19500 11.92 31.972 


2/18/2010 3:01 19530 11.92 31.972 


2/18/2010 3:31 19560 11.92 31.977 


2/18/2010 4:01 19590 11.92 31.982 


2/18/2010 4:31 19620 11.92 31.982 


2/18/2010 5:01 19650 11.92 31.979 


2/18/2010 5:31 19680 11.93 31.977 


2/18/2010 6:01 19710 11.92 31.972 


2/18/2010 6:31 19740 11.92 31.972 


2/18/2010 7:01 19770 11.92 31.967 


2/18/2010 7:31 19800 11.92 31.962 


2/18/2010 8:01 19830 11.93 31.962 


2/18/2010 8:31 19860 11.93 31.962 


2/18/2010 9:01 19890 11.92 31.962 


2/18/2010 9:31 19920 11.92 31.962 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/18/2010 10:01 19950 11.92 31.965 


2/18/2010 10:31 19980 11.92 31.972 


2/18/2010 11:01 20010 11.92 31.977 


2/18/2010 11:31 20040 11.92 31.984 


2/18/2010 12:01 20070 11.92 32.001 


2/18/2010 12:31 20100 11.93 32.015 


2/18/2010 13:01 20130 11.92 32.024 


2/18/2010 13:31 20160 11.92 32.036 


2/18/2010 14:01 20190 11.92 32.044 


2/18/2010 14:31 20220 11.92 32.048 


2/18/2010 15:01 20250 11.92 32.051 


2/18/2010 15:31 20280 11.92 32.053 


2/18/2010 16:01 20310 11.92 32.055 


2/18/2010 16:31 20340 11.92 32.053 


2/18/2010 17:01 20370 11.92 32.055 


2/18/2010 17:31 20400 11.93 32.065 


2/18/2010 18:01 20430 11.92 32.063 


2/18/2010 18:31 20460 11.92 32.07 


2/18/2010 19:01 20490 11.92 32.072 


2/18/2010 19:31 20520 11.92 32.07 


2/18/2010 20:01 20550 11.93 32.067 


2/18/2010 20:31 20580 11.93 32.065 


2/18/2010 21:01 20610 11.93 32.07 


2/18/2010 21:31 20640 11.92 32.072 


2/18/2010 22:01 20670 11.92 32.075 


2/18/2010 22:31 20700 11.92 32.077 


2/18/2010 23:01 20730 11.92 32.084 


2/18/2010 23:31 20760 11.92 32.084 


2/19/2010 0:01 20790 11.92 32.089 


2/19/2010 0:31 20820 11.92 32.089 


2/19/2010 1:01 20850 11.92 32.098 


2/19/2010 1:31 20880 11.92 32.101 


2/19/2010 2:01 20910 11.92 32.106 


2/19/2010 2:31 20940 11.92 32.115 


2/19/2010 3:01 20970 11.92 32.125 


2/19/2010 3:31 21000 11.92 32.129 


2/19/2010 4:01 21030 11.92 32.132 


2/19/2010 4:31 21060 11.92 32.132 


2/19/2010 5:01 21090 11.92 32.132 


2/19/2010 5:31 21120 11.92 32.132 


2/19/2010 6:01 21150 11.92 32.129 


2/19/2010 6:31 21180 11.92 32.129 


2/19/2010 7:01 21210 11.92 32.129 


2/19/2010 7:31 21240 11.92 32.127 


2/19/2010 8:01 21270 11.92 32.117 


2/19/2010 8:31 21300 11.93 32.115 


2/19/2010 9:01 21330 11.92 32.108 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/19/2010 9:31 21360 11.93 32.108 


2/19/2010 10:01 21390 11.92 32.108 


2/19/2010 10:31 21420 11.92 32.11 


2/19/2010 11:01 21450 11.92 32.11 


2/19/2010 11:31 21480 11.92 32.11 


2/19/2010 12:01 21510 11.92 32.115 


2/19/2010 12:31 21540 11.92 32.115 


2/19/2010 13:01 21570 11.92 32.125 


2/19/2010 13:31 21600 11.92 32.125 


2/19/2010 14:01 21630 11.92 32.127 


2/19/2010 14:31 21660 11.93 32.129 


2/19/2010 15:01 21690 11.92 32.127 


2/19/2010 15:31 21720 11.92 32.12 


2/19/2010 16:01 21750 11.92 32.115 


2/19/2010 16:31 21780 11.92 32.113 


2/19/2010 17:01 21810 11.92 32.106 


2/19/2010 17:31 21840 11.92 32.101 


2/19/2010 18:01 21870 11.92 32.094 


2/19/2010 18:31 21900 11.92 32.086 


2/19/2010 19:01 21930 11.92 32.086 


2/19/2010 19:31 21960 11.92 32.082 


2/19/2010 20:01 21990 11.92 32.079 


2/19/2010 20:31 22020 11.92 32.082 


2/19/2010 21:01 22050 11.93 32.081 


2/19/2010 21:31 22080 11.92 32.086 


2/19/2010 22:01 22110 11.92 32.082 


2/19/2010 22:31 22140 11.92 32.079 


2/19/2010 23:01 22170 11.92 32.077 


2/19/2010 23:31 22200 11.92 32.075 


2/20/2010 0:01 22230 11.92 32.077 


2/20/2010 0:31 22260 11.92 32.072 


2/20/2010 1:01 22290 11.92 32.072 


2/20/2010 1:31 22320 11.92 32.07 


2/20/2010 2:01 22350 11.92 32.067 


2/20/2010 2:31 22380 11.92 32.067 


2/20/2010 3:01 22410 11.92 32.072 


2/20/2010 3:31 22440 11.92 32.072 


2/20/2010 4:01 22470 11.92 32.075 


2/20/2010 4:31 22500 11.92 32.072 


2/20/2010 5:01 22530 11.92 32.07 


2/20/2010 5:31 22560 11.92 32.067 


2/20/2010 6:01 22590 11.92 32.07 


2/20/2010 6:31 22620 11.92 32.07 


2/20/2010 7:01 22650 11.92 32.07 


2/20/2010 7:31 22680 11.92 32.065 


2/20/2010 8:01 22710 11.92 32.063 


2/20/2010 8:31 22740 11.92 32.06 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/20/2010 9:01 22770 11.92 32.055 


2/20/2010 9:31 22800 11.92 32.053 


2/20/2010 10:01 22830 11.92 32.051 


2/20/2010 10:31 22860 11.92 32.053 


2/20/2010 11:01 22890 11.92 32.053 


2/20/2010 11:31 22920 11.93 32.058 


2/20/2010 12:01 22950 11.92 32.06 


2/20/2010 12:31 22980 11.92 32.067 


2/20/2010 13:01 23010 11.92 32.072 


2/20/2010 13:31 23040 11.92 32.077 


2/20/2010 14:01 23070 11.93 32.077 


2/20/2010 14:31 23100 11.92 32.075 


2/20/2010 15:01 23130 11.92 32.07 


2/20/2010 15:31 23160 11.92 32.07 


2/20/2010 16:01 23190 11.92 32.063 


2/20/2010 16:31 23220 11.92 32.06 


2/20/2010 17:01 23250 11.92 32.051 


2/20/2010 17:31 23280 11.93 32.043 


2/20/2010 18:01 23310 11.93 32.034 


2/20/2010 18:31 23340 11.92 32.022 


2/20/2010 19:01 23370 11.92 32.015 


2/20/2010 19:31 23400 11.92 32.013 


2/20/2010 20:01 23430 11.92 32.01 


2/20/2010 20:31 23460 11.93 32.01 


2/20/2010 21:01 23490 11.92 32.005 


2/20/2010 21:31 23520 11.92 32.008 


2/20/2010 22:01 23550 11.93 32.005 


2/20/2010 22:31 23580 11.92 32.008 


2/20/2010 23:01 23610 11.92 32.01 


2/20/2010 23:31 23640 11.92 32.015 


2/21/2010 0:01 23670 11.92 32.015 


2/21/2010 0:31 23700 11.92 32.015 


2/21/2010 1:01 23730 11.92 32.015 


2/21/2010 1:31 23760 11.92 32.013 


2/21/2010 2:01 23790 11.92 32.013 


2/21/2010 2:31 23820 11.92 32.015 


2/21/2010 3:01 23850 11.92 32.015 


2/21/2010 3:31 23880 11.92 32.015 


2/21/2010 4:01 23910 11.92 32.013 


2/21/2010 4:31 23940 11.92 32.01 


2/21/2010 5:01 23970 11.92 32.008 


2/21/2010 5:31 24000 11.92 32.013 


2/21/2010 6:01 24030 11.92 32.015 


2/21/2010 6:31 24060 11.92 32.017 


2/21/2010 7:01 24090 11.92 32.02 


2/21/2010 7:31 24120 11.92 32.02 


2/21/2010 8:01 24150 11.93 32.022 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/21/2010 8:31 24180 11.92 32.02 


2/21/2010 9:01 24210 11.92 32.022 


2/21/2010 9:31 24240 11.92 32.024 


2/21/2010 10:01 24270 11.92 32.024 


2/21/2010 10:31 24300 11.92 32.027 


2/21/2010 11:01 24330 11.92 32.034 


2/21/2010 11:31 24360 11.92 32.034 


2/21/2010 12:01 24390 11.92 32.039 


2/21/2010 12:31 24420 11.92 32.051 


2/21/2010 13:01 24450 11.92 32.065 


2/21/2010 13:31 24480 11.92 32.072 


2/21/2010 14:01 24510 11.93 32.086 


2/21/2010 14:31 24540 11.92 32.096 


2/21/2010 15:01 24570 11.92 32.101 


2/21/2010 15:31 24600 11.92 32.101 


2/21/2010 16:01 24630 11.92 32.106 


2/21/2010 16:31 24660 11.92 32.103 


2/21/2010 17:01 24690 11.93 32.108 


2/21/2010 17:31 24720 11.92 32.11 


2/21/2010 18:01 24750 11.92 32.106 


2/21/2010 18:31 24780 11.92 32.101 


2/21/2010 19:01 24810 11.92 32.098 


2/21/2010 19:31 24840 11.92 32.103 


2/21/2010 20:01 24870 11.92 32.106 


2/21/2010 20:31 24900 11.92 32.106 


2/21/2010 21:01 24930 11.92 32.106 


2/21/2010 21:31 24960 11.92 32.113 


2/21/2010 22:01 24990 11.93 32.12 


2/21/2010 22:31 25020 11.92 32.12 


2/21/2010 23:01 25050 11.92 32.117 


2/21/2010 23:31 25080 11.92 32.122 


2/22/2010 0:01 25110 11.92 32.137 


2/22/2010 0:31 25140 11.92 32.141 


2/22/2010 1:01 25170 11.92 32.141 


2/22/2010 1:31 25200 11.92 32.144 


2/22/2010 2:01 25230 11.92 32.148 


2/22/2010 2:31 25260 11.92 32.153 


2/22/2010 3:01 25290 11.92 32.165 


2/22/2010 3:31 25320 11.92 32.165 


2/22/2010 4:01 25350 11.92 32.168 


2/22/2010 4:31 25380 11.92 32.172 


2/22/2010 5:01 25410 11.92 32.172 


2/22/2010 5:31 25440 11.92 32.175 


2/22/2010 6:01 25470 11.92 32.175 


2/22/2010 6:31 25500 11.92 32.177 


2/22/2010 7:01 25530 11.93 32.174 


2/22/2010 7:31 25560 11.92 32.175 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/22/2010 8:01 25590 11.92 32.168 


2/22/2010 8:31 25620 11.92 32.165 


2/22/2010 9:01 25650 11.92 32.165 


2/22/2010 9:31 25680 11.92 32.16 


2/22/2010 10:01 25710 11.92 32.151 


2/22/2010 10:31 25740 11.92 32.146 


2/22/2010 11:01 25770 11.92 32.139 


2/22/2010 11:31 25800 11.92 32.137 


2/22/2010 12:01 25830 11.92 32.134 


2/22/2010 12:31 25860 11.92 32.137 


2/22/2010 13:01 25890 11.92 32.141 


2/22/2010 13:31 25920 11.92 32.144 


2/22/2010 14:01 25950 11.92 32.134 


2/22/2010 14:31 25980 11.92 32.129 


2/22/2010 15:01 26010 11.92 32.12 


2/22/2010 15:31 26040 11.92 32.113 


2/22/2010 16:01 26070 11.92 32.098 


2/22/2010 16:31 26100 11.92 32.086 


2/22/2010 17:01 26130 11.92 32.077 


2/22/2010 17:31 26160 11.92 32.065 


2/22/2010 18:01 26190 11.92 32.053 


2/22/2010 18:31 26220 11.92 32.046 


2/22/2010 19:01 26250 11.92 32.034 


2/22/2010 19:31 26280 11.92 32.034 


2/22/2010 20:01 26310 11.92 32.034 


2/22/2010 20:31 26340 11.92 32.034 


2/22/2010 21:01 26370 11.92 32.032 


2/22/2010 21:31 26400 11.93 32.031 


2/22/2010 22:01 26430 11.92 32.029 


2/22/2010 22:31 26460 11.92 32.024 


2/22/2010 23:01 26490 11.92 32.027 


2/22/2010 23:31 26520 11.92 32.027 


2/23/2010 0:01 26550 11.92 32.029 


2/23/2010 0:31 26580 11.92 32.029 


2/23/2010 1:01 26610 11.92 32.032 


2/23/2010 1:31 26640 11.92 32.036 


2/23/2010 2:01 26670 11.92 32.044 


2/23/2010 2:31 26700 11.92 32.046 


2/23/2010 3:01 26730 11.92 32.055 


2/23/2010 3:31 26760 11.92 32.06 


2/23/2010 4:01 26790 11.92 32.063 


2/23/2010 4:31 26820 11.92 32.06 


2/23/2010 5:01 26850 11.92 32.063 


2/23/2010 5:31 26880 11.92 32.063 


2/23/2010 6:01 26910 11.92 32.067 


2/23/2010 6:31 26940 11.92 32.072 


2/23/2010 7:01 26970 11.92 32.07 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/23/2010 7:31 27000 11.92 32.072 


2/23/2010 8:01 27030 11.92 32.075 


2/23/2010 8:31 27060 11.92 32.077 


2/23/2010 9:01 27090 11.92 32.082 


2/23/2010 9:31 27120 11.92 32.086 


2/23/2010 10:01 27150 11.92 32.086 


2/23/2010 10:31 27180 11.92 32.089 


2/23/2010 11:01 27210 11.92 32.096 


2/23/2010 11:31 27240 11.92 32.101 


2/23/2010 12:01 27270 11.92 32.108 


2/23/2010 12:31 27300 11.92 32.117 


2/23/2010 13:01 27330 11.92 32.129 


2/23/2010 13:31 27360 11.92 32.137 


2/23/2010 14:01 27390 11.92 32.146 


2/23/2010 14:31 27420 11.92 32.151 


2/23/2010 15:01 27450 11.92 32.151 


2/23/2010 15:31 27480 11.92 32.156 


2/23/2010 16:01 27510 11.92 32.158 


2/23/2010 16:31 27540 11.92 32.16 


2/23/2010 17:01 27570 11.92 32.168 


2/23/2010 17:31 27600 11.92 32.17 


2/23/2010 18:01 27630 11.92 32.172 


2/23/2010 18:31 27660 11.92 32.172 


2/23/2010 19:01 27690 11.92 32.172 


2/23/2010 19:31 27720 11.92 32.179 


2/23/2010 20:01 27750 11.92 32.189 


2/23/2010 20:31 27780 11.92 32.194 


2/23/2010 21:01 27810 11.92 32.196 


2/23/2010 21:31 27840 11.92 32.201 


2/23/2010 22:01 27870 11.92 32.206 


2/23/2010 22:31 27900 11.92 32.21 


2/23/2010 23:01 27930 11.92 32.215 


2/23/2010 23:31 27960 11.92 32.22 


2/24/2010 0:01 27990 11.92 32.225 


2/24/2010 0:31 28020 11.92 32.232 


2/24/2010 1:01 28050 11.92 32.239 


2/24/2010 1:31 28080 11.92 32.244 


2/24/2010 2:01 28110 11.92 32.251 


2/24/2010 2:31 28140 11.92 32.263 


2/24/2010 3:01 28170 11.92 32.27 


2/24/2010 3:31 28200 11.93 32.279 


2/24/2010 4:01 28230 11.92 32.292 


2/24/2010 4:31 28260 11.92 32.296 


2/24/2010 5:01 28290 11.92 32.299 


2/24/2010 5:31 28320 11.93 32.301 


2/24/2010 6:01 28350 11.92 32.306 


2/24/2010 6:31 28380 11.92 32.315 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/24/2010 7:01 28410 11.92 32.327 


2/24/2010 7:31 28440 11.93 32.329 


2/24/2010 8:01 28470 11.92 32.334 


2/24/2010 8:31 28500 11.92 32.337 


2/24/2010 9:01 28530 11.92 32.339 


2/24/2010 9:31 28560 11.92 32.339 


2/24/2010 10:01 28590 11.92 32.344 


2/24/2010 10:31 28620 11.93 32.348 


2/24/2010 11:01 28650 11.92 32.349 


2/24/2010 11:31 28680 11.92 32.351 


2/24/2010 12:01 28710 11.92 32.356 


2/24/2010 12:31 28740 11.92 32.365 


2/24/2010 13:01 28770 11.92 32.373 


2/24/2010 13:31 28800 11.93 32.377 


2/24/2010 14:01 28830 11.92 32.377 


2/24/2010 14:31 28860 11.92 32.375 


2/24/2010 15:01 28890 11.92 32.375 


2/24/2010 15:31 28920 11.92 32.37 


2/24/2010 16:01 28950 11.92 32.37 


2/24/2010 16:31 28980 11.92 32.368 


2/24/2010 17:01 29010 11.92 32.363 


2/24/2010 17:31 29040 11.92 32.358 


2/24/2010 18:01 29070 11.92 32.354 


2/24/2010 18:31 29100 11.92 32.342 


2/24/2010 19:01 29130 11.92 32.337 


2/24/2010 19:31 29160 11.92 32.337 


2/24/2010 20:01 29190 11.92 32.337 


2/24/2010 20:31 29220 11.92 32.33 


2/24/2010 21:01 29250 11.92 32.32 


2/24/2010 21:31 29280 11.92 32.315 


2/24/2010 22:01 29310 11.93 32.31 


2/24/2010 22:31 29340 11.93 32.303 


2/24/2010 23:01 29370 11.92 32.299 


2/24/2010 23:31 29400 11.92 32.301 


2/25/2010 0:01 29430 11.92 32.299 


2/25/2010 0:31 29460 11.93 32.298 


2/25/2010 1:01 29490 11.93 32.294 


2/25/2010 1:31 29520 11.92 32.292 


2/25/2010 2:01 29550 11.92 32.289 


2/25/2010 2:31 29580 11.92 32.289 


2/25/2010 3:01 29610 11.92 32.287 


2/25/2010 3:31 29640 11.93 32.282 


2/25/2010 4:01 29670 11.92 32.27 


2/25/2010 4:31 29700 11.92 32.253 


2/25/2010 5:01 29730 11.92 32.239 


2/25/2010 5:31 29760 11.93 32.229 


2/25/2010 6:01 29790 11.92 32.22 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/25/2010 6:31 29820 11.92 32.215 


2/25/2010 7:01 29850 11.92 32.21 


2/25/2010 7:31 29880 11.92 32.199 


2/25/2010 8:01 29910 11.92 32.187 


2/25/2010 8:31 29940 11.92 32.177 


2/25/2010 9:01 29970 11.92 32.17 


2/25/2010 9:31 30000 11.92 32.16 


2/25/2010 10:01 30030 11.92 32.153 


2/25/2010 10:31 30060 11.92 32.151 


2/25/2010 11:01 30090 11.92 32.146 


2/25/2010 11:31 30120 11.92 32.139 


2/25/2010 12:01 30150 11.92 32.141 


2/25/2010 12:31 30180 11.92 32.141 


2/25/2010 13:01 30210 11.92 32.141 


2/25/2010 13:31 30240 11.92 32.139 


2/25/2010 14:01 30270 11.92 32.139 


2/25/2010 14:31 30300 11.92 32.137 


2/25/2010 15:01 30330 11.92 32.132 


2/25/2010 15:31 30360 11.92 32.132 


2/25/2010 16:01 30390 11.92 32.122 


2/25/2010 16:31 30420 11.92 32.115 


2/25/2010 17:01 30450 11.92 32.106 


2/25/2010 17:31 30480 11.92 32.098 


2/25/2010 18:01 30510 11.92 32.091 


2/25/2010 18:31 30540 11.92 32.084 


2/25/2010 19:01 30570 11.92 32.077 


2/25/2010 19:31 30600 11.92 32.075 


2/25/2010 20:01 30630 11.92 32.072 


2/25/2010 20:31 30660 11.92 32.072 


2/25/2010 21:01 30690 11.92 32.07 


2/25/2010 21:31 30720 11.92 32.067 


2/25/2010 22:01 30750 11.92 32.067 


2/25/2010 22:31 30780 11.92 32.063 


2/25/2010 23:01 30810 11.92 32.053 


2/25/2010 23:31 30840 11.92 32.053 


2/26/2010 0:01 30870 11.92 32.046 


2/26/2010 0:31 30900 11.92 32.044 


2/26/2010 1:01 30930 11.92 32.044 


2/26/2010 1:31 30960 11.92 32.044 


2/26/2010 2:01 30990 11.92 32.039 


2/26/2010 2:31 31020 11.92 32.036 


2/26/2010 3:01 31050 11.92 32.032 


2/26/2010 3:31 31080 11.92 32.036 


2/26/2010 4:01 31110 11.92 32.036 


2/26/2010 4:31 31140 11.92 32.029 


2/26/2010 5:01 31170 11.92 32.022 


2/26/2010 5:31 31200 11.92 32.017 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/26/2010 6:01 31230 11.92 32.01 


2/26/2010 6:31 31260 11.92 32.013 


2/26/2010 7:01 31290 11.92 32.003 


2/26/2010 7:31 31320 11.92 31.998 


2/26/2010 8:01 31350 11.92 31.998 


2/26/2010 8:31 31380 11.92 31.998 


2/26/2010 9:01 31410 11.92 31.993 


2/26/2010 9:31 31440 11.92 31.993 


2/26/2010 10:01 31470 11.92 31.989 


2/26/2010 10:31 31500 11.92 31.991 


2/26/2010 11:01 31530 11.92 31.993 


2/26/2010 11:31 31560 11.92 31.998 


2/26/2010 12:01 31590 11.92 32.008 


2/26/2010 12:31 31620 11.92 32.017 


2/26/2010 13:01 31650 11.92 32.029 


2/26/2010 13:31 31680 11.92 32.036 


2/26/2010 14:01 31710 11.92 32.046 


2/26/2010 14:31 31740 11.92 32.048 


2/26/2010 15:01 31770 11.92 32.051 


2/26/2010 15:31 31800 11.92 32.058 


2/26/2010 16:01 31830 11.92 32.063 


2/26/2010 16:31 31860 11.92 32.067 


2/26/2010 17:01 31890 11.92 32.067 


2/26/2010 17:31 31920 11.92 32.075 


2/26/2010 18:01 31950 11.92 32.079 


2/26/2010 18:31 31980 11.92 32.082 


2/26/2010 19:01 32010 11.92 32.084 


2/26/2010 19:31 32040 11.92 32.086 


2/26/2010 20:01 32070 11.92 32.094 


2/26/2010 20:31 32100 11.92 32.094 


2/26/2010 21:01 32130 11.92 32.096 


2/26/2010 21:31 32160 11.92 32.103 


2/26/2010 22:01 32190 11.92 32.108 


2/26/2010 22:31 32220 11.92 32.115 


2/26/2010 23:01 32250 11.92 32.122 


2/26/2010 23:31 32280 11.92 32.129 


2/27/2010 0:01 32310 11.92 32.134 


2/27/2010 0:31 32340 11.92 32.144 


2/27/2010 1:01 32370 11.92 32.163 


2/27/2010 1:31 32400 11.92 32.168 


2/27/2010 2:01 32430 11.92 32.172 


2/27/2010 2:31 32460 11.92 32.175 


2/27/2010 3:01 32490 11.92 32.177 


2/27/2010 3:31 32520 11.92 32.189 


2/27/2010 4:01 32550 11.92 32.196 


2/27/2010 4:31 32580 11.92 32.203 


2/27/2010 5:01 32610 11.92 32.21 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/27/2010 5:31 32640 11.92 32.215 


2/27/2010 6:01 32670 11.92 32.22 


2/27/2010 6:31 32700 11.92 32.225 


2/27/2010 7:01 32730 11.92 32.225 


2/27/2010 7:31 32760 11.92 32.227 


2/27/2010 8:01 32790 11.92 32.227 


2/27/2010 8:31 32820 11.92 32.23 


2/27/2010 9:01 32850 11.92 32.234 


2/27/2010 9:31 32880 11.92 32.232 


2/27/2010 10:01 32910 11.92 32.232 


2/27/2010 10:31 32940 11.92 32.232 


2/27/2010 11:01 32970 11.92 32.234 


2/27/2010 11:31 33000 11.92 32.237 


2/27/2010 12:01 33030 11.92 32.246 


2/27/2010 12:31 33060 11.92 32.258 


2/27/2010 13:01 33090 11.92 32.27 


2/27/2010 13:31 33120 11.92 32.282 


2/27/2010 14:01 33150 11.92 32.289 


2/27/2010 14:31 33180 11.92 32.296 


2/27/2010 15:01 33210 11.92 32.299 


2/27/2010 15:31 33240 11.92 32.306 


2/27/2010 16:01 33270 11.92 32.313 


2/27/2010 16:31 33300 11.92 32.313 


2/27/2010 17:01 33330 11.92 32.315 


2/27/2010 17:31 33360 11.92 32.315 


2/27/2010 18:01 33390 11.92 32.313 


2/27/2010 18:31 33420 11.92 32.318 


2/27/2010 19:01 33450 11.92 32.32 


2/27/2010 19:31 33480 11.92 32.318 


2/27/2010 20:01 33510 11.92 32.318 


2/27/2010 20:31 33540 11.92 32.318 


2/27/2010 21:01 33570 11.92 32.318 


2/27/2010 21:31 33600 11.92 32.318 


2/27/2010 22:01 33630 11.92 32.315 


2/27/2010 22:31 33660 11.92 32.308 


2/27/2010 23:01 33690 11.92 32.306 


2/27/2010 23:31 33720 11.92 32.308 


2/28/2010 0:01 33750 11.93 32.306 


2/28/2010 0:31 33780 11.92 32.303 


2/28/2010 1:01 33810 11.92 32.303 


2/28/2010 1:31 33840 11.92 32.306 


2/28/2010 2:01 33870 11.92 32.301 


2/28/2010 2:31 33900 11.92 32.303 


2/28/2010 3:01 33930 11.92 32.308 


2/28/2010 3:31 33960 11.92 32.311 


2/28/2010 4:01 33990 11.92 32.306 


2/28/2010 4:31 34020 11.92 32.301 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/28/2010 5:01 34050 11.92 32.294 


2/28/2010 5:31 34080 11.92 32.292 


2/28/2010 6:01 34110 11.92 32.287 


2/28/2010 6:31 34140 11.92 32.28 


2/28/2010 7:01 34170 11.92 32.272 


2/28/2010 7:31 34200 11.92 32.268 


2/28/2010 8:01 34230 11.92 32.263 


2/28/2010 8:31 34260 11.92 32.263 


2/28/2010 9:01 34290 11.92 32.253 


2/28/2010 9:31 34320 11.92 32.244 


2/28/2010 10:01 34350 11.92 32.239 


2/28/2010 10:31 34380 11.92 32.234 


2/28/2010 11:01 34410 11.92 32.232 


2/28/2010 11:31 34440 11.92 32.227 


2/28/2010 12:01 34470 11.92 32.222 


2/28/2010 12:31 34500 11.92 32.225 


2/28/2010 13:01 34530 11.92 32.225 


2/28/2010 13:31 34560 11.92 32.222 


2/28/2010 14:01 34590 11.92 32.22 


2/28/2010 14:31 34620 11.92 32.208 


2/28/2010 15:01 34650 11.92 32.201 


2/28/2010 15:31 34680 11.92 32.196 


2/28/2010 16:01 34710 11.92 32.184 


2/28/2010 16:31 34740 11.92 32.179 


2/28/2010 17:01 34770 11.92 32.168 


2/28/2010 17:31 34800 11.92 32.16 


2/28/2010 18:01 34830 11.92 32.148 


2/28/2010 18:31 34860 11.92 32.137 


2/28/2010 19:01 34890 11.92 32.12 


2/28/2010 19:31 34920 11.92 32.117 


2/28/2010 20:01 34950 11.92 32.115 


2/28/2010 20:31 34980 11.92 32.103 


2/28/2010 21:01 35010 11.92 32.091 


2/28/2010 21:31 35040 11.92 32.089 


2/28/2010 22:01 35070 11.92 32.084 


2/28/2010 22:31 35100 11.92 32.077 


2/28/2010 23:01 35130 11.92 32.077 


2/28/2010 23:31 35160 11.92 32.07 


3/1/2010 0:01 35190 11.92 32.067 


3/1/2010 0:31 35220 11.92 32.065 


3/1/2010 1:01 35250 11.92 32.058 


3/1/2010 1:31 35280 11.92 32.053 


3/1/2010 2:01 35310 11.92 32.053 


3/1/2010 2:31 35340 11.92 32.055 


3/1/2010 3:01 35370 11.92 32.051 


3/1/2010 3:31 35400 11.92 32.048 


3/1/2010 4:01 35430 11.92 32.048 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/1/2010 4:31 35460 11.92 32.041 


3/1/2010 5:01 35490 11.92 32.039 


3/1/2010 5:31 35520 11.92 32.034 


3/1/2010 6:01 35550 11.92 32.02 


3/1/2010 6:31 35580 11.92 32.013 


3/1/2010 7:01 35610 11.92 32.008 


3/1/2010 7:31 35640 11.92 32.013 


3/1/2010 8:01 35670 11.92 32.005 


3/1/2010 8:31 35700 11.92 32.003 


3/1/2010 9:01 35730 11.92 31.998 


3/1/2010 9:31 35760 11.92 31.998 


3/1/2010 10:01 35790 11.92 32.003 


3/1/2010 10:31 35820 11.92 32.005 


3/1/2010 11:01 35850 11.92 32.005 


3/1/2010 11:31 35880 11.92 32.001 


3/1/2010 12:01 35910 11.92 32.005 


3/1/2010 12:31 35940 11.92 32.017 


3/1/2010 13:01 35970 11.92 32.024 


3/1/2010 13:31 36000 11.92 32.034 


3/1/2010 14:01 36030 11.92 32.044 


3/1/2010 14:31 36060 11.92 32.051 


3/1/2010 15:01 36090 11.92 32.051 


3/1/2010 15:31 36120 11.92 32.055 


3/1/2010 16:01 36150 11.92 32.055 


3/1/2010 16:31 36180 11.92 32.058 


3/1/2010 17:01 36210 11.92 32.055 


3/1/2010 17:31 36240 11.92 32.058 


3/1/2010 18:01 36270 11.92 32.06 


3/1/2010 18:31 36300 11.92 32.058 


3/1/2010 19:01 36330 11.92 32.06 


3/1/2010 19:31 36360 11.92 32.065 


3/1/2010 20:01 36390 11.92 32.067 


3/1/2010 20:31 36420 11.92 32.067 


3/1/2010 21:01 36450 11.92 32.075 


3/1/2010 21:31 36480 11.92 32.075 


3/1/2010 22:01 36510 11.92 32.079 


3/1/2010 22:31 36540 11.92 32.084 


3/1/2010 23:01 36570 11.92 32.089 


3/1/2010 23:31 36600 11.92 32.089 


3/2/2010 0:01 36630 11.92 32.096 


3/2/2010 0:31 36660 11.92 32.101 


3/2/2010 1:01 36690 11.92 32.11 


3/2/2010 1:31 36720 11.92 32.113 


3/2/2010 2:01 36750 11.92 32.117 


3/2/2010 2:31 36780 11.92 32.125 


3/2/2010 3:01 36810 11.92 32.132 


3/2/2010 3:31 36840 11.92 32.141 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/2/2010 4:01 36870 11.92 32.146 


3/2/2010 4:31 36900 11.92 32.148 


3/2/2010 5:01 36930 11.92 32.148 


3/2/2010 5:31 36960 11.92 32.148 


3/2/2010 6:01 36990 11.92 32.153 


3/2/2010 6:31 37020 11.92 32.153 


3/2/2010 7:01 37050 11.92 32.153 


3/2/2010 7:31 37080 11.92 32.153 


3/2/2010 8:01 37110 11.92 32.158 


3/2/2010 8:31 37140 11.92 32.158 


3/2/2010 9:01 37170 11.92 32.163 


3/2/2010 9:31 37200 11.92 32.165 


3/2/2010 10:01 37230 11.92 32.168 


3/2/2010 10:31 37260 11.92 32.172 


3/2/2010 11:01 37290 11.92 32.184 


3/2/2010 11:31 37320 11.92 32.189 


3/2/2010 12:01 37350 11.92 32.199 


3/2/2010 12:31 37380 11.92 32.21 


3/2/2010 13:01 37410 11.92 32.222 


3/2/2010 13:31 37440 11.92 32.232 


3/2/2010 14:01 37470 11.92 32.244 


3/2/2010 14:31 37500 11.92 32.253 


3/2/2010 15:01 37530 11.92 32.258 


3/2/2010 15:31 37560 11.92 32.263 


3/2/2010 16:01 37590 11.92 32.268 


3/2/2010 16:31 37620 11.92 32.272 


3/2/2010 17:01 37650 11.92 32.275 


3/2/2010 17:31 37680 11.92 32.277 


3/2/2010 18:01 37710 11.92 32.277 


3/2/2010 18:31 37740 11.92 32.277 


3/2/2010 19:01 37770 11.92 32.277 


3/2/2010 19:31 37800 11.92 32.282 


3/2/2010 20:01 37830 11.92 32.284 


3/2/2010 20:31 37860 11.92 32.284 


3/2/2010 21:01 37890 11.92 32.284 


3/2/2010 21:31 37920 11.92 32.294 


3/2/2010 22:01 37950 11.92 32.296 


3/2/2010 22:31 37980 11.92 32.303 


3/2/2010 23:01 38010 11.92 32.306 


3/2/2010 23:31 38040 11.92 32.311 


3/3/2010 0:01 38070 11.92 32.315 


3/3/2010 0:31 38100 11.92 32.32 


3/3/2010 1:01 38130 11.92 32.325 


3/3/2010 1:31 38160 11.92 32.33 


3/3/2010 2:01 38190 11.92 32.334 


3/3/2010 2:31 38220 11.92 32.339 


3/3/2010 3:01 38250 11.92 32.349 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/3/2010 3:31 38280 11.92 32.349 


3/3/2010 4:01 38310 11.92 32.351 


3/3/2010 4:31 38340 11.92 32.354 


3/3/2010 5:01 38370 11.92 32.354 


3/3/2010 5:31 38400 11.92 32.354 


3/3/2010 6:01 38430 11.92 32.354 


3/3/2010 6:31 38460 11.92 32.358 


3/3/2010 7:01 38490 11.92 32.358 


3/3/2010 7:31 38520 11.92 32.354 


3/3/2010 8:01 38550 11.92 32.346 


3/3/2010 8:31 38580 11.92 32.349 


3/3/2010 9:01 38610 11.92 32.346 


3/3/2010 9:31 38640 11.92 32.349 


3/3/2010 10:01 38670 11.92 32.354 


3/3/2010 10:31 38700 11.92 32.354 


3/3/2010 11:01 38730 11.92 32.356 


3/3/2010 11:31 38760 11.92 32.354 


3/3/2010 12:01 38790 11.92 32.356 


3/3/2010 12:31 38820 11.92 32.363 


3/3/2010 13:01 38850 11.92 32.373 


3/3/2010 13:31 38880 11.92 32.38 


3/3/2010 14:01 38910 11.92 32.385 


3/3/2010 14:31 38940 11.92 32.385 


3/3/2010 15:01 38970 11.92 32.382 


3/3/2010 15:31 39000 11.92 32.382 


3/3/2010 16:01 39030 11.92 32.377 


3/3/2010 16:31 39060 11.92 32.375 


3/3/2010 17:01 39090 11.92 32.37 


3/3/2010 17:31 39120 11.92 32.365 


3/3/2010 18:01 39150 11.92 32.365 


3/3/2010 18:31 39180 11.92 32.365 


3/3/2010 19:01 39210 11.92 32.361 


3/3/2010 19:31 39240 11.92 32.358 


3/3/2010 20:01 39270 11.92 32.361 


3/3/2010 20:31 39300 11.92 32.356 


3/3/2010 21:01 39330 11.92 32.356 


3/3/2010 21:31 39360 11.92 32.358 


3/3/2010 22:01 39390 11.92 32.361 


3/3/2010 22:31 39420 11.92 32.361 


3/3/2010 23:01 39450 11.92 32.361 


3/3/2010 23:31 39480 11.92 32.358 


3/4/2010 0:01 39510 11.92 32.358 


3/4/2010 0:31 39540 11.92 32.358 


3/4/2010 1:01 39570 11.92 32.356 


3/4/2010 1:31 39600 11.92 32.354 


3/4/2010 2:01 39630 11.92 32.356 


3/4/2010 2:31 39660 11.92 32.356 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/4/2010 3:01 39690 11.92 32.354 


3/4/2010 3:31 39720 11.92 32.354 


3/4/2010 4:01 39750 11.92 32.354 


3/4/2010 4:31 39780 11.92 32.349 


3/4/2010 5:01 39810 11.92 32.351 


3/4/2010 5:31 39840 11.92 32.349 


3/4/2010 6:01 39870 11.92 32.346 


3/4/2010 6:31 39900 11.92 32.344 


3/4/2010 7:01 39930 11.92 32.339 


3/4/2010 7:31 39960 11.92 32.33 


3/4/2010 8:01 39990 11.92 32.327 


3/4/2010 8:31 40020 11.92 32.325 


3/4/2010 9:01 40050 11.92 32.323 


3/4/2010 9:31 40080 11.92 32.323 


3/4/2010 10:01 40110 11.92 32.32 


3/4/2010 10:31 40140 11.92 32.323 


3/4/2010 11:01 40170 11.92 32.325 


3/4/2010 11:31 40200 11.92 32.332 


3/4/2010 12:01 40230 11.92 32.339 


3/4/2010 12:31 40260 11.92 32.346 


3/4/2010 13:01 40290 11.92 32.358 


3/4/2010 13:31 40320 11.92 32.368 


3/4/2010 14:01 40350 11.92 32.375 


3/4/2010 14:31 40380 11.92 32.375 


3/4/2010 15:01 40410 11.92 32.377 


3/4/2010 15:31 40440 11.92 32.377 


3/4/2010 16:01 40470 11.92 32.382 


3/4/2010 16:31 40500 11.92 32.385 


3/4/2010 17:01 40530 11.92 32.38 


3/4/2010 17:31 40560 11.92 32.373 


3/4/2010 18:01 40590 11.92 32.368 


3/4/2010 18:31 40620 11.92 32.365 


3/4/2010 19:01 40650 11.92 32.358 


3/4/2010 19:31 40680 11.92 32.351 


3/4/2010 20:01 40710 11.92 32.349 


3/4/2010 20:31 40740 11.92 32.346 


3/4/2010 21:01 40770 11.92 32.344 


3/4/2010 21:31 40800 11.92 32.342 


3/4/2010 22:01 40830 11.92 32.339 


3/4/2010 22:31 40860 11.92 32.339 


3/4/2010 23:01 40890 11.92 32.344 


3/4/2010 23:31 40920 11.92 32.346 


3/5/2010 0:01 40950 11.92 32.349 


3/5/2010 0:31 40980 11.92 32.351 


3/5/2010 1:01 41010 11.92 32.354 


3/5/2010 1:31 41040 11.92 32.351 


3/5/2010 2:01 41070 11.92 32.354 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/5/2010 2:31 41100 11.92 32.356 


3/5/2010 3:01 41130 11.92 32.354 


3/5/2010 3:31 41160 11.92 32.349 


3/5/2010 4:01 41190 11.92 32.346 


3/5/2010 4:31 41220 11.92 32.342 


3/5/2010 5:01 41250 11.92 32.33 


3/5/2010 5:31 41280 11.92 32.323 


3/5/2010 6:01 41310 11.92 32.32 


3/5/2010 6:31 41340 11.92 32.313 


3/5/2010 7:01 41370 11.92 32.296 


3/5/2010 7:31 41400 11.92 32.294 


3/5/2010 8:01 41430 11.92 32.277 


3/5/2010 8:31 41460 11.92 32.268 


3/5/2010 9:01 41490 11.92 32.265 


3/5/2010 9:31 41520 11.92 32.256 


3/5/2010 10:01 41550 11.92 32.249 


3/5/2010 10:31 41580 11.92 32.246 


3/5/2010 11:01 41610 11.92 32.241 


3/5/2010 11:31 41640 11.92 32.237 


3/5/2010 12:01 41670 11.92 32.237 


3/5/2010 12:31 41700 11.92 32.239 


3/5/2010 13:01 41730 11.92 32.239 


3/5/2010 13:31 41760 11.92 32.239 


3/5/2010 14:01 41790 11.92 32.237 


3/5/2010 14:31 41820 11.92 32.23 


3/5/2010 15:01 41850 11.92 32.225 


3/5/2010 15:31 41880 11.92 32.215 


3/5/2010 16:01 41910 11.92 32.213 


3/5/2010 16:31 41940 11.92 32.203 


3/5/2010 17:01 41970 11.92 32.189 


3/5/2010 17:31 42000 11.92 32.182 


3/5/2010 18:01 42030 11.92 32.175 


3/5/2010 18:31 42060 11.92 32.168 


3/5/2010 19:01 42090 11.92 32.16 


3/5/2010 19:31 42120 11.92 32.151 


3/5/2010 20:01 42150 11.92 32.141 


3/5/2010 20:31 42180 11.92 32.137 


3/5/2010 21:01 42210 11.92 32.125 


3/5/2010 21:31 42240 11.92 32.12 


3/5/2010 22:01 42270 11.92 32.115 


3/5/2010 22:31 42300 11.92 32.106 


3/5/2010 23:01 42330 11.92 32.106 


3/5/2010 23:31 42360 11.92 32.11 


3/6/2010 0:01 42390 11.92 32.108 


3/6/2010 0:31 42420 11.92 32.108 


3/6/2010 1:01 42450 11.92 32.098 


3/6/2010 1:31 42480 11.92 32.084 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/6/2010 2:01 42510 11.92 32.084 


3/6/2010 2:31 42540 11.92 32.082 


3/6/2010 3:01 42570 11.92 32.082 


3/6/2010 3:31 42600 11.92 32.082 


3/6/2010 4:01 42630 11.92 32.082 


3/6/2010 4:31 42660 11.92 32.075 


3/6/2010 5:01 42690 11.92 32.072 


3/6/2010 5:31 42720 11.92 32.075 


3/6/2010 6:01 42750 11.92 32.082 


3/6/2010 6:31 42780 11.92 32.082 


3/6/2010 7:01 42810 11.92 32.075 


3/6/2010 7:31 42840 11.92 32.07 


3/6/2010 8:01 42870 11.92 32.065 


3/6/2010 8:31 42900 11.92 32.065 


3/6/2010 9:01 42930 11.92 32.067 


3/6/2010 9:31 42960 11.92 32.063 


3/6/2010 10:01 42990 11.92 32.06 


3/6/2010 10:31 43020 11.92 32.063 


3/6/2010 11:01 43050 11.92 32.065 


3/6/2010 11:31 43080 11.92 32.067 


3/6/2010 12:01 43110 11.92 32.075 


3/6/2010 12:31 43140 11.92 32.082 


3/6/2010 13:01 43170 11.92 32.096 


3/6/2010 13:31 43200 11.92 32.108 


3/6/2010 14:01 43230 11.92 32.115 


3/6/2010 14:31 43260 11.92 32.125 


3/6/2010 15:01 43290 11.92 32.134 


3/6/2010 15:31 43320 11.92 32.146 


3/6/2010 16:01 43350 11.92 32.153 


3/6/2010 16:31 43380 11.92 32.163 


3/6/2010 17:01 43410 11.92 32.17 


3/6/2010 17:31 43440 11.92 32.175 


3/6/2010 18:01 43470 11.92 32.177 


3/6/2010 18:31 43500 11.92 32.179 


3/6/2010 19:01 43530 11.92 32.184 


3/6/2010 19:31 43560 11.92 32.187 


3/6/2010 20:01 43590 11.92 32.184 


3/6/2010 20:31 43620 11.92 32.182 


3/6/2010 21:01 43650 11.92 32.184 


3/6/2010 21:31 43680 11.92 32.191 


3/6/2010 22:01 43710 11.92 32.196 


3/6/2010 22:31 43740 11.92 32.206 


3/6/2010 23:01 43770 11.92 32.21 


3/6/2010 23:31 43800 11.92 32.215 


3/7/2010 0:01 43830 11.92 32.225 


3/7/2010 0:31 43860 11.92 32.23 


3/7/2010 1:01 43890 11.92 32.237 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
 


Attachment_STEP_Raw Data Examples.docx Page 35 of 78 4/11/2017 


3/7/2010 1:31 43920 11.92 32.244 


3/7/2010 2:01 43950 11.92 32.253 


3/7/2010 2:31 43980 11.92 32.268 


3/7/2010 3:01 44010 11.92 32.277 


3/7/2010 3:31 44040 11.92 32.282 


3/7/2010 4:01 44070 11.92 32.289 


3/7/2010 4:31 44100 11.92 32.292 


3/7/2010 5:01 44130 11.92 32.299 


3/7/2010 5:31 44160 11.92 32.308 


3/7/2010 6:01 44190 11.92 32.315 


3/7/2010 6:31 44220 11.92 32.325 


3/7/2010 7:01 44250 11.92 32.325 


3/7/2010 7:31 44280 11.92 32.327 


3/7/2010 8:01 44310 11.92 32.337 


3/7/2010 8:31 44340 11.92 32.344 


3/7/2010 9:01 44370 11.92 32.354 


3/7/2010 9:31 44400 11.92 32.363 


3/7/2010 10:01 44430 11.92 32.368 


3/7/2010 10:31 44460 11.92 32.375 


3/7/2010 11:01 44490 11.92 32.382 


3/7/2010 11:31 44520 11.92 32.392 


3/7/2010 12:01 44550 11.92 32.406 


3/7/2010 12:31 44580 11.92 32.423 


3/7/2010 13:01 44610 11.92 32.442 


3/7/2010 13:31 44640 11.92 32.456 


3/7/2010 14:01 44670 11.92 32.468 


3/7/2010 14:31 44700 11.92 32.478 


3/7/2010 15:01 44730 11.92 32.487 


3/7/2010 15:31 44760 11.92 32.492 


3/7/2010 16:01 44790 11.92 32.504 


3/7/2010 16:31 44820 11.92 32.509 


3/7/2010 17:01 44850 11.92 32.513 


3/7/2010 17:31 44880 11.92 32.518 


3/7/2010 18:01 44910 11.92 32.513 


3/7/2010 18:31 44940 11.92 32.504 


3/7/2010 19:01 44970 11.92 32.506 


3/7/2010 19:31 45000 11.92 32.506 


3/7/2010 20:01 45030 11.92 32.509 


3/7/2010 20:31 45060 11.92 32.504 


3/7/2010 21:01 45090 11.92 32.509 


3/7/2010 21:31 45120 11.92 32.513 


3/7/2010 22:01 45150 11.92 32.518 


3/7/2010 22:31 45180 11.92 32.525 


3/7/2010 23:01 45210 11.92 32.53 


3/7/2010 23:31 45240 11.92 32.54 


3/8/2010 0:01 45270 11.92 32.547 


3/8/2010 0:31 45300 11.92 32.544 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/8/2010 1:01 45330 11.92 32.549 


3/8/2010 1:31 45360 11.92 32.551 


3/8/2010 2:01 45390 11.92 32.566 


3/8/2010 2:31 45420 11.92 32.559 


3/8/2010 3:01 45450 11.92 32.561 


3/8/2010 3:31 45480 11.92 32.554 


3/8/2010 4:01 45510 11.92 32.54 


3/8/2010 4:31 45540 11.92 32.537 


3/8/2010 5:01 45570 11.92 32.537 


3/8/2010 5:31 45600 11.92 32.53 


3/8/2010 6:01 45630 11.92 32.52 


3/8/2010 6:31 45660 11.92 32.516 


3/8/2010 7:01 45690 11.92 32.513 


3/8/2010 7:31 45720 11.92 32.506 


3/8/2010 8:01 45750 11.92 32.504 


3/8/2010 8:31 45780 11.92 32.497 


3/8/2010 9:01 45810 11.92 32.485 


3/8/2010 9:31 45840 11.92 32.489 


3/8/2010 10:01 45870 11.92 32.48 


3/8/2010 10:31 45900 11.92 32.48 


3/8/2010 11:01 45930 11.92 32.482 


3/8/2010 11:31 45960 11.92 32.485 


3/8/2010 12:01 45990 11.92 32.485 


3/8/2010 12:31 46020 11.92 32.485 


3/8/2010 13:01 46050 11.92 32.482 


3/8/2010 13:31 46080 11.92 32.485 


3/8/2010 14:01 46110 11.92 32.485 


3/8/2010 14:31 46140 11.92 32.48 


3/8/2010 15:01 46170 11.92 32.48 


3/8/2010 15:31 46200 11.92 32.48 


3/8/2010 16:01 46230 11.92 32.478 


3/8/2010 16:31 46260 11.92 32.473 


3/8/2010 17:01 46290 11.92 32.466 


3/8/2010 17:31 46320 11.92 32.458 


3/8/2010 18:01 46350 11.92 32.451 


3/8/2010 18:31 46380 11.92 32.442 


3/8/2010 19:01 46410 11.92 32.435 


3/8/2010 19:31 46440 11.92 32.43 


3/8/2010 20:01 46470 11.92 32.425 


3/8/2010 20:31 46500 11.92 32.42 


3/8/2010 21:01 46530 11.92 32.416 


3/8/2010 21:31 46560 11.92 32.413 


3/8/2010 22:01 46590 11.92 32.413 


3/8/2010 22:31 46620 11.92 32.411 


3/8/2010 23:01 46650 11.92 32.411 


3/8/2010 23:31 46680 11.92 32.413 


3/9/2010 0:01 46710 11.92 32.416 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/9/2010 0:31 46740 11.92 32.418 


3/9/2010 1:01 46770 11.92 32.411 


3/9/2010 1:31 46800 11.92 32.406 


3/9/2010 2:01 46830 11.92 32.408 


3/9/2010 2:31 46860 11.92 32.411 


3/9/2010 3:01 46890 11.92 32.413 


3/9/2010 3:31 46920 11.92 32.411 


3/9/2010 4:01 46950 11.92 32.413 


3/9/2010 4:31 46980 11.92 32.401 


3/9/2010 5:01 47010 11.92 32.396 


3/9/2010 5:31 47040 11.92 32.392 


3/9/2010 6:01 47070 11.92 32.385 


3/9/2010 6:31 47100 11.92 32.377 


3/9/2010 7:01 47130 11.92 32.368 


3/9/2010 7:31 47160 11.92 32.358 


3/9/2010 8:01 47190 11.92 32.351 


3/9/2010 8:31 47220 11.92 32.337 


3/9/2010 9:01 47250 11.92 32.318 


3/9/2010 9:31 47280 11.92 32.313 


3/9/2010 10:01 47310 11.92 32.308 


3/9/2010 10:31 47340 11.92 32.311 


3/9/2010 11:01 47370 11.92 32.313 


3/9/2010 11:31 47400 11.92 32.315 


3/9/2010 12:01 47430 11.92 32.327 


3/9/2010 12:31 47460 11.92 32.334 


3/9/2010 13:01 47490 11.92 32.349 


3/9/2010 13:31 47520 11.92 32.358 


3/9/2010 14:01 47550 11.92 32.37 


3/9/2010 14:31 47580 11.92 32.377 


3/9/2010 15:01 47610 11.92 32.382 


3/9/2010 15:31 47640 11.92 32.387 


3/9/2010 16:01 47670 11.92 32.385 


3/9/2010 16:31 47700 11.92 32.385 


3/9/2010 17:01 47730 11.92 32.387 


3/9/2010 17:31 47760 11.92 32.385 


3/9/2010 18:01 47790 11.92 32.387 


3/9/2010 18:31 47820 11.92 32.387 


3/9/2010 19:01 47850 11.92 32.389 


3/9/2010 19:31 47880 11.92 32.396 


3/9/2010 20:01 47910 11.92 32.396 


3/9/2010 20:31 47940 11.92 32.399 


3/9/2010 21:01 47970 11.92 32.401 


3/9/2010 21:31 48000 11.92 32.406 


3/9/2010 22:01 48030 11.92 32.411 


3/9/2010 22:31 48060 11.92 32.416 


3/9/2010 23:01 48090 11.92 32.418 


3/9/2010 23:31 48120 11.92 32.42 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/10/2010 0:01 48150 11.92 32.423 


3/10/2010 0:31 48180 11.92 32.43 


3/10/2010 1:01 48210 11.92 32.43 


3/10/2010 1:31 48240 11.92 32.427 


3/10/2010 2:01 48270 11.92 32.43 


3/10/2010 2:31 48300 11.92 32.435 


3/10/2010 3:01 48330 11.92 32.437 


3/10/2010 3:31 48360 11.92 32.435 


3/10/2010 4:01 48390 11.92 32.43 


3/10/2010 4:31 48420 11.92 32.427 


3/10/2010 5:01 48450 11.92 32.418 


3/10/2010 5:31 48480 11.92 32.418 


3/10/2010 6:01 48510 11.92 32.411 


3/10/2010 6:31 48540 11.92 32.406 


3/10/2010 7:01 48570 11.92 32.401 


3/10/2010 7:31 48600 11.92 32.396 


3/10/2010 8:01 48630 11.92 32.392 


3/10/2010 8:31 48660 11.92 32.387 


3/10/2010 9:01 48690 11.92 32.385 


3/10/2010 9:31 48720 11.92 32.38 


3/10/2010 10:01 48750 11.92 32.377 


3/10/2010 10:31 48780 11.92 32.373 


3/10/2010 11:01 48810 11.92 32.373 


3/10/2010 11:31 48840 11.92 32.375 


3/10/2010 12:01 48870 11.92 32.37 


3/10/2010 12:31 48900 11.92 32.373 


3/10/2010 13:01 48930 11.92 32.38 


3/10/2010 13:31 48960 11.92 32.382 


3/10/2010 14:01 48990 11.92 32.38 


3/10/2010 14:31 49020 11.92 32.377 


3/10/2010 15:01 49050 11.92 32.373 


3/10/2010 15:31 49080 11.92 32.365 


3/10/2010 16:01 49110 11.92 32.361 


3/10/2010 16:31 49140 11.92 32.349 


3/10/2010 17:01 49170 11.92 32.339 


3/10/2010 17:31 49200 11.92 32.327 


3/10/2010 18:01 49230 11.92 32.318 


3/10/2010 18:31 49260 11.92 32.313 


3/10/2010 19:01 49290 11.92 32.303 


3/10/2010 19:31 49320 11.92 32.294 


3/10/2010 20:01 49350 11.92 32.289 


3/10/2010 20:31 49380 11.92 32.282 


3/10/2010 21:01 49410 11.92 32.275 


3/10/2010 21:31 49440 11.92 32.27 


3/10/2010 22:01 49470 11.92 32.265 


3/10/2010 22:31 49500 11.92 32.258 


3/10/2010 23:01 49530 11.92 32.256 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/10/2010 23:31 49560 11.92 32.256 


3/11/2010 0:01 49590 11.92 32.256 


3/11/2010 0:31 49620 11.92 32.256 


3/11/2010 1:01 49650 11.92 32.253 


3/11/2010 1:31 49680 11.92 32.249 


3/11/2010 2:01 49710 11.92 32.249 


3/11/2010 2:31 49740 11.92 32.249 


3/11/2010 3:01 49770 11.92 32.253 


3/11/2010 3:31 49800 11.92 32.251 


3/11/2010 4:01 49830 11.92 32.249 


3/11/2010 4:31 49860 11.92 32.251 


3/11/2010 5:01 49890 11.92 32.246 


3/11/2010 5:31 49920 11.92 32.241 


3/11/2010 6:01 49950 11.92 32.234 


3/11/2010 6:31 49980 11.92 32.225 


3/11/2010 7:01 50010 11.92 32.22 


3/11/2010 7:31 50040 11.92 32.218 


3/11/2010 8:01 50070 11.92 32.21 


3/11/2010 8:31 50100 11.92 32.206 


3/11/2010 9:01 50130 11.92 32.21 


3/11/2010 9:31 50160 11.92 32.21 


3/11/2010 10:01 50190 11.92 32.208 


3/11/2010 10:31 50220 11.92 32.206 


3/11/2010 11:01 50250 11.92 32.206 


3/11/2010 11:31 50280 11.92 32.213 


3/11/2010 12:01 50310 11.92 32.22 


3/11/2010 12:31 50340 11.92 32.227 


3/11/2010 13:01 50370 11.92 32.241 


3/11/2010 13:31 50400 11.92 32.249 


3/11/2010 14:01 50430 11.92 32.263 


3/11/2010 14:31 50460 11.92 32.268 


3/11/2010 15:01 50490 11.92 32.272 


3/11/2010 15:31 50520 11.92 32.275 


3/11/2010 16:01 50550 11.92 32.277 


3/11/2010 16:31 50580 11.92 32.275 


3/11/2010 17:01 50610 11.92 32.272 


3/11/2010 17:31 50640 11.92 32.268 


3/11/2010 18:01 50670 11.92 32.258 


3/11/2010 18:31 50700 11.92 32.256 


3/11/2010 19:01 50730 11.92 32.253 


3/11/2010 19:31 50760 11.92 32.251 


3/11/2010 20:01 50790 11.92 32.249 


3/11/2010 20:31 50820 11.92 32.241 


3/11/2010 21:01 50850 11.92 32.232 


3/11/2010 21:31 50880 11.92 32.232 


3/11/2010 22:01 50910 11.92 32.237 


3/11/2010 22:31 50940 11.92 32.237 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/11/2010 23:01 50970 11.92 32.232 


3/11/2010 23:31 51000 11.92 32.23 


3/12/2010 0:01 51030 11.92 32.227 


3/12/2010 0:31 51060 11.92 32.227 


3/12/2010 1:01 51090 11.92 32.225 


3/12/2010 1:31 51120 11.92 32.225 


3/12/2010 2:01 51150 11.92 32.227 


3/12/2010 2:31 51180 11.92 32.225 


3/12/2010 3:01 51210 11.92 32.227 


3/12/2010 3:31 51240 11.92 32.222 


3/12/2010 4:01 51270 11.92 32.222 


3/12/2010 4:31 51300 11.92 32.218 


3/12/2010 5:01 51330 11.92 32.218 


3/12/2010 5:31 51360 11.92 32.208 


3/12/2010 6:01 51390 11.92 32.206 


3/12/2010 6:31 51420 11.92 32.199 


3/12/2010 7:01 51450 11.92 32.199 


3/12/2010 7:31 51480 11.92 32.191 


3/12/2010 8:01 51510 11.92 32.189 


3/12/2010 8:31 51540 11.92 32.187 


3/12/2010 9:01 51570 11.92 32.187 


3/12/2010 9:31 51600 11.92 32.187 


3/12/2010 10:01 51630 11.92 32.182 


3/12/2010 10:31 51660 11.92 32.179 


3/12/2010 11:01 51690 11.92 32.187 


3/12/2010 11:31 51720 11.92 32.191 


3/12/2010 12:01 51750 11.92 32.199 


3/12/2010 12:31 51780 11.92 32.208 


3/12/2010 13:01 51810 11.92 32.225 


3/12/2010 13:31 51840 11.92 32.241 


3/12/2010 14:01 51870 11.92 32.251 


3/12/2010 14:31 51900 11.92 32.263 


3/12/2010 15:01 51930 11.92 32.268 


3/12/2010 15:31 51960 11.92 32.272 


3/12/2010 16:01 51990 11.92 32.277 


3/12/2010 16:31 52020 11.92 32.284 


3/12/2010 17:01 52050 11.92 32.284 


3/12/2010 17:31 52080 11.92 32.287 


3/12/2010 18:01 52110 11.92 32.289 


3/12/2010 18:31 52140 11.92 32.289 


3/12/2010 19:01 52170 11.92 32.292 


3/12/2010 19:31 52200 11.92 32.301 


3/12/2010 20:01 52230 11.92 32.306 


3/12/2010 20:31 52260 11.92 32.313 


3/12/2010 21:01 52290 11.92 32.32 


3/12/2010 21:31 52320 11.92 32.334 


3/12/2010 22:01 52350 11.92 32.342 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/12/2010 22:31 52380 11.92 32.349 


3/12/2010 23:01 52410 11.92 32.354 


3/12/2010 23:31 52440 11.92 32.363 


3/13/2010 0:01 52470 11.92 32.37 


3/13/2010 0:31 52500 11.92 32.38 


3/13/2010 1:01 52530 11.92 32.377 


3/13/2010 1:31 52560 11.92 32.385 


3/13/2010 2:01 52590 11.92 32.392 


3/13/2010 2:31 52620 11.92 32.401 


3/13/2010 3:01 52650 11.92 32.413 


3/13/2010 3:31 52680 11.92 32.42 


3/13/2010 4:01 52710 11.92 32.427 


3/13/2010 4:31 52740 11.92 32.43 


3/13/2010 5:01 52770 11.92 32.432 


3/13/2010 5:31 52800 11.92 32.432 


3/13/2010 6:01 52830 11.92 32.427 


3/13/2010 6:31 52860 11.92 32.432 


3/13/2010 7:01 52890 11.92 32.432 


3/13/2010 7:31 52920 11.92 32.437 


3/13/2010 8:01 52950 11.92 32.437 


3/13/2010 8:31 52980 11.92 32.437 


3/13/2010 9:01 53010 11.92 32.432 


3/13/2010 9:31 53040 11.92 32.43 


3/13/2010 10:01 53070 11.92 32.43 


3/13/2010 10:31 53100 11.92 32.432 


3/13/2010 11:01 53130 11.92 32.437 


3/13/2010 11:31 53160 11.92 32.437 


3/13/2010 12:01 53190 11.92 32.437 


3/13/2010 12:31 53220 11.92 32.43 


3/13/2010 13:01 53250 11.92 32.437 


3/13/2010 13:31 53280 11.92 32.437 


3/13/2010 14:01 53310 11.92 32.439 


3/13/2010 14:31 53340 11.92 32.437 


3/13/2010 15:01 53370 11.92 32.432 


3/13/2010 15:31 53400 11.92 32.425 


3/13/2010 16:01 53430 11.92 32.418 


3/13/2010 16:31 53460 11.92 32.408 


3/13/2010 17:01 53490 11.92 32.392 


3/13/2010 17:31 53520 11.92 32.375 


3/13/2010 18:01 53550 11.92 32.358 


3/13/2010 18:31 53580 11.92 32.334 


3/13/2010 19:01 53610 11.92 32.308 


3/13/2010 19:31 53640 11.92 32.287 


3/13/2010 20:01 53670 11.92 32.261 


3/13/2010 20:31 53700 11.92 32.232 


3/13/2010 21:01 53730 11.92 32.203 


3/13/2010 21:31 53760 11.92 32.179 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/13/2010 22:01 53790 11.92 32.165 


3/13/2010 22:31 53820 11.92 32.148 


3/13/2010 23:01 53850 11.92 32.129 


3/13/2010 23:31 53880 11.92 32.106 


3/14/2010 0:01 53910 11.92 32.084 


3/14/2010 0:31 53940 11.92 32.07 


3/14/2010 1:01 53970 11.92 32.058 


3/14/2010 1:31 54000 11.92 32.046 


3/14/2010 2:01 54030 11.92 32.039 


3/14/2010 2:31 54060 11.92 32.034 


3/14/2010 3:01 54090 11.92 32.029 


3/14/2010 3:31 54120 11.92 32.017 


3/14/2010 4:01 54150 11.92 31.998 


3/14/2010 4:31 54180 11.92 31.984 


3/14/2010 5:01 54210 11.92 31.974 


3/14/2010 5:31 54240 11.92 31.96 


3/14/2010 6:01 54270 11.92 31.948 


3/14/2010 6:31 54300 11.92 31.931 


3/14/2010 7:01 54330 11.92 31.92 


3/14/2010 7:31 54360 11.92 31.905 


3/14/2010 8:01 54390 11.92 31.891 


3/14/2010 8:31 54420 11.92 31.879 


3/14/2010 9:01 54450 11.92 31.872 


3/14/2010 9:31 54480 11.92 31.865 


3/14/2010 10:01 54510 11.92 31.862 


3/14/2010 10:31 54540 11.92 31.858 


3/14/2010 11:01 54570 11.92 31.86 


3/14/2010 11:31 54600 11.92 31.855 


3/14/2010 12:01 54630 11.92 31.853 


3/14/2010 12:31 54660 11.92 31.853 


3/14/2010 13:01 54690 11.92 31.862 


3/14/2010 13:31 54720 11.92 31.862 


3/14/2010 14:01 54750 11.92 31.865 


3/14/2010 14:31 54780 11.92 31.869 


3/14/2010 15:01 54810 11.92 31.867 


3/14/2010 15:31 54840 11.92 31.862 


3/14/2010 16:01 54870 11.92 31.86 


3/14/2010 16:31 54900 11.92 31.858 


3/14/2010 17:01 54930 11.92 31.853 


3/14/2010 17:31 54960 11.92 31.85 


3/14/2010 18:01 54990 11.92 31.848 


3/14/2010 18:31 55020 11.92 31.838 


3/14/2010 19:01 55050 11.92 31.836 


3/14/2010 19:31 55080 11.92 31.831 


3/14/2010 20:01 55110 11.92 31.829 


3/14/2010 20:31 55140 11.92 31.829 


3/14/2010 21:01 55170 11.92 31.829 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/14/2010 21:31 55200 11.92 31.831 


3/14/2010 22:01 55230 11.92 31.829 


3/14/2010 22:31 55260 11.92 31.827 


3/14/2010 23:01 55290 11.92 31.827 


3/14/2010 23:31 55320 11.92 31.829 


3/15/2010 0:01 55350 11.92 31.824 


3/15/2010 0:31 55380 11.92 31.819 


3/15/2010 1:01 55410 11.92 31.822 


3/15/2010 1:31 55440 11.92 31.827 


3/15/2010 2:01 55470 11.92 31.834 


3/15/2010 2:31 55500 11.92 31.843 


3/15/2010 3:01 55530 11.92 31.85 


3/15/2010 3:31 55560 11.92 31.848 


3/15/2010 4:01 55590 11.92 31.85 


3/15/2010 4:31 55620 11.92 31.85 


3/15/2010 5:01 55650 11.92 31.855 


3/15/2010 5:31 55680 11.92 31.86 


3/15/2010 6:01 55710 11.92 31.862 


3/15/2010 6:31 55740 11.92 31.865 


3/15/2010 7:01 55770 11.92 31.862 


3/15/2010 7:31 55800 11.92 31.862 


3/15/2010 8:01 55830 11.92 31.858 


3/15/2010 8:31 55860 11.92 31.86 


3/15/2010 9:01 55890 11.92 31.858 


3/15/2010 9:31 55920 11.92 31.86 


3/15/2010 10:01 55950 11.92 31.86 


3/15/2010 10:31 55980 11.92 31.862 


3/15/2010 11:01 56010 11.92 31.865 


3/15/2010 11:31 56040 11.92 31.872 


3/15/2010 12:01 56070 11.92 31.879 


3/15/2010 12:31 56100 11.92 31.886 


3/15/2010 13:01 56130 11.92 31.898 


3/15/2010 13:31 56160 11.92 31.912 


3/15/2010 14:01 56190 11.92 31.922 


3/15/2010 14:31 56220 11.92 31.929 


3/15/2010 15:01 56250 11.92 31.934 


3/15/2010 15:31 56280 11.92 31.941 


3/15/2010 16:01 56310 11.92 31.941 


3/15/2010 16:31 56340 11.92 31.939 


3/15/2010 17:01 56370 11.92 31.931 


3/15/2010 17:31 56400 11.92 31.929 


3/15/2010 18:01 56430 11.92 31.922 


3/15/2010 18:31 56460 11.92 31.922 


3/15/2010 19:01 56490 11.92 31.92 


3/15/2010 19:31 56520 11.92 31.922 


3/15/2010 20:01 56550 11.92 31.922 


3/15/2010 20:31 56580 11.92 31.92 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/15/2010 21:01 56610 11.92 31.917 


3/15/2010 21:31 56640 11.92 31.917 


3/15/2010 22:01 56670 11.92 31.92 


3/15/2010 22:31 56700 11.92 31.922 


3/15/2010 23:01 56730 11.92 31.924 


3/15/2010 23:31 56760 11.92 31.924 


3/16/2010 0:01 56790 11.92 31.924 


3/16/2010 0:31 56820 11.92 31.929 


3/16/2010 1:01 56850 11.92 31.929 


3/16/2010 1:31 56880 11.92 31.927 


3/16/2010 2:01 56910 11.92 31.927 


3/16/2010 2:31 56940 11.92 31.939 


3/16/2010 3:01 56970 11.92 31.948 


3/16/2010 3:31 57000 11.92 31.955 


3/16/2010 4:01 57030 11.92 31.958 


3/16/2010 4:31 57060 11.92 31.951 


3/16/2010 5:01 57090 11.92 31.946 


3/16/2010 5:31 57120 11.92 31.946 


3/16/2010 6:01 57150 11.92 31.943 


3/16/2010 6:31 57180 11.92 31.939 


3/16/2010 7:01 57210 11.92 31.941 


3/16/2010 7:31 57240 11.92 31.943 


3/16/2010 8:01 57270 11.92 31.948 


3/16/2010 8:31 57300 11.92 31.948 


3/16/2010 9:01 57330 11.92 31.955 


3/16/2010 9:31 57360 11.92 31.965 


3/16/2010 10:01 57390 11.92 31.97 


3/16/2010 10:31 57420 11.92 31.972 


3/16/2010 11:01 57450 11.92 31.984 


3/16/2010 11:31 57480 11.92 31.991 


3/16/2010 12:01 57510 11.92 32.001 


3/16/2010 12:31 57540 11.92 32.013 


3/16/2010 13:01 57570 11.92 32.027 


3/16/2010 13:31 57600 11.92 32.041 


3/16/2010 14:01 57630 11.92 32.055 


3/16/2010 14:31 57660 11.92 32.063 


3/16/2010 15:01 57690 11.92 32.072 


3/16/2010 15:31 57720 11.92 32.079 


3/16/2010 16:01 57750 11.92 32.084 


3/16/2010 16:31 57780 11.92 32.089 


3/16/2010 17:01 57810 11.92 32.091 


3/16/2010 17:31 57840 11.92 32.094 


3/16/2010 18:01 57870 11.92 32.098 


3/16/2010 18:31 57900 11.92 32.098 


3/16/2010 19:01 57930 11.92 32.098 


3/16/2010 19:31 57960 11.92 32.101 


3/16/2010 20:01 57990 11.92 32.103 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/16/2010 20:31 58020 11.92 32.106 


3/16/2010 21:01 58050 11.92 32.11 


3/16/2010 21:31 58080 11.92 32.113 


3/16/2010 22:01 58110 11.92 32.117 


3/16/2010 22:31 58140 11.92 32.12 


3/16/2010 23:01 58170 11.92 32.125 


3/16/2010 23:31 58200 11.92 32.132 


3/17/2010 0:01 58230 11.92 32.132 


3/17/2010 0:31 58260 11.92 32.139 


3/17/2010 1:01 58290 11.92 32.141 


3/17/2010 1:31 58320 11.92 32.144 


3/17/2010 2:01 58350 11.92 32.151 


3/17/2010 2:31 58380 11.92 32.156 


3/17/2010 3:01 58410 11.92 32.158 


3/17/2010 3:31 58440 11.92 32.158 


3/17/2010 4:01 58470 11.92 32.156 


3/17/2010 4:31 58500 11.92 32.153 


3/17/2010 5:01 58530 11.92 32.151 


3/17/2010 5:31 58560 11.92 32.151 


3/17/2010 6:01 58590 11.92 32.144 


3/17/2010 6:31 58620 11.92 32.139 


3/17/2010 7:01 58650 11.92 32.137 


3/17/2010 7:31 58680 11.92 32.139 


3/17/2010 8:01 58710 11.92 32.134 


3/17/2010 8:31 58740 11.92 32.132 


3/17/2010 9:01 58770 11.92 32.129 


3/17/2010 9:31 58800 11.92 32.134 


3/17/2010 10:01 58830 11.92 32.132 


3/17/2010 10:31 58860 11.92 32.141 


3/17/2010 11:01 58890 11.92 32.148 


3/17/2010 11:31 58920 11.92 32.16 


3/17/2010 12:01 58950 11.92 32.17 


3/17/2010 12:31 58980 11.92 32.179 


3/17/2010 13:01 59010 11.92 32.194 


3/17/2010 13:31 59040 11.92 32.208 


3/17/2010 14:01 59070 11.92 32.22 


3/17/2010 14:31 59100 11.92 32.227 


3/17/2010 15:01 59130 11.92 32.237 


3/17/2010 15:31 59160 11.92 32.244 


3/17/2010 16:01 59190 11.92 32.256 


3/17/2010 16:31 59220 11.92 32.268 


3/17/2010 17:01 59250 11.92 32.277 


3/17/2010 17:31 59280 11.92 32.284 


3/17/2010 18:01 59310 11.92 32.27 


3/17/2010 18:31 59340 11.92 32.258 


3/17/2010 19:01 59370 11.92 32.239 


3/17/2010 19:31 59400 11.92 32.22 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/17/2010 20:01 59430 11.92 32.234 


3/17/2010 20:31 59460 11.92 32.215 


3/17/2010 21:01 59490 11.92 32.21 


3/17/2010 21:31 59520 11.92 32.21 


3/17/2010 22:01 59550 11.92 32.201 


3/17/2010 22:31 59580 11.92 32.206 


3/17/2010 23:01 59610 11.92 32.203 


3/17/2010 23:31 59640 11.92 32.208 


3/18/2010 0:01 59670 11.92 32.206 


3/18/2010 0:31 59700 11.92 32.199 


3/18/2010 1:01 59730 11.92 32.182 


3/18/2010 1:31 59760 11.92 32.177 


3/18/2010 2:01 59790 11.92 32.179 


3/18/2010 2:31 59820 11.92 32.177 


3/18/2010 3:01 59850 11.92 32.175 


3/18/2010 3:31 59880 11.92 32.177 


3/18/2010 4:01 59910 11.92 32.177 


3/18/2010 4:31 59940 11.92 32.172 


3/18/2010 5:01 59970 11.92 32.175 


3/18/2010 5:31 60000 11.92 32.175 


3/18/2010 6:01 60030 11.92 32.172 


3/18/2010 6:31 60060 11.92 32.168 


3/18/2010 7:01 60090 11.92 32.163 


3/18/2010 7:31 60120 11.92 32.163 


3/18/2010 8:01 60150 11.92 32.16 


3/18/2010 8:31 60180 11.92 32.158 


3/18/2010 9:01 60210 11.92 32.156 


3/18/2010 9:31 60240 11.92 32.153 


3/18/2010 10:01 60270 11.92 32.151 


3/18/2010 10:31 60300 11.92 32.151 


3/18/2010 11:01 60330 11.92 32.153 


3/18/2010 11:31 60360 11.92 32.148 


3/18/2010 12:01 60390 11.92 32.153 


3/18/2010 12:31 60420 11.92 32.153 


3/18/2010 13:01 60450 11.92 32.158 


3/18/2010 13:31 60480 11.92 32.16 


3/18/2010 14:01 60510 11.92 32.175 


3/18/2010 14:31 60540 11.92 32.187 


3/18/2010 15:01 60570 11.92 32.189 


3/18/2010 15:31 60600 11.92 32.184 


3/18/2010 16:01 60630 11.92 32.191 


3/18/2010 16:31 60660 11.92 32.175 


3/18/2010 17:01 60690 11.92 32.168 


3/18/2010 17:31 60720 11.92 32.158 


3/18/2010 18:01 60750 11.92 32.148 


3/18/2010 18:31 60780 11.92 32.139 


3/18/2010 19:01 60810 11.92 32.129 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/18/2010 19:31 60840 11.92 32.122 


3/18/2010 20:01 60870 11.92 32.115 


3/18/2010 20:31 60900 11.92 32.113 


3/18/2010 21:01 60930 11.92 32.103 


3/18/2010 21:31 60960 11.92 32.098 


3/18/2010 22:01 60990 11.92 32.086 


3/18/2010 22:31 61020 11.92 32.077 


3/18/2010 23:01 61050 11.92 32.07 


3/18/2010 23:31 61080 11.92 32.063 


3/19/2010 0:01 61110 11.92 32.055 


3/19/2010 0:31 61140 11.92 32.048 


3/19/2010 1:01 61170 11.92 32.041 


3/19/2010 1:31 61200 11.92 32.039 


3/19/2010 2:01 61230 11.92 32.041 


3/19/2010 2:31 61260 11.92 32.044 


3/19/2010 3:01 61290 11.92 32.051 


3/19/2010 3:31 61320 11.92 32.041 


3/19/2010 4:01 61350 11.92 32.034 


3/19/2010 4:31 61380 11.92 32.034 


3/19/2010 5:01 61410 11.92 32.027 


3/19/2010 5:31 61440 11.92 32.029 


3/19/2010 6:01 61470 11.92 32.024 


3/19/2010 6:31 61500 11.92 32.015 


3/19/2010 7:01 61530 11.92 32.008 


3/19/2010 7:31 61560 11.92 32.003 


3/19/2010 8:01 61590 11.92 31.991 


3/19/2010 8:31 61620 11.92 31.984 


3/19/2010 9:01 61650 11.92 31.972 


3/19/2010 9:31 61680 11.92 31.965 


3/19/2010 10:01 61710 11.92 31.958 


3/19/2010 10:31 61740 11.92 31.955 


3/19/2010 11:01 61770 11.92 31.953 


3/19/2010 11:31 61800 11.92 31.951 


3/19/2010 12:01 61830 11.92 31.953 


3/19/2010 12:31 61860 11.92 31.953 


3/19/2010 13:01 61890 11.92 31.962 


3/19/2010 13:31 61920 11.92 31.967 


3/19/2010 14:01 61950 11.92 31.97 


3/19/2010 14:31 61980 11.92 31.97 


3/19/2010 15:01 62010 11.92 31.967 


3/19/2010 15:31 62040 11.92 31.965 


3/19/2010 16:01 62070 11.92 31.965 


3/19/2010 16:31 62100 11.92 31.967 


3/19/2010 17:01 62130 11.92 31.967 


3/19/2010 17:31 62160 11.92 31.97 


3/19/2010 18:01 62190 11.92 31.974 


3/19/2010 18:31 62220 11.92 31.979 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/19/2010 19:01 62250 11.92 31.984 


3/19/2010 19:31 62280 11.92 31.977 


3/19/2010 20:01 62310 11.92 31.982 


3/19/2010 20:31 62340 11.92 31.979 


3/19/2010 21:01 62370 11.92 31.984 


3/19/2010 21:31 62400 11.92 31.986 


3/19/2010 22:01 62430 11.92 31.984 


3/19/2010 22:31 62460 11.92 31.984 


3/19/2010 23:01 62490 11.92 31.993 


3/19/2010 23:31 62520 11.92 31.996 


3/20/2010 0:01 62550 11.92 32.005 


3/20/2010 0:31 62580 11.92 32.015 


3/20/2010 1:01 62610 11.92 32.024 


3/20/2010 1:31 62640 11.92 32.032 


3/20/2010 2:01 62670 11.92 32.044 


3/20/2010 2:31 62700 11.92 32.053 


3/20/2010 3:01 62730 11.92 32.063 


3/20/2010 3:31 62760 11.92 32.067 


3/20/2010 4:01 62790 11.92 32.075 


3/20/2010 4:31 62820 11.92 32.082 


3/20/2010 5:01 62850 11.92 32.082 


3/20/2010 5:31 62880 11.92 32.091 


3/20/2010 6:01 62910 11.92 32.098 


3/20/2010 6:31 62940 11.92 32.106 


3/20/2010 7:01 62970 11.92 32.108 


3/20/2010 7:31 63000 11.92 32.115 


3/20/2010 8:01 63030 11.92 32.125 


3/20/2010 8:31 63060 11.92 32.134 


3/20/2010 9:01 63090 11.92 32.139 


3/20/2010 9:31 63120 11.92 32.148 


3/20/2010 10:01 63150 11.92 32.156 


3/20/2010 10:31 63180 11.92 32.163 


3/20/2010 11:01 63210 11.92 32.172 


3/20/2010 11:31 63240 11.92 32.179 


3/20/2010 12:01 63270 11.92 32.194 


3/20/2010 12:31 63300 11.92 32.199 


3/20/2010 13:01 63330 11.92 32.208 


3/20/2010 13:31 63360 11.92 32.222 


3/20/2010 14:01 63390 11.92 32.232 


3/20/2010 14:31 63420 11.92 32.237 


3/20/2010 15:01 63450 11.92 32.244 


3/20/2010 15:31 63480 11.92 32.246 


3/20/2010 16:01 63510 11.92 32.258 


3/20/2010 16:31 63540 11.92 32.261 


3/20/2010 17:01 63570 11.92 32.265 


3/20/2010 17:31 63600 11.92 32.277 


3/20/2010 18:01 63630 11.92 32.284 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/20/2010 18:31 63660 11.92 32.289 


3/20/2010 19:01 63690 11.92 32.294 


3/20/2010 19:31 63720 11.92 32.292 


3/20/2010 20:01 63750 11.92 32.287 


3/20/2010 20:31 63780 11.92 32.287 


3/20/2010 21:01 63810 11.92 32.289 


3/20/2010 21:31 63840 11.92 32.296 


3/20/2010 22:01 63870 11.92 32.296 


3/20/2010 22:31 63900 11.92 32.303 


3/20/2010 23:01 63930 11.92 32.306 


3/20/2010 23:31 63960 11.92 32.313 


3/21/2010 0:01 63990 11.92 32.318 


3/21/2010 0:31 64020 11.92 32.323 


3/21/2010 1:01 64050 11.92 32.32 


3/21/2010 1:31 64080 11.92 32.327 


3/21/2010 2:01 64110 11.92 32.332 


3/21/2010 2:31 64140 11.92 32.342 


3/21/2010 3:01 64170 11.92 32.344 


3/21/2010 3:31 64200 11.92 32.351 


3/21/2010 4:01 64230 11.92 32.351 


3/21/2010 4:31 64260 11.92 32.354 


3/21/2010 5:01 64290 11.92 32.351 


3/21/2010 5:31 64320 11.92 32.344 


3/21/2010 6:01 64350 11.92 32.344 


3/21/2010 6:31 64380 11.92 32.342 


3/21/2010 7:01 64410 11.92 32.346 


3/21/2010 7:31 64440 11.92 32.349 


3/21/2010 8:01 64470 11.92 32.349 


3/21/2010 8:31 64500 11.92 32.351 


3/21/2010 9:01 64530 11.92 32.346 


3/21/2010 9:31 64560 11.92 32.344 


3/21/2010 10:01 64590 11.92 32.351 


3/21/2010 10:31 64620 11.92 32.356 


3/21/2010 11:01 64650 11.92 32.368 


3/21/2010 11:31 64680 11.92 32.373 


3/21/2010 12:01 64710 11.92 32.382 


3/21/2010 12:31 64740 11.92 32.385 


3/21/2010 13:01 64770 11.92 32.396 


3/21/2010 13:31 64800 11.92 32.408 


3/21/2010 14:01 64830 11.92 32.425 


3/21/2010 14:31 64860 11.92 32.437 


3/21/2010 15:01 64890 11.92 32.451 


3/21/2010 15:31 64920 11.92 32.458 


3/21/2010 16:01 64950 11.92 32.468 


3/21/2010 16:31 64980 11.92 32.475 


3/21/2010 17:01 65010 11.92 32.485 


3/21/2010 17:31 65040 11.92 32.489 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/21/2010 18:01 65070 11.92 32.504 


3/21/2010 18:31 65100 11.92 32.516 


3/21/2010 19:01 65130 11.92 32.518 


3/21/2010 19:31 65160 11.92 32.511 


3/21/2010 20:01 65190 11.92 32.518 


3/21/2010 20:31 65220 11.92 32.523 


3/21/2010 21:01 65250 11.92 32.528 


3/21/2010 21:31 65280 11.92 32.532 


3/21/2010 22:01 65310 11.92 32.537 


3/21/2010 22:31 65340 11.92 32.537 


3/21/2010 23:01 65370 11.92 32.537 


3/21/2010 23:31 65400 11.92 32.544 


3/22/2010 0:01 65430 11.92 32.544 


3/22/2010 0:31 65460 11.92 32.537 


3/22/2010 1:01 65490 11.92 32.528 


3/22/2010 1:31 65520 11.92 32.513 


3/22/2010 2:01 65550 11.92 32.506 


3/22/2010 2:31 65580 11.92 32.489 


3/22/2010 3:01 65610 11.92 32.511 


3/22/2010 3:31 65640 11.92 32.501 


3/22/2010 4:01 65670 11.92 32.506 


3/22/2010 4:31 65700 11.92 32.494 


3/22/2010 5:01 65730 11.92 32.485 


3/22/2010 5:31 65760 11.92 32.478 


3/22/2010 6:01 65790 11.92 32.48 


3/22/2010 6:31 65820 11.92 32.482 


3/22/2010 7:01 65850 11.92 32.475 


3/22/2010 7:31 65880 11.92 32.468 


3/22/2010 8:01 65910 11.92 32.458 


3/22/2010 8:31 65940 11.92 32.454 


3/22/2010 9:01 65970 11.92 32.449 


3/22/2010 9:31 66000 11.92 32.439 


3/22/2010 10:01 66030 11.92 32.439 


3/22/2010 10:31 66060 11.92 32.435 


3/22/2010 11:01 66090 11.92 32.435 


3/22/2010 11:31 66120 11.92 32.439 


3/22/2010 12:01 66150 11.92 32.437 


3/22/2010 12:31 66180 11.92 32.435 


3/22/2010 13:01 66210 11.92 32.432 


3/22/2010 13:31 66240 11.92 32.427 


3/22/2010 14:01 66270 11.92 32.427 


3/22/2010 14:31 66300 11.92 32.418 


3/22/2010 15:01 66330 11.92 32.418 


3/22/2010 15:31 66360 11.92 32.413 


3/22/2010 16:01 66390 11.92 32.408 


3/22/2010 16:31 66420 11.92 32.408 


3/22/2010 17:01 66450 11.92 32.385 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/22/2010 17:31 66480 11.92 32.382 


3/22/2010 18:01 66510 11.92 32.375 


3/22/2010 18:31 66540 11.92 32.358 


3/22/2010 19:01 66570 11.92 32.342 


3/22/2010 19:31 66600 11.92 32.325 


3/22/2010 20:01 66630 11.92 32.315 


3/22/2010 20:31 66660 11.92 32.311 


3/22/2010 21:01 66690 11.92 32.303 


3/22/2010 21:31 66720 11.92 32.292 


3/22/2010 22:01 66750 11.92 32.277 


3/22/2010 22:31 66780 11.92 32.27 


3/22/2010 23:01 66810 11.92 32.261 


3/22/2010 23:31 66840 11.92 32.253 


3/23/2010 0:01 66870 11.92 32.249 


3/23/2010 0:31 66900 11.92 32.246 


3/23/2010 1:01 66930 11.92 32.237 


3/23/2010 1:31 66960 11.92 32.227 


3/23/2010 2:01 66990 11.92 32.225 


3/23/2010 2:31 67020 11.92 32.22 


3/23/2010 3:01 67050 11.92 32.218 


3/23/2010 3:31 67080 11.92 32.208 


3/23/2010 4:01 67110 11.92 32.203 


3/23/2010 4:31 67140 11.92 32.191 


3/23/2010 5:01 67170 11.92 32.175 


3/23/2010 5:31 67200 11.92 32.163 


3/23/2010 6:01 67230 11.92 32.153 


3/23/2010 6:31 67260 11.92 32.148 


3/23/2010 7:01 67290 11.92 32.139 


3/23/2010 7:31 67320 11.92 32.127 


3/23/2010 8:01 67350 11.92 32.122 


3/23/2010 8:31 67380 11.92 32.113 


3/23/2010 9:01 67410 11.92 32.103 


3/23/2010 9:31 67440 11.92 32.103 


3/23/2010 10:01 67470 11.92 32.096 


3/23/2010 10:31 67500 11.92 32.094 


3/23/2010 11:01 67530 11.92 32.089 


3/23/2010 11:31 67560 11.92 32.094 


3/23/2010 12:01 67590 11.92 32.091 


3/23/2010 12:31 67620 11.92 32.086 


3/23/2010 13:01 67650 11.92 32.094 


3/23/2010 13:31 67680 11.92 32.106 


3/23/2010 14:01 67710 11.92 32.11 


3/23/2010 14:31 67740 11.92 32.113 


3/23/2010 15:01 67770 11.92 32.115 


3/23/2010 15:31 67800 11.92 32.11 


3/23/2010 16:01 67830 11.92 32.108 


3/23/2010 16:31 67860 11.92 32.101 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/23/2010 17:01 67890 11.92 32.096 


3/23/2010 17:31 67920 11.92 32.086 


3/23/2010 18:01 67950 11.92 32.084 


3/23/2010 18:31 67980 11.92 32.079 


3/23/2010 19:01 68010 11.92 32.077 


3/23/2010 19:31 68040 11.92 32.07 


3/23/2010 20:01 68070 11.92 32.065 


3/23/2010 20:31 68100 11.92 32.06 


3/23/2010 21:01 68130 11.92 32.06 


3/23/2010 21:31 68160 11.92 32.058 


3/23/2010 22:01 68190 11.92 32.055 


3/23/2010 22:31 68220 11.92 32.06 


3/23/2010 23:01 68250 11.92 32.06 


3/23/2010 23:31 68280 11.92 32.065 


3/24/2010 0:01 68310 11.92 32.067 


3/24/2010 0:31 68340 11.92 32.075 


3/24/2010 1:01 68370 11.92 32.075 


3/24/2010 1:31 68400 11.92 32.077 


3/24/2010 2:01 68430 11.92 32.079 


3/24/2010 2:31 68460 11.92 32.082 


3/24/2010 3:01 68490 11.92 32.086 


3/24/2010 3:31 68520 11.92 32.091 


3/24/2010 4:01 68550 11.92 32.094 


3/24/2010 4:31 68580 11.92 32.091 


3/24/2010 5:01 68610 11.92 32.091 


3/24/2010 5:31 68640 11.92 32.089 


3/24/2010 6:01 68670 11.92 32.091 


3/24/2010 6:31 68700 11.92 32.094 


3/24/2010 7:01 68730 11.92 32.094 


3/24/2010 7:31 68760 11.92 32.096 


3/24/2010 8:01 68790 11.92 32.103 


3/24/2010 8:31 68820 11.92 32.108 


3/24/2010 9:01 68850 11.92 32.113 


3/24/2010 9:31 68880 11.92 32.12 


3/24/2010 10:01 68910 11.92 32.134 


3/24/2010 10:31 68940 11.92 32.148 


3/24/2010 11:01 68970 11.92 32.156 


3/24/2010 11:31 69000 11.92 32.168 


3/24/2010 12:01 69030 11.92 32.179 


3/24/2010 12:31 69060 11.92 32.189 


3/24/2010 13:01 69090 11.92 32.201 


3/24/2010 13:31 69120 11.92 32.213 


3/24/2010 14:01 69150 11.92 32.22 


3/24/2010 14:31 69180 11.92 32.23 


3/24/2010 15:01 69210 11.92 32.232 


3/24/2010 15:31 69240 11.92 32.234 


3/24/2010 16:01 69270 11.92 32.239 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/24/2010 16:31 69300 11.92 32.241 


3/24/2010 17:01 69330 11.92 32.244 


3/24/2010 17:31 69360 11.92 32.246 


3/24/2010 18:01 69390 11.92 32.251 


3/24/2010 18:31 69420 11.92 32.251 


3/24/2010 19:01 69450 11.92 32.256 


3/24/2010 19:31 69480 11.92 32.256 


3/24/2010 20:01 69510 11.92 32.256 


3/24/2010 20:31 69540 11.92 32.253 


3/24/2010 21:01 69570 11.92 32.251 


3/24/2010 21:31 69600 11.92 32.256 


3/24/2010 22:01 69630 11.92 32.261 


3/24/2010 22:31 69660 11.92 32.263 


3/24/2010 23:01 69690 11.92 32.265 


3/24/2010 23:31 69720 11.92 32.268 


3/25/2010 0:01 69750 11.92 32.277 


3/25/2010 0:31 69780 11.92 32.28 


3/25/2010 1:01 69810 11.92 32.28 


3/25/2010 1:31 69840 11.92 32.28 


3/25/2010 2:01 69870 11.92 32.282 


3/25/2010 2:31 69900 11.92 32.282 


3/25/2010 3:01 69930 11.92 32.287 


3/25/2010 3:31 69960 11.92 32.294 


3/25/2010 4:01 69990 11.92 32.296 


3/25/2010 4:31 70020 11.92 32.303 


3/25/2010 5:01 70050 11.92 32.308 


3/25/2010 5:31 70080 11.92 32.313 


3/25/2010 6:01 70110 11.92 32.32 


3/25/2010 6:31 70140 11.92 32.327 


3/25/2010 7:01 70170 11.92 32.332 


3/25/2010 7:31 70200 11.92 32.334 


3/25/2010 8:01 70230 11.92 32.339 


3/25/2010 8:31 70260 11.92 32.351 


3/25/2010 9:01 70290 11.92 32.361 


3/25/2010 9:31 70320 11.92 32.373 


3/25/2010 10:01 70350 11.92 32.389 


3/25/2010 10:31 70380 11.92 32.404 


3/25/2010 11:01 70410 11.92 32.425 


3/25/2010 11:31 70440 11.92 32.444 


3/25/2010 12:01 70470 11.92 32.461 


3/25/2010 12:31 70500 11.92 32.482 


3/25/2010 13:01 70530 11.92 32.506 


3/25/2010 13:31 70560 11.92 32.528 


3/25/2010 14:01 70590 11.92 32.551 


3/25/2010 14:31 70620 11.92 32.568 


3/25/2010 15:01 70650 11.92 32.585 


3/25/2010 15:31 70680 11.92 32.594 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/25/2010 16:01 70710 11.92 32.604 


3/25/2010 16:31 70740 11.92 32.613 


3/25/2010 17:01 70770 11.92 32.625 


3/25/2010 17:31 70800 11.92 32.632 


3/25/2010 18:01 70830 11.92 32.64 


3/25/2010 18:31 70860 11.92 32.642 


3/25/2010 19:01 70890 11.92 32.642 


3/25/2010 19:31 70920 11.92 32.644 


3/25/2010 20:01 70950 11.92 32.647 


3/25/2010 20:31 70980 11.92 32.654 


3/25/2010 21:01 71010 11.92 32.656 


3/25/2010 21:31 71040 11.92 32.656 


3/25/2010 22:01 71070 11.92 32.663 


3/25/2010 22:31 71100 11.92 32.666 


3/25/2010 23:01 71130 11.92 32.659 


3/25/2010 23:31 71160 11.92 32.656 


3/26/2010 0:01 71190 11.92 32.663 


3/26/2010 0:31 71220 11.92 32.661 


3/26/2010 1:01 71250 11.92 32.668 


3/26/2010 1:31 71280 11.92 32.671 


3/26/2010 2:01 71310 11.92 32.675 


3/26/2010 2:31 71340 11.92 32.678 


3/26/2010 3:01 71370 11.92 32.675 


3/26/2010 3:31 71400 11.92 32.666 


3/26/2010 4:01 71430 11.92 32.649 


3/26/2010 4:31 71460 11.92 32.64 


3/26/2010 5:01 71490 11.92 32.632 


3/26/2010 5:31 71520 11.92 32.621 


3/26/2010 6:01 71550 11.92 32.623 


3/26/2010 6:31 71580 11.92 32.611 


3/26/2010 7:01 71610 11.92 32.606 


3/26/2010 7:31 71640 11.92 32.597 


3/26/2010 8:01 71670 11.92 32.585 


3/26/2010 8:31 71700 11.92 32.575 


3/26/2010 9:01 71730 11.92 32.566 


3/26/2010 9:31 71760 11.92 32.554 


3/26/2010 10:01 71790 11.92 32.547 


3/26/2010 10:31 71820 11.92 32.535 


3/26/2010 11:01 71850 11.92 32.532 


3/26/2010 11:31 71880 11.92 32.523 


3/26/2010 12:01 71910 11.92 32.518 


3/26/2010 12:31 71940 11.92 32.513 


3/26/2010 13:01 71970 11.92 32.511 


3/26/2010 13:31 72000 11.92 32.506 


3/26/2010 14:01 72030 11.92 32.504 


3/26/2010 14:31 72060 11.92 32.506 


3/26/2010 15:01 72090 11.92 32.506 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/26/2010 15:31 72120 11.92 32.497 


3/26/2010 16:01 72150 11.92 32.487 


3/26/2010 16:31 72180 11.92 32.48 


3/26/2010 17:01 72210 11.92 32.47 


3/26/2010 17:31 72240 11.92 32.454 


3/26/2010 18:01 72270 11.92 32.437 


3/26/2010 18:31 72300 11.92 32.425 


3/26/2010 19:01 72330 11.92 32.406 


3/26/2010 19:31 72360 11.92 32.387 


3/26/2010 20:01 72390 11.92 32.37 


3/26/2010 20:31 72420 11.92 32.351 


3/26/2010 21:01 72450 11.92 32.337 


3/26/2010 21:31 72480 11.92 32.323 


3/26/2010 22:01 72510 11.92 32.311 


3/26/2010 22:31 72540 11.92 32.299 


3/26/2010 23:01 72570 11.92 32.287 


3/26/2010 23:31 72600 11.92 32.277 


3/27/2010 0:01 72630 11.92 32.265 


3/27/2010 0:31 72660 11.92 32.256 


3/27/2010 1:01 72690 11.92 32.241 


3/27/2010 1:31 72720 11.92 32.23 


3/27/2010 2:01 72750 11.92 32.215 


3/27/2010 2:31 72780 11.92 32.203 


3/27/2010 3:01 72810 11.92 32.189 


3/27/2010 3:31 72840 11.92 32.177 


3/27/2010 4:01 72870 11.92 32.163 


3/27/2010 4:31 72900 11.92 32.148 


3/27/2010 5:01 72930 11.92 32.129 


3/27/2010 5:31 72960 11.92 32.115 


3/27/2010 6:01 72990 11.92 32.101 


3/27/2010 6:31 73020 11.92 32.089 


3/27/2010 7:01 73050 11.92 32.077 


3/27/2010 7:31 73080 11.92 32.065 


3/27/2010 8:01 73110 11.92 32.051 


3/27/2010 8:31 73140 11.92 32.046 


3/27/2010 9:01 73170 11.92 32.046 


3/27/2010 9:31 73200 11.92 32.039 


3/27/2010 10:01 73230 11.92 32.034 


3/27/2010 10:31 73260 11.92 32.041 


3/27/2010 11:01 73290 11.92 32.044 


3/27/2010 11:31 73320 11.92 32.051 


3/27/2010 12:01 73350 11.92 32.06 


3/27/2010 12:31 73380 11.92 32.063 


3/27/2010 13:01 73410 11.92 32.065 


3/27/2010 13:31 73440 11.92 32.075 


3/27/2010 14:01 73470 11.92 32.082 


3/27/2010 14:31 73500 11.92 32.086 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/27/2010 15:01 73530 11.92 32.091 


3/27/2010 15:31 73560 11.92 32.091 


3/27/2010 16:01 73590 11.92 32.091 


3/27/2010 16:31 73620 11.92 32.096 


3/27/2010 17:01 73650 11.92 32.098 


3/27/2010 17:31 73680 11.92 32.101 


3/27/2010 18:01 73710 11.92 32.103 


3/27/2010 18:31 73740 11.92 32.106 


3/27/2010 19:01 73770 11.92 32.108 


3/27/2010 19:31 73800 11.92 32.108 


3/27/2010 20:01 73830 11.92 32.106 


3/27/2010 20:31 73860 11.92 32.108 


3/27/2010 21:01 73890 11.92 32.11 


3/27/2010 21:31 73920 11.92 32.115 


3/27/2010 22:01 73950 11.92 32.117 


3/27/2010 22:31 73980 11.92 32.115 


3/27/2010 23:01 74010 11.92 32.117 


3/27/2010 23:31 74040 11.92 32.125 


3/28/2010 0:01 74070 11.92 32.129 


3/28/2010 0:31 74100 11.92 32.127 


3/28/2010 1:01 74130 11.92 32.132 


3/28/2010 1:31 74160 11.92 32.139 


3/28/2010 2:01 74190 11.92 32.144 


3/28/2010 2:31 74220 11.92 32.148 


3/28/2010 3:01 74250 11.92 32.153 


3/28/2010 3:31 74280 11.92 32.153 


3/28/2010 4:01 74310 11.92 32.153 


3/28/2010 4:31 74340 11.92 32.153 


3/28/2010 5:01 74370 11.92 32.156 


3/28/2010 5:31 74400 11.92 32.158 


3/28/2010 6:01 74430 11.92 32.168 


3/28/2010 6:31 74460 11.92 32.172 


3/28/2010 7:01 74490 11.92 32.172 


3/28/2010 7:31 74520 11.92 32.172 


3/28/2010 8:01 74550 11.92 32.177 


3/28/2010 8:31 74580 11.92 32.177 


3/28/2010 9:01 74610 11.92 32.187 


3/28/2010 9:31 74640 11.92 32.199 


3/28/2010 10:01 74670 11.92 32.206 


3/28/2010 10:31 74700 11.92 32.218 


3/28/2010 11:01 74730 11.92 32.232 


3/28/2010 11:31 74760 11.92 32.244 


3/28/2010 12:01 74790 11.92 32.258 


3/28/2010 12:31 74820 11.92 32.275 


3/28/2010 13:01 74850 11.92 32.292 


3/28/2010 13:31 74880 11.92 32.306 


3/28/2010 14:01 74910 11.92 32.318 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/28/2010 14:31 74940 11.92 32.332 


3/28/2010 15:01 74970 11.92 32.342 


3/28/2010 15:31 75000 11.92 32.354 


3/28/2010 16:01 75030 11.92 32.368 


3/28/2010 16:31 75060 11.92 32.38 


3/28/2010 17:01 75090 11.92 32.392 


3/28/2010 17:31 75120 11.92 32.399 


3/28/2010 18:01 75150 11.92 32.413 


3/28/2010 18:31 75180 11.92 32.427 


3/28/2010 19:01 75210 11.92 32.425 


3/28/2010 19:31 75240 11.92 32.416 


3/28/2010 20:01 75270 11.92 32.42 


3/28/2010 20:31 75300 11.92 32.42 


3/28/2010 21:01 75330 11.92 32.425 


3/28/2010 21:31 75360 11.92 32.43 


3/28/2010 22:01 75390 11.92 32.43 


3/28/2010 22:31 75420 11.92 32.427 


3/28/2010 23:01 75450 11.92 32.425 


3/28/2010 23:31 75480 11.92 32.427 


3/29/2010 0:01 75510 11.92 32.43 


3/29/2010 0:31 75540 11.92 32.435 


3/29/2010 1:01 75570 11.92 32.439 


3/29/2010 1:31 75600 11.92 32.454 


3/29/2010 2:01 75630 11.92 32.468 


3/29/2010 2:31 75660 11.92 32.475 


3/29/2010 3:01 75690 11.92 32.482 


3/29/2010 3:31 75720 11.92 32.487 


3/29/2010 4:01 75750 11.92 32.499 


3/29/2010 4:31 75780 11.92 32.509 


3/29/2010 5:01 75810 11.92 32.511 


3/29/2010 5:31 75840 11.92 32.518 


3/29/2010 6:01 75870 11.92 32.523 


3/29/2010 6:31 75900 11.92 32.528 


3/29/2010 7:01 75930 11.92 32.532 


3/29/2010 7:31 75960 11.92 32.54 


3/29/2010 8:01 75990 11.92 32.549 


3/29/2010 8:31 76020 11.92 32.561 


3/29/2010 9:01 76050 11.92 32.568 


3/29/2010 9:31 76080 11.92 32.582 


3/29/2010 10:01 76110 11.92 32.599 


3/29/2010 10:31 76140 11.92 32.613 


3/29/2010 11:01 76170 11.92 32.621 


3/29/2010 11:31 76200 11.92 32.625 


3/29/2010 12:01 76230 11.92 32.635 


3/29/2010 12:31 76260 11.92 32.656 


3/29/2010 13:01 76290 11.92 32.671 


3/29/2010 13:31 76320 11.92 32.683 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/29/2010 14:01 76350 11.92 32.69 


3/29/2010 14:31 76380 11.92 32.699 


3/29/2010 15:01 76410 11.92 32.714 


3/29/2010 15:31 76440 11.92 32.718 


3/29/2010 16:01 76470 11.92 32.723 


3/29/2010 16:31 76500 11.92 32.73 


3/29/2010 17:01 76530 11.92 32.735 


3/29/2010 17:31 76560 11.92 32.74 


3/29/2010 18:01 76590 11.92 32.737 


3/29/2010 18:31 76620 11.92 32.749 


3/29/2010 19:01 76650 11.92 32.752 


3/29/2010 19:31 76680 11.92 32.749 


3/29/2010 20:01 76710 11.92 32.749 


3/29/2010 20:31 76740 11.92 32.754 


3/29/2010 21:01 76770 11.92 32.761 


3/29/2010 21:31 76800 11.92 32.759 


3/29/2010 22:01 76830 11.92 32.766 


3/29/2010 22:31 76860 11.92 32.773 


3/29/2010 23:01 76890 11.92 32.795 


3/29/2010 23:31 76920 11.92 32.811 


3/30/2010 0:01 76950 11.92 32.83 


3/30/2010 0:31 76980 11.92 32.835 


3/30/2010 1:01 77010 11.92 32.838 


3/30/2010 1:31 77040 11.92 32.84 


3/30/2010 2:01 77070 11.92 32.845 


3/30/2010 2:31 77100 11.92 32.838 


3/30/2010 3:01 77130 11.92 32.845 


3/30/2010 3:31 77160 11.92 32.869 


3/30/2010 4:01 77190 11.92 32.888 


3/30/2010 4:31 77220 11.92 32.876 


3/30/2010 5:01 77250 11.92 32.88 


3/30/2010 5:31 77280 11.92 32.864 


3/30/2010 6:01 77310 11.92 32.854 


3/30/2010 6:31 77340 11.92 32.833 


3/30/2010 7:01 77370 11.92 32.804 


3/30/2010 7:31 77400 11.92 32.799 


3/30/2010 8:01 77430 11.92 32.787 


3/30/2010 8:31 77460 11.92 32.783 


3/30/2010 9:01 77490 11.92 32.771 


3/30/2010 9:31 77520 11.92 32.764 


3/30/2010 10:01 77550 11.92 32.766 


3/30/2010 10:31 77580 11.92 32.768 


3/30/2010 11:01 77610 11.92 32.783 


3/30/2010 11:31 77640 11.92 32.783 


3/30/2010 12:01 77670 11.92 32.795 


3/30/2010 12:31 77700 11.92 32.799 


3/30/2010 13:01 77730 11.92 32.79 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/30/2010 13:31 77760 11.92 32.78 


3/30/2010 14:01 77790 11.92 32.785 


3/30/2010 14:31 77820 11.92 32.79 


3/30/2010 15:01 77850 11.92 32.785 


3/30/2010 15:31 77880 11.92 32.752 


3/30/2010 16:01 77910 11.92 32.74 


3/30/2010 16:31 77940 11.92 32.745 


3/30/2010 17:01 77970 11.92 32.728 


3/30/2010 17:31 78000 11.92 32.778 


3/30/2010 18:01 78030 11.92 32.737 


3/30/2010 18:31 78060 11.92 32.749 


3/30/2010 19:01 78090 11.92 32.761 


3/30/2010 19:31 78120 11.92 32.761 


3/30/2010 20:01 78150 11.92 32.733 


3/30/2010 20:31 78180 11.92 32.723 


3/30/2010 21:01 78210 11.92 32.699 


3/30/2010 21:31 78240 11.92 32.675 


3/30/2010 22:01 78270 11.92 32.675 


3/30/2010 22:31 78300 11.92 32.656 


3/30/2010 23:01 78330 11.92 32.64 


3/30/2010 23:31 78360 11.92 32.618 


3/31/2010 0:01 78390 11.92 32.597 


3/31/2010 0:31 78420 11.91 32.583 


3/31/2010 1:01 78450 11.92 32.57 


3/31/2010 1:31 78480 11.92 32.563 


3/31/2010 2:01 78510 11.92 32.551 


3/31/2010 2:31 78540 11.92 32.528 


3/31/2010 3:01 78570 11.92 32.518 


3/31/2010 3:31 78600 11.92 32.513 


3/31/2010 4:01 78630 11.92 32.492 


3/31/2010 4:31 78660 11.92 32.485 


3/31/2010 5:01 78690 11.92 32.473 


3/31/2010 5:31 78720 11.92 32.468 


3/31/2010 6:01 78750 11.92 32.461 


3/31/2010 6:31 78780 11.92 32.439 


3/31/2010 7:01 78810 11.92 32.432 


3/31/2010 7:31 78840 11.92 32.418 


3/31/2010 8:01 78870 11.92 32.42 


3/31/2010 8:31 78900 11.92 32.413 


3/31/2010 9:01 78930 11.92 32.413 


3/31/2010 9:31 78960 11.92 32.416 


3/31/2010 10:01 78990 11.92 32.408 


3/31/2010 10:31 79020 11.92 32.404 


3/31/2010 11:01 79050 11.92 32.404 


3/31/2010 11:31 79080 11.92 32.411 


3/31/2010 12:01 79110 11.92 32.416 


3/31/2010 12:31 79140 11.92 32.411 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/31/2010 13:01 79170 11.92 32.416 


3/31/2010 13:31 79200 11.92 32.418 


3/31/2010 14:01 79230 11.92 32.42 


3/31/2010 14:31 79260 11.92 32.42 


3/31/2010 15:01 79290 11.92 32.427 


3/31/2010 15:31 79320 11.92 32.418 


3/31/2010 16:01 79350 11.92 32.416 


3/31/2010 16:31 79380 11.92 32.413 


3/31/2010 17:01 79410 11.92 32.408 


3/31/2010 17:31 79440 11.92 32.411 


3/31/2010 18:01 79470 11.92 32.408 


3/31/2010 18:31 79500 11.92 32.408 


3/31/2010 19:01 79530 11.91 32.406 


3/31/2010 19:31 79560 11.92 32.404 


3/31/2010 20:01 79590 11.92 32.411 


3/31/2010 20:31 79620 11.92 32.418 


3/31/2010 21:01 79650 11.92 32.413 


3/31/2010 21:31 79680 11.92 32.408 


3/31/2010 22:01 79710 11.92 32.404 


3/31/2010 22:31 79740 11.92 32.401 


3/31/2010 23:01 79770 11.92 32.401 


3/31/2010 23:31 79800 11.92 32.394 


4/1/2010 0:01 79830 11.92 32.394 


4/1/2010 0:31 79860 11.92 32.389 


4/1/2010 1:01 79890 11.92 32.396 


4/1/2010 1:31 79920 11.92 32.399 


4/1/2010 2:01 79950 11.92 32.399 


4/1/2010 2:31 79980 11.92 32.406 


4/1/2010 3:01 80010 11.92 32.413 


4/1/2010 3:31 80040 11.92 32.425 


4/1/2010 4:01 80070 11.92 32.427 


4/1/2010 4:31 80100 11.92 32.413 


4/1/2010 5:01 80130 11.92 32.413 


4/1/2010 5:31 80160 11.92 32.42 


4/1/2010 6:01 80190 11.92 32.418 


4/1/2010 6:31 80220 11.92 32.408 


4/1/2010 7:01 80250 11.92 32.413 


4/1/2010 7:31 80280 11.92 32.399 


4/1/2010 8:01 80310 11.92 32.418 


4/1/2010 8:31 80340 11.92 32.42 


4/1/2010 9:01 80370 11.92 32.427 


4/1/2010 9:31 80400 11.92 32.432 


4/1/2010 10:01 80430 11.92 32.439 


4/1/2010 10:31 80460 11.92 32.435 


4/1/2010 11:01 80490 11.92 32.449 


4/1/2010 11:31 80520 11.92 32.461 


4/1/2010 12:01 80550 11.92 32.461 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/1/2010 12:31 80580 11.92 32.463 


4/1/2010 13:01 80610 11.92 32.466 


4/1/2010 13:31 80640 11.92 32.47 


4/1/2010 14:01 80670 11.92 32.482 


4/1/2010 14:31 80700 11.92 32.475 


4/1/2010 15:01 80730 11.92 32.482 


4/1/2010 15:31 80760 11.92 32.468 


4/1/2010 16:01 80790 11.92 32.454 


4/1/2010 16:31 80820 11.92 32.451 


4/1/2010 17:01 80850 11.92 32.444 


4/1/2010 17:31 80880 11.92 32.437 


4/1/2010 18:01 80910 11.92 32.425 


4/1/2010 18:31 80940 11.92 32.42 


4/1/2010 19:01 80970 11.92 32.413 


4/1/2010 19:31 81000 11.92 32.404 


4/1/2010 20:01 81030 11.92 32.389 


4/1/2010 20:31 81060 11.92 32.392 


4/1/2010 21:01 81090 11.92 32.404 


4/1/2010 21:31 81120 11.92 32.399 


4/1/2010 22:01 81150 11.92 32.399 


4/1/2010 22:31 81180 11.92 32.401 


4/1/2010 23:01 81210 11.92 32.399 


4/1/2010 23:31 81240 11.92 32.408 


4/2/2010 0:01 81270 11.92 32.411 


4/2/2010 0:31 81300 11.92 32.404 


4/2/2010 1:01 81330 11.92 32.399 


4/2/2010 1:31 81360 11.92 32.392 


4/2/2010 2:01 81390 11.92 32.392 


4/2/2010 2:31 81420 11.92 32.394 


4/2/2010 3:01 81450 11.92 32.396 


4/2/2010 3:31 81480 11.92 32.394 


4/2/2010 4:01 81510 11.92 32.389 


4/2/2010 4:31 81540 11.92 32.394 


4/2/2010 5:01 81570 11.92 32.399 


4/2/2010 5:31 81600 11.92 32.392 


4/2/2010 6:01 81630 11.92 32.382 


4/2/2010 6:31 81660 11.92 32.38 


4/2/2010 7:01 81690 11.92 32.373 


4/2/2010 7:31 81720 11.92 32.365 


4/2/2010 8:01 81750 11.92 32.365 


4/2/2010 8:31 81780 11.92 32.363 


4/2/2010 9:01 81810 11.92 32.363 


4/2/2010 9:31 81840 11.92 32.358 


4/2/2010 10:01 81870 11.92 32.358 


4/2/2010 10:31 81900 11.92 32.365 


4/2/2010 11:01 81930 11.92 32.373 


4/2/2010 11:31 81960 11.92 32.382 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/2/2010 12:01 81990 11.92 32.392 


4/2/2010 12:31 82020 11.92 32.401 


4/2/2010 13:01 82050 11.92 32.413 


4/2/2010 13:31 82080 11.92 32.425 


4/2/2010 14:01 82110 11.92 32.435 


4/2/2010 14:31 82140 11.92 32.449 


4/2/2010 15:01 82170 11.92 32.454 


4/2/2010 15:31 82200 11.92 32.463 


4/2/2010 16:01 82230 11.92 32.463 


4/2/2010 16:31 82260 11.92 32.478 


4/2/2010 17:01 82290 11.92 32.485 


4/2/2010 17:31 82320 11.92 32.499 


4/2/2010 18:01 82350 11.92 32.509 


4/2/2010 18:31 82380 11.92 32.52 


4/2/2010 19:01 82410 11.92 32.528 


4/2/2010 19:31 82440 11.92 32.537 


4/2/2010 20:01 82470 11.92 32.542 


4/2/2010 20:31 82500 11.92 32.547 


4/2/2010 21:01 82530 11.92 32.556 


4/2/2010 21:31 82560 11.91 32.564 


4/2/2010 22:01 82590 11.92 32.575 


4/2/2010 22:31 82620 11.92 32.582 


4/2/2010 23:01 82650 11.92 32.59 


4/2/2010 23:31 82680 11.92 32.592 


4/3/2010 0:01 82710 11.92 32.594 


4/3/2010 0:31 82740 11.92 32.597 


4/3/2010 1:01 82770 11.92 32.601 


4/3/2010 1:31 82800 11.92 32.606 


4/3/2010 2:01 82830 11.92 32.606 


4/3/2010 2:31 82860 11.92 32.599 


4/3/2010 3:01 82890 11.92 32.592 


4/3/2010 3:31 82920 11.92 32.587 


4/3/2010 4:01 82950 11.92 32.585 


4/3/2010 4:31 82980 11.92 32.594 


4/3/2010 5:01 83010 11.92 32.592 


4/3/2010 5:31 83040 11.92 32.587 


4/3/2010 6:01 83070 11.92 32.585 


4/3/2010 6:31 83100 11.92 32.58 


4/3/2010 7:01 83130 11.92 32.58 


4/3/2010 7:31 83160 11.92 32.573 


4/3/2010 8:01 83190 11.92 32.568 


4/3/2010 8:31 83220 11.92 32.561 


4/3/2010 9:01 83250 11.92 32.551 


4/3/2010 9:31 83280 11.92 32.551 


4/3/2010 10:01 83310 11.92 32.542 


4/3/2010 10:31 83340 11.92 32.532 


4/3/2010 11:01 83370 11.92 32.53 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/3/2010 11:31 83400 11.92 32.535 


4/3/2010 12:01 83430 11.92 32.53 


4/3/2010 12:31 83460 11.92 32.528 


4/3/2010 13:01 83490 11.92 32.506 


4/3/2010 13:31 83520 11.92 32.511 


4/3/2010 14:01 83550 11.92 32.506 


4/3/2010 14:31 83580 11.92 32.499 


4/3/2010 15:01 83610 11.92 32.489 


4/3/2010 15:31 83640 11.92 32.48 


4/3/2010 16:01 83670 11.92 32.473 


4/3/2010 16:31 83700 11.92 32.449 


4/3/2010 17:01 83730 11.91 32.435 


4/3/2010 17:31 83760 11.92 32.435 


4/3/2010 18:01 83790 11.92 32.427 


4/3/2010 18:31 83820 11.92 32.42 


4/3/2010 19:01 83850 11.92 32.406 


4/3/2010 19:31 83880 11.92 32.392 


4/3/2010 20:01 83910 11.92 32.377 


4/3/2010 20:31 83940 11.92 32.365 


4/3/2010 21:01 83970 11.92 32.356 


4/3/2010 21:31 84000 11.92 32.349 


4/3/2010 22:01 84030 11.92 32.344 


4/3/2010 22:31 84060 11.92 32.342 


4/3/2010 23:01 84090 11.92 32.332 


4/3/2010 23:31 84120 11.92 32.33 


4/4/2010 0:01 84150 11.92 32.325 


4/4/2010 0:31 84180 11.92 32.327 


4/4/2010 1:01 84210 11.92 32.327 


4/4/2010 1:31 84240 11.92 32.332 


4/4/2010 2:01 84270 11.92 32.344 


4/4/2010 2:31 84300 11.92 32.351 


4/4/2010 3:01 84330 11.92 32.344 


4/4/2010 3:31 84360 11.92 32.344 


4/4/2010 4:01 84390 11.92 32.337 


4/4/2010 4:31 84420 11.92 32.33 


4/4/2010 5:01 84450 11.92 32.32 


4/4/2010 5:31 84480 11.92 32.318 


4/4/2010 6:01 84510 11.92 32.313 


4/4/2010 6:31 84540 11.92 32.303 


4/4/2010 7:01 84570 11.92 32.296 


4/4/2010 7:31 84600 11.92 32.292 


4/4/2010 8:01 84630 11.92 32.284 


4/4/2010 8:31 84660 11.92 32.277 


4/4/2010 9:01 84690 11.92 32.277 


4/4/2010 9:31 84720 11.92 32.27 


4/4/2010 10:01 84750 11.92 32.268 


4/4/2010 10:31 84780 11.92 32.27 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/4/2010 11:01 84810 11.92 32.263 


4/4/2010 11:31 84840 11.92 32.268 


4/4/2010 12:01 84870 11.92 32.27 


4/4/2010 12:31 84900 11.92 32.27 


4/4/2010 13:01 84930 11.92 32.277 


4/4/2010 13:31 84960 11.92 32.275 


4/4/2010 14:01 84990 11.92 32.28 


4/4/2010 14:31 85020 11.92 32.282 


4/4/2010 15:01 85050 11.92 32.272 


4/4/2010 15:31 85080 11.92 32.287 


4/4/2010 16:01 85110 11.92 32.277 


4/4/2010 16:31 85140 11.92 32.282 


4/4/2010 17:01 85170 11.92 32.282 


4/4/2010 17:31 85200 11.92 32.28 


4/4/2010 18:01 85230 11.92 32.282 


4/4/2010 18:31 85260 11.92 32.282 


4/4/2010 19:01 85290 11.92 32.28 


4/4/2010 19:31 85320 11.92 32.275 


4/4/2010 20:01 85350 11.92 32.272 


4/4/2010 20:31 85380 11.92 32.265 


4/4/2010 21:01 85410 11.92 32.263 


4/4/2010 21:31 85440 11.92 32.265 


4/4/2010 22:01 85470 11.92 32.27 


4/4/2010 22:31 85500 11.92 32.272 


4/4/2010 23:01 85530 11.92 32.277 


4/4/2010 23:31 85560 11.92 32.284 


4/5/2010 0:01 85590 11.92 32.287 


4/5/2010 0:31 85620 11.92 32.296 


4/5/2010 1:01 85650 11.92 32.306 


4/5/2010 1:31 85680 11.92 32.313 


4/5/2010 2:01 85710 11.92 32.313 


4/5/2010 2:31 85740 11.92 32.32 


4/5/2010 3:01 85770 11.92 32.323 


4/5/2010 3:31 85800 11.92 32.325 


4/5/2010 4:01 85830 11.92 32.327 


4/5/2010 4:31 85860 11.92 32.332 


4/5/2010 5:01 85890 11.92 32.339 


4/5/2010 5:31 85920 11.92 32.342 


4/5/2010 6:01 85950 11.92 32.342 


4/5/2010 6:31 85980 11.92 32.344 


4/5/2010 7:01 86010 11.92 32.351 


4/5/2010 7:31 86040 11.92 32.354 


4/5/2010 8:01 86070 11.92 32.365 


4/5/2010 8:31 86100 11.92 32.377 


4/5/2010 9:01 86130 11.92 32.392 


4/5/2010 9:31 86160 11.92 32.404 


4/5/2010 10:01 86190 11.92 32.413 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
 


Attachment_STEP_Raw Data Examples.docx Page 65 of 78 4/11/2017 


4/5/2010 10:31 86220 11.92 32.425 


4/5/2010 11:01 86250 11.92 32.437 


4/5/2010 11:31 86280 11.92 32.444 


4/5/2010 12:01 86310 11.92 32.451 


4/5/2010 12:31 86340 11.92 32.458 


4/5/2010 13:01 86370 11.92 32.466 


4/5/2010 13:31 86400 11.92 32.47 


4/5/2010 14:01 86430 11.92 32.47 


4/5/2010 14:31 86460 11.92 32.466 


4/5/2010 15:01 86490 11.92 32.461 


4/5/2010 15:31 86520 11.92 32.458 


4/5/2010 16:01 86550 11.92 32.454 


4/5/2010 16:31 86580 11.92 32.449 


4/5/2010 17:01 86610 11.92 32.449 


4/5/2010 17:31 86640 11.92 32.447 


4/5/2010 18:01 86670 11.92 32.442 


4/5/2010 18:31 86700 11.92 32.439 


4/5/2010 19:01 86730 11.92 32.439 


4/5/2010 19:31 86760 11.92 32.43 


4/5/2010 20:01 86790 11.92 32.413 


4/5/2010 20:31 86820 11.92 32.413 


4/5/2010 21:01 86850 11.92 32.411 


4/5/2010 21:31 86880 11.92 32.408 


4/5/2010 22:01 86910 11.92 32.411 


4/5/2010 22:31 86940 11.92 32.416 


4/5/2010 23:01 86970 11.92 32.408 


4/5/2010 23:31 87000 11.92 32.411 


4/6/2010 0:01 87030 11.92 32.401 


4/6/2010 0:31 87060 11.91 32.399 


4/6/2010 1:01 87090 11.92 32.396 


4/6/2010 1:31 87120 11.92 32.401 


4/6/2010 2:01 87150 11.92 32.401 


4/6/2010 2:31 87180 11.92 32.406 


4/6/2010 3:01 87210 11.92 32.396 


4/6/2010 3:31 87240 11.92 32.387 


4/6/2010 4:01 87270 11.92 32.385 


4/6/2010 4:31 87300 11.92 32.373 


4/6/2010 5:01 87330 11.92 32.363 


4/6/2010 5:31 87360 11.92 32.349 


4/6/2010 6:01 87390 11.92 32.332 


4/6/2010 6:31 87420 11.92 32.325 


4/6/2010 7:01 87450 11.92 32.311 


4/6/2010 7:31 87480 11.92 32.294 


4/6/2010 8:01 87510 11.92 32.284 


4/6/2010 8:31 87540 11.92 32.275 


4/6/2010 9:01 87570 11.92 32.27 


4/6/2010 9:31 87600 11.92 32.253 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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4/6/2010 10:01 87630 11.92 32.244 


4/6/2010 10:31 87660 11.92 32.237 


4/6/2010 11:01 87690 11.92 32.232 


4/6/2010 11:31 87720 11.92 32.232 


4/6/2010 12:01 87750 11.92 32.227 


4/6/2010 12:31 87780 11.92 32.225 


4/6/2010 13:01 87810 11.92 32.218 


4/6/2010 13:31 87840 11.92 32.213 


4/6/2010 14:01 87870 11.91 32.208 


4/6/2010 14:31 87900 11.92 32.206 


4/6/2010 15:01 87930 11.92 32.199 


4/6/2010 15:31 87960 11.92 32.187 


4/6/2010 16:01 87990 11.92 32.179 


4/6/2010 16:31 88020 11.92 32.168 


4/6/2010 17:01 88050 11.92 32.153 


4/6/2010 17:31 88080 11.92 32.144 


4/6/2010 18:01 88110 11.92 32.134 


4/6/2010 18:31 88140 11.92 32.122 


4/6/2010 19:01 88170 11.92 32.113 


4/6/2010 19:31 88200 11.92 32.096 


4/6/2010 20:01 88230 11.92 32.077 


4/6/2010 20:31 88260 11.92 32.058 


4/6/2010 21:01 88290 11.92 32.046 


4/6/2010 21:31 88320 11.92 32.034 


4/6/2010 22:01 88350 11.92 32.029 


4/6/2010 22:31 88380 11.92 32.022 


4/6/2010 23:01 88410 11.92 32.015 


4/6/2010 23:31 88440 11.92 32.005 


4/7/2010 0:01 88470 11.92 32.001 


4/7/2010 0:31 88500 11.92 31.998 


4/7/2010 1:01 88530 11.92 31.996 


4/7/2010 1:31 88560 11.92 31.993 


4/7/2010 2:01 88590 11.92 31.986 


4/7/2010 2:31 88620 11.91 31.982 


4/7/2010 3:01 88650 11.92 31.97 


4/7/2010 3:31 88680 11.92 31.958 


4/7/2010 4:01 88710 11.92 31.941 


4/7/2010 4:31 88740 11.92 31.934 


4/7/2010 5:01 88770 11.92 31.929 


4/7/2010 5:31 88800 11.92 31.929 


4/7/2010 6:01 88830 11.92 31.934 


4/7/2010 6:31 88860 11.91 31.927 


4/7/2010 7:01 88890 11.91 31.925 


4/7/2010 7:31 88920 11.91 31.92 


4/7/2010 8:01 88950 11.92 31.922 


4/7/2010 8:31 88980 11.92 31.927 


4/7/2010 9:01 89010 11.92 31.924 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/7/2010 9:31 89040 11.92 31.927 


4/7/2010 10:01 89070 11.92 31.931 


4/7/2010 10:31 89100 11.92 31.931 


4/7/2010 11:01 89130 11.92 31.941 


4/7/2010 11:31 89160 11.92 31.951 


4/7/2010 12:01 89190 11.92 31.972 


4/7/2010 12:31 89220 11.92 31.982 


4/7/2010 13:01 89250 11.92 31.991 


4/7/2010 13:31 89280 11.92 32.005 


4/7/2010 14:01 89310 11.92 32.022 


4/7/2010 14:31 89340 11.92 32.034 


4/7/2010 15:01 89370 11.92 32.041 


4/7/2010 15:31 89400 11.92 32.058 


4/7/2010 16:01 89430 11.92 32.06 


4/7/2010 16:31 89460 11.92 32.065 


4/7/2010 17:01 89490 11.92 32.067 


4/7/2010 17:31 89520 11.92 32.075 


4/7/2010 18:01 89550 11.92 32.082 


4/7/2010 18:31 89580 11.92 32.089 


4/7/2010 19:01 89610 11.92 32.094 


4/7/2010 19:31 89640 11.92 32.086 


4/7/2010 20:01 89670 11.91 32.087 


4/7/2010 20:31 89700 11.92 32.089 


4/7/2010 21:01 89730 11.92 32.096 


4/7/2010 21:31 89760 11.92 32.101 


4/7/2010 22:01 89790 11.92 32.106 


4/7/2010 22:31 89820 11.92 32.115 


4/7/2010 23:01 89850 11.92 32.122 


4/7/2010 23:31 89880 11.92 32.129 


4/8/2010 0:01 89910 11.92 32.139 


4/8/2010 0:31 89940 11.91 32.149 


4/8/2010 1:01 89970 11.91 32.156 


4/8/2010 1:31 90000 11.91 32.163 


4/8/2010 2:01 90030 11.92 32.172 


4/8/2010 2:31 90060 11.92 32.175 


4/8/2010 3:01 90090 11.92 32.184 


4/8/2010 3:31 90120 11.92 32.191 


4/8/2010 4:01 90150 11.92 32.201 


4/8/2010 4:31 90180 11.92 32.21 


4/8/2010 5:01 90210 11.92 32.22 


4/8/2010 5:31 90240 11.92 32.23 


4/8/2010 6:01 90270 11.92 32.241 


4/8/2010 6:31 90300 11.92 32.251 


4/8/2010 7:01 90330 11.92 32.261 


4/8/2010 7:31 90360 11.91 32.27 


4/8/2010 8:01 90390 11.92 32.28 


4/8/2010 8:31 90420 11.92 32.296 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/8/2010 9:01 90450 11.92 32.308 


4/8/2010 9:31 90480 11.92 32.325 


4/8/2010 10:01 90510 11.92 32.346 


4/8/2010 10:31 90540 11.92 32.365 


4/8/2010 11:01 90570 11.92 32.385 


4/8/2010 11:31 90600 11.92 32.406 


4/8/2010 12:01 90630 11.92 32.435 


4/8/2010 12:31 90660 11.92 32.458 


4/8/2010 13:01 90690 11.92 32.475 


4/8/2010 13:31 90720 11.92 32.492 


4/8/2010 14:01 90750 11.92 32.506 


4/8/2010 14:31 90780 11.92 32.525 


4/8/2010 15:01 90810 11.92 32.537 


4/8/2010 15:31 90840 11.92 32.554 


4/8/2010 16:01 90870 11.92 32.568 


4/8/2010 16:31 90900 11.92 32.575 


4/8/2010 17:01 90930 11.92 32.578 


4/8/2010 17:31 90960 11.92 32.568 


4/8/2010 18:01 90990 11.92 32.563 


4/8/2010 18:31 91020 11.92 32.549 


4/8/2010 19:01 91050 11.92 32.485 


4/8/2010 19:31 91080 11.92 32.427 


4/8/2010 20:01 91110 11.92 32.392 


4/8/2010 20:31 91140 11.92 32.368 


4/8/2010 21:01 91170 11.92 32.339 


4/8/2010 21:31 91200 11.92 32.315 


4/8/2010 22:01 91230 11.92 32.294 


4/8/2010 22:31 91260 11.92 32.275 


4/8/2010 23:01 91290 11.92 32.263 


4/8/2010 23:31 91320 11.92 32.246 


4/9/2010 0:01 91350 11.92 32.23 


4/9/2010 0:31 91380 11.92 32.225 


4/9/2010 1:01 91410 11.92 32.218 


4/9/2010 1:31 91440 11.92 32.199 


4/9/2010 2:01 91470 11.92 32.199 


4/9/2010 2:31 91500 11.92 32.191 


4/9/2010 3:01 91530 11.92 32.191 


4/9/2010 3:31 91560 11.91 32.189 


4/9/2010 4:01 91590 11.92 32.184 


4/9/2010 4:31 91620 11.92 32.182 


4/9/2010 5:01 91650 11.92 32.175 


4/9/2010 5:31 91680 11.91 32.17 


4/9/2010 6:01 91710 11.92 32.16 


4/9/2010 6:31 91740 11.92 32.151 


4/9/2010 7:01 91770 11.92 32.146 


4/9/2010 7:31 91800 11.92 32.137 


4/9/2010 8:01 91830 11.92 32.132 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/9/2010 8:31 91860 11.92 32.129 


4/9/2010 9:01 91890 11.92 32.125 


4/9/2010 9:31 91920 11.91 32.123 


4/9/2010 10:01 91950 11.91 32.125 


4/9/2010 10:31 91980 11.91 32.127 


4/9/2010 11:01 92010 11.91 32.134 


4/9/2010 11:31 92040 11.91 32.146 


4/9/2010 12:01 92070 11.92 32.148 


4/9/2010 12:31 92100 11.92 32.163 


4/9/2010 13:01 92130 11.92 32.168 


4/9/2010 13:31 92160 11.91 32.173 


4/9/2010 14:01 92190 11.92 32.172 


4/9/2010 14:31 92220 11.92 32.179 


4/9/2010 15:01 92250 11.92 32.187 


4/9/2010 15:31 92280 11.92 32.189 


4/9/2010 16:01 92310 11.92 32.184 


4/9/2010 16:31 92340 11.92 32.179 


4/9/2010 17:01 92370 11.91 32.177 


4/9/2010 17:31 92400 11.91 32.177 


4/9/2010 18:01 92430 11.91 32.18 


4/9/2010 18:31 92460 11.92 32.177 


4/9/2010 19:01 92490 11.91 32.168 


4/9/2010 19:31 92520 11.92 32.16 


4/9/2010 20:01 92550 11.92 32.148 


4/9/2010 20:31 92580 11.91 32.134 


4/9/2010 21:01 92610 11.92 32.127 


4/9/2010 21:31 92640 11.92 32.12 


4/9/2010 22:01 92670 11.91 32.12 


4/9/2010 22:31 92700 11.91 32.115 


4/9/2010 23:01 92730 11.91 32.113 


4/9/2010 23:31 92760 11.91 32.096 


4/10/2010 0:01 92790 11.91 32.087 


4/10/2010 0:31 92820 11.91 32.077 


4/10/2010 1:01 92850 11.92 32.075 


4/10/2010 1:31 92880 11.92 32.077 


4/10/2010 2:01 92910 11.91 32.077 


4/10/2010 2:31 92940 11.92 32.075 


4/10/2010 3:01 92970 11.91 32.072 


4/10/2010 3:31 93000 11.92 32.07 


4/10/2010 4:01 93030 11.92 32.067 


4/10/2010 4:31 93060 11.92 32.063 


4/10/2010 5:01 93090 11.92 32.055 


4/10/2010 5:31 93120 11.91 32.049 


4/10/2010 6:01 93150 11.92 32.036 


4/10/2010 6:31 93180 11.91 32.025 


4/10/2010 7:01 93210 11.92 32.015 


4/10/2010 7:31 93240 11.92 32.01 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/10/2010 8:01 93270 11.91 32.01 


4/10/2010 8:31 93300 11.92 32.013 


4/10/2010 9:01 93330 11.92 32.015 


4/10/2010 9:31 93360 11.92 32.017 


4/10/2010 10:01 93390 11.92 32.02 


4/10/2010 10:31 93420 11.92 32.022 


4/10/2010 11:01 93450 11.92 32.029 


4/10/2010 11:31 93480 11.91 32.037 


4/10/2010 12:01 93510 11.92 32.051 


4/10/2010 12:31 93540 11.92 32.067 


4/10/2010 13:01 93570 11.92 32.079 


4/10/2010 13:31 93600 11.92 32.086 


4/10/2010 14:01 93630 11.92 32.098 


4/10/2010 14:31 93660 11.92 32.108 


4/10/2010 15:01 93690 11.92 32.115 


4/10/2010 15:31 93720 11.92 32.122 


4/10/2010 16:01 93750 11.92 32.12 


4/10/2010 16:31 93780 11.92 32.122 


4/10/2010 17:01 93810 11.92 32.122 


4/10/2010 17:31 93840 11.92 32.125 


4/10/2010 18:01 93870 11.92 32.125 


4/10/2010 18:31 93900 11.92 32.12 


4/10/2010 19:01 93930 11.92 32.113 


4/10/2010 19:31 93960 11.92 32.101 


4/10/2010 20:01 93990 11.91 32.089 


4/10/2010 20:31 94020 11.92 32.082 


4/10/2010 21:01 94050 11.92 32.075 


4/10/2010 21:31 94080 11.92 32.072 


4/10/2010 22:01 94110 11.92 32.07 


4/10/2010 22:31 94140 11.92 32.072 


4/10/2010 23:01 94170 11.91 32.077 


4/10/2010 23:31 94200 11.92 32.086 


4/11/2010 0:01 94230 11.92 32.077 


4/11/2010 0:31 94260 11.92 32.075 


4/11/2010 1:01 94290 11.92 32.075 


4/11/2010 1:31 94320 11.91 32.082 


4/11/2010 2:01 94350 11.91 32.084 


4/11/2010 2:31 94380 11.91 32.077 


4/11/2010 3:01 94410 11.92 32.086 


4/11/2010 3:31 94440 11.92 32.077 


4/11/2010 4:01 94470 11.92 32.058 


4/11/2010 4:31 94500 11.92 32.065 


4/11/2010 5:01 94530 11.92 32.058 


4/11/2010 5:31 94560 11.92 32.053 


4/11/2010 6:01 94590 11.92 32.048 


4/11/2010 6:31 94620 11.92 32.044 


4/11/2010 7:01 94650 11.92 32.036 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/11/2010 7:31 94680 11.92 32.027 


4/11/2010 8:01 94710 11.92 32.027 


4/11/2010 8:31 94740 11.92 32.022 


4/11/2010 9:01 94770 11.92 32.024 


4/11/2010 9:31 94800 11.92 32.029 


4/11/2010 10:01 94830 11.92 32.029 


4/11/2010 10:31 94860 11.92 32.029 


4/11/2010 11:01 94890 11.92 32.039 


4/11/2010 11:31 94920 11.92 32.044 


4/11/2010 12:01 94950 11.92 32.06 


4/11/2010 12:31 94980 11.92 32.079 


4/11/2010 13:01 95010 11.92 32.089 


4/11/2010 13:31 95040 11.92 32.091 


4/11/2010 14:01 95070 11.91 32.094 


4/11/2010 14:31 95100 11.91 32.103 


4/11/2010 15:01 95130 11.92 32.117 


4/11/2010 15:31 95160 11.92 32.117 


4/11/2010 16:01 95190 11.91 32.127 


4/11/2010 16:31 95220 11.91 32.13 


4/11/2010 17:01 95250 11.92 32.137 


4/11/2010 17:31 95280 11.92 32.141 


4/11/2010 18:01 95310 11.92 32.144 


4/11/2010 18:31 95340 11.92 32.146 


4/11/2010 19:01 95370 11.92 32.144 


4/11/2010 19:31 95400 11.92 32.148 


4/11/2010 20:01 95430 11.92 32.144 


4/11/2010 20:31 95460 11.91 32.142 


4/11/2010 21:01 95490 11.92 32.144 


4/11/2010 21:31 95520 11.91 32.153 


4/11/2010 22:01 95550 11.92 32.153 


4/11/2010 22:31 95580 11.91 32.156 


4/11/2010 23:01 95610 11.92 32.151 


4/11/2010 23:31 95640 11.92 32.158 


4/12/2010 0:01 95670 11.92 32.16 


4/12/2010 0:31 95700 11.92 32.168 


4/12/2010 1:01 95730 11.92 32.177 


4/12/2010 1:31 95760 11.92 32.179 


4/12/2010 2:01 95790 11.92 32.203 


4/12/2010 2:31 95820 11.91 32.201 


4/12/2010 3:01 95850 11.92 32.201 


4/12/2010 3:31 95880 11.92 32.206 


4/12/2010 4:01 95910 11.91 32.208 


4/12/2010 4:31 95940 11.91 32.211 


4/12/2010 5:01 95970 11.91 32.204 


4/12/2010 5:31 96000 11.92 32.191 


4/12/2010 6:01 96030 11.91 32.192 


4/12/2010 6:31 96060 11.92 32.191 







             Chan[1] Chan[2] 


  Date      Time   ET (min) Celsius Feet H2O 
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4/12/2010 7:01 96090 11.92 32.189 


4/12/2010 7:31 96120 11.92 32.196 


4/12/2010 8:01 96150 11.91 32.204 


4/12/2010 8:31 96180 11.92 32.213 


4/12/2010 9:01 96210 11.91 32.215 


4/12/2010 9:31 96240 11.92 32.213 


4/12/2010 10:01 96270 11.92 32.218 


4/12/2010 10:31 96300 11.92 32.225 


4/12/2010 11:01 96330 11.91 32.232 


4/12/2010 11:31 96360 11.91 32.244 


4/12/2010 12:01 96390 11.91 32.256 


4/12/2010 12:31 96420 11.91 32.273 


4/12/2010 13:01 96450 11.92 32.289 


4/12/2010 13:31 96480 11.91 32.297 


4/12/2010 14:01 96510 11.91 32.311 


4/12/2010 14:31 96540 11.92 32.327 


4/12/2010 15:01 96570 11.92 32.33 


4/12/2010 15:31 96600 11.92 32.337 


4/12/2010 16:01 96630 11.91 32.339 


4/12/2010 16:31 96660 11.92 32.344 


4/12/2010 17:01 96690 11.91 32.359 


4/12/2010 17:31 96720 11.91 32.363 


4/12/2010 18:01 96750 11.92 32.373 


4/12/2010 18:31 96780 11.92 32.382 


4/12/2010 19:01 96810 11.92 32.377 


4/12/2010 19:31 96840 11.91 32.38 


4/12/2010 20:01 96870 11.91 32.385 


4/12/2010 20:31 96900 11.91 32.385 


4/12/2010 21:01 96930 11.92 32.396 


4/12/2010 21:31 96960 11.92 32.408 


4/12/2010 22:01 96990 11.91 32.409 


4/12/2010 22:31 97020 11.92 32.423 


4/12/2010 23:01 97050 11.91 32.425 


4/12/2010 23:31 97080 11.92 32.449 


4/13/2010 0:01 97110 11.91 32.454 


4/13/2010 0:31 97140 11.92 32.48 


4/13/2010 1:01 97170 11.91 32.485 


4/13/2010 1:31 97200 11.92 32.501 


4/13/2010 2:01 97230 11.92 32.506 


4/13/2010 2:31 97260 11.91 32.578 


4/13/2010 3:01 97290 11.91 32.549 


4/13/2010 3:31 97320 11.91 32.552 


4/13/2010 4:01 97350 11.91 32.561 


4/13/2010 4:31 97380 11.91 32.561 


4/13/2010 5:01 97410 11.91 32.561 


4/13/2010 5:31 97440 11.91 32.556 


4/13/2010 6:01 97470 11.91 32.552 







             Chan[1] Chan[2] 
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4/13/2010 6:31 97500 11.91 32.554 


4/13/2010 7:01 97530 11.91 32.585 


4/13/2010 7:31 97560 11.91 32.597 


4/13/2010 8:01 97590 11.91 32.585 


4/13/2010 8:31 97620 11.92 32.549 


4/13/2010 9:01 97650 11.92 32.568 
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Geologic Map of the Colstrip Area 
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Geology Map of the Colstrip area.  See map on previous page to view legend.  Balls on fault represent 


downthrown fault blocks.  Red are areas mapped as clinker (collapsed overburden due to in situ burning 


of Rosebud Coal) 


  


Units 1 and 2 Stage I & II Evaporation 


Pond Area 
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Aerial Photograph of Southern Rosebud County, Montana including the Colstrip area.  Note regional 


geologic fabric and drainage geomorphology.  
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Project: 377A Area – Colstrip 
Streaming Potential Survey Profile Lines 
 
EXECUTIVE SUMMARY 
A total field streaming potential (SP) geophysical investigation was conducted in the vicinity of Well 377A 
in an effort to detect groundwater flowpaths in the subgrade.  122 observations were collected on March 26th 
and 27th at 50 feet intervals along two north-south oriented profiles and one east-west oriented profile.  Only 
two significant anomalies were detected and they are believed to be attributed to a shallow buried metal 
pipeline or other utility.   The utility signals were notched out in an attempt to visualize other possible 
seepage anomalies; however, nothing significantly deviant from the background noise was observed.    
 
Areas of negative (-) SP are generally identified as flow paths having downward flow.  SP background noise 
and low amplitude anomaly values made identifying flow paths difficult.  The SP survey data did not reveal 
any striking anomalous “hot spots” which clearly indicate flow paths; several low level anomalies indicating 
possible flow paths were identified on the SP potential difference profiles.  These “possible flow paths” are 
to be treated accordingly in a dubious fashion.  As a final note, utility trenches are well known for serving 
has shallow hydraulic channels, consequently, must be taken into consideration for this interpretation effort. 
 
Section 1 – General Statement of Scope of Work 
Utility Mapping Services (UMS) perform geophysical survey services as a sub-consultant to support the 
subject investigative project in which Hydrometrics, Inc. (a.k.a. “Client”) is serving as a prime engineering 
consultant with PPL Montana (PPL, a.k.a. “Owner”).  The survey purpose is to help isolate zones within the
upper sub-grade where seepage of conductive fluid may be occurring.  Due to cultural features in the 
vicinity, the streaming potential detection (SP, a.k.a. self-potential and more specifically the 
electrokinetic potential component of SP) method was used to search for zones of subgrade flowpaths. 
 
UMS performed the following activities: 


• geophysical survey plan development 
• equipment and personnel mobilization 
• geophysical survey of project area 
• tied survey to project coordinates using 


handheld GPS 
• data reduction, geophysical anomaly map 


preparation, limited interpretation 


• report preparation, summarized findings, 
discrepancies, and recommendations 


• quality assurance review of data and plans 
• registered qualified professional engineer 


certification 
• reviewed results with project team and lent 


assistance for further interpretive efforts 
UMS performed geophysical services in accordance with generally accepted engineering principles and 
practices at this time and in accordance with applicable standards. 
 
Section 2 - Project Specific Work 
The project is located near Colstrip, MT on the PPL property as shown on Figure 1 
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Figure 1. 377A Profile Locations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STREAMING POTENTIAL METHOD 
The streaming  potential (SP) survey for a mapping seepage consists of measuring the natural electrical 
potential (voltage) between two nonpolarizing electrodes. One electrode is called the base electrode and is 
set in a fixed position (base station) placed in contact with the ground. The second electrode is the 
scanning electrode and is advanced along the ground in a sequential fashion. The electrodes should be a 
pair of copper-copper sulfate cells. The base electrode is connected by way of a cable reel having a slip 
ring to the negative input terminal of a recording device, such as a data logger. The scanning electrode is 
connected to the positive input terminal of the recording device. The recording device will record the 
potential between the base and scanning electrodes at preset intervals as the scanning electrode is 
advanced along planned grid survey lines. The scanning electrode location should also be recorded using 
a Global Positioning System (GPS) that has its clock synchronized with the clock of the data logger. 
 
SP data may be affected by a variety of noise sources, including grounded conductors, stray currents 
telluric activity, soil property variations, and electrode polarization. Tellurics (time-varying natural earth 
currents with periods of milliseconds to hours and amplitudes of tenths to hundreds of 
millivolts/kilometer) may be a serious noise source. Ideally, a telluric monitor consisting of a second set 
of stationary electrodes and a recording device would be used to indicate periods of unusable data. An 
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example of unusable data would be that recorded during a solar flare that would produce erroneous 
anomalous potentials. 
 
Streaming Potential 
When a fluid is forced to flow through a porous medium a potential may be generated across the medium. 
This potential is generated by the interaction of the pore fluid with the Helmholtz double layer adsorbed 
on the surface of the medium, a process known as electrokinetic coupling.  Potential differences due to 
the flow-induced electrical potential field can be measured on the surface above the flow path as 
illustrated in Figure 3.  In areas of channelized seepage along preferential flow paths, negative anomalies 
are seen at areas where seepage flow is entering the ground and above seepage paths where flow is 
horizontal or decending. Positive anomalies are often seen above areas where flow is ascending toward 
the surface or where surface seepage is occurring. 
 
Figure 3.  Illustration of the concepts of SP anomaly generation and of fixed-reference SP surveys. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Streaming Potential Field Survey 
The total field SP survey consisted of measuring the natural electrical potential (voltage) between two 
nonpolarizing electrodes placed in contact with the ground. Voltage measurements were obtained using a 
Beckman Industrial 800 DVM, two copper-copper sulfate electrodes (Tinker and Rasor Model 6B) and 
interconnecting electrode cable. Potential measurements are made with one base electrode set in a fixed 
position (base station), while a second electrode (or scanning electrode) is moved to various points along 
the survey transect at approximately 25- or 50-foot intervals. A handheld GPS was used to record the 
location of each SP observation point. A third electrode was carried in a container having a saturated 
solution of copper sulfate and was our portable reference electrode.  Periodic reference checks with the 
portable reference electrode and the scanning electrode enabled us to correct the SP measurements for 
electrode drift. 
 
Section 3.  Results and Interpretation 
Water flow through porous media generates anomalous variations in the earth’s natural electric potential 
field which can be detected by the SP method. This potential is generated by the interaction of the pore 
fluid with the Helmholtz double layer adsorbed on the surface of the medium. On the contrary, leakages 
through low permeability material are difficult to detect even if they cover large areas. 
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In areas of channelized seepage along preferential flow paths, negative anomalies are seen at areas where 
flow is horizontal or descending; and positive anomalies often are seen above areas where flow is 
ascending toward the surface or where surface seepage is occurring. SP data may be affected by a variety 
of noise sources, including grounding conductors, stray currents, telluric activity, soil property variations, 
and electrode polarization. Background geologic noise may be caused by point-to-point variations in soil 
properties such as resistivity, chemistry, temperature, moisture content, and variations in the quality of 
electrode-to-soil contact. 
 
The amplitude of the SP measurement may be affected by many factors. The Streaming Potential is 
directly proportional to pressure differential (low due to minimal head), pore fluid resistivity (low, high 
conductivity), pore fluid dielectric constant, and zeta potential (a property of the double layer). The SP is 
inversely proportional to pore fluid viscosity*4 pi. From this we see that the low resistivity (high 
conductivity of the pore fluid) and low pressure gradient due to low head combine to produce the low SP 
measured values. 
  
Our opinion of the results of the SP surveys is that they were generally inconclusive due to: 1) apparent 
presence of a buried utility or pipeline; and 2) the low values of measured SP.  However, by notching out 
the high amplitude utility signal and pushing the data to the limits dictated by the probable window of 
geologic noise, there do appear to be low level trends in the data which could indicate possible flow 
paths.  We hesitate, though, to definitively state that any one of these locations is a flow path without 
additional investigative efforts.  Further SP survey transects may better indicate or corroborate the 
existence of the identified groundwater flow paths.  The reader is reminded that buried utility trenches can 
function as hydraulic conduits.  
 
The SP background voltages were generally much less than +10 millivolts (mV) and in some cases, may 
be negative. A typical anomaly measured was less than (more positive) -10 mV. Since this is a relatively 
large percentage of change, we may be able to infer that flow paths may have been detected over 
relatively broad areas.  Figures 2 to 7 presents the tabular and graphical results of the SP profiles; total 
field SP observations which may indicate locations of possible flow paths have been identified. All 
indicated anomalous areas exhibit observed values no more than -6 mV. 
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Figure 4.  377A SP Line Locations 
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Figure 2.  377A SP Line 1 (with probable utility anomaly included) 
 


 
 
 
 
 
Figure 3. 377A SP Line 1 (with probable utility anomaly notched out, PFP – possible flow path) 
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Table 1. 377A SP Line 1 Data 
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Figure 5. 377A SP Line 2 (with probable utility anomaly include) 


 
 
 
 
 
Figure 6. 377A SP Line 2 (with probable utility anomaly notched out) 
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Table 2. 377A SP Line 2 Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  377A SP Line 3 
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Table 3. 377A SP Line 3 Data 
 
 
 
 
 
 
 
 
 
 


Probable Utility 
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Additional observations were made in an attempt to search for additional evidence of flowpaths and 
validate observed potential anomalies; however, none of the additional points provided any further 
information.  
 
 
 
 
 
 
SEAL 
 
I hereby certify that this engineering document was prepared by me or under my direct personal 
supervision and that I am a duly licensed Professional Engineer under the laws of the State of 
Montana. 
 
 
 
 
_________________________________ _____________________________ 
Philip John Meis, P.E.    Date 
 
 
License Number: 12815 
My license renewal date is June 30, 2010 
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GENERAL COMMENTS/RESPONSES 


COMMENT RESPONSE 


1.  Please include the final comment response document as 


an appendix in the final Report. 


All comment/response documents, including this response 


document, will be included in the Final Site Report as 


Appendix L. 


2.  The Geophysical Survey (Streaming Potential) 


conducted in the former Moose Lodge area is inconclusive. 


The method used does not provide depth of potential fluid 


channels and may be more applicable for a shallow 


subsurface investigation, but it does not identify the plume 


pathways for deep aquifers. MDEQ recommends Downhole 


Geophysical Loggings to be used in the future site work to 


locate water bearing fractures, if any, and to determine the 


rate and direction of vertical movement of water in the 


borehole to better characterize the plume migration 


pathways and archive captures. This comment does not 


require changes to the report, but should be considered for 


future work. 


Noted 


3.  As remedial activities proceed, please continue to work 


toward further characterization of the site, including 


analysis of preferential pathways resulting from 


fractures/faults. This comment does not require changes to 


the report. 


Noted 


4.  There are some data gaps in the southeast portion of the 


SOEP/STEP area in the bedrock aquifer owing to lack of 


wells in these areas. This area has been characterized 


horizontally but not vertically. However, groundwater flow 


is to the east-northeast, toward the creek and areas of known 


contamination. Based on the current and proposed capture 


system(s), the impacted groundwater beneath this area is 


likely to eventually be captured by the downgradient wells. 


However, the time needed for cleanup may be longer than 


Noted.  However, some more specific information regarding 


what is being referred to as the southeast portion of the 


SOEP/STEP would be helpful in further consideration of 


deeper strata evaluations.  There is a lack of bedrock wells in 


the area between well 2005D and the southeastern extent of 


the SOEP/STEP area (Power Road & Hwy 39).  Sub-McKay 


wells 384D, 386D, 362D, 385D, 935D, 361D, 387D, 2005D 


and 2006D are not impacted.  As indicated, groundwater flow 


in this area is from the east-northeast.  Groundwater southeast 
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projected if the vertical extent of impact is greater than it is 


currently defined in this area. Currently, the impacts in the 


Sub-McKay bedrock in this area are assumed to be minimal 


as indicated by the isopleths (model figure 2-29 through  


2-31), which may not be the case. If this data is used as 


initial input to the fate and transport model, the calculated 


remediation time will be much shorter. This comment does 


not require changes to the report, but should be considered 


in the Remedy Evaluation Report. 


of the referenced wells is downgradient of Castle Rock Lake, 


which is not a process pond and not a source for impacted 


groundwater.  For this reason, additional wells in the 


southeast portion of the SOEP/STEP area would not likely 


aid in the evaluation of the remediation times.  It would be 


helpful if the area being referred to in the comment is more 


specifically identified.  


5.  GC11: Please edit this response, eliminating the 


reference to the Master Plan.  As discussed with Talen, the 


Master Plan Summary relies on a document that is has not 


been provided to DEQ, and as such, cannot be used as a 


support document.  Talen has agreed to provide all 


necessary technical information from the Master Plan in the 


documents submitted to DEQ, instead of referencing the 


plan.  Therefore this response should be edited accordingly. 


New response: Reference to the Master Plan Summary have 


been removed from the previous comment responses.  There 


were no references to the Master Plan Summary in the Site 


History Report. 


 


The previous comment now reads: Units 1&2 will be shut 


down by 2022.  The shutdown will include final closure of 


the ponds.  Details of the closure will be presented in the 


Final Remedy Evaluation Report and associated references. 


SPECIFIC COMMENTS/RESPONSES 


1.  SC7; Page 2-12, Section 2.2.7.3, 2
nd


 paragraph, last 


sentence: Please change the wording of this sentence to 


reflect the comment response. Instead of stating that “the 


lack of bromine concentrations greater than BSL…supports 


a conclusion that water is not currently seeping from the 


ponds”, the sentence should state that “the low bromide 


concentrations suggest that current seepage from the ponds 


is minimal, which is consistent with the assertion that the 


approach to estimating seepage is conservative”. 


The referenced sentence has been revised and a replacement 


page 2-13 will be provided. 


2.  SC38; Page 3-46, Section 3.5.1, 1st paragraph, 3
rd


 


sentence: It appears that the text has not been changed to 


reflect the discrepancy between the terms “delineated” and 


“very loosely defined”. Please correct as necessary. 


 


 


The text has been revised and a replacement page will be 


provided. 







SEPTEMBER 26, 2017 


DEQ Responses to Final Units 1&2 Stage I and II Evaporation Ponds Site Report 


and Groundwater Conceptual Model and Expanded Numerical Model 


 


H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\Comment_Responses\STEP SOEP Sept262017 DEQ Comments_Responses_FINAL.docx 


 Page 3 of 4 10/25/2017 9:48 AM 


FIGURE COMMENTS/RESPONSES 


1.  Figure 2-22: The groundwater elevation in well 368D is 


shown to spike to an elevation of about 3,296 ft MSL. 


Based on the graph in this figure, this is the highest 


elevation this well has experienced. This peak elevation 


should be explained in the text. 


There was an error in the data point referenced for well 


368D.  A replacement figure will be provided. 


APPENDIX COMMENTS/RESPONSES 


1.  SC4 (App H): It appears that this comment has not been 


addressed in the final document. 


The graphs in Figures 4 through 10 (Appendix H) have been 


updated with surface water BSLs and replacement pages will 


be provided. 


2.  Appendix J, Table J-3: This table remains titled “Model 


Pumping Rates – 2005-2014 Transient”. However, the 


transient simulation presented in this model includes a 2005 


to 2007 transient simulation. The title of Table J-3 should 


be revised. 


The title of Table J-3 will be revised and replacement pages 


will be provided. 


APPENDIX A GENERAL COMMENTS/RESPONSES 


1.  GC6: The response to this comment indicates the Water 


Resources Monitoring Plan (WRMP) contained in 


Appendix B includes the monitoring approaches used at the 


site. However, the WRMP is simply an SOP on how to do 


sampling and does not provide any information regarding 


the capture well network. A table that identifies capture 


networks, including pumping and monitoring wells, for 


each identified hydrostratigraphic zone should be included 


in the report to facilitate a better understanding of plume 


migration pathways, and to help with assessment of the 


performance of the capture system. Table 3-5 provides this 


information for the capture wells, but no such table exists 


for the monitoring network. Please create a table similar to 


Table 3-5 for the monitoring network. 


A new table (3-6) has been prepared and the site report text 


revised.  Table 3-6 will be provided. 


 


 


2.  GC16; Please indicate the location of the well screen 


abbreviations in the response to General Comment 16 


(Appendix B, Page 21). 


A table was not added.  However, an explanation of the 


nomenclature is provided at the bottom of replacement page 


3-9 of the main report. 
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APPENDIX A SPECIFIC COMMENTS/RESPONSES 


1.  SC33 and GC10; Page 22, Section 2.5.2, 4
th


 paragraph: 


Although the revised cross sections now include sulfate 


concentrations, DEQ requests that boron concentrations be 


added to the cross sections to reflect the two constituents 


used in the fate and transport model. 


Fate and transport modeling for the SOEP/STEP area has not 


been completed.  Similar to the Plant Site Area, a cross 


section that includes both boron and selenium concentrations 


will be included in the Remedy Evaluation Report for the 


SOEP/STEP Area 


2.  SC28; Page 20, Section 2.4.6, 3
rd


 paragraph and Page 23, 


3
rd


 paragraph: Please check the well number, as it appears 


“358D” should actually be “368D”. 


This typo has been fixed and a replacement page will be 


issued. 


3.  SC35; Page 22, Section 2.5.2, last paragraph, last 


sentence: DEQ could not see where dashed lines were 


added to the higher concentration polygons on these figures. 


Please add the dashed lines as described in the comment 


response. 


Figures 2-33 and 2-36 show pink dashed lines.  Dashed lines 


will be added to Figure 2-35 and a replacement page 


provided. 


4.  SC71; Page 65, Section 4.2.5.2, Last paragraph: The 


response to this comment indicates clarification will be 


provided; however, the text has not been changed in the 


report. Please add clarification to indicate how, or why, a 


large increase in hydraulic conductivity in the vicinity of a 


pumping well is justifiable. 


This paragraph has been revised to provide clarification. A 


replacement page will be provided. 
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Waste Water Facility
Total Capacity 


(acre-feet)/ft3  (1)


Surface Area 
(acres)/ft2           


(2)


Years In 
Service Lining Pond Function /Comments


Units 1 & 2 Stage I Evaporation 
Pond 


(2,350) /  
102,366,000 (114)/ 4,965,840 1975 - 1997 Partial clay


Received flyash transported with scrubber slurry from Units 1&2 for final disposal.  This pond was full in 1997 and the reclamation 
program for this pond was completed in 2002.  There has been limited grazing on this reclamation since 2003.  In 1995, a groundwater 
collection system was installed west of this pond.  In 1999 and 2001, this west groundwater collection system was expanded.  In 2000, a 
groundwater collection system was installed south of this pond.  In 2006, wells were installed within the former pond footprint  to evaluate 
dewatering of the scrubber material.


Units 1 & 2 Stage II Evaporation 
Pond                                                    
Inclusive of all cells described below.  


(5,275)/ 
229,779,000


(142.3) / 
6,198,533 1992 - present HDPE


Receives flyash transported with scrubber slurry from Units 1&2 for final disposal.  Started receiving slurry in 1994.  Clearwater is 
collected in the Clearwell and returned to the scrubbers for re-use.  In 1999, a groundwater collection system was installed east of this pond.  
This area's groundwater collection system has been expanded in recent years.


 A Cell N/A (42.1)/
1,833,876 1992 - present HDPE


A Cell was lined during initial construction.   This cell is essentially full and no longer recieves flyash scrubber slurry and does not impound 
water as of 2015.  


New Clearwell (B Cell) (281.4)/ 
12,257,784 (16.8) / 731,808 2006- present


Double-lined RPP  
with leachate 


collection in 2006.


Constructed in 2006,  B Cell was double-lined with 45 mil RPP primary liner, a 36 mil RPP secondary liner, and a leachate collection system 
installed between the liners and under both liners.  This cell was operated for water managment purposes from 2006 to 2011.  It was put into 
service as the New Clearwell in 2011. This pond has not directly received scrubber slurry or paste. 


C Cell This cell will not be constructed.


D Cell (623.6)/ 
27,164,016 (25.7)/ 1,119,492 2011-present


Double-lined RPP  
with leachate 


collection in 2011.


Receives clearwater or paste from the STEP systems as needed.


E Cell (48.2)/   
2,100,000 (46.8)/ 2,038,608 1992 - present HDPE


The currently active cell, recieves paste from the paste plant.  Excess water can be rounted to the new clearwell. In 1998, E Cell weirbox 
outlet developed a leak that was repaired. In 2000, the E Cell weirbox outlet developed a leak that was repaired.   In 2006, a small hole in the 
liner on the north side of E Cell was found just under the water level.  The water that leaked was recovered on the north side of the E/C dike.  
The hole was repaired.  


Old Clearwell (437)/ 19,035,720 10.9 / 435,600 1992 - present HDPE


The Old Clearwell was lined during its initial construction.  This pond receives clear water and small amounts of scrubber slurry from the 
settling portion of the Evaporation pond and is used for water managment purposes. This pond will eventually be filled with paste.  In 
October 2007, water was observed under the south side of this lined pond.  A capture system was installed and repairs to the liner were 
completed in June 2008.


HDPE - High Density Polyethylene
RPP - Reinforced Polyethylene
(1) Design Capacity - To convert acre feet to cubic feet multiply by 43,560 square feet
(2)  Area of pond footprint estimated by mutliplying top dimensions provided in acres by 43,560 to calculate square feet.


TABLE 2-1 UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS  (June 23, 2017)
TALEN MONTANA, LLC


COLSTRIP STEAM ELECTRIC STATION
ADMINISTRATIVE ORDER ON CONSENT


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


NA - not applicable.  Facility is no longer in service or facility is not parameterized by the dimension listed. 
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WASTE WATER FACILITY ALSO KNOWN AS


Units 1 & 2 Stage II Evaporation Ponds STEP, Stage II Evaportation Ponds, Stage 2 Evaporation Ponds


 Units 1&2 Stage II  Cell A STEP Cell A (pg 2-4), Stage II Cell A, Stage 2 Cell A, Cell A, A Cell


 Units 1&2 Stage II New Clearwell Units 1&2 Stage II Cell B, Stage II Cell B, Stage 2 Cell B, Cell B, New Cearwell, New Clearwell (Cell B), B Cell


 Units 1&2 Stage II  Cell C STEP Cell C, Stage II Cell C, Stage 2 Cell C, Cell C, C Cell


 Units 1&2 Stage II  Cell D STEP Cell D, Stage II Cell D, Stage 2 D Cell, Cell D, FAEP D, D Cell


 Units 1&2 Stage II  Cell E STEP Cell E, Stage II Cell E,  Stage 2 Cell E, Cell E, E Cell


Units 1&2 Stage II Main Dam Units 1 & 2 STEP Main Dam, STEP Main Dam, Stage 2 Main Dam, Main Dam


Units 1&2 Stage II Main Dam Sump Units 1 & 2 STEP MDS, Stage II MDS, Stage 2 MDS, Main Dam Sump, MDS


Units 1&2 Stage II Old Clearwell STEP Old Clearwell, Stage II Old Clearwell, Stage 2 Old Clearwell, Old Clearwell


Units 1& 2 Stage I Main Dam SOEP Main Dam, Stage I Main Dam, Stage 1 Main Dam


Units 1&2 Slurry Pipelines
Slurry and Return Water Pipelines, Individually as slurry pipeline (or lines) or  Individually as STEP Slurry pipeline, clearwater return 


pipeline(or lines),


Units 1&2 Stage I and II Original Slurry Pipeline SOEP Slurry Pipeline,  STEP Slurry Pipeline


Surge Pond Castle Rock Lake


Units 1&2 Stage II Paste Plant STEP Paste Plant, Paste Plant, Stage II Paste Plant, Stage 2 Paste Plant


TABLE 2-2 


NOMENCLATURE FOR PONDS AND PIPELINES


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT
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NO. OF NO. ABV DATE AND ANALYSES OF  


SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT


10/18/1987


UNITS 1&2 STAGE I PH s.u. 20 20 4.6 8.5 7.46 7.8 5.1


EVAPORATION POND SODIUM ADSORPTION RATIO mg/L 15 15 0.91 1.96 1.44 1.4 1.6


Sample Period: Historical Nov. 1976 - Oct. 1987 SC (UMHOS/CM AT 25 C) umhos/cm 20 20 2771 13300 10080 9670 13300


TDS (MEASURED AT 180 C) 180
o
 C 19 19 2483 19400 14633 15300 19400


TOTAL HARDNESS AS CACO3 mg/L 19 19 8270 12528 10346 10500 12200


Scrubber slurry routed from Units 1&2 to CALCIUM (CA) DIS mg/L 20 20 200 602 483 498 458


STEP Paste Plant.  Decant routed to clearwell, MAGNESIUM (MG) DIS mg/L 20 20 261 2730 2117 2210 2690


Paste deposited in active cell.  Formerly SODIUM (NA) DIS mg/L 20 20 24 425 300 316 403


routed from Units 1&2 AB Pond POTASSIUM (K) DIS mg/L 18 18 5 327 33 15 15


Paste plant water TOTAL ALKALINITY AS CACO3 mg/L 19 19 3 143 71.8 69 5


Water from SOEP and STEP capture wells TOTAL ACIDITY AS CACO3 mg/L 8 8 4 343 42.9 NA N/A


Water from direct precipitation BICARBONATE (HCO3) mg/L 20 20 3 354 92.1 79 6


Samples represent active cell at sampling time. CARBONATE AS CO3 mg/L 15 15 4 4 4 4 N/A


SULFATE (SO4) mg/L 20 20 1500 13300 10071 10500 13300


CHLORIDE (CL) mg/L 20 20 16 101 71.1 73 101


FLUORIDE (F) mg/L 17 17 1.5 3.9 2.36 2.4 1.5


NITRATE + NITRITE AS N mg/L 19 19 2 26.1 17.9 18.8 26


ORTHOPHOSPHATE (PO4-P) mg/L 12 10 <0.01 0.18 0.058 0.04 N/A


ALUMINUM (AL) DIS mg/L 14 11 0.1 2 0.521 0.4 N/A


BORON (B) DIS mg/L 16 16 51.1 105 77.5 76.7 84.9


CADMIUM (CD) DIS mg/L 15 2 <0.001 0.006 0.005 0.005 N/A


COPPER (CU) DIS mg/L 12 8 <0.02 0.77 0.11 0.03 N/A


IRON (FE) DIS mg/L 19 13 <0.02 0.63 0.143 0.08 0.33


LEAD (PB) DIS mg/L 15 4 <0.02 0.68 0.112 0.02 N/A


MANGANESE (MN) DIS mg/L 17 16 <0.01 29.9 16.5 13.8 29.9


MERCURY (HG) DIS mg/L 12 0 <0.001 <0.001 <0.001 <0.001 N/A


NICKEL (NI) DIS mg/L 4 3 <0.02 0.23 0.16 0.19 N/A


SELENIUM (SE) DIS mg/L 19 10 <0.005 0.16 0.024 0.005 0.16


VANADIUM (V) DIS mg/L 12 1 <0.06 1 0.48 0.2 N/A


ZINC (ZN) DIS mg/L 19 14 <0.01 0.24 0.08 0.06 <0.01


TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT
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TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


5/18/2015


UNITS 1&2 STAGE II FLYASH PH s.u. 2 2 5.1 7.8 6.45 5.1 5.1


EVAPORATION POND SC (UMHOS/CM AT 25 C) umhos/cm 2 2 28400 29700 29050 28400 29700


CLEARWELL - NEW TDS (MEASURED AT 180 C) 180
o
 C 2 2 35600 45200 40400 35600 35600


Formerly 1&2 STAGE II FLYASH TOTAL HARDNESS AS CACO3 mg/L 2 2 28200 33400 30800 28200 33400


EVAPORATION POND - CELL B CALCIUM (CA) DIS mg/L 2 2 487 578 533 487 487


MAGNESIUM (MG) DIS mg/L 2 2 6500 7800 7150 6500 7800


Sample Period: July 2012 to May 2015 SODIUM (NA) DIS mg/L 2 2 2020 2100 2060 2020 2100


POTASSIUM (K) DIS mg/L 2 2 77 82 79.5 77 77


Water from STEP Paste Plant.  Water originates TOTAL ALKALINITY AS CACO3 mg/L 2 1 <4 177 90.5 4 <4


as scrubber slurry from Units 1&2. BICARBONATE (HCO3) mg/L 2 1 <4 216 110 4 <4


Decant precipitation water from Cell A.  CARBONATE AS CO3 mg/L 2 0 <4 <4 <4 <4 <4


Decant from Cell E SULFATE (SO4) mg/L 2 2 32200 33800 33000 32200 33800


Water from SOEP capture wells through pipeline CHLORIDE (CL) mg/L 2 2 725 890 808 725 890


from the paste plant water discharge pipeline. FLUORIDE (F) mg/L 1 1 1.5 1.5 1.5 1.5 NA


BROMIDE (BR) mg/L 2 2 218 530 374 218 530


NITRATE + NITRITE AS N mg/L 1 1 24.5 24.5 24.5 24.5 NA


NITRITE (NO2-N) mg/L 1 1 0.4 0.4 0.4 0.4 NA


ORTHOPHOSPHATE (PO4-P) mg/L 1 1 0.173 0.173 0.173 0.173 NA


PHOSPHORUS (P) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1 NA


ALUMINUM (AL) TOT mg/L 1 1 0.29 0.29 0.29 0.29 NA


ANTIMONY (SB) TOT mg/L 1 1 0.008 0.008 0.008 0.008 NA


ARSENIC (AS) TOT mg/L 1 1 0.004 0.004 0.004 0.004 NA


BARIUM (BA) TOT mg/L 1 1 0.09 0.09 0.09 0.09 NA


BERYLLIUM (BE) TOT mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


BORON (B) DIS mg/L 1 1 167 167 167 167 167


BORON (B) TOT mg/L 1 1 149 149 149 149 NA


CADMIUM (CD) TOT mg/L 1 1 0.039 0.039 0.039 0.039 NA


CHLORINE (CL) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1 NA


CHROMIUM (CR+6) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR+3) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005 NA


COBALT (CO) TOT mg/L 1 1 0.386 0.386 0.386 0.386 NA


COPPER (CU) TOT mg/L 1 1 0.099 0.099 0.099 0.099 NA


IRON (FE) TOT mg/L 1 0 <0.2 <0.2 <0.2 <0.2 NA


MANGANESE (MN) TOT mg/L 1 1 101 101 101 101 NA


MERCURY (HG) DIS mg/L 1 0 <0.0001 <0.0001 <0.0001 <0.0001 NA


MOLYBDENUM (MO) TOT mg/L 1 1 0.124 0.124 0.124 0.124 NA


NICKEL (NI) TOT mg/L 1 1 1.08 1.08 1.08 1.08 NA


SELENIUM (SE) DIS mg/L 1 1 0.468 0.468 0.468 0.468 0.468


SELENIUM (SE) TOT mg/L 1 1 0.314 0.314 0.314 0.314 NA


SILVER (AG) TOT mg/L 1 0 0.002 0.002 0.002 0.002 NA
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TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


UNITS 1&2 STAGE II FLYASH THALLIUM (TL) TOT mg/L 1 1 0.002 0.002 0.002 0.002 NA


EVAPORATION POND VANADIUM (V) TOT mg/L 1 0 <0.04 <0.04 <0.04 <0.04 NA


CLEARWELL - NEW ZINC (ZN) TOT mg/L 1 1 0.69 0.69 0.69 0.69 NA


(continued) BENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 0.001 NA


Formerly 1&2 STAGE II FLYASH ETHYLENE GLYCOL mg/L 1 0 <250 <250 <250 250 NA


EVAPORATION POND - CELL B ETHYLBENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOTAL XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Sample Period: July 2012 to May 2015 M-P XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


O-XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Water from STEP Paste Plant.  Water originates METHYL ETHYL KETONE VOC mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


as scrubber slurry from Units 1&2. METHYL TERT-BUTYL ETHER VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Decant precipitation water from Cell A.  NAPHTHALENE (VOL) mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Decant from Cell E TOLUENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Water from SOEP capture wells through pipeline HEXACHLOROBENZENE mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


from the paste plant water discharge pipeline. DIESEL RANGE ORGANICS mg/L 1 1 0.31 0.31 0.31 0.31 NA


C9-C10 AROMATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


C9 TO C12 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


OIL & GREASE mg/L 1 0 <1 <1 <1 <1 NA


PURGEABLE HYDROCARBONS TOT mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


TOT EXTRACTABLE HYDROCARBON(EPH) mg/L 1 1 0.61 0.61 0.61 0.61 NA


TOT EXTRACTABLE HYDROCARBON(EPHscr) mg/L 1 0 <0.306 <0.306 <0.306 <0.306 NA


CYANIDE (CN) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005 NA


C5-C8 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


5/18/2015


UNITS 1&2 STAGE II FLYASH PH s.u. 12 12 4.4 8.2 6.43 6.5 4.4


EVAPORATION POND SC (UMHOS/CM AT 25 C) umhos/cm 10 10 11700 33400 20040 17200 33400


CLEARWELL - OLD TDS (MEASURED AT 180 C) 180
o
 C 12 12 18000 48200 29117 29100 48200


TOTAL HARDNESS AS CACO3 mg/L 3 3 15100 40000 23533 15500 40000


Sample Period: May 1996 to May 2015 CALCIUM (CA) DIS mg/L 12 12 196 507 414 416 507


CALCIUM (CA) TOT mg/L 2 2 335 340 338 335 NA


Decant water from Cell D, formerly decant MAGNESIUM (MG) DIS mg/L 12 12 2380 9400 4293 3440 9400


 from Cell E. MAGNESIUM (MG) TOT mg/L 2 2 4360 4570 4465 4360 NA


Water from STEP Capture wells SODIUM (NA) DIS mg/L 12 12 766 2560 1305 1200 2560


Water from direct precipitation SODIUM (NA) TOT mg/L 2 2 1230 1290 1260 1230 NA


POTASSIUM (K) DIS mg/L 9 9 49 99 64.7 58.2 99


POTASSIUM (K) TOT mg/L 2 2 58.5 68 63.3 58.5 NA


TOTAL ALKALINITY AS CACO3 mg/L 9 7 <4 410 78.8 47 <4


BICARBONATE (HCO3) mg/L 9 7 <4 500 96.1 57 <4


CARBONATE AS CO3 mg/L 9 0 <1 <4 <2 <1 <4


SULFATE (SO4) mg/L 12 12 11300 42100 20392 19600 42100


CHLORIDE (CL) mg/L 12 12 238 1100 469 415 1100


FLUORIDE (F) mg/L 3 3 1.14 1.42 1.25 1.19 NA
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TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


UNITS 1&2 STAGE II FLYASH BROMIDE (BR) mg/L 5 3 5 606 157 20 606


EVAPORATION POND NITRATE + NITRITE AS N mg/L 1 1 12.9 12.9 12.9 12.9 NA


CLEARWELL - OLD NITRITE (NO2-N) mg/L 1 0 <0.05 <0.05 <0.05 <0.05 NA


(continued) ORTHOPHOSPHATE (PO4-P) mg/L 1 1 0.05 0.05 0.05 0.05 NA


Sample Period: May 1996 to May 2015 PHOSPHORUS (P) TOT mg/L 1 1 0.05 0.05 0.05 0.05 NA


SIGMA mg/L 1 1 2.51 2.51 2.51 2.51 NA


Decant water from Cell D, formerly decant ALUMINUM (AL) DIS mg/L 2 2 1.06 4.27 2.67 1.06 NA


 from Cell E. ALUMINUM (AL) TOT mg/L 3 3 1.25 12.4 6.02 4.41 NA


Water from STEP Capture wells ANTIMONY (SB) DIS mg/L 2 2 0.005 0.006 0.006 0.005 NA


Water from direct precipitation ANTIMONY (SB) TOT mg/L 3 2 0.006 0.05 0.021 0.006 NA


ARSENIC (AS) DIS mg/L 2 2 0.003 0.003 0.003 0.003 NA


ARSENIC (AS) TOT mg/L 3 2 0.003 0.005 0.004 0.004 NA


BARIUM (BA) DIS mg/L 2 2 0.059 0.066 0.063 0.059 NA


BARIUM (BA) TOT mg/L 3 3 0.068 0.1 0.082 0.077 NA


BERYLLIUM (BE) TOT mg/L 1 1 0.007 0.007 0.007 0.007 NA


BORON (B) DIS mg/L 11 11 58.1 198 108 106 198


BORON (B) TOT mg/L 3 3 92.7 116 107 113 NA


CADMIUM (CD) DIS mg/L 2 2 0.032 0.032 0.032 0.032 NA


CADMIUM (CD) TOT mg/L 3 3 0.017 0.033 0.027 0.032 NA


CHLORINE (CL) mg/L 2 0 <0.1 <0.1 <0.1 <0.1 NA


CHROMIUM (CR+6) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR+3) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR) DIS mg/L 2 2 0.007 0.01 0.009 0.007 NA


CHROMIUM (CR) TOT mg/L 3 2 0.01 0.011 0.01 0.01 NA


COBALT (CO) TOT mg/L 1 1 0.13 0.13 0.13 0.13 NA


COPPER (CU) DIS mg/L 2 2 0.181 0.208 0.195 0.181 NA


COPPER (CU) TOT mg/L 3 3 0.198 0.28 0.237 0.232 NA


IRON (FE) DIS mg/L 2 0 <0.05 <0.05 <0.05 <0.05 NA


IRON (FE) TOT mg/L 3 2 0.06 0.1 0.073 0.06 NA


LEAD (PB) DIS mg/L 2 2 0.006 0.006 0.006 0.006 NA


LEAD (PB) TOT mg/L 2 2 0.008 0.009 0.008 0.008 NA


MANGANESE (MN) DIS mg/L 2 2 72.9 73.5 73.2 72.9 NA


MANGANESE (MN) TOT mg/L 3 3 35.5 75.9 60.7 70.8 NA


MERCURY (HG) DIS mg/L 4 0 0 <0.001 <0.001 <0.001 NA


MERCURY (HG) TOT mg/L 3 0 0 <0.001 <0.001 <0.001 NA


MOLYBDENUM (MO) DIS mg/L 2 2 0.1 0.1 0.1 0.1 NA


MOLYBDENUM (MO) TOT mg/L 3 3 0.1 0.121 0.11 0.11 NA


NICKEL (NI) DIS mg/L 2 2 0.88 1.01 0.945 0.88 NA


NICKEL (NI) TOT mg/L 3 3 0.87 1.01 0.927 0.9 NA


SELENIUM (SE) DIS mg/L 11 11 0.086 0.505 0.184 0.155 0.505


SELENIUM (SE) TOT mg/L 3 3 0.085 0.16 0.13 0.146 NA


SILVER (AG) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005 NA


STRONTIUM (SR) DIS mg/L 1 1 21.3 21.3 21.3 21.3 NA
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TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


UNITS 1&2 STAGE II FLYASH THALLIUM (TL) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1 NA


EVAPORATION POND VANADIUM (V) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1 NA


CLEARWELL - OLD ZINC (ZN) DIS mg/L 2 2 0.69 0.78 0.735 0.69 NA


(continued) ZINC (ZN) TOT mg/L 3 3 0.35 0.79 0.613 0.7 NA


BENZENE VOC mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Sample Period: May 1996 to May 2015 BENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


ETHYLENE GLYCOL mg/L 2 0 <10 <250 <130 <10 NA


Decant water from Cell D, formerly decant ETHYLBENZENE VOC mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


 from Cell E. ETHYLBENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Water from STEP Capture wells TOTAL XYLENE VOC mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Water from direct precipitation TOTAL XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


M-P XYLENE VOC mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


M-P XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


O-XYLENE VOC mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


O-XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


METHYL ETHYL KETONE VOC mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


METHYL TERT-BUTYL ETHER VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


NAPHTHALENE (VOL) mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOLUENE VOC mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOLUENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


HEXACHLOROBENZENE mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


HEXACHLOROBENZENE VOC mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


DIESEL RANGE ORGANICS mg/L 1 1 0.39 0.39 0.39 0.39 NA


C9-C10 AROMATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


C9 TO C12 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


OIL & GREASE mg/L 1 0 <1 <1 <1 <1 NA


PURGEABLE HYDROCARBONS TOT mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


TOT EXTRACTABLE HYDROCARBON(EPH) mg/L 1 0 0.56 0.56 0.56 0.56 NA


TOT EXTRACTABLE HYDROCARBON(EPHscr) mg/L 1 0 <0.306 <0.306 <0.306 <0.306 NA


CYANIDE (CN) TOT mg/L 2 2 <0.003 0.033 0.014 0.014 NA


C5-C8 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


5/18/2015


EVAPORATION POND PH s.u. 7 7 5 7 5.51 5.1 5.9


CELL E SC (UMHOS/CM AT 25 C) umhos/cm 5 5 28000 36800 31720 31900 32000


TDS (MEASURED AT 180 C) 180
o
 C 7 7 38800 54500 46457 45500 38800


Sample Period: June 2002 to May 2015 TOTAL HARDNESS AS CACO3 mg/L 3 3 31500 36700 33867 33400 36700


CALCIUM (CA) DIS mg/L 7 7 336 518 432 434 457


Paste from STEP Paste Plant, formerly decant CALCIUM (CA) TOT mg/L 2 2 326 428 377 326 NA


from Cell A, and Units 1&2 scrubber slurry MAGNESIUM (MG) DIS mg/L 7 7 5990 8920 7414 7390 8640


Water from SOEP and STEP Capture wells MAGNESIUM (MG) TOT mg/L 2 2 6520 6520 6520 6520 NA


Water from direct precipitation SODIUM (NA) DIS mg/L 7 7 1800 2470 2099 2150 2350


Water pumped from STEP Main Dam Sump SODIUM (NA) TOT mg/L 2 2 1770 1820 1795 1770 NA
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TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


EVAPORATION POND POTASSIUM (K) DIS mg/L 7 7 81 106 89.1 87 81


CELL E POTASSIUM (K) TOT mg/L 2 2 87 88.8 87.9 87 NA


(continued) TOTAL ALKALINITY AS CACO3 mg/L 7 3 <1 47 8.86 4 4


TOTAL ACIDITY AS CACO3 mg/L 1 1 333 333 333 333 NA


Sample Period: June 2002 to May 2015 BICARBONATE (HCO3) mg/L 7 3 <1 58 10.7 4 5


CARBONATE AS CO3 mg/L 7 0 <1 <4 <2.71 <4 < 4


Paste from STEP Paste Plant, formerly decant SULFATE (SO4) mg/L 7 7 28800 38300 33800 35800 37900


from Cell A, and Units 1&2 scrubber slurry CHLORIDE (CL) mg/L 7 7 636 1020 766 771 1020


Water from SOEP and STEP Capture wells FLUORIDE (F) mg/L 3 3 1.3 1.57 1.47 1.53 NA


Water from direct precipitation BROMIDE (BR) mg/L 4 3 <50 576 307 294 576


Water pumped from STEP Main Dam Sump NITRATE + NITRITE AS N mg/L 1 1 22.5 22.5 22.5 22.5 NA


NITRITE (NO2-N) mg/L 1 1 0.6 0.6 0.6 0.6 NA


ORTHOPHOSPHATE (PO4-P) mg/L 1 1 0.104 0.104 0.104 0.104 NA


PHOSPHORUS (P) TOT mg/L 1 1 0.12 0.12 0.12 0.12 NA


ALUMINUM (AL) DIS mg/L 2 2 8.47 8.61 8.54 8.47 NA


ALUMINUM (AL) TOT mg/L 3 3 1.02 10.5 7.16 9.95 NA


ANTIMONY (SB) DIS mg/L 2 2 0.008 0.009 0.009 0.008 NA


ANTIMONY (SB) TOT mg/L 3 3 0.006 0.009 0.008 0.008 NA


ARSENIC (AS) DIS mg/L 2 2 0.004 0.006 0.005 0.004 NA


ARSENIC (AS) TOT mg/L 3 3 0.005 0.006 0.005 0.005 NA


BARIUM (BA) DIS mg/L 2 2 0.082 0.091 0.087 0.082 NA


BARIUM (BA) TOT mg/L 3 3 0.107 0.131 0.123 0.13 NA


BERYLLIUM (BE) TOT mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


BORON (B) DIS mg/L 6 6 157 230 182 167 157


BORON (B) TOT mg/L 3 3 157 166 162 164 NA


CADMIUM (CD) DIS mg/L 2 2 0.047 0.05 0.049 0.047 NA


CADMIUM (CD) TOT mg/L 3 3 0.048 0.066 0.055 0.052 NA


CHLORINE (CL) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1 NA


CHROMIUM (CR+6) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR+3) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR) DIS mg/L 2 2 0.014 0.017 0.016 0.014 NA


CHROMIUM (CR) TOT mg/L 3 3 0.016 0.018 0.017 0.016 NA


COBALT (CO) TOT mg/L 1 1 0.547 0.547 0.547 0.547 NA


COPPER (CU) DIS mg/L 2 2 0.346 0.43 0.388 0.346 NA


COPPER (CU) TOT mg/L 3 3 0.353 1.02 0.591 0.4 NA


IRON (FE) DIS mg/L 2 1 <0.05 0.17 0.11 0.05 NA


IRON (FE) TOT mg/L 3 3 0.09 0.7 0.363 0.3 NA


LEAD (PB) DIS mg/L 2 2 0.003 0.003 0.003 0.003 NA


LEAD (PB) TOT mg/L 2 2 0.003 0.003 0.003 0.003 NA


MANGANESE (MN) DIS mg/L 2 2 109 109 109 109 NA


MANGANESE (MN) TOT mg/L 3 3 109 123 114 110 NA


MERCURY (HG) DIS mg/L 4 0 <0.001 <0.001 <0.001 <0.001 NA


MERCURY (HG) TOT mg/L 3 0 <0.001 <0.001 <0.001 <0.001 NA
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TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


EVAPORATION POND MOLYBDENUM (MO) DIS mg/L 2 2 0.15 0.17 0.16 0.15 NA


CELL E MOLYBDENUM (MO) TOT mg/L 3 3 0.15 0.17 0.16 0.159 NA


(continued) NICKEL (NI) DIS mg/L 2 2 1.3 1.5 1.4 1.3 NA


NICKEL (NI) TOT mg/L 3 3 1.33 1.95 1.59 1.5 NA


Sample Period: June 2002 to May 2015 SELENIUM (SE) DIS mg/L 6 6 0.23 0.441 0.328 0.321 0.441


SELENIUM (SE) TOT mg/L 3 3 0.225 0.36 0.281 0.259 NA


Paste from STEP Paste Plant, formerly decant SILVER (AG) TOT mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


from Cell A, and Units 1&2 scrubber slurry THALLIUM (TL) TOT mg/L 1 1 0.005 0.005 0.005 0.005 NA


Water from SOEP and STEP Capture wells VANADIUM (V) TOT mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


Water from direct precipitation ZINC (ZN) DIS mg/L 2 2 1 1.14 1.07 1 NA


Water pumped from STEP Main Dam Sump ZINC (ZN) TOT mg/L 3 3 1.03 1.71 1.29 1.14 NA


BENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


ETHYLENE GLYCOL mg/L 1 0 <250 <250 <250 <250 NA


ETHYLBENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOTAL XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


M-P XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


O-XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


METHYL ETHYL KETONE VOC mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


METHYL TERT-BUTYL ETHER VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


NAPHTHALENE (VOL) mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOLUENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


HEXACHLOROBENZENE mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


DIESEL RANGE ORGANICS mg/L 1 1 0.31 0.31 0.31 0.31 NA


C9-C10 AROMATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


C9 TO C12 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


OIL & GREASE mg/L 1 0 <1 <1 <1 <1 NA


PURGEABLE HYDROCARBONS TOT mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


TOT EXTRACTABLE HYDROCARBON(EPH) mg/L 1 1 0.62 0.62 0.62 0.62 NA


TOT EXTRACTABLE HYDROCARBON(EPHscr) mg/L 1 1 0.397 0.397 0.397 0.397 NA


CYANIDE (CN) TOT mg/L 1 1 1.39 1.39 1.39 1.39 NA


C5-C8 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


8/28/2015


UNITS 1&2 STAGE II FLYASH PH s.u. 67 67 7 8 7.57 7.6 7.7


EVAPORATION POND SODIUM ADSORPTION RATIO 20 20 1.95 6.7 3.12 2.23 NA


STEP SUMP SC (UMHOS/CM AT 25 C) umhos/cm 65 65 2820 11500 8098 8630 10000


TDS (MEASURED AT 180 C) 180
o
 C 67 67 2400 14100 9737 10700 10900


Sample Period: January 1984 to August 2015 TURBIDITY (NTU) mg/L 4 4 19 12400 3928 92 NA


TOTAL HARDNESS AS CACO3 mg/L 24 24 860 8440 4414 4850 7850


Designed seepage from STEP Main Dam CALCIUM (CA) DIS mg/L 67 67 148 639 471 486 444


CALCIUM (CA) TOT mg/L 2 2 486 492 489 486 NA


MAGNESIUM (MG) DIS mg/L 67 67 119 1870 1236 1350 1640


MAGNESIUM (MG) TOT mg/L 2 2 1760 1810 1785 1760 NA
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NO. OF NO. ABV DATE AND ANALYSES OF  


SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT


TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


UNITS 1&2 STAGE II FLYASH SODIUM (NA) DIS mg/L 67 67 113 654 493 521 505


EVAPORATION POND SODIUM (NA) TOT mg/L 2 2 574 600 587 574 NA


STEP SUMP POTASSIUM (K) DIS mg/L 47 47 7 18 12.3 13 12


(continued) POTASSIUM (K) TOT mg/L 2 2 14.7 16 15.4 14.7 NA


TOTAL ALKALINITY AS CACO3 mg/L 47 47 319 668 546 586 660


Sample Period: January 1984 to August 2015 ALKALINITY AS NAOH mg/L 1 1 264 264 264 264 NA


TOTAL ACIDITY AS CACO3 mg/L 5 3 <1 1 0.4 0 NA


Designed seepage from STEP Main Dam BICARBONATE (HCO3) mg/L 47 47 390 815 664 716 805


CARBONATE AS CO3 mg/L 41 14 <4 5 1.78 1 <4


SULFATE (SO4) mg/L 67 67 1420 10900 6518 7220 NA


CHLORIDE (CL) mg/L 67 67 8 289 104 116 141


FLUORIDE (F) mg/L 22 22 0.17 1.3 0.413 0.33 NA


BROMIDE (BR) mg/L 14 8 <1.9 20 8.05 3 2.4


NITRATE + NITRITE AS N mg/L 20 17 <0.05 6.9 3.44 3.99 NA


ORTHOPHOSPHATE (PO4-P) mg/L 6 3 <0.01 0.06 0.018 0.01 NA


ALUMINUM (AL) DIS mg/L 8 0 <0.03 <0.1 <0.083 <0.1 NA


ALUMINUM (AL) TOT mg/L 2 0 <0.03 <0.03 <0.03 <0.03 NA


ANTIMONY (SB) DIS mg/L 2 0 <0.003 <0.003 <0.003 <0.003 NA


ANTIMONY (SB) TOT mg/L 2 0 <0.003 <0.003 <0.003 <0.003 NA


ARSENIC (AS) DIS mg/L 2 0 <0.003 <0.003 <0.003 <0.003 NA


ARSENIC (AS) TOT mg/L 2 0 <0.003 <0.003 <0.003 <0.003 NA


BARIUM (BA) DIS mg/L 2 2 0.009 0.01 0.01 0.009 NA


BARIUM (BA) TOT mg/L 2 2 0.01 0.011 0.011 0.01 NA


BORON (B) DIS mg/L 67 67 0.6 36.9 18.7 18.9 31.2


BORON (B) TOT mg/L 2 2 31.2 32 31.6 31.2 NA


CADMIUM (CD) DIS mg/L 8 5 <0.001 0.005 0.002 0.002 NA


CADMIUM (CD) TOT mg/L 2 0 <0.001 <0.001 <0.001 <0.001 NA


CHROMIUM (CR) DIS mg/L 2 0 <0.001 <0.001 <0.001 <0.001 NA


CHROMIUM (CR) TOT mg/L 2 0 <0.001 <0.01 <0.006 <0.001 NA


COPPER (CU) DIS mg/L 8 2 <0.001 0.017 0.01 0.01 NA


COPPER (CU) TOT mg/L 2 2 0.002 0.017 0.01 0.002 NA


IRON (FE) DIS mg/L 22 8 <0.05 0.23 0.054 0.03 NA


IRON (FE) TOT mg/L 2 1 <0.05 0.1 0.075 0.05 NA


LEAD (PB) DIS mg/L 8 3 <0.001 0.02 0.009 0.01 NA


LEAD (PB) TOT mg/L 2 0 <0.001 <0.001 <0.001 <0.001 NA


MANGANESE (MN) DIS mg/L 22 6 <0.01 0.21 0.039 0.02 NA


MANGANESE (MN) TOT mg/L 2 0 <0.005 <0.005 <0.005 <0.005 NA


MERCURY (HG) DIS mg/L 9 0 <0.001 <0.001 <0.001 <0.001 NA


MERCURY (HG) TOT mg/L 2 0 <0.001 <0.001 <0.001 <0.001 NA


MOLYBDENUM (MO) DIS mg/L 2 0 <0.01 <0.01 <0.01 <0.01 NA


MOLYBDENUM (MO) TOT mg/L 2 0 <0.01 <0.01 <0.01 <0.01 NA


NICKEL (NI) DIS mg/L 8 2 <0.02 0.03 0.028 0.03 NA


NICKEL (NI) TOT mg/L 2 2 <0.02 0.02 0.02 0.02 NA
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NO. OF NO. ABV DATE AND ANALYSES OF  


SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT


TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


UNITS 1&2 STAGE II FLYASH SELENIUM (SE) DIS mg/L 67 47 <0.002 0.024 0.009 0.007 NA


EVAPORATION POND SELENIUM (SE) TOT mg/L 2 2 0.002 0.007 0.005 0.002 <0.005


STEP SUMP (continued) VANADIUM (V) DIS mg/L 6 0 <0.1 <0.1 <0.1 <0.1 NA


Sample Period: January 1984 to August 2015 ZINC (ZN) DIS mg/L 22 17 <0.01 0.88 0.107 0.03 NA


Designed seepage from STEP Main Dam ZINC (ZN) TOT mg/L 2 2 0.02 0.05 0.035 0.02 NA


5/15/2015


EVAPORATION POND PH s.u. 7 7 4.8 7.9 6.7 6.6 6.3


CELL A SC (UMHOS/CM AT 25 C) umhos/cm 7 7 11100 65200 33414 17200 60800


TDS (MEASURED AT 180 C) 180
o
 C 7 7 12800 209000 64657 23300 73900


Sample Period: May 1996 to May 2015 TOTAL HARDNESS AS CACO3 mg/L 2 2 142000 144000 143000 142000 14200


CALCIUM (CA) DIS mg/L 7 7 439 556 490 474 512


Orignally received decant water from the SOEP MAGNESIUM (MG) DIS mg/L 7 7 2150 34700 13594 3240 34200


Received Scrubber slurry from Units 1&2 AB SODIUM (NA) DIS mg/L 7 7 670 9550 3730 1030 8750


Pond.  Formerly received runoff water from POTASSIUM (K) DIS mg/L 4 4 37 375 226 190 301


the evaporation pad. No longer recieves process TOTAL ALKALINITY AS CACO3 mg/L 3 3 46 338 195 201 338


water or scrubber slurry BICARBONATE (HCO3) mg/L 4 4 35 412 187 56 412


Formerly received water from SOEP capture wells CARBONATE AS CO3 mg/L 4 0 <1 <4 <3.25 <4 <4


Water from direct precipitation SULFATE (SO4) mg/L 7 7 10900 155000 59543 15000 14300


CHLORIDE (CL) mg/L 7 7 209 3100 1206 293 2780


FLUORIDE (F) mg/L 1 1 1.9 1.9 1.9 1.9 NA


BROMIDE (BR) mg/L 3 2 <50 746 509 730 746


NITRATE + NITRITE AS N mg/L 2 2 7.29 37.8 22.5 7.29 NA


NITRITE (NO2-N) mg/L 1 1 1.9 1.9 1.9 1.9 NA


ORTHOPHOSPHATE (PO4-P) mg/L 1 1 0.379 0.379 0.379 0.379 NA


PHOSPHORUS (P) TOT mg/L 1 0 <0.2 <0.2 <0.2 <0.2 NA


ALUMINUM (AL) TOT mg/L 1 1 0.8 0.8 0.8 0.8 NA


ANTIMONY (SB) TOT mg/L 1 1 0.007 0.007 0.007 0.007 NA


ARSENIC (AS) TOT mg/L 1 1 0.012 0.012 0.012 0.012 NA


BARIUM (BA) TOT mg/L 1 0 <0.05 <0.05 <0.05 <0.05 NA


BERYLLIUM (BE) TOT mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


BORON (B) DIS mg/L 6 6 55.3 599 211 69.6 599


BORON (B) TOT mg/L 1 1 642 642 642 642 NA


CADMIUM (CD) TOT mg/L 1 1 0.196 0.196 0.196 0.196 NA


CHLORINE (CL) TOT mg/L 1 1 0.6 0.6 0.6 0.6 NA


CHROMIUM (CR+6) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR+3) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01 NA


CHROMIUM (CR) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005 NA


COBALT (CO) TOT mg/L 1 1 0.638 0.638 0.638 0.638 NA


COPPER (CU) TOT mg/L 1 1 0.332 0.332 0.332 0.332 NA


IRON (FE) TOT mg/L 1 1 0.9 0.9 0.9 0.9 NA


MANGANESE (MN) TOT mg/L 1 1 454 454 454 454 NA


MERCURY (HG) DIS mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA
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NO. OF NO. ABV DATE AND ANALYSES OF  


SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT


TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


EVAPORATION POND MERCURY (HG) TOT mg/L 1 1 0.001 0.001 0.001 0.001 NA


CELL A MOLYBDENUM (MO) TOT mg/L 1 1 0.71 0.71 0.71 0.71 NA


(continued) NICKEL (NI) TOT mg/L 1 1 2.73 2.73 2.73 2.73 NA


SELENIUM (SE) DIS mg/L 6 6 0.096 0.453 0.193 0.117 0.24


Sample Period: May 1996 to May 2015 SELENIUM (SE) TOT mg/L 1 1 0.892 0.892 0.892 0.892 NA


SILVER (AG) TOT mg/L 1 0 <0.002 <0.002 <0.002 <0.002 NA


Orignally received decant water from the SOEP THALLIUM (TL) DIS mg/L 1 1 0.096 0.096 0.096 0.096 NA


Received Scrubber slurry from Units 1&2 AB THALLIUM (TL) TOT mg/L 1 1 0.011 0.011 0.011 0.011 NA


Pond.  Formerly received runoff water from VANADIUM (V) TOT mg/L 1 1 0.03 0.03 0.03 0.03 NA


the evaporation pad. No longer recieves process ZINC (ZN) TOT mg/L 1 1 2.7 2.7 2.7 2.7 NA


water or scrubber slurry BENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


Formerly received water from SOEP capture wells ETHYLENE GLYCOL mg/L 1 0 <250 <250 <250 <250 NA


Water from direct precipitation ETHYLBENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOTAL XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


M-P XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


O-XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


METHYL ETHYL KETONE VOC mg/L 1 0 <0.1 <0.1 <0.1 <0.1 NA


METHYL TERT-BUTYL ETHER VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


NAPHTHALENE (VOL) mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


TOLUENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001 NA


HEXACHLOROBENZENE mg/L 1 0 0.01 0.01 0.01 0.01 NA


DIESEL RANGE ORGANICS mg/L 1 1 1.9 1.9 1.9 1.9 NA


C9-C10 AROMATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02 NA


C9 TO C12 ALIPHATICS mg/L 1 1 0.018 0.018 0.018 0.018 NA


OIL & GREASE mg/L 1 1 10 10 10 10 NA


PURGEABLE HYDROCARBONS TOT mg/L 1 1 0.035 0.035 0.035 0.035 NA


TOT EXTRACTABLE HYDROCARBON(EPH) mg/L 1 1 2.5 2.5 2.5 2.5 NA


TOT EXTRACTABLE HYDROCARBON(EPHscr) mg/L 1 0 <309 <309 <309 <309 NA


CYANIDE (CN) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005 NA


C5-C8 ALIPHATICS mg/L 1 1 0.025 0.025 0.025 0.025 NA


5/18/2015


1&2 STAGE II FAEP-D PH s.u. 2 2 4.9 5.4 5.15 4.9 5.4


SC (UMHOS/CM AT 25 C) umhos/cm 2 2 30800 34300 32550 30800 30800


Sample Period: July 2012 to May 2015 TDS (MEASURED AT 180 C) 180
o
 C 2 2 28800 60100 44450 28800 28800


TOTAL HARDNESS AS CACO3 mg/L 2 2 36800 37800 37300 36800 36800


Formerly received decant water from Old Clearwell CALCIUM (CA) DIS mg/L 2 2 513 514 514 513 513


Recieved water from STEP capture well 2019D MAGNESIUM (MG) DIS mg/L 2 2 8620 8860 8740 8620 8620


Water from direct precipitation SODIUM (NA) DIS mg/L 2 2 2370 2460 2415 2370 2370


POTASSIUM (K) DIS mg/L 2 2 90 97 93.5 90 90


TOTAL ALKALINITY AS CACO3 mg/L 2 0 <4 <4 <4 <4 <4


BICARBONATE (HCO3) mg/L 2 0 <4 <4 <4 <4 <4


CARBONATE AS CO3 mg/L 2 0 <4 <4 <4 <4 <4
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NO. OF NO. ABV DATE AND ANALYSES OF  


SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT


TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


1&2 STAGE II FAEP-D SULFATE (SO4) mg/L 2 2 37600 43400 40500 37600 37600


(continued) CHLORIDE (CL) mg/L 2 2 920 973 947 920 973


Sample Period: July 2012 to May 2015 FLUORIDE (F) mg/L 1 1 1.4 1.4 1.4 1.4 1.4


BROMIDE (BR) mg/L 2 2 263 530 397 263 530


Formerly received decant water from Old Clearwell NITRATE + NITRITE AS N mg/L 1 1 29.5 29.5 29.5 29.5


Recieved water from STEP capture well 2019D NITRITE (NO2-N) mg/L 1 1 0.06 0.06 0.06 0.06


Water from direct precipitation ORTHOPHOSPHATE (PO4-P) mg/L 1 1 0.16 0.16 0.16 0.16


PHOSPHORUS (P) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1


ALUMINUM (AL) TOT mg/L 1 1 8.61 8.61 8.61 8.61


ANTIMONY (SB) TOT mg/L 1 1 0.009 0.009 0.009 0.009


ARSENIC (AS) TOT mg/L 1 1 0.005 0.005 0.005 0.005


BARIUM (BA) TOT mg/L 1 1 0.08 0.08 0.08 0.08


BERYLLIUM (BE) TOT mg/L 1 1 0.003 0.003 0.003 0.003


BORON (B) DIS mg/L 1 1 172 172 172 172


BORON (B) TOT mg/L 1 1 203 203 203 203


CADMIUM (CD) TOT mg/L 1 1 0.077 0.077 0.077 0.077


CHLORINE (CL) TOT mg/L 1 0 <0.1 <0.1 <0.1 <0.1


CHROMIUM (CR+6) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01


CHROMIUM (CR+3) DIS mg/L 1 0 <0.01 <0.01 <0.01 <0.01


CHROMIUM (CR) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005


COBALT (CO) TOT mg/L 1 1 0.566 0.566 0.566 0.566


COPPER (CU) TOT mg/L 1 1 0.515 0.515 0.515 0.515


IRON (FE) TOT mg/L 1 0 <0.2 <0.2 <0.2 <0.2


MANGANESE (MN) TOT mg/L 1 1 151 151 151 151


MERCURY (HG) TOT mg/L 1 0 <0.0001 <0.0001 <0.0001 <0.0001


MOLYBDENUM (MO) TOT mg/L 1 1 0.121 0.121 0.121 0.121


NICKEL (NI) TOT mg/L 1 1 1.68 1.68 1.68 1.68


SELENIUM (SE) DIS mg/L 1 1 0.416 0.416 0.416 0.416 0.416


SELENIUM (SE) TOT mg/L 1 1 0.413 0.413 0.413 0.413


SILVER (AG) TOT mg/L 1 0 <0.001 <0.001 <0.001 <0.001


THALLIUM (TL) TOT mg/L 1 1 0.007 0.007 0.007 0.007


VANADIUM (V) TOT mg/L 1 1 0.03 0.03 0.03 0.03


ZINC (ZN) TOT mg/L 1 1 1.58 1.58 1.58 1.58


BENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001


ETHYLENE GLYCOL mg/L 1 0 <250 <250 <250 <250


ETHYLBENZENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001


TOTAL XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001


M-P XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001


O-XYLENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001


METHYL ETHYL KETONE VOC mg/L 1 0 <0.02 <0.02 <0.02 <0.02


METHYL TERT-BUTYL ETHER VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001


NAPHTHALENE (VOL) mg/L 1 0 <0.001 <0.001 <0.001 <0.001


TOLUENE VPH mg/L 1 0 <0.001 <0.001 <0.001 <0.001
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NO. OF NO. ABV DATE AND ANALYSES OF  


SITE PARAMETER UNITS SAMPLES DETECT MIN MAX MEAN MEDIAN MOST RECENT RESULT


TABLE 2 - 3


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION


ADMINSTRATIVE ORDER ON CONSENT


EVAPORATION POND CHEMICAL PROFILES


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


1&2 STAGE II FAEP-D HEXACHLOROBENZENE mg/L 1 0 <0.01 <0.01 <0.01 <0.01


(continued) DIESEL RANGE ORGANICS mg/L 1 1 0.45 0.45 0.45 0.45


Sample Period: July 2012 to May 2015 C9-C10 AROMATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02


C9 TO C12 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02


Formerly received decant water from Old Clearwell OIL & GREASE mg/L 1 0 <1 <1 <1 <1


Recieved water from STEP capture well 2019D PURGEABLE HYDROCARBONS TOT mg/L 1 0 <0.02 <0.02 <0.02 <0.02


Water from direct precipitation TOT EXTRACTABLE HYDROCARBON(EPH) mg/L 1 1 0.79 0.79 0.79 0.79


TOT EXTRACTABLE HYDROCARBON(EPHscr) mg/L 1 0 <0.306 <0.306 <0.306 <0.306


CYANIDE (CN) TOT mg/L 1 0 <0.005 <0.005 <0.005 <0.005


C5-C8 ALIPHATICS mg/L 1 0 <0.02 <0.02 <0.02 <0.02
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TABLE 2-4.  SOIL HYDRAULIC PROPERTIES 


TALEN MONTANA, LLC 


COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT 


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 


 


Material 


Layer 


Thickness 


cm 


θr θs 
Alpha 


 (cm
-1


) 
n Ksat x10 


 


      cm/sec cm/day l 


Topsoil 20.0 0.0198 0.5153 0.0219 1.3575 1.10E-02 950.4 -2 


Soil 50.0 0 0.4026 0.003 1.3152 7.40E-05 6.3936 -2 


Porcelanite 26.0 0.0157 0.3051 0.0013 1.5428 9.70E-05 8.3808 -2 


Flyash 514.0 0 0.6129 0.0014 1.3458 4.65E-05 4.0176 -2 


 θr –residual water content 


 θs –saturated water content 


 l – pore connectivity parameter 


 alpha, n – empirical parameters in the soil water retention function 


 Ksat – saturated hydraulic conductivity 
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TABLE 2-5.  ROOT WATER UPTAKE PARAMETERS 


TALEN MONTANA, LLC 


COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT 


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 


 


P0 -10 cm 


Popt -25 cm 


P2H -200 cm 


P2L -800 cm 


P3 -8000 cm 


r2H 0.5 cm/day 


r2L 0.1 cm/day 


hCritA 8500 cm 


Max Root Depth 70 cm 


Depth of Max Intensity 20 cm 


Pz 1  
 


 P0 – Pressure head below which roots start to extract water from the soil 


 Popt – Pressure head below which roots extract water at the maximum rate 


 P2H – Limiting pressure head below which roots can no longer extract water at the maximum rate, assuming a potential 


transpiration rate of r2H 


 P2L – Limiting pressure head below which roots can no longer extract water at the maximum rate, assuming a potential 


transpiration rate of r2L 


 P3 – Pressure head below which root water uptake ceases 


 r2H – Potential transpiration rate for P2H 


 r2L – Potential transpiration rate for P2L 


 hCritA – Absolute value of the minimum allowed pressure head at the soil surface 


 Max Root Depth – Maximum rooting depth from soil surface 


 Depth of Max Intensity – Depth below soil surface of maximum root density 


 Pz – empirical parameter in root distribution function 


 







TALEN MONTANA, LLC


COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT


UNITS 1 AND 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


TABLE 2-6A.  SEEPAGE ESTIMATE FROM PONDS WITH SINGLE COMPOSITE GEOMEMBRANE LINER 


Total 


Capacity 
Area


Total 


Capacity 
Area Head Head


Water Vapor Permeance 


(Perms)
2


Qp Ks Ks Ks a a ts
4


ts R ε I avg
5


**Qd **Qd n
3


**Qcell **Qcell **Qtotal


Waste Water Facility (acre-feet)  (acres)
1


(ft
3
)  (ft


2
)
1


(ft) (m) (grain/ft
2
*hour*inHg) gal/min (ft/yr) (m/s) (cm/s) (in


2
) (m


2
) (ft) (m) (m) -- -- (m


3
/sec) (ft


3
/sec) 2 / 43,055.6 ft


2
(ft


3
/sec) (gpm) (gpm)


Cell A -- -- 25 -- 1,089,000 30 9.15 0.1 0.82 10.3 1.0E-07 1.0E-05 0.155 1.0E-04 10 3.05 0.06 0.216 1.65 6.67E-06 2.36E-04 51 1.19E-02 5 6


Cell E -- -- 36 -- 1,568,160 30 9.15 0.1 1.19 10.3 1.0E-07 1.0E-05 0.155 1.0E-04 10 3.05 0.06 0.216 1.65 6.67E-06 2.36E-04 73 1.72E-02 8 9


Old Clearwell -- -- 10 -- 435,600 30 9.15 0.1 0.33 10.3 1.0E-07 1.0E-05 0.155 1.0E-04 10 3.05 0.06 0.216 1.65 6.67E-06 2.36E-04 20 4.77E-03 2 2


Notes on Pond and/or Seepage Estimate


2
Permeance of RPP liners typically 0.05 to 0.1 perms.


3
Assumes ten 1 cm


2
 diameter defects per 4,000 m


2 
(43,055.6 ft


2
).  Two defects per 4000 cm


2
 is conservative estimate for landfill liner evaluation (Giroud et al. 1994). Conversion factors perms to gpm


4
Assumes 10 feet of low permeability silt/clay beneath each pond liner.  gc1 density gc2 gc3


5
Calculated using equations of Giroud (1997). grains/lb lb/gal inHg/ft H20 hour/min


**Assumes quality of liner contact is good.  Factor Cq = 0.21 7000 8.34 0.88265 0.016666667


Equations for Seepage through Liner Defects: Equations for Seepage by Liquid Permeation through Liner:


volumetric leakage rate per circular defect, m
3
/sec. Giroud et al (1992 and 1997)


volumetric leakage rate per cell (from defects) 


where A = area of pond (ft
2
)


i avg  = average hydraulic gradient (unitless) R = wetted radius beneath defect (m) h = hydraulic head on pond liner (ft) 


h = head above liner (m) K s  = hydraulic conductivity of clay soil beneath liner


ts = thickness of low permeability soil beneath liner (m) Qd = leakage rate per defect Qtotal = total seepage through liner by permeation and defects. 


a = area of defect (1 x 10
-4


m
2
) n = number of defects per cell, assumes 2 defects per 4,000 m


2
 (43,055.6 ft


2
)


b = diameter of defect (0.0113 m) Qcell = leakage rate per lined cell/pond
ε = Giroud parameter (unitless);  from Giroud et al. (1992) C q  = Contact quality factor (0.21 for good) 


Example (STEP Cell A):


A = 25 Acres; 1,089,000 ft
2


h = 30 ft, 9.15 m n=2 a = 0.155 in
2 


(1.0 x 10
-4


 m
2
) Permeance = 0.1(grain/ft


2
*hour*inHg)


Ks = 10.3 ft/yr (1.0 x 10
-7


 m/sec) Cq = 0.21 ts = 10 ft (3.05 m)


Intermediate Head Calcuations: Seepage Through Defects: Seepage by Permeation:


(convert Q cell  to gpm); Total: 


wetted radius beneath defect; intermediate calculation to determine 


average hydraulic gradient for ponds with head > 3m(~10 feet); 


Giroud et al (1992)  


analytical expression for average hydraulic gradient for ponds with 


head >3 m (~10 ft); Giroud et al (1992) 


intermediate term needed to calculate average hydraulic gradient for 


ponds with head > 3 m (~10 feet); Giroud et al (1992) 


Pond Parameters/Dimensions


Years in-


service


Seepage Estimates by Liquid Permeation
2


Seepage Calculations through Defects in Geomembrane Liner 
4


1
For cells A and E, area is based on current wetted perimeter (Dowl, 2015).  Old Clearwell area is assumed to be all area within impoundment berm.  


�� = ��*���	 ∗ �
�.� ∗ ℎ�.� ∗ ��


�.��


����� = �� ∗ �


���	 = 1+ 0.216
9.15


3.05
= 1.65


�� = 0.21 ∗ 1.65 ∗ 1! − 4 �.�$% ∗ 9.15�.�$*1.0&'� $/ sec = 6.67-10'.	
01


2��
-
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561


2
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561
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��5��6
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2��


1.19-10'%
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*
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*
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?F


KL
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?�K
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�R
÷ 8.34


�R
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TALEN MONTANA, LLC
COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT
UNITS 1 AND 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


TABLE 2-6B.  SEEPAGE ESTIMATES FOR PONDS WITH EXISTING DOUBLE GEOMEMBRANE LINER SYSTEM


Total 
Capacity Area


Total 
Capacity Area Head Head


Water Vapor Permeance 
(Perms)2 Qp a a 3Qd 3Qd F qi L k2 β 4h2 h2 Head (h2) 


Waste Water Facility (acre-feet)  (acres)1 (ft3)  (ft2)1 (ft) (m) (grain/ft2*hour*inHg) gal/min (in2) (m2) m3/s ft3/s m-2 m/s m m/s deg. m in (ft)


STEP Cell B -- 15.3 --


666,468 30 9.15 0.1 0.50 0.155 1.0E-04 8.04E-04 2.8E-02 5.0E-04 4.E-07 200 0.1 0.3 1.3E-03 0.05 0.004


STEP Cell D -- 25.0 --
1,089,000 30 9.15 0.1 0.82 0.155 1.0E-04 8.04E-04 2.8E-02 5.0E-04 4.E-07 300 0.1 0.3 1.9E-03 0.08 0.006


Total 
Capacity Area


Total 
Capacity Area


5Head 
max (h2) 


5Head 
max (h2) 


Water Vapor  Permeance 
(Perms)2 Qp Ks Ks a5 7ts 7ts I avg **Qd **Qd n5 **Qcell **Qcell **Qtotal 


Waste Water Facility (acre-feet)  (acres)1 (ft3)  (ft2)1 (ft) (m) (grain/ft2*hour*inHg) gal/min (ft/yr) (m/s) (m2) (ft) (m) -- (m3/sec) (ft3/sec) 2 / 43,055.6 ft2 (ft3/sec) (gpm) (gpm)


STEP Cell B -- 15.3 --
666,468 0.03 9.1E-03


0.1
5.0E-04 10.344 1.0E-07 1.0E-04 10 3.05 1.0 4.42E-08 1.56E-06 31 4.84E-05 2.2E-02 0.02


STEP Cell D -- 25.0 --
1,089,000 0.03 9.1E-03


0.1
8.2E-04 10.344 1.0E-07 1.0E-04 10 3.05 1.0 4.42E-08 1.56E-06 51 7.90E-05 0.04 0.04


Notes on Pond and/or Seepage Estimate n, assumes 2  defects/43055.6 sf


2Permeance of RPP liners typically 0.05 to 0.1 perms. Conservative value of 0.1 perms assigned to calculation. 
3Calculated using Bernoulli's equation for free flow through orifice.  Most conservative flow assumption for upper liner layer. Giroud et al. (1997) Conversion factors 
4Calculated using equations of Giroud et al. (1997) for adjusted head on secondary liner. gc1 density gc2 gc3
5Head max not equal to H2; instead, max thickness of leachate collection layer is used.  grains/lb lb/gal inHg/ft H20 hour/min
6Assumes two 1 cm2 diameter defects per 4,000 m2 (43,055.6 ft2).  Two defects per 4000 cm2 is conservative estimate for landfill liner evaluation (Giroud et al. 1994). 7000 8.34 0.88265 0.0167
7Assumes 10 feet of soil beneath each pond liner.  
**Assumes quality of liner contact is good for all estimates.  Factor Cq =1.15
Equations for Seepage through Liner Defects: Calculation of Seepage Liquid Permeation through Liner:


Seepage through single circular liner defect, Giroud (1997)


Total seepage through all pond defects  


where: 


Qd = leakage rate per defect (applies to both primary and secondary liners) Qcell = leakage rate per lined cell/pond


qi = unit rate of seepage through defects n = number of defects per cell, assumes 2 defects per 4,000 m 2  (43,055.6 ft 2 ) Qp = seepage by permeation (gpm)


i avg  = average hydraulic gradient (unitless).  i avg  = one, where head on liner is less than thickness of underlying clay layer. A =Area of cell or pond (ft2)


L = horizontal projection of length of liner system in direction of slope (m) h = head above liner (m), refers to either primary liner in Bernoulli's equation and secondary liner in Giroud's equation h=head on liner (ft) 
K 2  = hydraulic conductivity of between liner leachate collection system ts = thickness of low permeability soil beneath liner (m)
β = slope angle of the liner system (assumed to be 1 degree) a = area of defect (m 2 )
F = frequency of liner defects (2/4,000 m 2 = 0.0005/m 2 ) C q  = Contact quality factor (assumed to be 1.15  for poor contact) Qtotal = total seepage through cell by permeation and defects. 


K s  = hydraulic conductivity of clay soil beneath liner
Example (for STEP Cell B):
A = 15.3 Acres; 666,468 ft 2 h = 30 ft, 9.15 m na = 0.155 in 2 (1.0 x 10 -4  m 2 ) Permeance = 0.1(grain/ft 2 *hour*inHg)
Ks = 10.3 ft/yr (1.0x10 -7 m/sec, 1x10 -5 cm/sec) Cq = 1.15 ts = 10 ft (3.05 m)
K2 = 0.1 m/s L= 200 m  i avg  = 1


Calculate Head on Lower Liner 
Calculate Seepage Through Defects in Lower Liner 


(convert Q cell  to gpm);


* use 0.03 instead of calculated h 2 value.  


g = gravitational acceleration (9.81 m/s2)


Pond Parameters/Dimensions
Seepage Estimates by Liquid Permeation 
through primary liner Seepage Calculations through Defects in Primary Liner.  Preliminary calculations to evaluate head on secondary liner.  


Pond Parameters/Dimensions
Seepage Estimates by Liquid Permeation 
through secondary liner Seepage Calculations through Defects in Secondary Liner. Final Seepage calculations for double-lined ponds.  


1For all cells, area is assumed to be all area within impoundment berm.  


Free flow through orifice (Bernoulli's 
Equation) analytical expression for average hydraulic gradient for ponds with head ≤ 3 m 


(~10 ft); Giroud et al (1997) 


unit rate of leachate migration through primary liner defect


Adjusted head on secondary liner, Giroud et al. (1997)


1 0.1
.


* ∗ . ∗ . ∗ .


∗


1.15 ∗ 1 ∗ 1 4 . ∗ 9.1 10 . *(1.0   0.74 / sec 4.42 10 . 1.56 6


∗ 1.56 *2
, 	


*666,468 2 4.84 10


4.84 10 * 	
	


* . 	 = 0.02 gpm
0.02 5	 10 4	 . gpm


0.6*a 2


∗
2


∗


0.6*a 2 = 0.6*0.0001 2 ∗ 9.81 ∗ 9.15 	= 8.04 x 10‐4 m3/s


∗ =  . ∗ 8.04	 	10 m3/s = 4x 10‐7 m/s


∗ =4 x 10−7 m/s ∗ 	
∗ . ∗ .


= 0.004m*


0.1 / 2 ∗ ∗ 7000 8.34 ∗ 0.88265
2


∗ 0.0167 ∗ 666,468 2 ∗ 0.03 5	 	10 4	


0.12 / 2 ∗ ∗ 7000 8.34


∗ 0.88265
2


∗ 0.0167 ∗ 2 ∗
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TABLE 2-7.  AQUIFER TEST RESULTS FOR WELLS BENEATH STEP 


TALEN MONTANA, LLC 


COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT 


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 


 


 


Well 


ID


Test Date Test Type Test 


Duration 


(min.)


Pumping 


Rate 


(gpm)


Analytical Solution Transmissivity 


(ft
2
/day)


Hydraulic 


Conductivity 


(ft/day)


Saturated 


Thickness 


(ft)


921A 8/22/2000 Pumping Test 494 4 Hantush-Jacob Unconfined 8.1 0.6 14.0


8/22/2000 Pumping Test 494 4 Cooper-Jacob Confined 19.1 1.4 14.0


922A Pumping Test 490 0.5 Hantush-Jacob Unconfined 847 60.5 14.0


Pumping Test 235 0.5 Theis Confined 1223 87.4 14.0


958D 10/22/2004 Slug In 19 NA Bouwer-Rice Confined 14.6 0.5 27.0


923A 8/23/2000 Pumping Test 195 3.8 Theis Recovery Confined 24.6 1.7 14.5


8/23/2000 Pumping Test 195 3.8 Hantush-Jacob Unconfined 21.6 1.5 14.5


2018D 8/5/2011 Pumping 100 1 Cooper-Jacob  (Confined) 1.40 0.20 7


2019D 12/1/2011 Slug In 12 N/A Bouwer-Rice (Confined) 20.7 2.3 9


2019D 12/1/2011 Slug Out 12 N/A Bouwer-Rice (Confined) 20.7 2.3 9


955D 10/21/2004 Slug Out 10 NA Bouwer-Rice Confined 18.1 1.0 19


10/21/2004 Slug In 16 NA Bouwer-Rice Confined 22.0 1.2 19


956D 10/21/2004 Slug In 90 NA Bouwer-Rice Confined 3.7 0.4 10







TABLE 3-1  SUMMARY OF RELEASES AND ACTIONS TAKEN 


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT 


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 
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Date Area Estimated Amount Loss 


Gallons 


Action Fate of Released Material Report  


February 15, 1989 Liner tear in STEP Cell A None, prior to service A six inch seam failure and a four-inch long seam failure were discovered.  


Failures were apparently a combination of installation problems, cold weather 


conditions, and insufficient compensation.  The liner was inspected and repairs 


and additional compensation recommended.  Pond liner failures repaired by May 


1989.  


Liner repaired before pond put 


in service  


None found 


November 1997 STEP Cell A Liner Failure Volume lost unknown but 


considered to be a significant 


amount 


Liner was removed and replaced. Seepage to soil beneath Cell A  56 


December 1998, 2000 Future STEP Cell D area Unknown MPC identified seepage into future Cell D area through the overflow weirbox.  In 


both cases the source of the seepage was identified and repaired. 


Seepage to soil beneath Cell D 


area 


56 


October 11, 1999 STEP Cell D outlet Uncertain Liner weld failure.  Weld repaired.  Existing capture well located downgradient. (seeped) about 75 feet from 


outlet structure. 


6/2/2005 email from T. 


Ring DEQ (2/15/16 


email from GC) 


March 13, 2000 Flyash slurry (pipeline near 


overpass) 


4,000 gallons Leaking pipe gasket resulted in loss of slurry from pipeline.   200 gallons recovered, and 20 


cy of saturated soil removed. 


6/2/2005 email from T. 


Ring DEQ (2/15/16 


email from GC) 


March 29, 2000 Units 1 & 2 Slurry Pipeline leak 


under the Power Road overpass. 


122,500 gallons were spilled; an 


estimated 9,000 gallons entered the 


Creek.  


Spill cleaned up and pipeline repaired.  55 


February 6, 2002 Loose flange near isolation valve  Resulted in a loss of approximately 


1000 gallons of return water from 


the STEP 


Dammed up spill area and pumped water to drain pond.  Recovered an estimated 


50-75% of water.  Approximately 8 cubic yards of soil contacted by scrubber 


slurry was removed and disposed. 


Seepage to alluvium of East 


Fork Armells Creek. 


Letter from Mike 


Holzwarth to Tom Ring 


(MDEQ), dated July 22, 


2002.    


June 13, 2002 Overflow of North 1 AD Pipeline 


Drain Pond 


Unknown Valve left open.  PPLM contained and recovered water on the ground surface.  


Water was pumped from the pond to lower the water levels.  A shallow trench was 


excavated in the low area where the water had accumulated.  Water was pumped 


from this trench to the drain pond.  Five shallow, small diameter, monitoring 


points (SPS, SPN, SP3, SP4, and SP5) were installed to evaluate and monitor 


quality in the area.   Montana Bureau of Mines and Geology wells P11 and P12, 


installed in deeper alluvium, and located on either side of the drain pond were also 


monitored. 


Possible seepage to alluvium 


of East Fork Armells Creek 


Letter from Mike 


Holzwarth to Tom Ring 


(MDEQ), dated 


September 5, 2002.  


Follow up letter from 


Tom Ring to Mike 


Holzwarth dated 


October 11, 2002. 


February 1, 2006 North side of the embankment 


between STEP Cell E and future 


Cell C. 


An estimated 5 gpm of water An estimated 5 gpm of water was observed flowing from what appeared to be a 


gopher hole on the north side of the embankment between STEP Cell E and future 


Cell C.  Water levels were lowered in Cell E and the liner inspected.  A small hole 


was detected and was repaired.   


Seepage to soil beneath Cell 


E; seepage to soil outside of 


Cell E in Cell C area 


82 


December 21, 2006 A tear was discovered in STEP 


Cell A 


Minimal The cell was essentially full of flyash at the time of the discovered tear and had not 


been active for several years.  About one to two feet of water were present on the 


solids in the vicinity of the tear.  The tear extended from about two feet above the 


water and extended about one foot below the water surface.  Soil below the liner 


was examined and was not saturated indicating the amount of water lost was 


probably minimal. 


Seepage to soil beneath Cell A 87 


October 16, 2007 Behind the STEP Old Clearwell 


liner 


The volume of water lost was 


unknown.   


Water was observed behind the STEP Old Clearwell liner during installation of 


compensation ridges.   Leakage was believed to be caused after the pump barge 


came in contact with the liner.  Piping was installed behind the liner so water 


could be pumped.  Repair of the liner was completed in June 14, 2008.  In 


addition, well 955D was converted to a capture well.  Capture well 955D was 


abandoned prior to construction of STEP Cell D.  Capture well 2019D was 


installed after Cell D was installed to continue groundwater capture in the area. 


Seepage to soil beneath Old 


Clearwell 


Oct 18, 2007 Work Plan 


Stage II Evaporation 


Pond (STEP) Clearwell 


Area 







TABLE 3-1  SUMMARY OF RELEASES AND ACTIONS TAKEN 


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT 


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 
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January 06, 2009 Capture well 932D - East of 


STEP Main Dam 


An estimated 2000 gallons of 


captured groundwater were spilled 


with less than 1000 gallons flowing 


off site.   


A spill from the manhole at capture well 932D was discovered.  The cause of the 


spill was a broken pipe possibly resulting from freeze up of piping in the manhole.  


Pipes were repaired, insulation was applied to the manhole, and heat tracing was 


added to piping. 


Seepage to soil near 932D, 


east of STEP Main Dam 


103 


May 5, 2009 Dike between STEP Cell E and 


future Cell C.  This occurrence 


was at the same location as the 


February 1, 2006 event listed 


above. 


Estimated at 10 gallons when 


discovered and contained.  Flow at 


less than one gpm. 


PPL contained water at the toe of the dike and pumped it into Cell E.  Water 


transfer from Cell E was started immediately to lower the water level to allow an 


inspection of the upper liner for possible leaks.  A small cut was identified in the 


liner and was repaired.  No impacts to groundwater were observed from this event. 


Water captured and returned 


to Cell E 


Email from Gordon 


Criswell to Tom Ring, 


MDEQ (May 11, 2009).  


Update following repair 


emailed on May 18, 


2009 


July 24, 2012 STEP return line high point valve 


vault 


Unknown Process water was discovered flowing out of the STEP return line high point valve 


vault. The system was immediately shut down.  Valves replaced. 


Seepage to soil near STEP 


return line high point valve. 


130 


September 19, 2013 Units 1&2 Paste Plant Clearwater 


Pump Building 


100 gpm Line drain was opened after supply valve was closed. Water seeped into ground Spill Response Data 


Sheet 


July 6, 2014 Failed vent on Units 1&2 Paste 


Plant Pipeline located between 


Step Cells D and E 


Less than 1,000 gallons of slurry Slurry was released from a failed vent on Units 1&2 Paste Plant pipeline 


located between STEP Cells D and E.    The valve was isolated and 


repaired.  


Water infiltrated into 


ground 


150 


July 30, 2014 Pond water return line near the 


STEP Clearwell Pump house 


1000 gallons Water was released when a motor grader blade contacted and severed the 


buried pond return water line near the STEP Clearwell Pump house.  The 


line was out of service at the time and water gravity drained from the break.  


The line was repaired. 


 


The impacted soil was 


removed and placed into 


Cell A of the STEP   


150 


 







TABLE 3-2 SUMMARY OF WORK CONDUCTED AND FINDINGS 


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT  


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 
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 DATE INVESTIGATION/REPORT SCOPE FINDINGS/RESULTS 


1 December 1975 


Revised 


May 1976 


Colstrip Project Montana 


Evaporation Pond Design Report, 


Bechtel Power Corporation 


The report presented design criteria, results of 


stability, settlement, and seepage analysis and 


drain design.  Diversion structures and 


emergency spillway were described. 


Groundwater and seepage analysis, 


permeability testing, site geology, and 


groundwater monitoring was detailed.  


Construction methods and recommendations 


were included. 


Siting of the existing Stage I dam was recommended at its current location.  The pond was 


designed to store 10 years of flyash from Units 1 and 2, plus a flood reserve.  An emergency 


spillway was designed to prevent the main dam from being overtopped in the event of 


excessive precipitation.  A system of surface water diversion structures were designed to route 


storms less than a 100-year magnitude around the pond.  Basic dam features included a 


maximum dam crest elevation of 3308 feet, maximum pool of 3300 feet, and maximum dam 


height of 3300 feet.  Shale, siltstone, sandstone, and two coal seams exist.  The Rosebud Coal 


seam is above an elevation of 3300 feet and is burned in areas around the proposed pond.  


Beds dip at less than 2 degrees to the southeast.  The McKay Coal occurs between 3240 and 


3280 feet but is absent within the Stage I pond. Three major drainages flow toward the pond 


with a total drainage area of 499 acres contributing.  An additional 77 acres of smaller 


channels drain toward the pond.  Flow in these drainages was diverted around the pond.  


Chimney drains were designed to intercept seepage through the dam and direct it to a 


horizontal drainage blanket and then to a toe drain.  Groundwater water under the Stage I pond 


flowed north with the potentiometric surface ranging from 3260 to 3210 feet.  Seepage was 


estimated using an effective permeability of 100 feet per year based on extensive testing.  


Testing indicated permeabilities decreased substantially with depth.  Seepage was calculated 


for an unlined pond as a flux to through a 100 foot section of strata downgradient of the SOEP 


at 130 gpm.  Seepage calculations assuming various lining scenarios including a partial liner 


on the pond bottom reduced the total estimated flux to between 85 and 115 gpm. 


2 June 1978 Characteristics and Potential Impact of 


Wastewaters from a Coal-Fired Power Plant 


at Colstrip, Montana, Westech 


Evaluation of potential impacts from process 


water associated with the Colstrip SES 


including the Stage I Evaporation Pond. 


Stage I Flyash pond area monitoring wells showed no impacts at the time of the reporting. 


Pumping tests conducted on three wells in the SOEP area in the McKay and Sub-McKay 


resulted in calculated transmissivity of 90 to 250 gpd/ft.  Based on the seepage rates calculated 


at the time, impacts to streams, ponds or groundwater would not be anticipated except in the 


near vicinity of the ponds.  Mitigation of impacts to groundwater near the pond could be 


accomplished using several techniques, the most suitable of which appears to be a well system.  


The waste ponds were designed to minimize seepage and environmental impacts.  Concluded 


that current wastewater handling and containment provide excellent protection to the water 


quality of the hydrologic systems in the Colstrip Area. 


3 December 1979 Colstrip Project Montana Second Stage 


Evaporation Pond Design Report, Bechtel 


Power Corporation 


Report provided design and recommendations 


for the construction of the STEP. 


The proposed dam would be about 3000 feet downstream of the Stage I Dam and would 


provide 4730 acre-feet of storage at a maximum pool of 3270 feet elevation.  The design 


would include an emergency spillway, run-on control, resulting in a maximum flood pool 


elevation of 3274.6 with the crest of the dam constructed at 3278 feet elevation.  Bedrock at 


the site consists of alternating shale, siltstone, and sandstones of the Tongue River Member of 


the Fort Union Formation.  Foundation treatment provisions were included.  Overburden 


includes 20-30 feet of alluvium in the stream channel and from one-half to five feet of topsoil 


on the slopes.  Three borrow areas were identified within two miles of the dam site which 


contain both core type and shell type materials.  Total seepage from the pond was initially 


calculated at 170 gpm.  Additional calculations assuming partial lining resulted in estimated 


seepage of 110 gpm.  It was noted that higher flow would occur if fractures were encountered.  


Multiple seepage reduction alternatives were discussed.  Recommendations in this report were 


for blanketing the north side of the dam and abutment, grouting along the dam axis, 


construction of seepage interception system and construction of additional monitoring wells. 


4 April 15, 1980  Evaluation of Data From the Montana Power 


Company Process Pond Monitoring System at 


Colstrip, Montana Hydrometrics, Inc.   


Report on groundwater quality data collected 


by Hydrometrics in 1979 


Report summarizes findings of data collected in 1979.  Wells EAP-119, EAP-121, EAP-208 


are indicated as showing increases in chemical concentrations and were attributed to pond 


seepage.  Also noted that ponds are doing a good job of containing effluent. 
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5 February 1981 Evaluation of 1980 Monitoring Data From the 


Montana Power Company Process Pond 


Monitoring System at Colstrip, Montana,  


Hydrometrics, Inc.  


1980 Annual Water Resources Report Groundwater from wells EAP-119 and EAP-121 influenced by seepage from SOEP.  


However, water levels decreased at well EAP-210 suggesting lack of pond influence. 


6 July 17, 1981 Hydrologic Assessment of East Fork Armells 


Creek, Hydrometrics, Inc. 


Evaluation  of water resources north of 


Colstrip along East Fork Armells Creek  


A limited hydrologic balance for Ease Fork Armells Creek was developed.  Conclusions of the 


investigation were that more water was flowing through the drainage following development 


of the Colstrip SES.  Contributions to the area included Colstrip wastewater effluent, local 


urban irrigation, surge pond, Plant Site ponds and the Stage I Evaporation pond.  Estimates of 


pond seepage from the Stage I pond were 40 to 80 gpm but it was estimated that all but about 


15 gpm were captured by engineered interception systems.  Seepage from the surge pond was 


estimated between 60 and 100 gpm.  Effluent from the Colstrip Wastewater Treatment Plant 


averaged around 120 gpm, with peaks as high as 220 gpm.  Irrigation system designs 


downstream of Colstrip had resulted in water logging problems.  Inputs from SOEP unlikely at 


this point due to long travel times required for water to reach East Fork Armells Creek. 


7 February 17, 1982 Evaluation of 1981 Monitoring Data From the 


Montana Power Company Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Increases in concentrations of dissolved solids at wellsEAP-119 and EAP-121 suggest seepage 


affects from SOEP.  Impacts in wells close to ponds with little evidence of rapid migration. 


8 February 2, 1983 Evaluation of 1982 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Water quality improved at well EAP-211.  Water levels at wells were relatively consistent. 


9 April 30,1984 Evaluation of 1983 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Water from well EAP-211 showed an increase in SC.  Sulfate concentrations remained similar 


to, or slightly lower than the period of record.  Wells peripheral to the SOEP showed slight to 


significant water level increases between fall 1982 and fall 1983.  Forced evaporation 


sprinklers near well EAP-208 may have contributed to some of the increased water levels at 


this well. 


10 1984 Water Level Addendum  Evaluation of 1983 


Data for the Montana Power Company 


Process Pond Monitoring System at Colstrip, 


MT Hydrometrics, Inc. 


Addendum to 1983 Annual Report Data only report with historical water level data for wells on the Plant site and SOEP areas. 


11 May 2, 1984 Summary of Water Quality Data Units 1&2 


Process Ponds Monitoring System Colstrip, 


Montana Hydrometrics, Inc. 


This report is basically a compilation of 


monitoring data from the onset of the program 


through the issuance of the report.  Water 


quality graphs and hydrographs are included. 


Wells EAP-119, EAP-210 (slight increase) and EAP-208 showed an upward trend of SC and 


Sulfate concentrations.  Graphs indicated groundwater chemistry at EAP-121, EAP-211, EAP-


205, EAP-400, EAP-411, EAP-412, and EAP-413 had remained relatively consistent except 


for some fluctuation in concentrations observed early in the monitoring program. 


 


 


 


 


12 January 1985 Assessment of Alternative for Disposal of 


Dried Ash from Colstrip Power Generation 


Units 1 and 2. Hydrometrics, Inc. 


Investigation of potential environmental 


consequences of flyash disposal in on land 


mined by Western Energy in areas A and D or 


into a landfill in the proposed Stage II landfill 


area. 


Chemical analysis showed the dried scrubber sludge to be comprised of flyash, gypsum and 


minor amounts of hematite, magnetite, and mullite.  A treatment to “fix” the ash by adding 


lime was evaluated.  Disposal sites at Western Energy Areas 1 and D and at the Stage II 


landfill area were evaluated.  Methods evaluated included Vee-notch between spoil ridges, dry 


pit bottoms, wet pit bottoms, and layer above the anticipated post-mining water table.  A 


comparison analysis of each method was completed with advantages and disadvantages of 


each approach presented. 
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13 February 1985 Study of Alternative Ash Disposal Methods 


For Colstrip Units No. 1 and No. 2, The 


Montana Power Company. 


Report presented results and 


recommendations of a study of alternative ash 


disposal. 


Wet and dry disposal alternatives were identified.  The wet method deposits slurry into a pond 


and the dry method utilizes mechanical means to dry the ash prior to disposal.  Operational, 


environmental, regulatory, and cost aspects were evaluated for seven different alternatives.  


All dry ash disposal alternatives were considered cost prohibitive.  Wet disposal was 


recommended 


14 April 25, 1985 Evaluation of 1984 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Wells EAP-119, 121, 124, EAP-205 and 210 have seen water quality changes probably from 


SOEP. 


15 July 1985 Report of Soil Survey Colstrip Units 1 and 2 


2
nd


 Stage Evaporation Pond Colstrip, 


Montana.  Northern Engineering and Testing, 


Inc.  


Investigation of subsurface conditions and 


engineering properties of the subsoil for 


assistance in identifying potential liner 


material for the STEP. 


Thirty-one test borings were drilled from 9.4 to 12 feet within the study area.  Field and 


laboratory testing was conducted.  Laboratory analysis included grain size analysis, Atterberg 


limits, moisture natural density, and permeability.  Clay, silt, and sand were encountered as 


well as Fort Union bedrock units.  Groundwater was not encountered at the time of drilling.  


16 November 26, 1985 Preliminary Design of a Groundwater 


Interception System for the Stage II Ash 


Disposal Pond. Hydrometrics, Inc. 


Field testing to obtain data for preliminary 


design of groundwater capture systems for the 


STEP. Drill and construct observation wells. 


Conduct pump testing.  Model aquifer 


response to pumping from simulated wells. 


Develop preliminary engineering design for 


an interception system. Present results in a 


report. 


Seepage calculations indicated that liners with permeability less than 10-7 cm/sec would be 


necessary to control seepage from the cells.  Results of drilling and testing three wells.  


Transmissivity calculated from pumping tests ranged from 17 to 283 gpd/ft reflecting local 


heterogeneities in the formation.  Modeling conducted based on the pumping test results 


suggested well spacings of 50 to 200 feet, although greater spacing may be affective in some 


settings.  Concluded that groundwater containment through a series of capture wells would be 


effective.  A design, recommended operation, and monitoring methodology were included.  


Recommended private well monitoring. 


17 June 25, 1986 Evaluation of 1985 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Sampling began and PBR Flume, North Flume and South Flume along East Fork Armells 


Creek.  Wells EAP-205 and 211 showing possible seepage influence form SOEP.  Changes 


observed at EAP-205 may also be related to sprinklers.  Well 353D had a failed packer and 


was abandoned.  Well 353T was installed. 


18 September 9, 1985 Assessment of the Influence of the Units 1 


and 2 Proposed Stage II Evaporation Pond on 


Groundwater Resources near Colstrip, MT 


A study of existing conditions and evaluation 


of hydrogeology for the proposed STEP.  


Investigation addressed seepage, potential 


control measures, and monitoring 


recommendations. 


Proposed STEP downstream of SOEP.  Strata dip at less than 2 degrees towards the southeast.  


Water is primarily present in sub-McKay strata.  Groundwater flow is towards the north and 


northeast at about 3 feet per year.  Ambient groundwater quality ranges from about 1500 to 


4500 µmhos/cm SC, sulfate 1000 to 3500 mg/l, and boron typically less than 1 mg/l.  Slurry 


water contains much higher concentrations of these parameters.  Several methods to control 


seepage were evaluated including a slurry wall or grout curtain, lining the ponds either using 


native or artificial liner material, groundwater interception.  The evaluation concluded that 


pond lining, management of the system in cells, and sequential filling of cells would be 


beneficial.  Seepage estimates using native materials were 117 gpm, while synthetic material 


calculations were 16 gpm.  An estimated 161 gpm would percolate if the impoundment were 


left unlined.  Wells could be used to control water that has seeped through the pond bottoms.  


Private wells east of the ponds may require replacement.  Water quality data suggest some 


localized impacts to the area around the ponds from seepage.  A comprehensive groundwater 


monitoring plan was recommended. 


19 January 1986 


 


 


 


 


 


 


Stage II Ash Disposal Operation Study and 


Construction Recommendation Report for 


Colstrip Thermal Generation Units No. 1 and 


2 Colstrip, Montana Volume 1 


Original design report, alternatives studies 


report, ant the final recommendations report 


for the Colstrip Units #1 and #2 ash disposal 


after the life of the Stage I Evaporation Pond 


has expired. 


The STEP, referred to in the report as the “Second Stage Evaporation Pond” was designed to 


include a storage pond, main dam, seepage monitoring, control, and collection systems.  


Natural soil, bentonite treatment, and synthetic membrane liners were evaluated.  Permeability 


of the soil material tested ranged from 10
-4


 to 10
-7 


cm/second.  Soil treated with a bentonite 


admixture and placed under ideal conditions of compaction and moisture could achieve 


permeability of 10
-6


 to 10
-8


 cm/second.  Synthetic liner material were considered to have 


permeabilities of 10
-11


 cm/second.  Cost analysis showed the synthetic liner material of HDPE 
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January 1986 (continued) could be installed at a lower cost than amending existing soil.  A stage approach to lining was 


recommended.  The report also noted that evaporation would be necessary to reduce water 


volumes that would accumulate due to the lower permeability of the synthetic liner.  A 


comprehensive monitoring program was recommended.  An interception well contingency was 


recommended. Extension of city water to residences and businesses down gradient of the 


STEP was recommended as a contingency plan in case changes in water quality are observed 


in private production wells. 


20 May 1987 Evaluation of 1986 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Well 121, EAP-205 continues to show influences from the SOEP. 


21 December 7, 1988 Field Inspection of the Units 1&2 


Evaporations Ponds Diversion Dam MT-3213 


– Chen-Northern, Inc. 


Report of visual inspection of the Surge Pond 


Main Dam and associated structures 


Inspection resulted in five recommendations.  Repair erosion gullies along the interior and 


exterior slopes of the embankments forming the West Drain.  Repair minor erosion along the 


contact of the dam’s downstream face with the exterior slope of the berm for the West Drain.  


Repair livestock hoof damage and erosion of the backfill at the wing walls of the 


spillway/drawdown structure and fence off area. Modify the configuration in the ramp of the 


West Drain to obtain a stable slope.  Establish a benchmark for future elevation monitoring. 


22 December 7, 1988 1988. Field Inspection of Units 1 and 2 Surge 


Pond Dam and Saddle Dam MT-1982 and 


MT-3146 – Chen-Northern, Inc. 


Report of Surge Pond and Saddle Dam 


Structure Inspection. 


Findings and recommendations of the inspection included the following: Implement a 


vegetation control program to prevent growth of trees and brush along the upstream face of the 


dams.  Repair wave erosion along the upstream face of the main dam. Extend riprap farther 


onto the right abutment of the Main Dam.  Re-establish weir at toe of main dam.  Install at 


least one additional monitoring well downstream from the right abutment where wet 


conditions exist next to the service road.  Remove sediment and vegetation from the spillway 


flip bucket and clean flip bucket drains.  Fix an open hole near the Saddle Dam toe drain. 


23 December 7, 1988 Field Inspection of Units 1 and 2 Stage I 


Evaporation Pond Dam MT-3211 – Chen 


Northern, Inc. 


Report summarizing results of an inspection 


of the Units 1 and 2 Stage I Evaporation Pond 


Dam 


Recommendations from the inspection were:  Re-establish the spillway inlet.  Establish a 


benchmark for future elevation monitoring.  Implement rodent control program.  Improve 


vegetation cover on lower two-thirds of the downstream face to stabilize minor erosion gullies. 


24 June 1988 Evaluation of 1987 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Wells 210, 211, 352A and 409 were abandoned.  Well 121 shows SOEP influences.   Well 


EAP-205 shows worsening water quality, except for boron.  Water quality at wells 412 and 


413 attributed to SOEP sump seepage.  Well 412 and the SOEP sump removed.  The valley 


drain collection system installed east of the STEP dam to collect water in the alluvium has 


remained dry since its installation (1987). 


25 July 21, 1989 Evaluation of 1988 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Construction of the STEP was completed.  Nine private wells were sampled east of the STEP. 


Five additional monitoring wells (359D, 360A, 361D, 362D & 363A) were installed, two in 


the alluvium east of the STEP and three in bedrock units along the east side of the STEP Dam.  


Wells 121 and EAP-205 showing pond influence. No process pond water effects observed at 


wells 354D, 355D and 356D. 


26 December 1989 Water Resources Investigations and 


Monitoring Montana Power Company 


Colstrip, Montana, Hydrometrics, Inc. 


Water Resources Monitoring Plan Outlined work to be conducted to monitor groundwater quality in nine and private wells in the 


vicinity of the SOEP and STEP.  


27 1990 Evaluation of 1989 Monitoring Data From the 


Montana Power Company Process Pond 


Systems at Colstrip, Montana Hydrometrics, 


Inc. 


Annual Water Resources Report Twenty seven wells were sampled in the SOEP and STEP areas.  Well 121 replaced with 121-


2 due to suspected failed seal.  Water quality in this well and EAP-205 continued to show 


elevated levels of dissolved constituents. Water present in STEP valley drain sump although 


ponds not in use. 
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28 May 21, 1990 Ash Disposal Pond Reclamation, Reclamation 


Research Unit 


Report on Potential Ash Disposal Pond 


Reclamation Treatments 


Strategies for permanent reclamation of fly ash disposal ponds are discussed, including: topsoil 


requirements, capillary barrier implementation, and plant species.  This report outlines a 


proposal and budget for field study of various soil cover treatments.  


29 May 1991 Evaluation of 1990 Monitoring Data From the 


Montana Power Company Process Pond 


Systems at Colstrip, Montana Hydrometrics, 


Inc. 


Annual Water Resources Report Water detected in STEP valley drain sump.  The sump had been dry prior to 1989.  The STEP 


was not in use at this time.  Water quality showed an increase in specific conductance since 


water was first detected.  Water from well 413 does not appear to be impacted.  Well EAP-205 


shows continued deterioration in water quality.  No change observed in monitoring wells 


further to the north.  North flume water quality poorer quality.  City began discharging treated 


water to a storage pond at the golf course rather than into East Fork Armells Creek upstream of 


the North Flume. 


 April 1992 Water begins to decant to the STEP  Water directed to Old Clearwell and STEP Cells A and E 


30 April 30, 1992 Evaluation of 1991 Monitoring Data From the 


Montana Power Company  Process Pond 


Systems at Colstrip, Montana  Hydrometrics, 


Inc. 


Annual Water Resources Report Well EAP-205 showed continued water quality decline.  Well EAP-208 showing probable 


SOEP effects.  Wells to the north show no adverse effects.  Water quality at the PBR flume 


exhibits a decline in water quality, while north and south flumes show little change.  STEP 


Main Dam Sump continues to collect water of declining quality.  Moose Lodge well (PW-704) 


showed change in quality due to installation of a water softener. 


31 1993 Growth of Vegetation on Ash Disposal Sites, 


A Report on Vegetation Activities Since June 


1990, Reclamation Research Unit 


Report on soil cover and vegetation test plots 


for potential reclamation strategies on Stage I 


Pond 


Various soil cover techniques, including capillary barriers, were tested as potential reclamation 


strategies for the Stage I Evaporation Pond.  Results indicated that thicker caps were 


statistically favorable to plant growth.    


32 April 1993 Evaluation of 1992 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Water quality changes were observed at well 360A in 1992 which were attributed to the STEP 


Main Dam Sump being inoperable for about four months.  Once the equipment was repaired 


water a large amount of water was pumped to the ponds and local water levels declined.  


Water quality at well 360A showed a slight improvement following the repairs.  Water at well 


EAP-208 improved.  Well 356D, located further to the north, showed higher concentrations of 


constituents.  No change in water quality in other monitoring wells north of the SOEP. 


33 December 1993 Investigation of the Quality of Groundwater 


and Surface Water in the Colstrip Plant Site 


and 1&2 Evaporation Pond Areas – Draft, 


Hydrometrics, Inc. 


Initial phase of investigation of Units 1 and 2 


SOEP and STEP that included installation of 


monitoring wells, evaluation of groundwater 


quality, and pond seepage estimates.  


Precursor to 1995 final report 


Shale, siltstone and sandstone, with minor coal underlies the site. The Rosebud and McKay 


coals are mostly absent from the area due to erosion and the eastward regional dip of strata.  


Groundwater quality is generally similar to that of the Plant site, with large lateral and vertical 


variations in concentrations of dissolved constituents.  Wells near the SOEP have specific 


conductance of greater than 5,000 µmhos/cm. Studies conducted by Van Voast (1977) 


indicated SC values of 3,500 µmhos/cm at the north end of Colstrip.  A synoptic run 


conducted in 1993 on East Fork Armells Creek showed SC at the north end of Colstrip and in 


the area upgradient of the plant site to be 5,000 µmhos/cm.  Water at wells EAP-119, EAP-205 


and EAP208 impacted  


34 May 1994 Evaluation of 1993 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Flow in East Fork Armells Creek higher.  Concentrations of dissolved constituents lower. 


Wells in the STEP Main Dam area showed stable or improving water quality.  Water quality 


declined at well EAP-205 while EAP-208 improved. 


35 January 1995 Growth of Vegetation on Ash Disposal Ponds, 


Reclamation Research Unit 


A Report of Revegetation Activities at the 


Colstrip 1 and 2 Ash Disposal Ponds  


This report discusses methodology and results of plant cover, plant production, and soil 


analyses on reclamation test plots in the Stage I Pond area.  Discussion is comprehensive but 


focuses primarily on results of study conducted in 1994.  Results indicated that perennial 


grasses on plots were declining and yellow sweetclover was becoming more abundant.   


36 January 9, 1995 


 


 


 


Investigation of the Quality of Groundwater 


and Surface Water in the Colstrip Plant Site 


and 1&2 Evaporation Pond Areas, 


Hydrometrics, Inc. 


Investigation of groundwater including 


installation of 11 monitoring wells, 


groundwater sampling, aquifer testing, and 


synoptic runs along East Fork Armells Creek 


Water quality in new monitoring wells 365S, 366S, 368D, and 369D showed similar quality to 


wells EAP-205, EAP-208, and EAP-119, which had all shown increasing trends in 


concentrations of dissolved constituents.  Water quality at some wells suggested changes may 


have occurred 500 to 1000 feet from the SOEP except on the southeast where a thin where a 
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January 9, 1995 


(continued) 


relatively narrow area of impacted water extends towards the Surge Pond.  Groundwater flow 


velocities calculated using hydrologic properties from aquifer test analyses and gradients were 


between 0.1 and 0.8 feet per day.  Some fracture flow may be occurring causing changes in 


quality further from the pond. 


 


Only synoptic site AR-1 (North Flume) was included in the synoptic runs on Synoptic runs 


results indicate an increase in flow downstream.  A relatively large increase in flows, and 


improvement in water quality, occurred between the AR-2 and AR-1, downstream of the 


Colstrip Sewage Treatment Plant ponds. 


37 May 24, 1995 Evaluation of 1994 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


 Annual Water Resources Report PBR flume not functioning and in need of repair.  Synoptic run showed flow and 


concentrations of dissolved constituents to be lower than average.  Flyash scrubber slurry first 


routed to STEP in 1994.  Eleven monitoring wells (364D through 374S) were installed in the 


SOEP and STEP areas in 1994.  No significant water quality changes observed.  Groundwater 


capture planned in areas showing impacts from SOEP. 


38 January 12,1996 Report of 1995 Activities on Stage I Ash 


Disposal Ponds, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and Near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


This report discusses methodology and results of plant cover, plant production, and soil 


analyses on reclamation test plots in the Stage I Pond area.  Discussion focuses primarily on 


results of study conducted in 1995.  Results indicated that cover and production of perennial 


grasses were greater in 1995 than any prior year of study.  Reference areas established on plots 


were declining and yellow sweetclover was becoming more abundant.   


39 March 20, 1996 Evaluation of 1995 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report PBR flume repaired and operable.  Synoptic run results show higher flow than previous year’s 


event.  Water quality in East Fork Armells Creek showing stable or slight long term 


improvement.  Private well PW-704 showed declining water quality.  Well EAP-413 showed 


declining water quality.  Some STEP Main Dam sump pumping and control problems 


identified which possibly contributed to water quality trends at EAP-413. Poorer water quality 


noted for wells 356D, 365D, 368D, 371D, and EAP-205.  SOEP reclamation began in 1995 


with the southwest arm (Phase 1) being completed.  Reclamation cap designed to limit or 


eliminate recharge to ash from precipitation. 


40 March 1996 Design and Installation of the Stage I 


Evaporation Pond Area Groundwater Capture 


System 


Report summarizing installation of a 


groundwater capture system north of the 


Units 1 and 2 Stage I Evaporation Pond. 


Because of water quality changes, well EAP 205 was converted for groundwater capture.  


Groundwater pumped from the well was routed via a 2-inch HDPE pipeline to the northwest 


corner of the SOEP where it enters the overflow pipe to the STEP.  Wells 375D and 376D 


were installed to monitor capture system effectiveness. 


41 March 1996 Stage I Evaporation Pond Area Groundwater 


Capture System Operation & Maintenance 


Manual 


Operations Manual  Operation and maintenance manual for the well EAP-205 capture system. 


42 December 1996 Report of 1996 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


PPL committed to and began reclamation construction of the Stage I Pond in 1996.  All but 


two of the research plots were discontinued.  Only the two treatments that are analogous to the 


final reclamation design were kept.  Reference areas were established away from the 


reclamation area to use as a comparison for soil characteristics and plant cover and production 


on reclaimed areas.  A hail storm in summer of 1996 altered the course of vegetative 


succession.    


43 May 1997 


 


 


 


 


 


Evaluation of 1996 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Synoptic run results show slightly worse water quality at PBR flume while other sites showed 


quality similar to previous years.  More water pumped at STEP Main Dam Sump than 


previous years and quality worse. Water quality at well 360A, located downgradient of the 


Main Dam Sump showed had improved water quality from previous year.  Higher 


concentrations of dissolved constituents in water at wells 364D, 367D, and 372D but not sure 


if natural variations or pond influences.  Water at well EAP-119 showed improvement.  Well 
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May 1997 (continued) EAP-205 was converted for groundwater capture.  Private well water quality stable except for 


well PW-704, which continued to show increasing concentrations of dissolved constituents.  


44 December 1997 Report of 1997 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


Soil and plant studies were conducted on two plots within the reclamation area and four 


reference areas outside of the reclamation area in 1997.  Cover and production on reclaimed 


plots is apparently equal to that of reference areas; but diversity on reclaimed areas may me 


lacking.  Boron levels were high in plants grown on reclamation plots and in some samples 


from reference areas.  Boron levels in some soils of the reclamation cap are elevated but they 


do not appear to be affecting plant growth. A clear trend of boron diffusion through the cap is 


not evident.  A hail storm in July 1997, again, affected clipping plot results.  


45 Spring 1998 Evaluation of 1997 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Water quality at synoptic run sites along East Fork Armells Creek show improved water 


quality. Private well PW-704 being further investigated after declining water quality observed 


during previous monitoring.  Other private well water quality stable.  New pumps installed 


into the STEP Main Dam Sump.  Water quality at 360A showed slight improvement.  STEP 


Cell A liner repaired early in 1997.  Improved water quality at capture wells EAP-205.  Well 


EAP-119 showing improved water quality while upgradient wells 371D and 372D showing 


slight increase in concentrations of chemical constituents. 


46 September 1998 Groundwater Investigation of the Stage II and 


3 & 4 Effluent Holding Pond Areas.  


Hydrometrics, Inc. 


Groundwater investigation in the Units 1 & 2 


Stage II Evaporation Pond area with a focus 


on the area around private well PW-704. 


Installed, tested, and sampled wells 377A through 382A.    Water from wells PW-704, 377A, 


378A, 380D and 382A show process pond impacts.  Well 381A, a shallow well completed 


where Cell D was constructed also shows potential impacts.  No deep groundwater found at 


381A area suggesting local source and extent.   Well EAP-413 shows minor process water 


influences.  Data suggest that impacted water flows in shallower bedrock system.  Additional 


wells recommended for the area.  Groundwater capture and additional investigation 


recommended.   In addition, replacement of PW-704 recommended. 


 


47 November 1998 The Montana Power Company East Fork 


Armells Creek Slurry Spill Cleanup Report, 


Hydrometrics, Inc. 


A Spill occurred near East Fork Armells 


Creek when a weld on slurry pipeline failed.  


Approximately 80,000 gallons of slurry 


spilled on the surrounding ground. An 


estimated 80 cubic yards of flyash may have 


entered the creek. 


MPC personnel contained the initial spill and initiated soil cleanup.  After receiving regulatory 


approval, MPC rerouted a portion of the creek around the area visually impacted by flyash 


slurry. Hydrometrics Remediation Services was retained to remove flyash from the creek.  


Approximately 329 cubic yards of soil and flyash were removed.  Material moved from the 


site was staged near the area to allow drainage so spillage would be minimized during hauling.  


Excavated material was place in the abandoned Units 1&2 Bottom Ash Ponds.  Material 


spilled during hauling was removed following creek remediation.  Silt fence were removed and 


flow restored to the original channel on October 8, 1998. The diversion was backfilled. 


48 December 1998, Revised 


February 1999 


Report of 1998 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


1998 was cited as a “normal” year in terms of climactic conditions and plant response to 


conditions encountered in 1998 can be considered normal.  Boron concentrations in plant 


tissue were in low to normal range of those encountered previously in this study.  The authors 


surmise that the vegetation community is nearing stagnation, suggesting that cover and 


production on the cap will be slightly greater than that in reference areas but that species 


diversity will not equal that of native range.  Livestock grazing and study at additional 


transects to provide better spatial coverage of plant and soil data was recommended in the 


report.    


49 April 1999 


 


 


 


 


 


MPC Capture System Installation Report Monitoring wells were installed and tested in 


both the SOEP and STEP areas.  Groundwater 


capture systems were installed, started and 


monitored.  Data from this work was 


evaluated and included in the report. 


In the STEP area monitoring wells 377A, 378A, 380D, 383D and 393D were converted for 


temporary groundwater capture.  Groundwater in the area was flowing to the northeast.  Two 


bedrock units were identified with a downward gradient existing.  Private well PW-704 was 


showing declining water quality so well PW-717 was installed to supply water for the Moose 


Lodge.  Well 356D, which was screened over three intervals, was identified as showing a long 


trend of declining water quality.  In the SOEP area, wells EAP 119, 369D, and EAP-205 were 
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April 1999 (continued) converted for groundwater capture.  Additional wells or piezometers were installed to monitor 


capture well performance.  Relatively high boron concentrations at well 366S were interpreted 


to be from the saturation of clinker and ash near the well, following construction of the Surge 


Pond. 


50 April 15, 1999 Evaluation of 1998 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, Montana Power Company Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Spill near East Fork Armells resulted in flyash slurry entering creek within Plant Site area 


boundary.  Cleanup and containment response immediate although clear water from spill 


flowed into STEP area boundary.  A slight increase in concentrations of chemical constituents 


was noted during the synoptic run.  Several wells in the SOEP and STEP converted for 


groundwater capture (see April 21, 1999 Hydrometrics report).  At end of 1998, 126 acres of 


the SOEP had been reclaimed utilizing a cap designed to limit infiltration of precipitation 


water. A replacement water supply well (PW-717) was installed.  Well PW-704 shows 


variable water quality while other private wells show stable water quality. 


51 April 21, 1999 The Montana Power Company Groundwater 


Capture System Installation Summary Report.  


Hydrometrics, Inc. 


Furthered investigation of the area east of the 


STEP Main Dam and described groundwater 


capture system installation. 


Monitoring wells 383D through396D-P installed.  Well PW-717 installed to replace PW-704.  


Groundwater flow from the STEP area generally towards the northeast.  Water quality impacts 


confined to shallow bedrock and alluvial deposits.  Impacted groundwater flowpath identified 


in shallow bedrock at well 380D, resulting in installation of groundwater capture at well 380D, 


383D and 393D.  Water quality changes noted at wells 379A and EAP-413.  Wells 377A and 


378A, east of the STEP Main Dam were converted for temporary groundwater capture.  Well 


EAP-119, located southeast of the SOEP was converted for groundwater capture.  Well 369D, 


located north of the SOEP was converted to a groundwater capture well. Groundwater levels 


have increased north of the SOEP and STEP 


52 December 1999, Revised 


January 2000 


Report of 1999 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


The 1999 growing season was drier than normal.  Plant and soil characteristics measured under 


the study (plant cover, plant production, species richness, soil EC, pH, and plant and soil boron 


concentrations) were within normal ranges.   Research showed enriched boron concentrations 


in soil just above the capillary barrier of the cap; the elevated concentrations at this interval do 


not appear to affect plant growth.   Elevated boron levels were found in plants on reclamation 


plots and on reference areas.  The boron levels may be the result of dust accumulation on 


leaves or may be natural to the area.   


 December 17, 1999 PPL Closes on assets   


 


53 March 2000 PPL Montana, LLC Fall 1999/Winter 2000 


Groundwater Investigation Report Colstrip, 


MT, Hydrometrics, Inc. 


This report included an evaluation of the 


STEP area.  Work included installation of 


seven wells north of the STEP Main Dam, an 


evaluation of installing capture wells on 


divider dikes, and evaluating the feasibility of 


installing a horizontal boring under the ponds.  


Groundwater quality for the entire area was 


reviewed. 


Wells 911D and 397D were converted for groundwater capture based on observed 


groundwater quality.  Capture from these wells began in October 1999.  Water levels in nearby 


monitoring wells were lowered following the initiation of pumping.  A discreet flow pathway 


for water from the ponds was not identified due to the high variability of groundwater quality 


north of the STEP.  Water with elevated SC and boron concentrations exist at wells EAP-119, 


368D, 365S, and 366S.  The similarity in water quality at 365S, and 366S suggests good 


hydraulic communication between the completion units.  Groundwater showing effects from 


the SOEP was identified at EAP-205, EAP-208, and 369D.  Water from 367D, further from 


the SOEP did not show pond impacts.  It was concluded that effects from the SOEP were 


limited to the area near the ponds.  A downward gradient exists between shallow and deeper 


sub McKay units north of the ponds.  Groundwater capture from the STEP divider dikes has 


advantages and disadvantages. Cost of installing horizontal borings below the ponds may be 


cost prohibitive, although long term operation and maintenance costs may offset the initial 


installation costs in the long run. Concentrations of indicator parameters in water from wells 


908A, 909A, 910A, and 913A showed an increasing trend from south 909A to north 913A.  


Additional investigation of this area was recommended. 
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54 April 23, 2000 Evaluation of 1999 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Well PW-717 was installed to replace well PW-704.  Monitoring wells 392D through 913A 


installed.  Improvement noted in water quality in East Fork Armells Creek.  Wells 350D, 


capture well 369D, and private well PW-704 showed poorer water quality.  Wells EAP-119, 


365S, 366S, 371D, 372D, 355D, 375D, 376D, 354D, 367D showed improved water quality.  


Potential sources for impacted water near well PW-704 identified as SOEP, Seepage under or 


around STEP Main Dam and grout curtain, and STEP Main Dam Sump problems.  Further 


study of groundwater down gradient of 382A area planned. 


55 May 2000 PPL Montana, LLC March 29, 2000 East 


Fork Armells Creek Return Water Spill and 


Cleanup Report, PPL Montana, LLC 


Describes pipeline failure and associated 


mitigation activities. Occurred in Plant site 


area but effected surface water and potentially 


groundwater down gradient of STEP. 


A weld failed on the effluent pipeline that was used to transport flyash slurry from the Units 


1&2 A/B Flyash Pond on March 29, 2000.  The break occurred as water from the clearwell 


was being pumped through the pipeline to purge flyash slurry from the pipeline. The spill was 


the result of a broken weld on HDPE pipe.  An estimated 122,500 gallons were spilled.  Most 


of the liquid was contained by earthen berms which directed the water to a temporary retention 


pond.  However, an estimated 9,000 gallons of liquid entered the East Fork Armells Creek. 


 


PPL shut down the dredge and mitigation efforts began a short time after the line broke.  These 


mitigation measures included isolating the portion of East Fork Armells Creek that was 


impacted by the spill.  Pumps were used to collect water from the creek.  Water was pumped 


either to water wagons and hauled to Plant Site ponds, or to the Waste Water Treatment Plant 


(WWTP) holding cell #3, from which it was pumped back to Plant Site ponds. An estimated 


273,000 gallons of water (114,000 return water, 159,000 impacted water from EFAC) were 


recovered. An additional, 40,000 gallons of impacted water were pumped from the Wastewater 


Treatment Plant cell #3. 


 


Water quality samples were collected to delineate impacts portions of the East Fork Armells 


Creek and to evaluate creek water quality following spill cleanup efforts.  Results of the 


sampling showed that a “slug” of water with process water impacts moved slowly 


downstream.  Water quality following the spill was compared to data collected from previous 


synoptic runs.  It was concluded that the creek water quality had returned to its pre-spill 


conditions approximately three days after the event occurred.   


56 June 2, 2000 Groundwater Quality Data Assessment for 


Montana Power Company Regarding the 


Colstrip Project, URS Greiner Woodward 


Clyde 


Groundwater quality assessment report 


including the Units 1&2 SOEP and STEP 


areas. 


SOEP – seepage is likely to have occurred through the natural clay liner resulting in two 


plumes.  Seepage from the SOEP may also be contributing to impacts east of the STEP Main 


Dam.  STEP are constructed using HDPE liners.  The liner in Cell A failed in November 1996.  


Seepage was observed in the Cell D/Clearwell crossover pipe in 1998.  Impacted water 


extends east of the STEP to East Fork Armells Creek. 


57 August 2000 Memorandum: 2000 East Fork Armells 


Creek, Hydrometrics, Inc. 


Report summarized result of a synoptic run 


conducted on East Fork Armells Creek.  Five 


existing sites and five new sites were 


monitored for flow and quality. 


East Fork Armells Creek gaining due to groundwater inputs, contributions from the sewage 


treatment ponds, Townsite, surge pond, golf course irrigation and domestic runoff sources.  


Concentrations of TDS, sulfate and boron increased between AR-5 and AR-3.  Concentrations 


of these parameters drop downstream of AR-3 and are relatively constant to AR-6, where a 


slight increase in sulfate occurred.  Concentrations of most chemical constituents decreased 


when compared to previous samples from AR-5 to AR-1. 


58 December 11, 2000 


 


 


 


 


 


Report of 2000 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


The 2000 growing season experienced moisture within normal ranges.  Plant and soil 


characteristics measured under the study (plant cover, plant production, species richness, soil 


EC, pH, and plant and soil boron concentrations) were within normal ranges.  Research 


showed enriched boron concentrations in soil just above the capillary barrier of the cap; the 


elevated concentrations at this interval do not appear to affect plant growth.   Boron levels 


found in tissue of plants growing on the soil cap were not elevated.   New studies on larger 
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December 11, 2000 


(continued) 


research plots identified greater species diversity than that observed at the original research 


plots.  Many of these species apparently have volunteered from seed in the topsoil layer or 


from seed transported from adjacent rangeland to the soil cap.   


59 January 2001 PPL Fall 2000 Groundwater Investigation 


Report, Hydrometrics, Inc. 


SOEP and STEP studies described in this 


report included results of a synoptic run at 


five established sites on East Fork Armells 


Creek and an additional investigation in the 


SOEP and STEP areas  


Five wells were installed in the alluvium and shallow bedrock near East Fork Armells Creek.  


Potential impacts were identified at well 916A and further monitoring was recommended.  


Water quality was better downstream of this well.  A synoptic run was conducted on East Fork 


Armells Creek with five sites being added downstream of the North Flume. Synoptic run 


results were not indicative of water quality impacts downgradient of the STEP.  Improved 


water quality in upper reaches of the synoptic run.   


 


Five wells (920A, 921A, 922A, 923A & 924A) were installed in the Stage I and II pond area.  


Well 920A, installed on the Stage I dam, contained insufficient water to test.  Water quality 


results indicate that water contained in all the wells is affected by pond water 


 


A capture zone analysis was conducted to evaluate the potential effectiveness of groundwater 


capture using vertical wells installed on Stage II divider dikes, or around the edge of the 


ponds.  Results of the investigation indicate that 20 to 25 wells would be needed to control 


groundwater flow around the ponds.  Water levels would be substantially reduced below the 


ponds, but the alluvium would likely not be completely dewatered because of the size of the 


ponds and limited areas available for well installation.  


 


Pump testing was conducted on well 365S to evaluate the annular seal.  Testing involved 


pumping at 365S while simultaneously measuring water levels in 365S and 366S.  Results of 


the testing indicate that the well seal in 365S has failed. 


60 March 21, 2001 Evaluation of 2000 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Eleven new wells installed in SOEP and STEP areas.  Significant improvement in water 


quality in East Fork Armells Creek.  Limited grazing proposed for SOEP cap.  Improving 


water quality noted at wells EAP-119, 365S, 366S, 368D.  Poorer quality at wells 360A and 


371D.  Impacted water reported downgradient from active capture systems.  Plans to extend 


capture downgradient. 


61 December 2001 PPL Montana Fall 2001 Groundwater 


Investigation and Capture System Installation 


Report, Hydrometrics, Inc. 


Further investigation of the area east of the 


STEP Main Dam 


Wells 927D and 928D were installed.  Groundwater at these wells, and alluvial well 910A 


showed evidence of process water impacts.  Wells 375D and 376D, located adjacent to 


existing capture well EAP-205 were converted to capture wells.  Well 924A, located on the 


divider dike between the Old Clearwell and STEP Cell E and completed in alluvium, was 


converted to a capture well.  Well EAP-208, located just north of the SOEP was converted to a 


groundwater capture well.  Plans were underway to obtain access from the Montana 


Department of Transportation to gain access to convert well 910A for groundwater capture. 


 


Well 365S and 366S were tested to evaluate communication between the completion intervals.  


It was concluded that the two wells were monitoring the same groundwater and well 365S was 


abandoned.  Well 926S was installed in the shallow bedrock to replace 365S.  Groundwater at 


926S was not impacted by process water although nitrate plus nitrite levels were elevated. 


62 December 12, 2001 Report of 2001 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


The 2001 growing season was drier than normal.  Plant cover and production were lower than 


normal, in response to less available moisture.  Soil parameters and plant tissue boron 


concentrations were un-impacted by low moisture and were typical of past years of study.   
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63 April 17, 2002 Evaluation of 2001 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Water quality improvement observed in East Fork Armells Creek.  Well 365S replaced with 


926S.  North and south flumes replaced.  Well 924A, converted to groundwater capture well.  


Began efforts to convert well 910A for groundwater capture. 


64 December 31, 2002 Report of 2002 Activities on Stage I Ash 


Disposal Pond  --FINAL REPORT, 


Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


The studies of 2002 revealed that the plant communities on the ash pond caps continue to 


develop. Plant cover and productivity were reduced slightly but may be attributed to the lack 


of soil moisture reserves caused by several years of drought.  No soil studies were conducted 


in 2002.  


65 January 20, 2003 PPL submits results of pond sampling for 51 


parameters to MDEQ 


Ponds sample at ponds most likely to receive 


chemicals of concern.  Not sampled at STEP 


but water potentially could be routed there. 


Few concentrations above WQB-7 standards 


66 January 2003 2002 Groundwater Investigation Report PPL 


Montana, L.L.C.,  Hydrometrics 


Investigation in the alluvium along East Fork 


Armells Creek, capture well and system 


installation, and well 356D evaluation 


A geoprobe investigation was conducted east of well 910A by sampling 10 locations.  


Elevated values of SC, and concentrations of dissolved boron and chloride occur in an 


elongated zone extending from well 909A to 916A and decrease toward East Fork Armells 


Creek.  Four boreholes were advanced east of Highway 39 to evaluate potential alternative 


groundwater capture locations west of well 916A.  Significant quantities of groundwater were 


not encountered. 


Well 910A was converted to a groundwater capture well.  Monitoring data show decreases in 


water levels at wells 910A and 913A.  System monitoring and adjustments are ongoing to 


increase capture effectiveness of the well.  Well 377A had experienced sand pumping 


problems and was recompleted.  


 


Groundwater capture models were prepared for wells EAP-205, 375D and 376D to estimate 


capture radius of the capture system.  TwoDan modeling software was used for the evaluation.  


Results of the evaluation predict a capture radius for the system of about 150 feet.  Well 929D 


was installed northeast of EAP-205.  Water sampled from the well showed an SC of 5620 


µmhos/cm, nitrate plus nitrite of 12.1 mg/L, dissolved boron of 0.5 mg/L, chloride of 98 mg/L, 


and dissolved selenium of 0.006 mg/L.  The calcium/magnesium ratio was 0.99.   


67 March 24, 2003 Evaluation of 2002 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Reclamation studies show cap has reached maturity in all 5 areas.  Three new wells installed; 


one (929D) north of the SOEP in shallow bedrock and two to the base of clinker deposits north 


of the SOEP as part of 356D investigation.  Water quality with ranges historically observed in 


East Fork Armells Creek.  Water levels and quality at well 371D continue to decline.  Water 


quality at well PW-704 seems to be improving in response to upgradient collection.  Well 


913A to be evaluated for capture.  


68 June 2003 Well 356D Area Groundwater Evaluation Summary of investigation of long term water 


quality trends at well 356D. 


Well 356D was located about 3500 feet north of the STEP and was completed in three 


intervals. Water from well 356D had been monitored since the mid 1980’s and had shown a 


progress increase in concentrations of dissolved constituents.  Investigation of this trend 


included collection of isotope data, evaluation of iodine as a potential pond water indicator, 


installation of monitoring wells, and review of water from adjacent coal mining wells.  Results 


of isotope analysis supported the conclusion of process water impacts at wells EAP-208 and 


380D but indicated there were probably not impacts at well 356D.  Iodide was not considered 


a viable tracer for pond water.  Wells installed into clinker upgradient of 356D were dry.  


Western Energy monitoring wells had shown consistent water quality throughout the 


monitoring period except at well WA-109.  Water from WA-109 showed trends similar to that 


of well 356D and could be in a potential recharge area for water flowing to 356D. 
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69 July 31, 2003 Memorandum: East Fork Armells Creek, 


Hydrometrics, Inc. 


Summary of synoptic run results from May 


2003 event.  Included 11 surface water sites 


plus one treated sewage effluent pond. 


Flow increased from AR-5, with the largest increase measured between AR-2 and AR-1 


(directly downstream of Colstrip sewage wastewater ponds).  Flow decreased between AR-1 


and AR-9. Flow between AR-9 and AR-6. Water quality results were generally similar to, or 


slightly higher than, previous events.  The main exception was chloride concentrations, which 


were higher at sites AR-1 through AR-5. Sites AR-2 through AR-5 are upgradient of the STEP 


area. 


70 December 2003 Report of 2003 Activities on  


Stage I Ash Disposal Pond, Reclamation 


Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


Soils data were collected in 2003 and indicated that pH and salt content have remained 


relatively unchanged since the initiation of the study.  Boron may have increased at the 


soil/scoria interface in some areas.  Perennial grass cover on the reclaimed ponds was equal to 


or greater than that found on native range sites; boron concentrations in tissue of grasses on the 


cap were largely similar native range.    


71 February 9, 2004 Results of additional pond analysis for Units 


1&2 A/B Flyash ponds requested by MDEQ 


January 12, 2004. 


Analytical results for pond sampling at Plant 


Site but related to STEP 


Sampled for Dioxins and PAH’s– results non-detect. 


72 April 6, 2004 Evaluation of 2003 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED. 


Annual Water Resources Report Fourteen new monitoring wells installed in 2003.  Water quality declined at well 371D.  


Improved water quality was observed at well 369D. 


73 May 2004 PPL Montana, LLC,  2003 Groundwater 


Investigation Report Colstrip, Montana, 


Hydrometrics, Inc. 


Evaluation of East Fork Armells Creek 


surface and groundwater, east of the STEP 


Main Dam, and SOEP area near well 366S. 


Water quality in East Fork Armells Creek was slightly poorer than during the 2000 synoptic 


run but remained better than other previous events. 


 


Geoprobe borings and monitoring wells were installed near and on the golf course.  An 


elongate area extending from near the STEP tributary drainage to Pine Butte Road was 


identified. Wells 943A, 944A, and 945A were installed directly north of the golf course and 


were being converted to captures wells.   


 


Well 916A, 938A and 940A were being converted to capture wells. Startup occurred in first 


quarter of 2004. Wells, 932D, 933D, and 934D were installed directly north of well 928D and 


were converted to groundwater capture wells along with wells 927D and 928D. 


 


Water quality at well 382A appears to be improving in response to groundwater capture at well 


377A and 378A.  However, well 382A was being converted to a capture well to expand 


groundwater capture efforts in this area and accelerate remediation. A review of water quality 


was conducted and concluded that the groundwater in East Fork Armells Creek alluvium is a 


Class III. 


74 July 2004 Preliminary Conceptual Hydrogeological 


Model Stage I and II Evaporation Pond and 


Plant Site Areas Colstrip Steam Electric 


Station Colstrip, Montana, Maxim 


Technologies 


Report summarized the conceptual 


groundwater model for the SOEP and STEP. 


The principal water bearing units in the SOEP and STEP areas are shallow and deeper sub-


McKay Sandstones and alluvium.  Groundwater generally flows to the northeast.  Impacted 


water has migrated north from the SOEP, with capture systems apparently limiting further 


migration.  Impacted water appears to have migrated more than 1000 feet to the southeast.  


Shallow groundwater is impacted downgradient of the STEP Main Dam.  No impacts have 


been identified in private wells, except for well PW-704. 


75 October 14, 2004 Report of 2004 Activities on Stage I Ash 


Disposal Pond, Reclamation Research Unit 


An Update of Reclamation Research Unit 


Activities on and near the Stage I Ash 


Disposal Ponds, Colstrip, Montana 


A dry spring resulted in very few wild flowers on either the native range or the reclaimed ash 


pond.  Cover of cool season grasses was also poor.  Litter on the pond cap was reduced by 


livestock grazing.  Boron levels in and on grasses were higher than previous observations; in 


fact, some boron levels were above those that would result in plant mortality.  It was suggested 


that Boron was wind-deposited in dust blown from the active Stage II Pond.     
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76 March 2005 Technical Memorandum Groundwater 


Modeling of the Stage II Evaporation Pond 


Area Colstrip, Montana, Maxim Technologies 


Report of conceptual model, groundwater 


model design and setup parameters, 


calibration results, and hydraulic control 


alternatives. 


A numerical groundwater model was developed to evaluate groundwater flow in the STEP 


area.  The model was designed so transport modeling could also be conducted.  The model was 


based on MODFLOW-2000 (Harbaugh and others, 2000).  A grid covering an area 5,400 by 


9,000 feet, with 93 rows and 136 columns was established.  Grid spacing ranged from 25 feet 


square to 100 feet square at the perimeter.  Boundary conditions were established based on 


pertinent conditions and edge of model conditions including general head boundaries, river 


packages, drain cells, constant flux, recharge, horizontal flow barrier, or no-flow boundaries.  


The model was calibrated by adjusting boundary conditions and various input parameters until 


simulated water levels and constituent concentrations were similar to actual conditions 


observed in 2003 and 2004.  The model was used to evaluate alternatives that could be used 


for mitigation purposes, including installation of a hydraulic barrier and/or installation of 


capture wells downgradient of the STEP Main Dam.  Results suggested that a hydraulic barrier 


would not be effective at preventing downgradient migration of constituents.  Result did 


indicate that capture wells installed close to the toe of the STEP Main Dam would beneficially 


aid existing groundwater capture system.  Recommendations from the evaluation included 


installation of monitoring wells and capture wells and testing of the wells to further evaluated 


hydraulic parameters. 


77 March 5, 2005 Evaluation of 2004 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Thirteen monitoring wells installed.  Private wells PW-718 through PW-729 included in 


sampling program and conducted quarterly sampling.  Installed wells 946 and 947 in the 


SOEP.  Column testing conducted on ash samples from the boreholes.  Well EAP-119 


continuing to show improving trend. Water quality at PW-704 stabilizing.  Wells 927D, 928D, 


932D, 933D, 934D. 913A, 916A, 938A, 940A and 382A were converted for groundwater 


capture.  Wells 943A, 944A, and 945A were converted for capture and started in April 2004. 


78 June 8, 2005 Slug Test Results for Wells 946 and 947 in 


Stage 1 Area PPL Montana 


Report on slug test conducted on two 


monitoring wells in the SOEP 


Hydraulic conductivity of 0.39 ft/day and 0.06 per day were calculated for wells 946 and 947, 


respectively.  Methods described by Bower and Rice, 1976 were used for the calculations.  


79 September 2005 Technical Memorandum: 2005 East Fork 


Armells Creek Synoptic Run, Hydrometrics, 


Inc. 


Summary of 2005 synoptic run on East Fork 


Armells Creek.  Twelve surface water sites 


were monitored for flow and quality.  On 


treated sewage effluent pond was sampled for 


quality.  Site AR-12 was a new site during 


this event. 


Site AR-12 was added to the synoptic run and is located directly upstream of the Highway 39 


culvert. Measured flow tended to increase from the uppermost site (AR-12) to about AR-1.  In 


2005, flow decreased between site AR-1 and AR-6.  A slight increase in flow occurred 


downstream of AR-6.  


 


In 2005, water quality trends along East Fork Armells Creek were similar to previous events 


with concentrations of total dissolved solids increasing between AR-5 and AR-3, decreasing 


between AR-3 and AR-1, and remained relatively steady downstream of AR-1.  Slight 


increases in sulfate, TDS and nitrate plus nitrite were observed at AR-10 as was the case 


during previous events.  As with previous events, chloride concentrations were highest at the 


uppermost site (AR-12 in 2005), decreased between AR-12 and AR-1, and were relatively 


stable downstream of AR-1. 


80 November 7, 2005 


 


 


 


 


 


 


 


 


Report of 2005 Activities on 1&2 and 3&4 


Ash Disposal Ponds.  Reclamation Research 


Group   


Report of studies conducted on the SOEP cap.  


Specifically, the evaluation of vegetative 


cover on reclaimed materials in the SOEP 


Vegetation was reported to be growing and reproducing in a manner consistent with 


reclamation projects. Cover and biomass of forage grasses has reduced in production on Areas 


1, 2, and 3 but remained higher than native range sites.  Areas 4 and 5 were at a growing peak 


and were expected to slow. 


 


Perennial forbs are starting to invade the cap in Area 1, the first reclaimed area.  The 


succession of plant species on the cap will continue but will not match the native range sites 


for decades.  Boron levels in vegetation on the SOEP cap appear to have stabilized within 


normal limits for plants on disturbed semi-arid western rangelands. 
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November 7, 2005 


(continued) 


Grazing appears to be having a positive impact on vegetation on the cap.  Yellow sweetclover 


amounts were less than observed in previous years.  Management of the cap appears to be 


working successfully. 


81 February 10, 2006 1&2 STEP Seepage Discovered – Update 


1200 2/10/2006.   


E-mail Update report to MDEQ of Seepage 


along outboard (north) side of STEP Cell E 


Approximately five gpm of water was observed flowing from what appeared to be a gopher 


hole on the north side (outboard) of the embankment between STEP Cell E and future Cell C. 


When the seep was notice, water had flowed about 150 from the base of the embankment.  


PPL excavated a temporary sump about 10 feet from the toe of the embankment to collect the 


seepage.  Soil around the seepage point was excavated and it was confirmed that a single flow 


path, likely a rodent hole existed.  A temporary capture system as then installed to direct water 


to the sump for containment and pumping.  Flow following the development was measured at 


0.5 gpm suggesting a decrease since its discovery.  MDEQ was notified and it was agreed that 


evacuation plans were not necessary since any lost water would be contained.  Hydrometrics 


examined the site and concluded that groundwater mitigation was likely not necessary but 


recommended a shallow groundwater monitoring well to confirm this conclusion.  The water 


level in Cell E was lowered immediately.  Liner problems were concluded to be within three 


feet of the water surface elevation since the point of issue was at that approximate elevation.  


The dike was inspected by a geotechnical engineer who concluded the embankment was 


stable.  The area around the seep was inspected and no further seepage was observed. 


82 March 29, 2006 Report for “Geomembrane Leak Location 


Services for Part of a Flyash Disposal Pond 


near Billings, Montana” LLSI Proposal 756.  


March 29, 2006. 


Report summarizing results of a leak location 


survey conducted on STEP Cell E  


The electrical leak location method was used to inspect an area along approximately 200 feet 


long on the north side of Cell E was inspected.  One leak was found in the geomembrane liner 


in the area surveyed.  The leak was approximately one foot above the water line near a seam.  


The liner was damaged with a semicircular puncture approximately one inch long. 


83 April 2006 PPL Montana Cell E Pond Survey Conducted water level and pond bottom 


survey to collect data from which capacities 


could be calculated. 


At the time of the survey, Cell E held approximately 395 million gallons, and the Clearwell 


held 95 million gallons of water. Originally, Cell E could hold 987 million gallons.  Now, it 


can only hold 458 million gallons.  This difference in holding capacity is assumed to be from 


the flyash deposits. This difference is approximately 529 million gallons (2.6 million cubic 


yards) of flyash.   


 


At the time of the survey, the clear well held approximately 95 million gallons.  The clear well 


once held 118 million gallon, now can hold 108 million gallons.  This is not all necessarily 


flyash, but could be from normal debris falling into the pond or not enough resolution in the 


survey.  In any case, there is a negligible amount of flyash in the clear well.  


84 April 28, 2006 


 


 


 


 


 


 


 


 


 


 


 


 


 


Evaluation of 2005 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Water quality in East Fork Armells Creek remained within historical ranges.  Pilot testing was 


conducted at well 966A to evaluate the potential for dewatering the flyash.  About 250,000 


gallons of water were pumped from the well.  Pumping was continued at the well for longer 


term capture and evaluation. Well EAP-119 continued to show improved water quality. 


 


Well 371D continued to show declining water levels and quality. The cause is potentially from 


upgradient sources or from the reclamation cap on the SOEP. 


 


Well 367D, north of the SOEP, showed a decline in water quality.  Capture wells in the area 


show improved water quality.  Groundwater model simulations resulted in the addition of 


additional capture directly east of the dam with the addition of wells 960D, 961D, 962D, 


963D, 968D, 969D, and 969D. 
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April 28, 2006 (continued) Groundwater capture east of the STEP Main Dam in the industrial park area appears to be 


effectively collecting impacted groundwater.  Alluvial groundwater capture wells along 


Highway 39 and on the golf course have shown a significant improvement in quality. 


Private well water quality remained stable. 


85 September 20, 2006 PPL Montana Units 1 & 2 Paste Plant 


Geotechnical Report.  Womack & Associates, 


Inc. 


Investigation of soil conditions under the 


proposed Units 1 & 2 STEP Paste Plant site. 


PPL Montana was in the process of installing paste plants as a means to help reduce water 


inventories.  This report was a precursor to construction of the STEP Paste Plant. Test pits 


were excavated in the vicinity of the proposed paste plant and samples were submitted for 


laboratory analysis of geotechnical parameters including pH, corrosion, sulfate, and resistivity.  


The report contained results of these analysis and options for foundation construction.  


Recommendations included construction using ring type foundations or reinforced mats.  Site 


or transported backfills materials were recommended with minimum compaction and moisture 


content specifications. Positive drainage away from the structure was recommended. The 


corrosion potential of the soil was considered relatively low. 


86 November 17, 2006 Report of 2005 Activities on 1&2 and 3&4 


Ash Disposal Ponds.  Reclamation Research 


Group. 


Report of 2006 studies conducted on the 


SOEP cap.  Specifically, the evaluation of 


vegetative cover on reclaimed materials in the 


SOEP 


Drought and heat impacted the SOEP cap vegetation in 2006. Grazed and non-grazed areas 


showed no significant differences in vegetative cover. High boron levels were present in 


vegetation at two locations; however, the reason for the high levels was not identified. 


87 December 21, 2006 Colstrip 1&2 Stage Two Evaporation Pond 


(STEP) Liner Tear 12/21/06, PPL Montana, 


LLC  


Report of liner tear in Cell A at the STEP Cell A was essentially full of flyash at the time of the discovered tear and had not been active 


for several years. About one to two feet of water were present on the solids.  The tear extended 


from about two feet above the water and extended about one foot below the water surface.  


Soil below the liner was examined and was not saturated indicating the amount of water lost 


was probably minimal.  The liners are inspected daily so it is likely a very new occurrence, 


possibly the result of very cold conditions experienced in December.  No additional tears were 


identified. 


88 May 7, 2007 1&2 Scrubber Slurry Paste Process.  A 


description of the construction and operation 


of a scrubber slurry paste process at the Units 


1 & 2 Stage Two Evaporation Pond. 


A description of the construction and 


operation of a scrubber slurry paste process at 


the Units 1 & 2 Stage Two Evaporation Pond.   


Prepared for Montana Department of Environmental Quality describing the proposed STEP 


Paste Plant.  The document includes an environmental assessment. A schedule for construction 


was included.  Project benefits included minimizing seepage from the STEP by reducing the 


amount of water that needs to be stored in the ponds.   Environmental assessment criteria were 


discussed with the exception of visual considerations it was concluded that there would be no 


impact or positive impacts.  Visual impacts would be minimized by placement of the paste 


plant in an area that is not highly visible from town or below the STEP Dam.  


89 May 22, 2007 Data Analysis and Statistical Evaluation of 


Unimpacted Groundwater Quality Stage I/II 


Evaporation Ponds and Plant Site Areas 


Colstrip Steam Electric Station, Colstrip, 


Montana, Arcadis  


Data analysis and statistical evaluation were 


conducted on un-impacted groundwater data 


to establish background levels for multiple 


stratigraphic intervals in the SOEP and STEP 


area.  This evaluation furthers a preliminary 


statistical analysis conducted by Maxim 


Technologies in 2004. 


Data used in the original analysis was revised based on further evaluation of existing data and 


incorporation of additional data obtained since the original study.  Several changes were made 


to the original analysis to provide a stronger analysis.  One major difference was the use of an 


upper confidence interval for the percentile rather than for the mean.  A second difference was 


the approach used as a weighting mechanism depending on the amount of data available for 


various sites. In addition, a non-parametric approach rather than a parametric approach was 


used to calculate the 95
th


 percentile upper confidence limit on the mean.  Outlier analyses were 


conducted to identify extreme values in the data set and evaluate their usefulness in the 


statistical studies.  Baseline screening levels (BSL’s)were calculated by parameter and 


hydrostratigraphic unit. Calculated BSL’s are provided in tables of the report. 
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90 May 31, 2007 PPL/Colstrip Units 1&2 STEP B Cell 


Geosynthetics Quality Assurance Report, 


Portage 


Provides a summary regarding quality 


assurance for geosynthetic materials installed 


in STEP Cell B. 


Cell B is a double-lined 91.7 million gallon process water pond.  It was intended to initially 


store excess water and then to be later converted to the STEP New Clearwell.  The lining 


system includes a primary 45-mil RPP(reinforced polypropylene) liner, a drainage net that 


routes water to an upper sump, a secondary 36-mil RPP liner, 8-ounce geotextile liner 


protection, and underdrain system consisting of 4-inch corrugated HDPE collector pipe which 


routes water to the lower sump.  Water can be pumped from either sump into Cell B. 


91 July 2007 Conceptual Model Update Report Stage I and 


II Evaporation Ponds and Plant Site Areas 


Colstrip Steam Electric Station Colstrip, 


Montana, Geomatrix Consultants, Inc. 


A MODFLOW based numerical groundwater 


flow model was updated with additional 


information collected since initial model 


development.  Several wells were installed 


and groundwater capture systems installed. 


Water quality data were reviewed. 


This report summarizes updates and revisions to the initial groundwater model for the SOEP 


and STEP area.  Information that was incorporated into the model included an update of 


groundwater and surface water monitoring, inclusion of newly installed wells, evaluation of 


pumping systems. Calibration using the new data. Model calibration results and hydrogeologic 


system analysis were included.  Additional monitoring wells were recommended in the 366S 


and 374S area. 


92 August 2007 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


PPL Montana, LLC Stage I & II Evaporation 


Ponds 2004, 2005, 2006 Update Report, 


Hydrometrics, Inc. 


Report summarized findings of investigations 


and mitigation activities conducted in the 


Units 1 and 2 SOEP and STEP areas in 2004, 


2005, and 2006. Work included pilot testing 


at SOEP, monitoring well installation, testing 


and sampling, installation of additional 


groundwater capture, Well PW-717 Seal 


Evaluation, and the 2005 synoptic run of East 


Fork Armells Creek. 


Four wells were installed within the boundaries of the closed SOEP.  The wells were 


positioned over former ephemeral stream channels as interpreted from pre-construction 


topographic maps in an attempt to intersect alluvial sediments under the flyash, if present.  


Well 966A was installed as a pumping well for pilot testing purposes.  Pilot testing showed 


that the alluvium under the flyash could sustain a pumping rate of about 5 gpm.  Water levels 


in the observation well 946 dropped rapidly in response to pumping, reflecting the confined 


conditions of the alluvium. Calculated hydraulic conductivity in the SOEP ranged from 0.06 


feet per day for the flyash to 11.8 feet per day for the alluvium underlying the flyash. 


 


Flyash samples were collected using split-spoon samplers and column tests conducted by 


flushing multiple pore volumes of water through the column and analyzing water for SC after 


each pore volume and periodically for a broader suite of indicator parameters.  Water quality 


quickly improved with SC dropping from 11,100 µmhos/cm after the first pore volume to 


around 4,000 µmhos/cm after three pore-volumes, and 2,750 µmhos/cm after eight pore-


volumes.  Concentrations of other parameters also generally dropped rapidly after the first pore 


volume.  Exceptions were boron which maintained relatively high concentrations even after 


flushing with 11 pore volumes and calcium, which actually showed a slight increase in 


concentrations.  Moisture content of the flyash samples was very high ranging from 30% to 


77%. 


 


Ten wells were installed along the east face of the STEP Main Dam.  Pump tests were 


performed on the wells and water quality samples collected. Seven of the wells (960D, 961D, 


962D, 963D, 968D, 969D, and 970D) were converted for groundwater capture and began 


pumping in late 2005 and early 2006..  Two wells (964D and 965D) were not converted based 


on the very low yield.  Well 971D was not converted due to a lack of process water impacts. 


Based on water quality, yield, and proximity to previously identified impacts. Existing well 


906D was also converted to a capture well and began pumping in early October 2006. 


 


Well 976D was installed about 30 feet north of well 368D and was converted for groundwater 


capture. 


 


Wells 949D and 950D were installed in the vicinity of well EAP-119.  Neither well showed 


indications of process water impacts. 
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August 2007 (continued) Wells 948M, 951D, 952D, 953D, 954D, 955D, 956D, 957M, 958D, and 959D were installed 


to obtain additional data for groundwater model calibration.  Pumping and/or slug test were 


performed and water quality samples collected. 


 


 


 


Wells 972D and 973D were installed east of the STEP Main Dam near highway 39 to further 


evaluate groundwater conditions in the shallow bedrock near capture well 913A. Neither well 


showed evidence of process water impacts. 


 


Wells 974D and 975D were installed to evaluate groundwater near an area where seepage had 


occurred from the dike between STEP Cell E and future Cell C.  Water quality samples 


showed no evidence of process water impacts. 


 


The seal in private well PW-717 was evaluated by pumping for an extend period of time and 


then sampling.  The initial sample had relatively high concentrations of TDS.  The TDS 


concentrations dropped with prolonged pumping.   Samples collected at the end of the purge 


period were not impacted by process pond water. It was concluded that there was a slow leak 


down the annulus of the well and abandonment was recommended. 


 


Passive capture began from well 363A.  This well is a shallow, low yield well, with evidence 


of process water impacts. 


 


Results of the 2005 Synoptic run showed similar trends to previous events, with flow 


increasing downstream of AR-5 and concentrations of chemical constituents increasing 


between AR-5 and AR-3 and then decreasing below the sewage effluent ponds for Colstrip.  


Overall, concentrations of chemical constituents were near the higher range of historical 


values.  Sediment samples were collected during the 2005 Synoptic run.  Mercury was not 


detected in any of the samples; low to non-detectable levels of selenium were present. 


93 August 2007 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Technical Memorandum: 2007 East Fork 


Armells Creek Synoptic Run, Sediment 


Sampling, and Groundwater Sampling, 


Hydrometrics, Inc. 


Investigation involved conducting a synoptic 


run at existing sites along East Fork Armells 


Creek, sediment sampling, and groundwater 


sampling at several stream bank locations 


East Fork Armells Creek is an intermittent creek.  As in past synoptic runs, flow showed a 


general increase in a downstream direction between AR-12 and AR-1, decreased between AR-


1 and AR-8, and increase downstream of AR-8.  Overall flow patterns were similar to previous 


years. 


 


In general, water quality was similar to previous synoptic runs.  TDS concentrations showed 


an overall decrease from AR-12 to AR-10 (PBR Flume).  However, TDS concentrations 


increased between AR-4 and AR-3.  Chloride concentrations higher than average and the 


highest concentrations were observed at upstream site AR-12 with a general overall decrease 


downstream.  Boron and sulfate concentrations increased between AR-5 and AR-3 then 


decreased downstream of AR-3.  However, sulfate concentrations showed a slight increase 


between AR-6 and AR-10.  Ratios of calcium to magnesium were generally level (near 0.75) 


upstream of site AR-3 and then were generally higher than 0.8 downstream of AR-3 


Groundwater flow was generally towards the creek from both banks in 2007. 


 


Sediment samples were mainly silty to sandy loam.  Soil sample concentrations varied widely 


with the following observations:  Sulfate concentrations were highest at AR-5 and AR-10.  







TABLE 3-2 SUMMARY OF WORK CONDUCTED AND FINDINGS 


TALEN MONTANA LLC COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT  


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 


H:\PROJECTS\TALEN\12072 STEP AOC\Feb2016 submittal\Tables\Table 3-2_STEP SOEP AOC_Summary of Work Conducted.docx  3/4/2016 2:11 PM 


  Page 18 of 32 


 DATE INVESTIGATION/REPORT SCOPE FINDINGS/RESULTS 


August 2007 (continued) Chloride concentrations were highest at AR-12, as were water chloride concentrations.  Boron 


concentrations were highest at AR-5.  Selenium was generally low to non-detect and mercury 


concentrations were highest at AR-2. 


94 October 2007 Evaluation of 2006 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report Five new wells were installed in 2006.  Conversion of wells 960D, 961D, 962D, 963D, 968D, 


969D, and 969D for groundwater capture was completed in 2006. 


 


Water quality in East Fork Armells Creek remained within historical ranges.  Some portions of 


the creek near the South Flume were dry during part of the year. 


 


Groundwater capture continued from well 966A, located within the boundary of the SOEP.  


Capture well EAP-119A continued to show improved water quality.  However, monitoring 


wells 366S, 374S, and 926S showed a decline in water quality. 


 


Water quality at capture wells 375D and 369D showed a significant improvement in water 


quality.  Water from well 903D showed a decline in water quality.  Further evaluation was to 


be conducted. 


 


Water quality in wells east of the STEP Main Dam was variable with some showing 


improvements and others declining. Well 957M showed a decline in water quality.  Additional 


monitoring was necessary to further evaluate the cause of the changes. 


 


Water quality in downgradient wells near Highway 39 and the golf course showed significant 


improvement in 2006. 


 


Private well water quality was consistent except at well PW-717 where variable water quality 


was observed and the well was taken out of service.  Testing of the well seal was planned to 


evaluate causes of the water quality changes. 


95 October 30, 2007 366S Area Well Installation, Testing, and 


Sampling – Technical Memorandum dated , 


Hydrometrics, Inc. 


Description of well installation, development, 


testing , sampling, and analysis near well 


366S 


Wells 977A, 978S, and 979S were installed August 14 and 15, 2007.  Well 977A was installed 


in alluvium.  Wells 978S and 979S were installed in shallow bedrock. A pumping test was 


conducted on well 977A and a hydraulic conductivity of 2.4 feet per day was calculated.  Slug 


out tests were conducted on the other two wells and hydraulic conductivities of 0.7 to 0.8 feet 


per day were calculated. Groundwater from the wells ranged from 3350 to 4510 µmhos/cm. 


96 November 2007 Report of 2007 Activities on 1&2 and 3&4 


Ash Disposal Ponds. Reclamation Research 


Group. 


Report of 2007 studies conducted on the 


SOEP cap.  Specifically, the evaluation of 


vegetative cover on reclaimed materials in the 


SOEP 


Production and cover data from 2007 indicated a well-developed grass community had been 


produced on the Phase I cap of the SOEP. Adequately developed root systems are indicated by 


the persistence plant community.  Climate will control both the root system development and 


the plant community in the future.  Effects of grazing on cap vegetation development cannot 


be characterized with the existing data set since only one year of data from inside enclosed 


(non-grazing) areas has been collected.  Natural recovery and succession appear to be 


occurring based on the emergence of native perennial forbs (not seeded) indicating they are 


competitive within the new plant community (seeded). 


97 December 2007 Report of 2007 Water Balance on Phase 1 


Ash Disposal Ponds, Colstrip Montana, 


Reclamation Research Group 


Evaluate drainage through the surface cap of 


the reclaimed Stage I Evaporation Pond 


The report described the cap design for the STEP and methods employed for the evaluation.  


The cap is basically constructed of a layer of coarse material (scoria) as a capillary break, an 


overlying soil layer.  Instrumentation was used to collect moisture information to evaluate 


water content at various points throughout the cap and upper flyash.  It was concluded that 


significant amounts of surface water drain downward through the cap into the flyash. 
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98 May 15, 2008 Water Resources Monitoring Plan PPL 


Montana, LLC Colstrip Steam Electric 


Station Environmental Engineering 


Department Colstrip, Montana 


Revision of the site wide monitoring plan. Described water resources monitoring program, documentation, reporting, program 


organization, a description of process water systems, tabulated water monitoring system, and 


quality assurance/quality control activities. 


99 July 17, 2008 Technical Memorandum: 2008 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc. 


Summary of surface water and groundwater 


sampling and flow measurements for a 


synoptic run conducted on East Fork Armells 


Creek on April 3, 2008. 


Creek Flows were lower than previous events, except for the 2004 event.  Flows were lowest 


measured during any of the synoptic runs at sites AR-1 and AR-9, downstream of the North 


Flume (AR-1).  As with previous synoptic runs, a net increase in flow occurred from the 


upstream site to the downstream site.  However, flow decreased between AR-5 and AR-3 and 


between AR-1 and AR-9.  Lower flows may be the result of increased capture efforts by PPL 


at the Plant Site. 


 


Concentrations of chemical constituents followed similar trends to those observed in previous 


synoptic runs.  Sulfate, TDS, and boron concentrations were lower than average concentrations 


at all of the sites.  Calcium to magnesium ratios were higher than average for all sites except 


AR-5. 


 


Nineteen groundwater samples were collected and groundwater elevations were calculated at 


locations on the stream bank adjacent to, or near, surface water monitoring sites.  Groundwater 


was flowing towards the creek except at sites AR-6 and AR-7.  TDS concentrations were 


higher on the east bank at AR-5, AR-6 and the golf course clubhouse.  TDS concentrations at 


AR-3, AR-1, AR-7, AR-11, and at the ballpark.   TDS concentrations were similar on both 


banks at AR-4. 


 


Isotope samples collected from both surface and groundwater sites plotted below the global 


meteoric water line suggesting at least some influence from evaporative effects which occur in 


surface water bodies. 


100 December 2008 PPL Montana, LLC Stage II Evaporation 


Holding Pond Area by 906D Well 


Installation/Conversion & Pipeline Colstrip 


Steam Electric Station.   


Report describing installation of monitoring 


wells, pumping and slug testing, water quality 


sampling and conversion of wells for 


groundwater capture in the 906D area east of 


the STEP Main Dam. 


 Wells 985A, 981D, 982D, 983D, 984D, 986D, 987D, 988D, and 989D were installed.  The 


wells were either pump tested or slug tested.  Calculated hydraulic conductivity from a slug 


test on alluvial well 985A was 78 feet per day, although the saturated thickness was thin 


resulting in a transmissivity of 312 ft2/day.  Calculated hydraulic conductivity for the bedrock 


unit ranged from 1 to 357 feet per day. Storativity calculated for the bedrock ranged 0.006 to 


0.014. 


 


Water quality results for wells 985A, 988D, and 989D suggested pond water impacts.  Wells 


984D, 987D, 988D, and 989D were converted for groundwater capture.  Pumped water was 


directed to the Old Clearwell. Pumping from the new wells started in February 2008.  This 


expansion of wells furthered the overall capture system approach in the area.  A pump was 


installed in 985A in April 2008 and groundwater was pumped to the STEP Main Dam Sump 


via an above ground pipeline.  It was recommended that if a suitable well yield could be 


sustained that the well be converted for longer term capture.  The well was later converted for 


longer term capture. 


101 December 2008 


 


 


 


 


Interim Report of 2008 Activities on 1&2 and 


3&4 Ash Disposal Ponds. Reclamation 


Research Group. 


Evaluate drainage through the surface cap of 


the reclaimed Stage I Evaporation Pond 


Mature grassland plant communities were still evident on the SOEP.  Plant diversity has 


become more similar across the pond. Plant cover was more erratic on younger areas.  Areas 4 


and 5 had large areas of closed canopy yellow sweetclover in 2008.  The cause of the yellow 


sweetclover density is age of the plots, the absence of grazing, and climatic conditions over the 


past two years.  If the yellow sweetclover will inhibit development of the areas plant 
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December 2008 


(continued) 


community if allowed continued growth.  A reduction in the amount of particular perennial 


forbs may signal a regression of the stage of maturity of the developing plant community. 


102 December 12, 2008 Evaluation of 2007 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System, PPL Montana, LLC Colstrip, 


Montana, CPD/EED 


Annual Water Resources Report 110 sites were monitored in the SOEP and STEP areas.  Monitoring wells 977A through 989D 


were installed.  Wells 906D, 955D and 976D were converted to groundwater capture wells.  


Water quality in East Fork Armells Creek improved significantly over previous years. 


 


Pumping continued from well 966A, located within the closed SOEP.  Monitoring well 976D 


was converted for capture and water quality in this well and nearby well 368D showed 


improvement.  Groundwater from capture wells EAP-205 and 376D improved.  Well 372D 


showed a slight change in water quality. 


 


Private wells PW-723 and PW-724 showed a slight decline in water quality.  These wells were 


removed as a source of domestic water supply in 2005 when city water was provided.  Water 


quality at well 951D improved substantially from previous years. 


 


Wells 904D, 907D and EAP-413 showed a decline in water quality.  Well 906D, located in the 


vicinity of these wells was converted for groundwater capture in January 2007.  Additional 


investigation is planned for the area.   


 


Down gradient capture wells 910A, 913A, and 916A all showed significant improvement in 


2007.  Well 937A, located on the golf course east of East Fork Armells Creek showed a 


decline in water quality.  Changes at this well are believed to be related to local road and 


parking lot maintenance and not to the STEP.  Water quality at 941-P declined compared to 


the 3-year average.  


103 January 6, 2009 Colstrip 1&2 STEP Area Groundwater 


Collection Well Spill.  PPL Montana, LLC 


E-mailed Spill report for well 932D.   Water was observed flowing from the manhole at capture well 932D at 1400 hours on 


12/31/2008.  Up to 2000 gallons may have been lost based on the pumping rate and the time 


between the observation and the last time the well was monitored.  Less than 1000 gallons 


flowed off site.  Water from the well had SC of 4,600 µmhos/cm.  Shallow groundwater in this 


area typically has SC values between 4000 and 5000 µmhos/cm.  The affected landowner was 


consulted and it was agreed that no soil removal would occur at the time.  PPL indicated they 


would monitor vegetation in the area and take appropriate action if effects from the spill 


become evident.  Initial investigation suggests the freezing of a section of pipe in the manhole.  


Plans were being formulated to provide additional freeze protection. 


104 May 28, 2009 2009, Plant Identification Survey, 


Memorandum for Plant Identification Survey.  


Reclamation Research Group. 


Plant Identification Survey on SEOP Twelve non-seeded native plant species were identified.  Self-reproducing plant community 


has been observed in Area 1, and to some extent in Areas 2 and 3, of the SOEP.  Plant 


communities are evolving on Areas 4 and 5.  


105 April 2009 


 


Evaluation of 2008 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System Colstrip Steam Electric Station 


Colstrip, Montana, Hydrometrics, Inc. 


Annual Water Resources Report Groundwater monitoring was conducted at 123 sites in 2008.  Wells 990D through 999D and 


2000D were installed.  Wells 991A, 993D, 994A, 997A, 998A and 200D were converted to 


groundwater capture wells. 


 


Water quality in East Fork Armells Creek showed continued improvement in 2008. 


Water quality continued to improve at capture wells 380D, 383D, 393D, 910A, 913A, 916A 


and 976D.   


 


Water quality at capture wells 379D, 960D, 961D, 962D, 963D, 968D and 969D declined. 
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106 May 2009 PPL Montana, LLC 377A Expansion 


Installation, Startup, and Performance.  


Hydrometrics, Inc. 


Installation of monitoring wells) southeast of 


the STEP Main Dam.  Evaluation of 


groundwater conditions as they relate to 


potential process pond water impacts.  Well 


testing and sampling. 


Wells 990D, 991A, 992D, 993D, 994A, 995DD. Wells 996D, 997A, 998A, 999D, and 2000D 


were installed as a second phase based on results of water quality observed in the initial wells.  


The “A” wells target alluvium, the D wells targeted sub-McKay, and the “995DD” well 


targeted a much deeper interval.  Estimated well yields were small for all wells ranging from ½ 


gpm to 2 gpm.  Calculated hydraulic conductivity ranged from 0.03 to 4.2 feet per day.  Based 


on laboratory analytical results wells and to augment existing capture in the area, wells 991A, 


993D, 994D, 997A, 998A, and 200D were converted for groundwater capture in 2008.  


Pumping from the wells began in late 2008.  Initial groundwater level data suggest the addition 


of the capture wells has resulted in a broader range of capture north and south along the line of 


new and existing wells.  The report recommended additional wells in the vicinity of well 


2000D. 


107 May 28, 2009 Geophysical Survey Services Streaming 


Potential (SP) Profile and Mapping PPL 


Montana, LLC 377A Area Investigation 


Colstrip, MT, Utility Mapping Services 


A streaming potential geophysical 


investigation was conducted east of the STEP 


Main Dam to find anomalies that could 


potentially be related to flowpaths of 


impacted groundwater 


Surveys were conducted on 50 foot centers along two north-south and one east-west oriented 


profiles.  Two significant anomalies were detected but were considered the result of buried 


metal or utilities.  Interference from background “noise” made interpretation difficult.  Several 


low level anomalies were identified but none that would clearly indicate impacted groundwater 


flow paths. 


108 July 2009 PPL Montana, LLC 2009 Pond Capacity 


Survey, Hydrometrics, Inc. 


 


Pond survey conducted so remaining capacity 


and water volumes could be calculated.  Both 


the old Clearwell and Cell E were surveyed. 


Cell E was calculated to have a remaining capacity of approximately of about 1.45 million 


cubic yards.  This is a decrease in space of about 0.51 million cubic yards since the 2006 


survey.  The flyash volume in the Old Clearwell was calculated at 0.26 cubic million yards, 


with a remaining capacity of about 0.22 million cubic yards.  


109 July 14, 2009 Technical Memorandum:  2009 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc. 


Report on 2009 synoptic run on East Fork 


Armells Creek.  Existing sites were used for 


surface water and groundwater sample 


collection as well as flow measurement.  


Included sampling of thirteen surface water 


sites and one treated sewage effluent pond 


and 19 groundwater samples from stream 


bank sites. Stream flow measurements. 


Flows were near average of previous events; flow increased overall from upstream to 


downstream.  Flows decreased between AR-5 and AR-3 likely due to groundwater capture on 


the Plant Site.  Flow also dropped between AR-1 and AR-9 possibly related to Townsite water 


use or precipitation patterns.  Flow decreased between AR-11 and AR-10 whereas an increase 


has been observed in this reach in past events.  A compound weir will be installed at AR-10 in 


2009 so more accurate flows may be obtained. 


 


Water quality trends (areas where concentrations typically increase or decrease) were 


generally similar to previous events.  However, indicator parameters sulfate, TDS and boron 


were lower and ratios of calcium to magnesium were higher.  Chloride concentrations were 


slightly higher than the average for previous events in the upper reaches but about average 


downstream of AR-2. 


 


Where groundwater samples were collected from both sides of the creek, TDS concentrations 


were higher at AR-5, AR-4, AR-1, Ball Park, and AR-11 and were higher on the east side at 


AR-3 and AR-6.  The highest TDS and SC in groundwater were at the west bank at AR-4. 


 


 


 


 


110 November 2009 


 


 


 


 


 


Field Observations Report Colstrip Steam 


Electric Station Colstrip, Montana August 31- 


September 3, 2009, U.S. EPA 


The Waste and Chemical Enforcement 


Division, Office of Civil Enforcement in 


conjunction with the Office of Compliance 


and U.S. Environmental Protection Agency 


conducted an investigation into a variety of 


industrial sectors to evaluate the extent of 


This sampling was conducted on the plant site for water streams going to various operating 


areas.  None of the samples were directly collected from the SOEP or STEP areas.  However, a 


review is provided due to possibility that some of the water could potentially reach the STEP, 


except for oil/water separator samples, which are restricted to, an managed at, the Plant Site.   
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November 2009 


(continued) 


illegal disposal of hazardous wastes in surface 


impoundments. The purpose of the inspection 


was to determine compliance with RCRA, 


Clean Water Act Emergency Planning and 


Community Right to Know (EPCRA) and 


other statutes.  This report contained a 


summary of that investigation.   


 


The investigation included meetings with 


company representatives, site walkthrough, 


soil and water sampling, and closing 


conference.   


Nine aqueous and one solid sample were collected and analyzed for volatile organic 


compounds, semi-volatile organic compounds, metals and for TCLP. None of the samples 


analyzed exceeded the TCLP regulatory limit.  Arsenic was the only metal above detection by 


TCLP analysis but was well below the 5 mg/L regulatory limit.  Results of total metals 


analyses were all relatively low or non-detect.  Elevated levels of several organic and 


inorganic constituents were present in the soil sample from the oil/water separator near the 


entrance to the Buildings and Grounds Maintenance. 


111 December 2009 Interim Report of 2009 Activities on 1&2 and 


3&4 Ash Disposal Ponds. Reclamation 


Research Group 


Evaluate drainage through the surface cap of 


the reclaimed Stage I Evaporation Pond 


Species richness, perennial grass cover, and production were low in Area 5 of the SOEP.  


Perennial forbs were missing from both Areas 4 and 5 but perennial grass production was good 


on Area 4.  Boron levels in vegetation may be increasing, especially in perennial grasses in 


Areas 4 and 5. 


112 April 2010 Report of Water Balance Activities on Phase 


1 Ash Disposal Ponds.  Reclamation Research 


Group. 


Investigate the performance of the engineered 


cap on the SOEP. 


An alternative approach, requiring hydraulic characterization of the cap and flyash was 


proposed.  Data for this effort were collected for future analysis.  Estimates of the amount of 


precipitation percolating through the cap using mass balance analysis was 47% and the water 


storage within the soil layer declined by around 20%. 


113 June 8, 2010 


 


Evaluation of 2009 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System Colstrip Steam Electric Station 


Colstrip, Montana, Hydrometrics, Inc. 


Annual Water Resources Report Monitoring was conducted at 123 sites.  Well 356D, which was completed over multiple 


intervals, was abandoned.  Wells 2001A and 2002A were installed in the SOEP. 


 


A compound weir was installed at the location of the PBR flume in an attempt to reduce 


submergence effects that were common to the site.  The wing-walls of the original Parshall 


flume were used to anchor the weir.  Based on the flows measured with the weir, it appears 


earlier flows calculated for this site may have been high. Water quality in East Fork Armells 


Creek continued to show improvement. 


 


In the SOEP area groundwater quality at wells 976D, 368D, 376D, improved.  Declines in 


water quality were observed at wells 367D and 373D. 


 


Water quality declined at capture wells 378A, 379D, 905D, 927D, 961D, 962D, 963D, 997A, 


and 998A and at monitoring wells 360A and 395D. 


 


Water quality improved at capture wells 380D, 383D, 393D, 968D, 984D, 988D, 993D, 994A, 


997A, and 2000D. 


 


Water quality improved at downgradient wells 916A and 938A. 


 


Water quality improved at wells PW-723 and PW-724 in 2009. Private well PW-718 was 


abandoned.  Other private wells showed no change in water quality. 


114 June 11, 2010 


 


 


 


2000D Area Investigation Drilling Investigation report summarizing drilling, 


geophysical anomalies, water quality results, 


pump/slug testing. 


Monitoring wells 2003D, 2004D, 2005D, 2006D, and 2007D were installed in April 2010 at 


locations of geophysical anomalies and/or at areas where additional subsurface data were 


needed.  Wells were developed, sampled, pump and/or slug tested.   Water sampled from 


2003D appeared to have process water impacts and it was recommended that the well be 
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June 11, 2010 (continued) converted for capture.  Water from 2004D had indicators of pond water impacts but were not 


conclusive and the well yield was too low for the well to be an effective capture point.  An 


additional well was recommended south of 2004D to evaluate the quality and option of 


converting this well for capture. 


115 July 2010 Technical Memorandum:  2010 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc. 


Report on 2010 synoptic run on East Fork 


Armells Creek.  Existing sites were used for 


surface water and groundwater sample 


collection as well as flow measurement. 


Overall flow was below the average of those previously measured through the monitoring sites 


within the SOEP and STEP site boundary. Lower flows are likely related in part to 


groundwater capture efforts at the Plant Site.  Concentrations of chemical constituents tended 


to be at or near historical lows at most sites.    


116 November 3, 2010 Well 2003D Conversion and Well 2008 


Installation, Hydrometrics, Inc. 


Summary of well 2003D conversion and 


installation and testing of well 2008D. 


Monitoring well 2008D was installed in August 2010.  The estimated yield of 2008D was 5 


gpm.  Water quality show characteristics of slight process water impacts. Well 2003D was 


converted for groundwater capture and it was recommended that well 2008D. 


117 December 2010 Report of the 2010 Water Balance Activities 


on Phase 1 Ash Disposal Ponds An Update of 


On-going Monitoring at the Stage ! Ash 


Disposal Ponds, Colstrip, MT  Reclamation 


Research Group 


Results of a study to quantify the percentage 


of precipitation water that percolates through 


the engineered soil cap on the SOEP. 


New instrumentation was installed to evaluated water movement through the SOEP cap. 


Increase rainfall events were indicated by an increase in soil electrical conductivity.  The mass 


balance analysis indicated that 47% of the precipitation water percolated through the soil cover 


between November 2009 and 2001 percolated through the cover, while 73% evaporates.  


Higher numbers do not reflect overall cap performance but were more a function of a 


reduction in the caps water storage over the period caused by an exceptionally wet fall in 2009. 


118 December 2010 Plant Diversity and Boron Studies Adjacent to 


the Power Plan Ash Disposal Ponds, Colstrip, 


Montana 2010. Reclamation Research Group 


Study of plant species and boron levels in 


vegetation on the SOEP. 


The SOEP cap was installed as part of closure plants, for cover to prevent erosion by wind and 


water, and to store and release water from precipitation through evapotranspiration. To serve 


this purpose, the plant community on the cap must be adapted to climatic and animal grazing 


conditions.  Plant succession has occurred for 14 years.  Monitoring conducted in 2010 


suggested the native plant species are healthy and thriving on the cap.  Most water from 


precipitation is transpired by plants.  The presence of perennial native forbs is an indication 


that the soil in the cap is stable and that some stability of the plant community is being 


exhibited. The presence of unseeded plants is evidence that seed for these species is being 


transported to the cap from the adjacent rangeland.  Some early flowing perennial forbs were 


not observed in 2010, possibly the result of invasive yellow sweetclover.  Area 1 had few open 


soils, whereas larger areas of open soil were observed on Areas 2 through 5. Grazing could 


continue under the current low-intensity program. 


 


Elevated levels of boron were observed in Western wheatgrass.  This may be indicative that 


roots are growing through the cap and into the underlying flyash. 


119 December 29, 2010 Technical Memorandum:  STEP Future Cell 


C Monitoring Well Installation.  


Hydrometrics, Inc. 


Describes installation, testing, and sample 


analysis for three monitoring well near future 


STEP C Cell 


Wells 2009D, 2010D, and 2011D were installed October 18, 2010.  The wells were installed 


into sub-McKay sandstone at depths ranging from 112 to 124 feet.  One-hundred minute single 


well pump tests were conducted at each location.  Well yield varied from about 3 to 7 gpm.  


Water quality samples were collected and analyzed.  Results indicated that the groundwater at 


these locations was not impacted by process water. 


120 January 5, 2011 Technical Memorandum – Addendum: Well 


2012D Installation –. Hydrometrics, Inc. 


Addendum to Technical Memorandum Well 


2003D Conversion and Well 2008D 


Installation – describes installation and 


conversion of well 2008D.  


Well 2008D was installed August 13, 2010.  The well was installed to serve as a capture well 


provided the yield was sufficient for effective capture.  The well was installed near well 2004D 


which showed a chemical signature consistent with process water impacts but had a yield that 


was insufficient for effective groundwater capture.  Groundwater quality at 2008D was 


indicative of process water impacts and based on pumping tests had a yield that was 


considered sufficient for groundwater capture.  The well was recommended for conversion as a 


groundwater capture well.  In addition, well 2003D, which was installed during a previous 


investigation was converted to a capture well and began collecting groundwater in September 


2010. 
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121 February 2011 PPL Montana, LLC 2010 Pond Capacity 


Survey 


Water level and depth were measured on 


STEP Cell E and the Units 3&4 C Cell.  Data 


were used to estimate remaining pond 


capacities and to develop rating curves for 


each cell. 


A remaining service life for Cell E was calculated assuming 38 tons per hour of paste would 


be deposited into Cell E.  This further assumed a 95% run capacity.  A dry density of 81 


pounds per cubic foot was used to calculate a density of 1.1 tons per cubic yard of paste. At 


this rate, Cell E was projected to reach capacity in approximately 5 years from September 


2010. 


122 April 2011 Evaluation of 2010 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System Colstrip Steam Electric Station 


Colstrip, Montana, Hydrometrics, Inc. 


Annual Water Resources Report Monitoring was conducted at 156 sites.  Eight new monitoring wells were installed (2004D 


through 2012D) and four wells were converted for groundwater capture (922A, 958D, 2003D 


and 2008D).  Fifty-six capture wells operated in 2010.  RRG continued investigation of the 


SOEP cap.  


 


Sample analysis of East Fork Armells Creek water showed similar levels of chemical 


constituents to 2009, which are near the lowest measured. 


 


A trend of improving water quality continued at well 368D.  Groundwater quality also 


improved at capture wells 376D, 375D and EAP-205 and 369D.  Water quality also improved 


at well 391D-P.  Water quality declined at upgradient well 373D. 


 


Water improved at wells capture wells 955D and 958D 


 


Water quality at monitor well 909A, upgradient of 910A and 913A, showed increases of boron 


and chloride and decreases of other indicator parameters.   


 


Water quality declined at wells 360A, 395D 961D, 962D and 963D while it improved at wells 


379D, 380D, 383D and 393D. 


 


Water quality at 916A, 935A, 936A and collection well 938A has shown improvement over 


the last three years. 


 


Private well PW-704 showed improved water quality.  Water quality at the other private wells 


was similar to the previous year. 


 


123 August 2011 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Technical Memorandum:  2011 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling 


Report on 2011 synoptic run on East Fork 


Armells Creek.  Existing sites were used for 


surface water and groundwater sample 


collection as well as flow measurement.  


Thirteen surface water sites were monitored. 


Flows measured in 2011 were mostly higher than the average for previous synoptic runs.  As 


in previous years, an overall net increase in flow was observed from the uppermost site to the 


site AR-10, located the farthest downstream.  Flow decreased, however, between sites AR-5 


and AR-3, likely a result of groundwater capture at the Plant Site.  2011 was a wet year with 


greater than 20 inches of precipitation falling, much of it in the spring.  The high precipitation 


may have been responsible for the highly variable flows measured in 2011. 


 


Water quality trends were generally similar to previous years.  However, the concentrations of 


chemical constituents tended to be at or near historical lows, when compared to previous 


synoptic runs.  One exception was chloride concentrations which were at, or near, historical 


highs at all sites, except AR-12 which has typically showed higher chloride levels. Generally, 


as streamflow increased, constituent concentrations decreased.  Highest levels were observed 


at AR-12 and the lowest levels were present downstream of AR-1. 
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August 2011 (continued) Groundwater sampled in 2011 was primarily a magnesium-sulfate type, similar to surface 


water.  The lowest concentration of chemical constituents was observed on the east bank near 


AR-1 while the highest concentrations were on the west bank near AR-4. 


124 September 2011 PPL Montana, LLC Colstrip Electric Station 


Water Resources Monitoring Plan, PPL 


Montana, LLC 


Water Resources Monitoring Plan Outlines surface water and groundwater monitoring that is conducted for the operational water 


resources monitoring program.  Monitoring sites, methods, and analytical parameters, 


frequency, quality control and quality assurance are all described.  Contents of the annual 


water resources monitoring reports are based on data collected under this plan. The report 


supersedes previous plans. 


125 September 21, 2011 Technical Memorandum:  985A Area Well 


Network Enhancements and Evaluation.  


Hydrometrics, Inc. 


Investigation and evaluation of the alluvium 


near capture well 985A, including well 


drilling, water quality sampling, aquifer 


testing and evaluation. 


Monitoring wells 2013A through 2017A were installed in July 2011.  The wells were tested 


and sampled.  Well 360A was deepened in an attempt to increase the yield so the well would 


be an effective groundwater capture point. Well 363A was abandoned.  The well had been dry 


since its installation in 1988.  Following an evaluation of data collected during the 


investigation it was concluded that process pond impacted water was present in the alluvium at 


wells.  Based on flow evaluation, well yield, and the location of existing capture systems it 


was recommended that wells 2013A and 2016A be converted for groundwater capture.  Water 


at 2014A and 2015A was to be monitored.  Groundwater at this location flows toward capture 


wells 910A and 913A.   


126 December 2011 Report of the 2011 Water Balance Activities 


on Phase 1 Ash Disposal Pond - An Update of 


ON-going Monitoring at the Stage1 Ash 


Disposal Ponds, Colstrip, MT.  Reclamation 


Research Group.  


Results of a 2011 study to quantify the 


percentage of precipitation water that 


percolates through the engineered soil cap on 


the SOEP. 


Results of an ongoing investigation including field measurements to be used to evaluate the 


performance of the soil cover on the SOEP.  Results of the mass balance analysis indicated 


43% of precipitation water percolated through the soil cover over the past two years, 62% 


evaporated, and storage within the soil layer declined by about 5%. 


127 December 2011 Plant Diversity and Boron Studies on the 


Stage 1 Ash Disposal Pond Cap and Areas 


near the Effluent Holding Ponds, Colstrip, 


Montana 2011. Reclamation Research Group 


Study of plant species and boron levels in 


vegetation on the SOEP. 


Management methods were recommended to help reduce the dominance of Yellow 


sweetclover on the cap. Normal climatic patterns should also reduce the amount of Yellow 


sweetclover.  Several plant species were not identified either because of an absence or the 


extreme Yellow sweetclover cover.  Temporal and spatial variations in boron levels in the cap 


vegetation were observed.  Vegetation in Area 5 had elevated boron levels.  Less Yellow 


sweetclover seemed to be present in areas with higher boron concentrations. 


128 May 2012 DRAFT Groundwater Model Expansion and 


Calibration Stage I and II Evaporation Ponds 


Area Colstrip Steam Electric Station, Colstrip, 


Montana.  AMEC Geomatrix  


Groundwater model of the STEP, expanded to 


include the SOEP. 


Report described model development including the refinement of the conceptual groundwater 


model, hydrostratigraphy, hydrogeology, groundwater flow, model design and input 


parameters, sensitivity analysis, and model calibration.  The model was then used as a tool to 


conduct a capture analysis for existing groundwater capture wells, drains, etc. in the SOEP and 


STEP areas.  Results of the capture analysis shows some particle tracks extending from the 


SOEP northward beyond capture systems.  Particles released in the STEP area travel northeast 


and east below the ponds.  Particles from this area traveling east are captured by wells east of 


the dam.  Particles released in deep layers downgradient of the STEP flow are simulated to 


flow past well 970D, although the low permeability of the system limit the distance. Particles 


originating on the north side of the STEP travel northeast where no capture currently exists.   


Particles in the East Fork Armells Creek alluvium are captured by existing capture wells.  


Model recommendations included installation of two wells between existing wells 902D and 


903D, one screened at first water and the second screened similar to 903D.   
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129 June 2012 Evaluation of 2011 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System Colstrip Steam Electric Station 


Colstrip, Montana, Hydrometrics, Inc. 


Annual Water Resources Report Monitoring was conducted at 210 sites in the spring and 165 sites in the fall.  Activities 


conducted in 2011 included: installation of wells 2013A through 2021D; conversion of 2008D, 


2013A and 2016A to capture wells; conversion of 985A to a long-term capture wells; 


abandonment of wells 381A, 954D, and 956D (wells 2018D and 2019D were installed as 


replacement wells); monitoring and operation of 56 capture wells, continued studies on the 


SOEP cap; and construction of Cell D. 


 


Water quality in East Fork Armells Creek improved and flows were higher than average 


during a spring synoptic run.  Precipitation was well above average in 2011. 


 


In the SOEP area water quality improved at 369D and 391D-P, and EAP-208.  A slight decline 


in water quality was observed at well 926S. 


 


In the STEP area, groundwater at 958D continued to be vastly improved since pumping began.  


Well 384D showed slightly lower water quality.   


 


East of the STEP Main Dam, water quality declined at wells 912D, 961D, and 963D.  Water 


quality improved at well 380D, 382A, 383D, 393D, 909A, 934D, 968D, 989D, 2000D, and 


2004D. 


 


Water from downgradient monitoring wells 915A, 935A, 936A, 938A, 941A-P 943A showed 


overall improvements in 2011 over the previous three years.  Water at capture well 944A had 


an increase in concentrations of indicator parameters, except for boron, which was similar to 


previous years.  


 


Water quality at well PW-704 improved.  Higher concentrations of indicator parameters were 


noted for wells PW-708, PW-723, PW-724 and PW-733.  Well PW-708 had not been pumped 


or sampled for several years.  Concentrations of indicator parameters have dropped in 


subsequent sampling.  Water quality changes at these wells do not appear to be related to 


process water 


130 August 1, 2012 Letter Report/Spill and remediation 


notification from PPL to MDEQ, PPL 


Montana 


 


Reporting and summary of mitigation efforts 


associated with a July 24, 2012 spill. 


July 24, 2012 - Process water was discovered at 0730 hours flowing out of the STEP return 


line high point valve vault (See details Table 3-1). The system was immediately shut down.  


Water flowed downhill from the valve box into an area that contained stockpiled topsoil.  Most 


of the water was contained by a silt fence.  Some water, however, did flow under the silt fence 


and flowed along a monitoring well access road.  Cleanup bean that afternoon.  About 480 


yards of impacted soil was removed and hauled to STEP Cell A.  Most of the water below the 


silt fence had infiltrated and evaporated within a couple of days 


131 September 2012 PPL Montana, LLC 2012 Pond Capacity 


Survey 


Water level and depth were measured on 


STEP Cell E and the Units 3&4 C Cell.  Data 


were used to estimate remaining pond 


capacities and to develop rating curves for 


each cell 


A remaining service life for STEP Cell E was estimated to be about 3.6 years.  Estimates were 


based on 95% operating capacity, 38 tons per hours of paste disposal, and a dry density of 81 


pounds per cubic foot. 
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132 October 31, 2012 Summary Report of Industrial Hygiene 


Monitoring Units 1 and 2 – Paste Plan, Water 


Treatment Unit, Mister Units – Normal 


Operations Colstrip Steam Electric Station 


Colstrip, Montana.  TetraTech Project 


Number 114-551069. TetraTech 


Present results of ambient air monitoring 


conducted at the STEP in association with 


forced evaporation.   


Work included collection of ambient air samples and evaluation of the data.  Samples were 


submitted for a wide suite of parameters.  Based on the laboratory results, measured quantities 


of the subject analytes did not exceed OSHA Permissive Exposure limits. 


133 November 2012 Monitoring Well Installation and 


Groundwater Investigation West/Northwest of 


Stage I and Stage II Evaporation Ponds – 


370D Area 


Examination of current area conditions, 


monitoring well installation, well testing and 


sampling, and reporting to further delineate 


groundwater conditions north of the SOEP 


and STEP New Clearwell. 


Review of current data resulted in installation of wells into the shallow sandstone.  Widespread 


process water impacts don’t exist, although localized areas are affected.  Wells 2022D through 


2026D were installed, tested to define hydraulic parameters, and sampled.  Hydraulic 


conductivity calculated from testing results ranged from 0.08 to 1.9 feet per day, consistent 


with sub-McKay strata in the area. Samples were analyzed at a commercial laboratory.  Water 


from well 2024D was indicative of process water impacts.  A shallow area of potentially 


perched water, with a SC of 4,800 µmhos/cm was identified while well 2025D was being 


drilled.  Based on the results of the investigation, it was recommended that additional wells be 


installed near wells 2024D and 2025D and that well 2024D be converted to a groundwater 


capture well. 


 


134 November 2012 Technical Memorandum:  2012 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc. 


Report on 2012 synoptic run on East Fork 


Armells Creek.  Existing sites were used for 


surface water and groundwater sample 


collection as well as flow measurement.  


Water quality samples were collected from 12 


sites on the creek, one tributary, and one 


treated sewage effluent pond site. 


Flow patterns were generally similar to previous years and were near the averages for previous 


synoptic runs at sites located in the SOEP and STEP study area. 


 


Concentrations of chemical constituents were generally the lowest recorded and well below 


average at all sites.  Exceptions are Nitrate plus nitrite concentrations which were elevated 


when compared to previous events.  The source of the nitrogen is not known but the main 


increase was observed downstream of the sewage treatment plant wastewater ponds and on the 


golf course.  Chloride concentrations were above average.  Boron concentrations were near or 


below 1 at all sites. 


 


As in 2011 the lowest chemical concentrations in groundwater on the creek banks was at AR-1 


(east bank).  The highest concentrations were at the Club House –east site, AR-4 (east side) 


and AR-11 (west side).  


 


135 December 4, 2012 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Plant Community Studies on the Stage 1 Ash 


Disposal Pond Cap, Stage 2 Ash Ponds, and 


Areas Near the Effluent Holding Ponds, 


Colstrip, Montana 2012.  KC Harvey 


Environmental, LLC 


Summary of ongoing plant community studies 


near Colstrip, Montana.  Species richness 


studies are summarized for the SOEP and 


STEP areas, as well as plant tissue and soils. 


Weather conditions were very dry in 2012, potentially affecting plant community composition, 


visual conditions, and possibly boron concentrations on soil study sites.  Soils were very dry 


and vegetation was mostly dormant during the July sampling.  Yellow sweetclover is normally 


present at all sites but was absent from all sites in 2012.  There was 10% growing vegetation 


during the survey. Species richness was measured in each of the five pond areas of the SOEP.  


In 2012, a total of 67 species were recorded, with an average of 45 per area. “The number of 


species found throughout the area is an indication that the area is being colonized by desired 


species in the surrounding native plant communities”.   


 


A summary of the SOEP 2012 survey included the following conclusions: 


- Species richness was high in all areas of the SOEP 


- The SOEP provides a suitable environment for plant growth 


- Desired species seem to be colonizing the plant communities from surrounding areas. 


- Spring indicator species were absent from the May survey due to dry conditions. 


- Vegetation boron concentrations were high as compared to previous years. 
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December 4, 2012 


(continued) 


- Opportunistic sites were difficult to identify due to drought conditions. 


- New Area 6, near the STEP is a good representative site for background boron levels in 


the Colstrip Area. 


- Continued grazing pending production and vigor evaluation in 2013. 


136 December 21, 2012 Water Balance Activities on Phase 1 Ash 


Disposal Pond An Update of On-going 


Monitoring at the Stage 1Ash Disposal Ponds, 


Colstrip, MT 2012.  KC Harvey 


Environmental, LLC – Reclamation Research 


Group 


Results of a 2011 study to quantify the 


percentage of precipitation water that 


percolates through the engineered soil cap on 


the SOEP. 


At any time, the soil cap holds four to eight inches of water, about 25 to 50% of the annual 


precipitation.  No cumulative drainage of water occurred into the ash layer in 2012.  There was 


an upward movement of water due to the low amount of precipitation, and high temperatures, 


which occurred in 2012. About 3.5 times more water exited the cap than entered it.  As a result 


water storage in the cap decreased by 20%.  No overall water accumulation occurred in 2012. 


137 January 2013 Conversion, Startup, and Evaluation of well 


2021D East of Stage Two Evaporation Ponds 


– 985A Area.  Hydrometrics, Inc. 


Work conducted included installation of wells 


2027D through 2030A, water quality 


sampling, capture well conversion, startup, 


and evaluation. 


Four wells were installed east of well 985A as paired sets.  The purpose of the wells was to fill 


data gaps identified through previous investigation.  Water quality samples were collected 


from each well.  Three of the four wells were not impacted by process water.  Well 2030A, 


was ambiguous with respect to process water impacts and additional monitoring was 


suggested.  The well is upgradient of existing capture wells 910A and 913A.  Well 2021D was 


converted for groundwater capture and started pumping November 9, 2012.  Initial pumping 


rates were 9 gpm.  Drawdown was observed in nearby alluvial wells suggesting effective 


capture and indicating a hydraulic communication between the shallow bedrock and alluvium 


at this location. 


138 March 2013 2012-2013 Water Balance Report, Stage 1 


Ash Pond Cap, An Update of On-going 


Monitoring and Eight Year Study Summary, 


Colstrip, Montana.  KC Harvey 


Environmental, LLC 


Summary of ongoing study to quantify the 


water balance of the engineered soil cap on 


the SOEP. 


At any time, the soil cap holds between three to nine inches of water, about 20 to 80% of the 


annual precipitation. Snowmelt and ground thaw events in January and March 2013 increased 


the soil water content in the soil cap.  Soil water storage increase by 12% by the end of the 


2012-13 water year.  During the 2013 growing season, 83% of the annual precipitation left the 


soil cap through ET.  Approximately 5% of the annual precipitation drained through the soil 


cap.    


139 April 2013 Well PW-704 Abandonment and 


Replacement, Hydrometrics, Inc.  April 2013 


Abandoned private well PW-704 and replaced 


with two other wells. 


Well PW-704 was inspected with a downhole well camera.  Results indicated the well was 


deeper than previously thought and was perforated over a long interval.  Construction details 


were not available so the well was abandoned.  Wells PW-704D1 and PW-704D2 were 


installed at two depths as replacements.  Well PW-704D1 is in a deeper interval and exhibits a 


very low yield.  Initial samples from this well showed indicators of process water.  However, 


the presence of this signature could be the result of the very low yield and the fact that 


impacted strata had to be penetrated during well installation.  Additional sampling was 


recommended for this well.  Well PW-704D2 was completed to a depth of about 80 feet.  


Water from this well showed probable process water impacts.  Additional investigation was 


recommended in the shallow bedrock downgradient of the wells and additional groundwater 


capture was recommended.  


140 April 2013 


 


 


 


 


 


 


 


 


Evaluation of 2012 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System Colstrip Steam Electric Station 


Colstrip, Montana, Hydrometrics, Inc. 


Annual Water Resources Report for 2012 


Data 


The 2012 annual report was submitted to the MDEQ in April 2013.  Monitoring was 


conducted at 203 sites in the spring and 122 in the fall of 2012.  Wells 2022D through 2030A, 


and PW-704D1 and PW-704D2 were installed.  Well PW-704 was abandoned.  Well 2021D 


was converted to a capture well.  Fifty-eight capture wells operated in SOEP and STEP areas 


in 2012. Evaluation of the SOEP cap continued. 


Chemical constituent concentrations were at or near the lowest recorded for synoptic runs 


conducted on East Fork Sarpy Creek.  However, nitrogen concentrations were elevated 


compared to previous events. 
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April 2013 (continued) Water quality declined at well 368D, but remained similar to previous years at nearby 


pumping well 976D.  Water quality improved at well 375D, EAP-205, 369D, 391D-P, and 


977A.  Additional investigation was being conducted north of the SOEP and STEP. 


East of the STEP Main Dam water quality declined at wells 360A, 380D, 932D, 961D, 962D, 


and 963D.  Water quality improved at wells 377A, 378A, 379D, 382A, 383D, 393D, 904D, 


905D, 910A, 913A, 968D, 969D, 988D, 991A, 994A, 997A, 200D, and 2004D. 


141 August 2013 Technical Memorandum:  2013 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc. 


Twelve sites on East Fork Armells Creek, one 


tributary, and one pond were sampled.  Water 


quality samples were collected from each site, 


and flows were measured and/or estimated in 


the creek.  In addition, groundwater levels 


immediately adjacent to the creek were 


measured at 17 sites. 


Precipitation during the year preceding the synoptic run was about 56% of the long term 


average.  Flows measured during the 2013 synoptic run were near, or below average, except at 


site AR-1, where higher flows were measured.  An overall increase in flow was observed from 


AR-12 (farthest upstream) to the AR-10 (PBR Flume – farthest downstream). Groundwater 


elevations were measured at 17 sites and compared to adjacent surface water levels in East 


Fork Armells Creek.  Results indicate the creek is generally gaining downstream of AR-5 to 


AR-1.  Results were variable downstream of AR-1 with some locations suggesting gains from 


groundwater and others indicating probable losses.   


 


In general, concentrations of chemical constituents were below the average for the 14 synoptic 


runs.  Chloride concentrations, however, were slightly above average for all sites except AR-


12.  Calcium to magnesium ratios were all above average.  Loads of chemical constituents 


were calculated for each site and directly correlate with flow and concentrations. 


142 September 2013 Capture System Construction, Startup, and 


Preliminary Performance Evaluation of Well 


2024D – Stage I and II Evaporation Ponds 


Area, Colstrip Steam Electric Station, 


Hydrometrics, Inc.  


Monitoring well installation and evaluation at 


three new wells and conversion of existing 


well 2024D to a capture well.  


Three new monitoring wells (2031D, 2032D, and 2033D) were installed north of the SOEP 


and STEP.  Water quality analytical results of samples collected at each of the three new wells 


indicated that none of the new monitoring wells had groundwater that exhibited process pond 


water impacts.  Each of the three new wells were integrated into PPL’s groundwater 


monitoring program.  Monitoring well 2024D, which had previously been identified as having 


levels of process water indicator parameters consistent with process water impacts, was 


converted to a capture well and began pumping groundwater on 6/19/2013.  In the first two 


months of operation, the new capture system collected an estimated one million gallons of 


impacted groundwater at a rate of approximately 12 gpm. 


143 December 2013 Technical Memorandum: Stage One 


Evaporation Pond Soil Cover Hydrologic 


Evaluation, Hydrometrics, Inc. 


Evaluation of the SOEP soil cap performance 


in controlling infiltration into the fly ash and 


deep percolation recharge to the underlying 


groundwater system. 


After closure of the SOEP, a soil cap was constructed over the pond area to support a 


vegetative cover over the former pond and reduce infiltration of moisture into the underlying 


ash. An evaluation of the cap was conducted that included development of a numerical model 


of unsaturated flow, based in part on detailed monitoring over the past decade of moisture 


movement through the cap.  The base model indicated average groundwater recharge of 3.65 


cm per year, or 8.7% of total precipitation. The sensitivity analysis revealed that saturated 


hydraulic conductivity, potential evapotranspiration, and soil wilting point each have a 


significant effect on model results. Considering the full range of uncertainty in these 


parameters would result in a range of groundwater recharge rates of 1.5 cm to 5.2 cm per year. 


144 December 2013 Plant Community Studies on the Stage 1 Ash 


Disposal Pond Cap, Stage 2 Ash Pond, and 


Areas Near the 3&4 Effluent Holding Ponds, 


KC Harvey Environmental, LLC 


Results of 2013 vegetation study at the SOEP 


and STEP 


Richness, stability, and overall health of the plant communities were evaluated and areas 


where vegetation had elevated boron levels were identified. Species richness was high on all 


ponds.  Desired species are colonizing from surrounding areas and species richness indicates a 


stable community. A total of 65 species were observed. Boron concentrations in vegetation 


were the lowest levels recorded in sixteen years of data collection. 
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145 April 2014 


 


 


 


 


Evaluation of 2013 Hydrologic Monitoring 


Data From Colstrip Units 1-4 Process Pond 


System Colstrip Steam Electric Station 


Colstrip, Montana, Hydrometrics, Inc. 


Annual Water Resources Report for 2013 


Data 


Monitoring wells 2031D, 2032D and 2033D were installed north of the Units 1 & 2 


Evaporation Ponds. Monitoring well 2024D was converted to a collection well and began 


pumping water in June 2013; groundwater capture in the vicinity of this well will continue to 


be evaluated. A total of 59 capture wells operated in the SOEP and STEP Areas in 2013. 


Evaluation of the SOEP cap continued.   


 


Groundwater monitoring in the STEP area included sample collection from 200 monitoring 


sites in the spring and 168 monitoring sites in the fall.  


 


In the SOEP area, water quality improved at well EAP-119. Water quality declined at 


monitoring well 368D such that it was similar to nearby capture well 976D.   


 


East of the STEP Main Dam groundwater quality improved at wells 379D, 380D,394D-P, 


396D-P, 904D, 962D, 968D, 982D, 984D, 991A, 2000D, 2020A 2013A, 2016A, and 2021D.  


Groundwater quality declined East of the STEP at wells 360A, 911D, 927D, 928D, 932D, 


933D, 961D, and 964D.    


146 June 2014 Technical Memorandum:  2014 East Fork 


Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc. 


During the 2014 synoptic run event, fourteen 


surface water sites were sampled including 


twelve sites on East Fork Armells Creek, one 


tributary, and one pond. Water quality 


samples were collected from each site, and 


flows were measured in the creek. Soil 


samples were collected and analyzed from 


thirteen sites along East Fork Armells Creek 


in 2014. In addition,groundwater samples 


were collected immediately adjacent to the 


creek at 17 sites. 


Precipitation during the year preceding the synoptic run was much higher than normal at 169% 


of the long term average. Flows measured during the 2014 synoptic run were above average, 


andalong the upper reach of the creek from site AR-12 through AR-1 and also at sites AR-8, 


AR-6,and AR-11, flows were the highest recorded.  Groundwater elevations were measured at 


19 sites and compared to adjacent surface water levels in East Fork Armells Creek. Results 


indicate the creek is generally gaining through the entire reach from AR-5 to AR-11. Only four 


sites indicated the creek was losing at those locations; however, in each case, the creek was 


gaining on the opposite bank. 


 


Shallow groundwater along East Fork Armells Creek is primarily a magnesium-sulfate type, 


similar to the surface water type, indicating the local connection between the surface and 


groundwater monitoring sites. Constituent concentrations in shallow groundwater varied in 


relation to adjacent surface water sites. In general, groundwater samples near the upper creek 


sites recorded higher constituent concentrations than the adjacent creek samples and 


groundwater samples along the lower creek sites recorded constituent concentrations generally 


similar to or lower than the adjacent creek site samples.  


 


Soil from all sites ranged from silty loam to sandy loam with pH ranging from 7.3 to 7.8 and 


sodium adsorption ratios ranging from 2.03 to 3.92. 


147 August 2014 


 


 


 


 


 


 


 


 


 


 


Well PW-704D2 Capture System 


Construction, Startup Evaluation, and 


Groundwater Investigation – Colstrip Steam 


Electric Station, PPL Montana, LLC, 


Hydrometrics, Inc.  


 


This report contains a discussion of 


procedures and results of groundwater 


investigation and mitigation that were 


completed in the PW-704D2 Area east of the 


Stage I and II Evaporation Ponds  


Monitoring well PW-704D2 was converted to a groundwater capture well to mitigate known 


process water impacts on bedrock groundwater quality; and new monitoring wells 2034D, 


2035A, 2036D, 2037D, and 2038A were installed not only to characterize current groundwater 


quality conditions in bedrock and alluvium of the area but also to evaluate the influence of 


pumping well PW-704D2 on local groundwater. 


 


Groundwater quality at new alluvial wells 2035A and 2038A are not impacted by process 


water. It was recommended that the new alluvial wells continue to be monitored but not 


converted to capture wells.  Groundwater quality at new bedrock wells 2034D and 2037D was 


consistent with that found at well PW-704D2 and is indicative of process water impacts. 


Groundwater quality at 2036D was not impacted.   
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August 2014 (continued) Evaluation of capture at PW-704D2 indicated that this pumping well had a large capture radius 


and was effectively mitigating groundwater quality in the area; however, it was recommended 


that wells 23037D and 2034D also be evaluated for capture.  


148 December 2014 Plant Community Studies on the Stage 1 Ash 


Disposal Pond Cap, Stage 2 Ash Pond, and 


Areas Near the 3&4 Effluent Holding Ponds, 


KC Harvey Environmental, LLC  


Results of 2014 vegetation study at the SOEP 


and STEP 


Richness, stability, and overall health of the plant communities were evaluated and areas 


where vegetation had elevated boron levels were identified. Healthy vegetation conditions 


were observed on the Stage 1 Ash Ponds during 2014 due in part of good spring moisture. A 


total of 48 species were observed. Boron concentrations measured in western wheatgrass were 


generally low and similar to years with good spring precipitation. 


149 March 2015 Technical Memorandum: October 2014 East 


Fork Armells Creek Synoptic Run and 


Groundwater Sampling, Hydrometrics, Inc.  


This was the first synoptic run conducted in 


the fall of the year. During the October 2014 


synoptic run event, 14 surface water sites 


were sampled including twelve sites on East 


Fork Armells Creek, one tributary, and one 


pond. Water quality samples were collected 


from each site, and flows were measured in 


the Creek. Streambed soil/sediment samples 


were collected and analyzed from 13 sites 


along East Fork Armells Creek in October 


2014. In addition, groundwater samples were 


collected immediately adjacent to the Creek at 


19 sites. 


Precipitation during the seven months preceding the synoptic run was higher than normal at 


116% of the long term average. Flows measured during the October 2014 synoptic run were 


below the average flows measured in previous spring events. Groundwater levels in boreholes 


adjacent to the Creek were typically higher than surface water levels. These results indicate the 


Creek is generally gaining through the entire reach from AR-5 to AR-11. 


 


Concentrations of most chemical constituents in samples collected during the October 2014 


synoptic run event were below the average for the period of record at AR-12 to AR-1 and 


slightly above average for the period of record at AR-9 to AR-10. Chloride concentrations 


were observed to be above average at sites AR-3, AR-2, AR-8, AR-7, AR-6, AR-11, and AR-


10. Calcium to magnesium ratios were above average at all sites. 


 


The soil texture classification at all sites ranged from silty loam to sandy loam. Soil pH ranged 


from 7.3 to 7.7 and sodium adsorption ratios (SAR) ranged from 2.17 to 3.98. 


150 April 2015 Evaluation of 2014 Hydrologic Monitoring 


Data From Colstrip Units 1 Through 4 


Process Pond System Colstrip Steam Electric 


Station Colstrip, Montana, Hydrometrics, Inc.  


Annual Water Resources Report for 2014 


Data 


Monitoring well PW-704D2 was converted for groundwater capture. Monitoring wells 2034D, 


2035A, 2036D, 2037D, and 2038A were installed to characterize current groundwater quality 


conditions near PW-704D2. Private well PW-708 was abandoned after spring monitoring was 


completed. Capture well 2024D was plugged and abandoned because an unidentified 


obstruction rendered it inoperable.  New well 2024D-2 was installed at a paired location with 


the old well.  New well 2024D-2 was converted to a capture well and has been operational 


since September 2014.Groundwater monitoring included sample collection from 197 


monitoring sites in the spring and 169 monitoring sites in the fall. 


 


Two spills were reported in the STEP Area in 2014.  On July 6, 2014, less than 1,000 gallons 


of slurry was released from a failed vent on Units 1&2 Paste Plant pipeline located between 


STEP Cells D and E.  Water infiltrated into ground.  The valve was isolated and repaired. On 


July 30, 2014, approximately 1,000 gallons of water was released when a motor grader blade 


contacted and severed the buried pond return water line near the STEP Clearwell Pump house.  


The line was out of service at the time and water gravity drained from the break.  The 


impacted soil was removed and placed into Cell A of the STEP.  The line was repaired. 


 


In the SOEP area, groundwater quality declined at well 368D, 376D, 375D, and EAP-205. 


Groundwater quality improved at 391D-P.  


 


East of the STEP Area, water quality declined at wells 960D, 962D, 969D, 358D, 358T, 932D, 


988D, and 981D.  Water quality generally improved at wells 382A, 396D-P, 963D, 984D, 


989D, 928D, 934D 994A, 997A, 2003D, 2013A, 2016A, 2020A, and 2021D.   
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UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 
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 DATE INVESTIGATION/REPORT SCOPE FINDINGS/RESULTS 


151 September 2015 Technical Memorandum: Groundwater 


Monitoring and Potential Capture Well 


Conversion for Wells 2034D and 2037D in 


the PW-704D2 Area, Talen Montana, LLC - 


Colstrip Steam Electric Station, Colstrip, 


Montana. Hydrometrics, Inc. 


Results of ongoing groundwater monitoring in 


the area of monitoring well 2037D and 


capture well PW-704D2. 


Hydrometrics, Inc. (August 2014) initially recommended converting 2037D into a capture well 


and installing an additional monitoring well west (upgradient) of well 2037D that would target 


first groundwater in sub-McKay bedrock.  However, additional water quality samples have 


been collected at well 2037D and results from these samples show an improving water quality 


trend. It was recommended to continue monitoring at wells in this area rather than converting 


new capture wells.  


152 December 2015 Plant Community Studies on Stage 1 and 2 


Ash Disposal Ponds and Areas Near Units 


3&4 Effluent Holding Ponds, KC Harvey 


Environmental, LLC  


Results of 2014 vegetation study at the SOEP 


and STEP 


Richness, stability, and overall health of the reclamation plant communities were evaluated 


and areas where vegetation had elevated boron levels were identified. Healthy vegetation 


conditions were observed on the Stage 1 Ash Ponds during 2015 due in part of moderate 


amounts of spring moisture. A total of 48 species were observed in 2015 with a 10-year 


average for species richness of 49 species. 
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TABLE 3-3.  GROUNDWATER QUALITY BACKGROUND SCREENING LEVELS 


(BSLs) 


 


TALEN MONTANA, LLC 


COLSTRIP STEAM ELECTRIC STATION 


ADMINISTRATIVE ORDER ON CONSENT 


UNITS 1 & 2 STAGE I AND II EVAPORATION PONDS SITE REPORT 


 


 BSL 


Alluvium 


BSL 


Clinker 


BSL 


Coal-


Related 


Bedrock 


BSL 


Sub-


McKay 


Physical Properties 


pH (lab), standard units (s.u.)(2) NA NA NA NA 


Specific Conductivity (Lab)(µmhos/cm) 4,270 5,310 3,550 4,470 


Total Dissolved Solids Measured at 180oC 4,000 5,170 3,160 3.710 


Common Ions (inorganics) 


Bicarbonate as HCO3 NC NC NC NC 


Carbonate as CO3 NC NC NC NC 


Sulfate (SO4), mg/L 2,600 3,160 2,061 2,200 


Chloride (Cl), mg/L 45 34 20(1) 24 


Bromide (Br), mg/L 5.0(1) 10(1) 10(1) 5 


Trace Elements (metals, dissolved) 


Boron (B), mg/L 1.6 4.0 1.1 1.3 


Calcium (Ca), mg/L 378 367 351 313 


Magnesium (mg/L) 409 524 303 289 


Mercury (Hg), mg/L* 0.001(1) 0.001(1) 0.001 0.001 


Potassium (K), mg/L 16.7 30 15 15 


Selenium (Se), mg/L 0.009 0.01 0.005 0.005 


Sodium (Na), mg/L 372 586 383 858 


Neptune and Company, January 2016 


 


Note: No Spoil exists in the STEP or SOEP 


NC -  BSL not calculated 


(1) – data failed statistical rules, BSL listed as maximum non-detect values 


(2) – pH BSL not applicable (NA) 


 







TALEN MONTANA, LLC


COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT


UNITS 1 and 2 STAGE I and II EVAPORATION PONDS SITE REPORT


2010


Date of SWL Measuring point WL Elevation Date of SWL Measuring point WL Elevation Date of SWL Measuring point WL Elevation


Well Measurement (feet) (feet above MSL) (feet above MSL) Well Measurement (feet) (feet above MSL) (feet above MSL) Well Measurement (feet) (feet above MSL) (feet above MSL)


946 10/05/10 39.21 3307.16 3267.95 394D-P 10/05/10 60.70 3254.51 3193.81 956D 10/05/10 48.62 3269.74 3221.12


947 10/26/10 29.63 3306.83 3277.20 396D-P 10/05/10 61.34 3254.70 3193.36 957M 10/05/10 40.76 3292.3 3251.54


2000D 10/05/10 42.26 3212.75 3170.49 397D 10/05/10 129.40 3269.26 3139.86 959D 10/05/10 48.24 3264.81 3216.57


2001A 10/05/10 37.27 3305.08 3267.81 398D 10/05/10 73.03 3268.43 3195.40 960D 10/06/10 124.37 3227.83 3103.46


2002A 10/05/10 33.92 3305.39 3271.47 399D 10/05/10 104.67 3267.45 3162.78 961D 10/06/10 69.59 3226.27 3156.68


2003D 10/05/10 35.40 3212.09 3176.69 902D 10/05/10 98.50 3298.74 3200.24 962D 10/27/10 71.03 3185.53 3114.5


2004D 10/05/10 36.31 3227.86 3191.55 904D 10/05/10 40.68 3204.10 3163.42 963D 10/04/10 100.93 3204.14 3103.21


2005D 10/05/10 36.78 3215.01 3178.23 905D 10/06/10 60.53 3197.14 3136.61 964D 10/05/10 49.9 3206.33 3156.43


2006D 10/05/10 32.48 3214.83 3182.35 906D 10/06/10 54.13 3182.71 3128.58 965D 10/05/10 51.92 3229.8 3177.88


2007D 10/05/10 78.31 3277.96 3199.65 907D 10/05/10 55.31 3223.07 3167.76 966A 10/05/10 62.16 3305.95 3243.79


2008D 10/05/10 32.18 3220.35 3188.17 908A 10/30/10 16.89 3182.68 3165.79 967P 10/05/10 33.35 3305.66 3272.31


350D 10/05/10 103.24 3271.43 3168.19 909A 10/05/10 16.59 3185.91 3169.32 968D 10/20/10 112.06 3233.69 3121.63


351D 10/05/10 95.56 3248.16 3152.60 910A 10/05/10 29.76 3185.18 3155.42 969D 10/04/10 123.35 3222.79 3099.44


353T 10/05/10 91.21 3240.44 3149.23 911D 10/06/10 60.21 3201.22 3141.01 970D 10/04/10 76.24 3227.88 3151.64


354D 10/05/10 63.39 3280.51 3217.12 912D 10/05/10 49.74 3211.20 3161.46 971D 10/05/10 86.22 3238.35 3152.13


355D 10/05/10 72.51 3276.22 3203.71 913A 10/05/10 26.57 3187.81 3161.24 972D 10/05/10 39.46 3188.49 3149.03


357A 10/05/10 7.08 3131.95 3124.87 915A 10/05/10 7.68 3147.39 3139.71 973D 10/05/10 42.02 3191.48 3149.46


358D 10/05/10 66.37 3216.54 3150.17 916A 10/08/10 11.25 3157.18 3145.93 974D 10/05/10 22.92 3246.72 3223.8


358T 10/05/10 91.21 3215.64 3124.43 917A 10/05/10 11.91 3183.66 3171.75 975D 10/05/10 81.01 3274.57 3193.56


359D 10/05/10 33.26 3182.45 3149.19 918A 10/05/10 11.09 3172.52 3161.43 976D 10/05/10 68.70 3314.94 3246.24


360A 10/05/10 19.39 3184.17 3164.78 919D 10/05/10 24.73 3172.32 3147.59 977A 10/05/10 21.66 3303.3 3281.64


361D 10/05/10 137.85 3285.38 3147.53 920A 10/05/10 68.17 3309.04 3240.87 978S 10/05/10 32.74 3315.55 3282.81


362D 10/05/10 125.11 3282.85 3157.74 921A 10/05/10 42.65 3271.35 3228.70 979S 10/05/10 32.05 3315.2 3283.15


364D 10/05/10 76.41 3352.84 3276.43 922A 10/05/10 42.72 3274.05 3231.33 980AN 10/05/10 15.89 3276.33 3260.44


366S 10/05/10 15.57 3296.42 3280.85 923A 10/05/10 52.63 3270.08 3217.45 981D 10/05/10 69.3 3208.57 3139.27


367D 10/05/10 88.26 3352.02 3263.76 924A 10/04/10 76.67 3270.96 3194.29 982D 10/05/10 39.27 3200.31 3161.04


368D 10/05/10 40.81 3317.58 3276.77 926S 10/05/10 22.28 3303.77 3281.49 983D 10/05/10 29.67 3188.82 3159.15


369D 10/05/10 61.98 3331.78 3269.80 927D 10/05/10 93.43 3205.77 3112.34 984D 10/06/10 41.38 3190.48 3149.1


370D 10/05/10 50.52 3335.82 3285.30 928D 10/05/10 96.21 3206.17 3109.96 985A 10/06/10 37.80 3197.40 3159.6


371D 10/05/10 36.90 3319.36 3282.46 929D 10/05/10 73.53 3299.81 3226.28 986D 10/05/10 57.31 3195.87 3138.56


372D 10/05/10 57.12 3334.09 3276.97 930C 10/05/10 DRY 3420.29 DRY 987D 10/06/10 77.49 3196.09 3118.6


373D 10/05/10 86.85 3374.58 3287.73 931C 10/05/10 DRY 3415.98 DRY 988D 10/06/10 68.51 3210.40 3141.89


374S 10/05/10 32.00 3316.24 3284.24 932D 10/06/10 96.00 3205.55 3109.55 989D 10/06/10 54.91 3210.30 3155.39


375D 10/05/10 98.14 3308.33 3210.19 933D 10/06/10 93.13 3204.79 3111.66 990D 10/05/10 63.55 3204.47 3140.92


376D 10/05/10 94.20 3307.04 3212.84 934D 10/06/10 57.34 3212.63 3155.29 991A 10/05/10 48.97 3205.19 3156.22


377A 10/05/10 46.43 3204.99 3158.56 935A 11/03/10 4.40 3154.48 3150.08 992D 10/05/10 35.82 3204.48 3168.66


378A 10/05/10 52.88 3206.11 3153.23 936A 11/03/10 3.10 3150.58 3147.48 993D 10/20/10 99.54 3205.08 3105.54


379D 10/06/10 56.57 3204.62 3148.05 937A 11/03/10 3.33 3153.30 3149.97 994A 10/05/10 39.88 3205.23 3165.35


380D 10/06/10 84.87 3255.19 3170.32 938A 10/08/10 7.43 3165.11 3157.68 995DD 10/05/10 89.21 3206.07 3116.86


381A 10/05/10 22.48 3254.87 3232.39 940A 10/08/10 15.66 3176.73 3161.07 996D 10/05/10 60.55 3204.3 3143.75


382A 10/05/10 30.20 3191.05 3160.85 941A-P 10/05/10 16.05 3150.37 3134.32 997A 10/05/10 39.49 3205.11 3165.62


383D 10/06/10 82.98 3257.17 3174.19 942A-P 10/05/10 14.78 3149.95 3135.17 998A 10/05/10 28.91 3205.18 3176.27


384D 10/05/10 38.55 3295.35 3256.80 943A 10/07/10 21.46 3149.73 3128.27 999D 10/05/10 33.3 3204.82 3171.52


385D 10/05/10 88.24 3296.35 3208.11 944A 10/07/10 22.11 3151.21 3129.10 EAP-119 10/04/10 96.98 3298.22 3201.24


386D 10/05/10 73.31 3286.22 3212.91 945A 10/07/10 12.81 3145.76 3132.95 EAP-205 10/05/10 90.15 3307.07 3216.92


387D 10/05/10 40.07 3232.88 3192.81 948M 10/05/10 120.03 3393.48 3273.45 EAP-208 10/05/10 87.74 3319.20 3231.46


388D 10/05/10 31.14 3314.22 3283.08 949D 10/05/10 29.56 3310.06 3280.5 EAP-411 10/05/10 79.97 3249.2 3169.23


389A-P 10/05/10 22.51 3303.33 3280.82 950D 10/05/10 24.91 3287.76 3262.85 EAP-413 10/05/10 40.37 3202.52 3162.15


390D-P 10/05/10 26.48 3303.28 3276.80 951D 10/05/10 70.29 3205.45 3135.16 SP4 10/05/10 5.71 3179.63 3173.92


391D-P 10/05/10 50.59 3331.54 3280.95 952D 10/05/10 55.08 3294.8 3239.72


392D 10/05/10 71.13 3267.41 3196.28 953D 10/05/10 69.17 3275.355 3206.185


393D 10/06/10 78.38 3249.62 3171.24 954D 10/05/10 50.21 3259.81 3209.6


TABLE 3-4: FALL 2010 & FALL 2015 WATER LEVELS
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TALEN MONTANA, LLC


COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT


UNITS 1 and 2 STAGE I and II EVAPORATION PONDS SITE REPORT


2015


Date of SWL Measuring point WL Elevation Date of SWL Measuring point WL Elevation Date of SWL Measuring point WL Elevation


Well Measurement (feet) (feet above MSL) (feet above MSL) Well Measurement (feet) (feet above MSL) (feet above MSL) Well Measurement (feet) (feet above MSL) (feet above MSL)


946 10/07/15 40.79 3307.16 3266.37 362D 10/07/15 121.58 3282.85 3161.27 919D 10/08/15 24.79 3172.32 3147.53


947 10/07/15 30.22 3306.83 3276.61 364D 10/07/15 76.12 3352.84 3276.72 920A 10/07/15 73.39 3309.04 3235.65


2000D 10/13/15 40.20 3212.75 3172.55 366S 10/07/15 15.21 3296.42 3281.21 921A 10/07/15 50.41 3271.35 3220.94


2001A 10/07/15 38.72 3305.08 3266.36 367D 10/07/15 88.06 3352.02 3263.96 922A 10/05/15 72.12 3274.05 3201.93


2002A 10/07/15 34.63 3305.39 3270.76 368D 10/07/15 39.43 3317.58 3278.15 923A 10/07/15 56.46 3270.08 3213.62


2003D 10/05/15 32.59 3212.09 3179.50 369D 10/05/15 49.63 3331.78 3282.15 924A 10/05/15 80.82 3270.96 3190.14


2004D 10/08/15 36.70 3227.86 3191.16 370D 10/07/15 39.78 3335.82 3296.04 927D 10/05/15 95.79 3205.77 3109.98


2005D 10/08/15 36.71 3215.01 3178.30 371D 10/07/15 34.16 3319.36 3285.20 928D 10/05/15 95.06 3206.17 3111.11


2006D 10/08/15 33.24 3214.83 3181.59 372D 10/07/15 55.06 3334.09 3279.03 929D 10/07/15 78.01 3299.81 3221.8


2007D 10/08/15 79.67 3277.96 3198.29 373D 10/07/15 85.82 3374.58 3288.76 930C 10/05/16 DRY 3420.29 DRY


2008D 10/05/15 31.73 3220.35 3188.62 374S 10/07/15 30.59 3316.24 3285.65 931C 10/07/15 DRY 3415.98 DRY


2009D 10/07/15 113.03 3310.08 3197.05 375D 10/05/15 77.46 3308.33 3230.87 932D 10/05/15 55.95 3205.55 3149.6


2010D 10/07/15 99.26 3295.03 3195.77 376D 10/05/15 97.06 3307.04 3209.98 933D 10/05/15 96.91 3204.79 3107.88


2011D 10/07/15 89.95 3285.29 3195.34 377A 10/05/15 46.83 3204.99 3158.16 934D 10/05/15 53.14 3212.63 3159.49


2012D 10/08/15 45.30 3238.12 3192.82 378A 10/05/15 49.23 3206.11 3156.88 935A 10/08/15 4.15 3154.48 3150.33


2013A 10/05/15 21.33 3179.25 3157.92 379D 10/05/15 55.68 3204.62 3148.94 936A 10/08/15 3.05 3150.58 3147.53


2014A 10/08/15 14.08 3176.01 3161.93 380D 10/05/15 84.03 3255.19 3171.16 937A 10/08/15 3.18 3153.3 3150.12


2015A 10/08/15 16.78 3178.65 3161.87 382A 10/05/15 34.93 3191.05 3156.12 938A 10/20/15 7.49 3165.11 3157.62


2016A 10/05/15 41.25 3198.55 3157.30 383D 10/05/15 84.58 3257.17 3172.59 940A 10/08/15 15.83 3176.73 3160.9


2017A 10/08/15 27.37 3190.82 3163.45 385D 10/07/15 89.98 3296.35 3206.37 941A-P 10/08/15 14.92 3150.37 3135.45


2018D 10/07/15 58.20 3277.22 3219.02 386D 10/07/15 75.24 3286.22 3210.98 942A-P 10/08/15 14.09 3149.95 3135.86


2019D 10/05/15 71.56 3278.25 3206.69 387D 10/08/15 40.00 3232.88 3192.88 943A 10/05/15 21.68 3149.73 3128.05


2020A 10/08/15 21.76 3178.50 3156.74 388D 10/07/15 30.46 3314.22 3283.76 944A 10/05/15 21.74 3151.21 3129.47


2021D 10/05/15 43.70 3199.00 3155.30 389A-P 10/07/15 21.71 3303.33 3281.62 945A 10/05/15 13.33 3145.76 3132.43


2022D 10/07/15 68.63 3296.89 3228.26 390D-P 10/07/15 22.85 3303.28 3280.43 948M 10/07/15 119.72 3393.48 3273.76


2023D 10/07/15 64.48 3291.04 3226.56 391D-P 10/07/15 49.52 3331.54 3282.02 949D 10/07/15 28.84 3310.06 3281.22


2024D-2 10/05/15 134.08 3315.13 3181.05 392D 10/08/15 71.46 3267.41 3195.95 950D 10/07/15 24.21 3287.76 3263.55


2025D 10/07/15 74.27 3291.63 3217.36 393D 10/05/15 69.14 3249.62 3180.48 951D 10/08/15 68.52 3205.45 3136.93


2026D 10/07/15 95.54 3310.95 3215.41 394D-P 10/08/15 60.63 3254.51 3193.88 952D 10/07/15 86.11 3294.80 3208.69


2027D 10/08/15 29.15 3188.73 3159.58 395D 10/08/15 44.38 3239.45 3195.07 953D 10/07/15 67.92 3275.355 3207.435


2028A 10/08/15 27.41 3188.74 3161.33 396D-P 10/08/15 61.05 3254.70 3193.65 957M 10/07/15 40.78 3292.30 3251.52


2029D 10/08/15 35.56 3196.12 3160.56 397D 10/07/15 126.45 3269.26 3142.81 958D 10/05/15 72.50 3274.19 3201.69


2030A 10/08/15 36.17 3196.62 3160.45 398D 10/07/15 72.52 3268.43 3195.91 959D 10/07/15 50.20 3264.81 3214.61


2031D 10/07/15 30.47 3291.54 3261.07 399D 10/07/15 103.29 3267.45 3164.16 960D 10/05/15 122.63 3227.83 3105.2


2032D 10/07/15 111.39 3342.92 3231.53 900D 10/07/15 163.71 3303.82 3140.11 961D 10/05/15 119.43 3226.27 3106.84


2033D 10/07/15 91.05 3307.85 3216.80 902D 10/07/15 94.98 3298.74 3203.76 962D 10/05/15 21.62 3185.53 3163.91


2034D 10/08/15 51.20 3199.36 3148.16 903D 10/07/15 104.03 3317.34 3213.31 963D 10/05/15 90.14 3204.14 3114


2035A 10/08/15 36.10 3199.45 3163.35 904D 10/08/15 39.21 3204.10 3164.89 964D 10/07/15 45.65 3206.33 3160.68


2036D 10/08/15 45.12 3194.56 3149.44 905D 10/05/15 58.03 3197.14 3139.11 965D 10/07/15 52.33 3229.8 3177.47


2037D 10/08/15 54.60 3202.36 3147.76 906D 10/05/15 53.76 3182.71 3128.95 966A 10/14/15 55.55 3305.95 3250.4


2038A 10/08/15 39.61 3203.10 3163.49 907D 10/08/15 55.03 3223.07 3168.04 967P 10/07/15 34.34 3305.66 3271.32


350D 11/05/15 DRY 3271.43 DRY 908A 10/08/15 17.30 3182.68 3165.38 968D 10/05/15 134.61 3233.69 3099.08


351D 10/07/15 95.10 3248.16 3153.06 909A 10/08/15 17.07 3185.91 3168.84 969D 10/13/15 119.27 3222.79 3103.52


353T 10/08/15 90.53 3240.44 3149.91 910A 10/05/15 23.03 3185.18 3162.15 970D 10/05/15 75.47 3227.88 3152.41


354D 10/07/15 63.32 3280.51 3217.19 911D 10/05/15 38.78 3201.22 3162.44 971D 10/07/15 85.77 3238.35 3152.58


355D 10/07/15 72.30 3276.22 3203.92 912D 10/08/15 50.51 3211.2 3160.69 972D 10/08/15 39.55 3188.49 3148.94


357A 10/07/15 4.21 3131.95 3127.74 913A 10/13/15 26.8 3187.81 3161.01 973D 10/08/15 43.16 3191.48 3148.32


358D 10/07/15 65.60 3216.54 3150.94 914D 10/08/15 43.2 3226.7 3183.5 974D 10/07/15 25.71 3246.72 3221.01


358T 10/07/15 64.71 3215.64 3150.93 915A 10/08/15 7.61 3147.39 3139.78 975D 10/07/15 73.96 3274.57 3200.61


359D 10/08/15 32.67 3182.45 3149.78 916A 10/20/15 4.71 3157.18 3152.47 976D 10/14/15 66.00 3314.94 3248.94


360A 10/08/15 22.41 3184.17 3161.76 917A 10/08/15 12.4 3183.66 3171.26 977A 10/07/15 20.65 3303.30 3282.65


361D 10/08/15 133.41 3285.38 3151.97 918A 10/08/15 11.22 3172.52 3161.3 978S 10/07/15 31.91 3315.55 3283.64


TABLE 3-4: FALL 2010 & FALL 2015 WATER LEVELS
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TALEN MONTANA, LLC


COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT


UNITS 1 and 2 STAGE I and II EVAPORATION PONDS SITE REPORT


2015 (Cont.)


Date of SWL Measuring point WL Elevation


Well Measurement (feet) (feet above MSL) (feet above MSL)


979S 10/07/15 30.73 3315.20 3284.47


980AN 10/07/15 16.92 3276.33 3259.41


981D 10/08/15 61.58 3208.57 3146.99


982D 10/08/15 42.69 3200.31 3157.62


983D 10/08/15 29.30 3188.82 3159.52


984D 10/05/15 39.35 3190.48 3151.13


985A 10/05/15 33.58 3197.40 3163.82


986D 10/08/15 50.83 3195.87 3145.04


987D 10/05/15 60.04 3196.09 3136.05


988D 10/05/15 59.88 3210.40 3150.52


989D 10/05/15 56.91 3210.30 3153.39


990D 10/08/15 54.25 3204.47 3150.22


991A 10/05/15 38.37 3205.19 3166.82


992D 10/08/15 32.97 3204.48 3171.51


993D 10/05/15 53.83 3205.08 3151.25


994A 10/05/15 33.24 3205.23 3171.99


995DD 10/08/15 89.13 3206.07 3116.94


996D 10/08/15 51.99 3204.30 3152.31


997A 10/05/15 30.76 3205.11 3174.35


998A 10/05/15 27.24 3205.18 3177.94


999D 10/08/15 30.77 3204.82 3174.05


EAP-119 10/20/15 17.29 3298.22 3280.93


EAP-205 10/05/15 48.84 3307.07 3258.23


EAP-208 10/05/15 88.38 3319.20 3230.82


EAP-411 10/07/15 77.20 3249.20 3172.00


EAP-413 10/08/15 40.03 3202.52 3162.49


SP3 10/08/15 9.94 3188.10 3178.16


SPN 10/08/15 7.95 3187.73 3179.78


SPS 10/08/15 7.52 3193.49 3185.97


PW-704D2 10/05/15 55.14 3201.47 3146.33


TABLE 3-4: FALL 2010 & FALL 2015 WATER LEVELS
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TALEN MONTANA, LLC


COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT


UNITS 1 and 2 STAGE I and II EVAPORATION PONDS SITE REPORT


Screened Approx. Approx. Approx. Approx. Approx. Approx. Approx.


Interval Screened Start 2015 2014 2013 2012 2011 2010 2009


Depth Unit Date Pumping Pumping Pumping Pumping Pumping Pumping Pumping


Bgs feet Rate
(1)


Rate
(1)


Rate
(1)


Rate
(1)


Rate
(1)


Rate
(1)


Rate
(1)


gpm gpm gpm gpm gpm gpm gpm


976D Area 1 40-70 Sub-McKay Bedrock 3/15/2007 0.7 0.7 1.4 1.7 1.3 1.2 1.4 Piped to VSEP treatment via STEP Paste Plant


EAP-119 Area 1 70-95 Sub-McKay Bedrock 12/16/1998 0.2 0.3 2.0 2.3 0.5 0.2 0.3 Piped to VSEP treatment via STEP Paste Plant


966A Area 1 57-62 Alluvium 9/29/2005 4.5 3.8 4.0 5.5 5.2 3.5 2.6 Well is installed inside of SOEP boundary; Piped to B Cell


2024D ABANDONED 115-155 Sub-McKay Bedrock 6/19/2013 NA 0.8 5.7 NA NA NA NA Abandoned in July 2014 due to Pump being stuck in well; Drilled 2024D-2 as replacement 


well  


2024D-2 Area 2 130-170 Sub-McKay Bedrock 9/24/2014 8.9 9.1 NA NA NA NA NA Piped to VSEP treatment via STEP Paste Plant


369D Area 2 33-63 Sub-McKay Bedrock 12/10/1998 0.6 <0.1 <0.1 <0.1 0.2 0.4 2.4 Piped to VSEP treatment via STEP Paste Plant


375D Area 2 60-100 Sub-McKay Bedrock 9/27/2001 1.4 1.5 2.3 1.1 0.9 1.0 1.7 Piped to VSEP treatment via STEP Paste Plant


376D Area 2 50-100 Sub-McKay Bedrock 9/27/2001 <0.1 <0.1 0.2 0.8 0.6 1.3 0.8 Piped to VSEP treatment via STEP Paste Plant


EAP-205 Area 2 65-75; 85-95 Sub-McKay Bedrock 1/1/1995 0.5 2.0 1.4 0.8 0.7 0.7 1.3 Piped to VSEP treatment via STEP Paste Plant


EAP-208 Area 2 60-95 Sub-McKay Bedrock 9/27/2001 0.5 0.5 0.6 0.5 0.5 1.0 1.3 Piped to VSEP treatment via STEP Paste Plant


955D ABANDONED 30-50 Sub-McKay Bedrock 10/17/2007 NA NA NA NA 1.1 0.9 1.1 Well Abandoned June 2011 due to the construction of D Cell


2019D Area 3 61-71 Sub-McKay Bedrock 3/2/2012 0.5 2.9 2.6 1.1 NA NA NA Piped to D Cell 


922A Area 3 53.5-73.5 Alluvium/ Sub-McKay Bedrock 12/16/2010 5.1 4.7 4.5 5.1 5.6 3.8 NA Piped to E Cell


924A Area 3 66-86 Alluvium 9/27/2001 0.3 <0.1 0.2 0.3 0.2 0.2 0.2 Piped to E Cell


958D Area 3 140-160 Sub-McKay Bedrock 2/4/2010 1.7 1.3 0.2 1.3 3.8 4.7 NA Piped to E Cell


2013A Area 4 11-26 Alluvium 1/5/2012 16.0 16.7 19.7 22.5 NA NA NA Piped to VSEP treatment via STEP Paste Plant


2016A Area 4 34-44 Alluvium 1/5/2012 2.6 1.9 1.9 1.7 NA NA NA Piped to VSEP treatment via STEP Paste Plant


2021D Area 4 44-49 Sub-McKay Bedrock 11/9/2012 0.8 1.0 0.7 0.4 NA NA NA Piped to VSEP treatment via STEP Paste Plant


905D Area 4 41-61 Sub-McKay Bedrock 2/15/2008 1.8 5.4 2.5 0.2 1.4 1.8 1.8 Piped to VSEP treatment via STEP Paste Plant


906D Area 4 30-55 Sub-McKay Bedrock 10/14/2006 4.9 4.1 2.6 4.7 2.5 2.4 2.0 Piped to VSEP treatment via STEP Paste Plant


911D Area 4 31-61 Sub-McKay Bedrock 10/13/1999 5.0 6.2 6.8 7.1 1.1 1.1 1.3 Piped to VSEP treatment via STEP Paste Plant


962D Area 4 15-85 Sub-McKay Bedrock 11/17/2005 4.1 5.0 5.9 6.5 4.7 5.8 5.4 Piped to VSEP treatment via STEP Paste Plant


963D Area 4 24-104 Sub-McKay Bedrock 11/17/2005 5.0 4.9 5.7 3.5 3.1 4.4 6.5 Piped to VSEP treatment via STEP Paste Plant


969D Area 4 24-124 Sub-McKay Bedrock 1/4/2006 1.6 2.2 1.2 2.3 0.8 1.5 1.2 Piped to VSEP treatment via STEP Paste Plant


970D Area 4 55-155 Sub-McKay Bedrock 1/25/2006 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 Piped to VSEP treatment via STEP Paste Plant


984D Area 4 29-39 Sub-McKay Bedrock 2/15/2008 3.2 5.7 5.4 5.7 0.9 0.8 1.7 Piped to VSEP treatment via STEP Paste Plant


985A Area 4 17-32 Alluvium 2/22/2008 <0.1 0.1 0.1 0.2 0.6 0.2 0.2 Piped to VSEP treatment via STEP Paste Plant


987D Area 4 68-88 Sub-McKay Bedrock 2/21/2008 5.3 5.0 5.8 5.6 2.0 1.7 1.9 Piped to VSEP treatment via STEP Paste Plant


2000D Area 5 35-43 Sub-McKay Bedrock 12/21/2008 1.9 6.4 5.9 2.6 1.4 2.2 2.2 Piped to VSEP treatment via STEP Paste Plant


2003D Area 5 34-40 Sub-McKay Bedrock 9/3/2010 3.9 6.2 5.6 4.9 5.7 6.7 NA Piped to VSEP treatment via STEP Paste Plant


2008D Area 5 32-42 Sub-McKay Bedrock 1/10/2011 2.5 2.6 1.8 6.0 7.8 0.0 NA Piped to VSEP treatment via STEP Paste Plant


377A Area 5 28-48 Alluvium 11/19/1998 6.7 1.3 7.4 7.7 7.1 6.8 7.7 Piped to VSEP treatment via STEP Paste Plant


378A Area 5 23.3-53.3 Alluvium 11/19/1998 8.4 2.2 0.8 3.5 3.3 3.8 2.5 Piped to VSEP treatment via STEP Paste Plant


379D Area 5 27-57 Sub-McKay Bedrock 10/13/1999 0.1 0.1 0.1 0.1 <0.1 <0.1 0.1 Piped to VSEP treatment via STEP Paste Plant


380D Area 5 50-85 Sub-McKay Bedrock 11/13/1998 2.5 3.6 1.6 0.3 0.8 0.9 1.4 Piped to VSEP treatment via STEP Paste Plant


382A Area 5 14-37.5 Alluvium/ Sub-McKay Bedrock 4/15/2004 7.0 3.4 3.5 2.2 7.2 5.2 6.5 Piped to VSEP treatment via STEP Paste Plant


383D Area 5 50-90 Sub-McKay Bedrock 3/1/1999 0.4 0.3 2.9 2.2 0.8 1.9 1.6 Piped to VSEP treatment via STEP Paste Plant


393D Area 5 45-80 Sub-McKay Bedrock 3/1/1999 0.4 0.4 0.8 2.0 2.5 1.6 2.7 Piped to VSEP treatment via STEP Paste Plant


927D Area 5 70-100 Sub-McKay Bedrock 3/5/2004 1.8 1.2 2.0 0.6 2.6 1.1 3.8 Piped to VSEP treatment via STEP Paste Plant


928D Area 5 70-100 Sub-McKay Bedrock 3/5/2004 1.2 4.9 2.4 3.2 2.3 3.9 2.3 Piped to VSEP treatment via STEP Paste Plant


932D Area 5 79-99 Sub-McKay Bedrock 3/5/2004 2.4 5.3 6.5 8.3 4.0 5.6 5.9 Piped to VSEP treatment via STEP Paste Plant


933D Area 5 79-99 Sub-McKay Bedrock 3/5/2004 0.7 0.1 0.1 0.1 0.1 0.1 0.1 Piped to VSEP treatment via STEP Paste Plant


934D Area 5 39-59 Sub-McKay Bedrock 3/5/2004 0.1 0.7 0.8 0.2 0.5 0.5 1.1 Piped to VSEP treatment via STEP Paste Plant


960D Area 5 35-126 Sub-McKay Bedrock 11/17/2005 5.6 7.5 6.8 7.4 2.5 2.1 2.8 Piped to VSEP treatment via STEP Paste Plant


961D Area 5 41-121 Sub-McKay Bedrock 11/17/2005 3.6 6.6 7.5 8.6 2.1 0.9 1.0 Piped to VSEP treatment via STEP Paste Plant


968D Area 5 35-135 Sub-McKay Bedrock 11/17/2005 5.6 4.7 4.6 5.5 1.0 1.2 0.7 Piped to VSEP treatment via STEP Paste Plant


988D Area 5 42-62 Sub-McKay Bedrock 2/29/2008 0.5 1.3 1.6 1.1 1.8 0.8 1.2 Piped to VSEP treatment via STEP Paste Plant


989D Area 5 42-52 Sub-McKay Bedrock 2/21/2008 4.1 1.3 1.4 0.8 2.1 1.8 2.0 Piped to VSEP treatment via STEP Paste Plant


991A Area 5 30-50 Alluvium 12/21/2008 <0.1 0.2 0.2 1.0 1.1 1.7 1.1 Piped to VSEP treatment via STEP Paste Plant


993D Area 5 80-100 Sub-McKay Bedrock 12/21/2008 0.2 0.3 3.5 2.7 1.4 1.9 1.1 Pumped infrequently singce August 19, 2013 due to lack of impacts 


994A Area 5 25-45 Alluvium 12/21/2008 0.3 1.9 2.8 1.9 3.0 3.6 5.0 Pump turned off March 17, 2014 due to improved water quality


997A Area 5 20-40 Alluvium/ Sub-McKay Bedrock 12/21/2008 2.5 2.0 1.7 0.6 1.4 1.1 1.9 Piped to VSEP treatment via STEP Paste Plant


998A Area 5 21-31 Alluvium 12/21/2008 1.7 2.3 <0.1 1.0 4.1 5.0 6.1 Piped to VSEP treatment via STEP Paste Plant


PW-704D2 Area 5 57-80 Sub-McKay Bedrock 4/9/2014 8.0 9.4 NA NA NA NA NA Piped to VSEP treatment via STEP Paste Plant


910A Area 6 24-36 Alluvium 6/20/2002 <0.1 <0.1 1.1 14.7 14.6 14.6 17.1 Pump turned off August 19, 2013 due to improved water quality


913A Area 6 30-40 Alluvium 4/1/2004 <0.1 <0.1 8.3 2.6 0.0 0.0 0.0 Pump turned off August 19, 2013 due to improved water quality


916A Area 6 9-17 Alluvium 3/26/2004 17.4 14.4 8.5 25.5 33.1 28.8 29.2 Piped to VSEP treatment via STEP Paste Plant


938A Area 6 20-25 Alluvium 3/8/2004 <0.1 0.0 0.0 <0.1 0.0 0.0 0.0 Pump turned off November 17, 2008 due to lack of impacts


940A Area 6 22-27 Alluvium 3/6/2004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Pump turned off January 15, 2007 due to lack of impacts; No Pump in well


943A Area 6 17-22 Alluvium 4/22/2004 5.2 6.9 4.4 8.3 9.6 12.9 12.9 Piped to VSEP treatment via STEP Paste Plant


944A Area 6 17-22 Alluvium 4/23/2004 11.2 3.5 10.1 14.5 9.0 11.6 11.9 Piped to VSEP treatment via STEP Paste Plant


945A Area 6 11.5-16.5 Alluvium 4/23/2004 2.6 8.6 4.5 4.1 9.8 6.3 7.6 Piped to VSEP treatment via STEP Paste Plant


(1)


(2)


Area 1


Area 2


Area 3


Area 4


Area 5


Area 6


Bgs-


gpm-


NA=


Below ground surface


Gallons per minute


Not applicable, system not yet installed


Note that all pumps are sometimes shut down for maintenance, the majority of pumps cycle due to low water, the pumps are operated by pump controllers that turn pumps on and off in response to power surges or drops, pumps are turned off at times for pipeline maintenance or other plant 


operation associated activities.


Table 3-5.  UNITS 1&2 STAGE I & II EVAPORATION POND CAPTURE SYSTEMS


Site ID Area Comments
(2)


Approximate - includes down time.  Calculated flow rates adjusted by a factor of 0.75 to compensate for pipeline back pressure effects during flow measurement 


South/Southeast of reclaimed Stage One Evaporation Pond 


North/Northwest of reclaimed Stage One Evaporation Pond


Within Stage Two Evaporation Pond boundary


East of Stage Two Evaporation Pond Main Dam 


Industrial Park Area (East of Stage Two Evaporation Pond, west of highway 39)


Downgradient of Stage Two Evaporation Pond Area, outside of Talen property boundary 
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TALEN MONTANA LLC
COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT
UNITS 1 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


TABLE 3-6 - MONITORING WELLS USED TO MONITOR VARIOUS CAPTURE AREAS
TOTAL


Areas TARGET DATE GROUND DEPTH PERFORATED INTERVAL
SITE CODE Monitored AQUIFER(S) DRILLED ELEVATION (feet)  (feet bgs) (feet bgs)


121-2 1 McKay Coal/Interburden 12/1/1989 3312.74 101 57-97
364D 1 Interburden 5/1/1994 3352.84 98 58 - 98
366S 1 Alluvium 5/1/1994 3296.42 16.5 6.5 - 16.5
368D 1 Interburden 5/1/1994 3317.58 62 22 - 62
374S 1 Clinker/alluvium 8/1/1994 3316.24 37.5 17.5 - 37.5
388D 1 Sub-McKay 11/1/1998 3314.22 105 85 - 105


389A-P 1 Overburden 11/1/1998 3303.33 50 30 - 50
390D-P 1 Sub-McKay 11/1/1998 3303.28 100 80 - 100


926S 1 Overburden 8/29/2001 3303.77 60 30 - 60
948M 1 McKay Coal 8/11/2004 3393.48 156 136 - 156
949D 1 Overburden 8/11/2004 3310.06 60 40 - 60
950D 1 Sub-McKay Bedrock 8/11/2004 3287.76 140 120 - 140
957M 1 McKay Coal 8/16/2004 3292.30 46 36 - 46
977A 1 Alluvium 8/22/2007 3303.30 50 0 - 41
978S 1 Alluvium 8/22/2007 3315.55 74 0 - 74
979S 1 Interburden 8/22/2007 3315.20 64 0 - 64
350D 2 Sub-McKay 11/1/1983 3271.43 212 72-107; 115-151; 158-212
354D 2 Sub-McKay Bedrock 11/1/1984 3280.51 180 60-80; 100-120; 140-180
355D 2 Sub-McKay Bedrock 11/1/1984 3276.22 180 80-110; 130-150
367D 2 Sub-McKay Bedrock 5/17/1994 3350.1 139 89-139
370D 2 Sub-McKay Bedrock 5/1/1994 3335.82 64 44 - 64
371D 2,3 Sub-McKay Bedrock 8/1/1994 3319.36 58.5 38.5 - 58.5
373D 2 Sub-McKay Bedrock 8/16/1994 3374.58 105 75 - 105


391D-P 2 Sub-McKay 11/1/1998 3331.54 60 30 - 60
902D 2 Sub-McKay 9/1/1999 3298.74 164 122 - 162
903D 2 Sub-McKay 9/1/1999 3317.34 156.9 135 - 155
929D 2 Sub-McKay Bedrock 4/30/2002 3299.81 85 65 - 85
2009D 2 Sub-McKay Bedrock 12/15/10 3308.20 154 124-152
2010D 2 Sub-McKay Bedrock 12/15/10 3293.50 154 110-154
2011D 2 Sub-McKay Bedrock 12/15/10 3283.80 154 122-152
2022D 2,3 Sub-McKay Bedrock 08/09/12 3295.6 80 40-80
2023D 2 Sub-McKay Bedrock 08/09/12 3289.3 83 63-83


2024D-2 2 Sub-McKay Bedrock 08/09/12 3313.7 155 115-155
2026D 2 Sub-McKay Bedrock 08/10/12 3309 142 122-142
2031D 2 Sub-McKay Bedrock 06/10/13 3290.14 45 30-45
2032D 2 Sub-McKay Bedrock 06/10/13 3341.7 134 114-134
2033D 2 Sub-McKay Bedrock 06/18/13 3306.4 160 100-160
2001A 3 Alluvium under SOEP 6/24/2009 3305.08 63 43-63
2002A 3 Alluvium Under SOEP 6/26/2009 3305.39 60.5 40-60.5
351D 3,4 Sub-McKay Bedrock 11/1/1983 3248.49 230 141-162; 183-190; 209-230
372D 3 Sub-McKay Bedrock 8/1/1994 3334.09 86 66 - 86
920A 3 Alluvium 8/15/2000 3309.04 90 80 - 90
921A 3 Alluvium 8/17/2000 3271.35 76 56 - 76
923A 3 Alluvium 6/19/2000 3270.08 93 83 - 93
946 3 SOEP Flyash 7/1/2004 3307.16 60.5 44.5 - 54.5
947 3 SOEP Flyash 7/1/2004 3306.83 35.5 24 - 34


959D 3 Sub-McKay Bedrock 1/26/2005 3264.81 66 59 - 66
967P 3 SOEP Flyash 9/5/2005 3305.66 46 31 - 46
971D 3,4 Sub-McKay Bedrock 12/13/2005 3238.35 160 60 - 160
974D 3,4 Sub-McKay Bedrock 5/4/2006 3246.72 40 35 - 40
975D 3 Sub-McKay Bedrock 5/4/2006 3274.57 145.5 105 - 145
2018D 3,5 Sub-McKay Bedrock 07/21/11 3275.9 100 90-100
358D 3 Sub-McKay Bedrock 5/1/1985 3216.54 190 100-180
358T 3 Sub-McKay Bedrock 5/21/1985 3215.64 180 100 - 180
359D 4 Sub-McKay Bedrock 10/1/1988 3182.45 120 100-120
360A 4 Alluvium 10/1/1988 3182.53 24 13-20
904D 4 Sub-McKay 9/1/1999 3204.10 61.9 30 - 60
912D 4 Sub-McKay Bedrock 10/1/1999 3211.20 74.2 42 - 72
964D 4,3 Alluvium 5/3/2005 3206.33 107 27 - 107
965D 4,3 Alluvium 5/4/2005 3229.80 130 50 - 130
973D 4,6 Sub-McKay Bedrock 5/8/2006 3191.48
981D 4 Sub-McKay Bedrock 10/10/2007 3208.57 103 0 - 103
982D 4 Sub-McKay Bedrock 10/10/2007 3200.31 74 0 - 74
983D 4 Sub-McKay Bedrock 10/10/2007 3188.82 54 0 - 54
986D 4 Sub-McKay Bedrock 10/11/2007 3195.87 90 0 - 90


EAP-411 4,3 Sub-McKay Bedrock 10/1/1978 3249.20 104 80-100
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TALEN MONTANA LLC
COLSTRIP STEAM ELECTRIC STATION


ADMINISTRATIVE ORDER ON CONSENT
UNITS 1 2 STAGE I AND II EVAPORATION PONDS SITE REPORT


TABLE 3-6 - MONITORING WELLS USED TO MONITOR VARIOUS CAPTURE AREAS
TOTAL


Areas TARGET DATE GROUND DEPTH PERFORATED INTERVAL
SITE CODE Monitored AQUIFER(S) DRILLED ELEVATION (feet)  (feet bgs) (feet bgs)


EAP-413 4 Sub-McKay Bedrock 10/1/1978 3202.52 61 31-56
2014A 4,6 Alluvium 07/20/11 3174.9 26 11-21
2015A 4,6 Alluvium 07/20/11 3177.3 24 14-24
2017A 4 Alluvium 07/21/11 3189 29 19-29
2020A 4 Alluvium 11/10/11 3177.8 26 16-26
2027D 4,6 Sub-McKay Bedrock 10/15/12 3187.7 48 43-48
2028A 4,6 Alluvium 10/15/12 3187.6 36 30-35
2029D 4,6 Sub-McKay Bedrock 10/16/12 3194.8 57 51-57
2030A 4,6 Alluvium 10/16/12 3195.2 44 39-44
353T 4 Sub-McKay Bedrock 5/1/1985 3240.44 230 195-227
361D 5 Sub-McKay Bedrock 10/1/1988 3285.38 280 180-220
362D 5 Sub-McKay Bedrock 10/1/1988 3282.85 202 180-200
384D 5 Sub-McKay Bedrock 11/1/1998 3295.35 77 57 - 77
385D 5 Sub-McKay Bedrock 11/1/1998 3296.35 160 120 - 160
386D 5 Sub-McKay Bedrock 11/1/1998 3286.22 116 75.5 - 115.5
387D 5 Sub-McKay Bedrock 11/1/1998 3232.88 79 39 - 79
392D 5 Sub-McKay Bedrock 2/1/1999 3267.41 88 58 - 88


394D-P 5 Sub-McKay Bedrock 2/1/1999 3254.51 90 50 - 90
395D 5 Sub-McKay Bedrock 2/1/1999 3239.45 70 30 - 70


396D-P 5 Sub-McKay Bedrock 2/1/1999 3254.70 90 50 - 90
907D 5 Sub-McKay Bedrock 9/1/1999 3223.07 86.8 55 - 85
908A 5,6 Alluvium 9/1/1999 3182.68 28 18 - 28
909A 5,6 Alluvium 9/1/1999 3185.91 31 23 - 31
914D 5 Sub-McKay Bedrock Unknown 3226.70 ~77.5 Unknown
951D 5 Sub-McKay Bedrock 8/12/2004 3205.45 260 220 - 260
952D 5 Sub-McKay Bedrock 8/12/2004 3265.02 100 90 - 100
953D 5 Sub-McKay Bedrock 8/13/2004 3278.75 140 130 - 140
956D 5,3 Sub-McKay Bedrock 8/13/2004 3269.74 90 80 - 90
972D 5,6 Sub-McKay Bedrock 5/8/2006 3188.49 115 100-115
990D 5 Sub-McKay Bedrock 3/27/2008 3204.47 100 75-100
992D 5 Sub-McKay Bedrock 4/1/2008 3204.48 65 48-65


PW-704D1 5 Sub-McKay Bedrock 10/16/12 3200.5 130 103-130
PW-704D2 5 Sub-McKay Bedrock 10/17/12 3200.3 80 57-80


995DD 5 Sub-McKay Bedrock 4/2/2008 3206.07 420 310-350, 390-410
996D 5 Sub-McKay Bedrock 8/27/2008 3204.3 100 85-100
999D 5 Sub-McKay Bedrock 8/28/2008 3204.82 52 45-52
2000D 5 Sub-McKay Bedrock 8/28/2008 3212.75 43 35-43


PW-717   5 Sub-McKay Bedrock 9/1/1998 3205.42 420 310 - 350
PW-727 5 Sub-McKay Bedrock 9/14/1984 3188.71 260 200 - 260
2004D 5 Sub-McKay Bedrock 04/16/10 3225.60 45 39-45
2005D 5 Sub-McKay Bedrock 04/16/10 3212.90 66 61-66
2006D 5 Alluvial 04/16/10 3212.80 38 28-38
2007D 5 Sub-McKay Bedrock 04/16/10 3277.00 130 125-130
2012D 5 Sub-McKay Bedrock 12/15/10 3236.53 60 53-60
2025D 5 First water 08/10/12 3290 105.5 85-105
2034D 5 Sub-McKay Bedrock 04/07/14 3198 78 71-78
2035A 5,6 Alluvium 04/07/14 3197.8 43 33-43
2036D 5 Sub-McKay Bedrock 04/07/14 3192.8 90 65-90
2037D 5 Sub-McKay Bedrock 04/08/14 3200.6 80 70-80
2038A 5,6 Alluvium 04/08/14 3200.9 47 37-47
915A 6 Alluvium 7/25/2000 3147.39 25 10 - 25
918A 6 Alluvium 7/25/2000 3172.52 26 11 - 26
919D 6 Sub-McKay Bedrock 7/26/2000 3172.32 88 68 - 88
935A 6 Alluvium 7/21/2003 3154.48 13 8 - 13
936A 6 Alluvium 7/21/2003 3150.58 17 7 - 17
937A 6 Alluvium 7/22/2003 3153.30 13 8 - 13
939A 6 Alluvium 11/19/2003 3164.82 27.5 22.5 - 27.5


941A-P 6 Alluvium 11/21/2003 3150.37 25.5 15.5 - 25.5
942A-P 6 Alluvium 11/21/2003 3149.95 29 19 - 29
917A 7,6 Alluvium 7/25/2000 3183.66 33.5 13.5 - 33.5
SP3 7 Shallow fine-grained Alluvium Oct-05 3188.10 ~8 2 foot well point
SP4 7 Shallow fine-grained Alluvium Oct-05 3179.63 ~8 2 foot well point
SPN 7 Shallow fine-grained Alluvium Oct-05 3187.73 ~8 2 foot well point
SPS 7 Shallow fine-grained Alluvium Oct-05 3193.49 ~8 2 foot well point
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TECHNICAL MEMORANDUM 
 
 


 
DATE:  June 26, 2015 


TO:  Mike Holzwarth, Steve Christian, Gordon Criswell - Talen Montana, LLC  


FROM: Al Hilty - Hydrometrics, Inc. 


SUBJECT: March 2015 East Fork Armells Creek Synoptic Run  
 


 
 
EXECUTIVE SUMMARY 


A synoptic surface water/groundwater monitoring event (synoptic run) was conducted on East 


Fork Armells Creek (the Creek) on March 19, 2015.  This was the 17th synoptic run conducted 


on the Creek since 1993.  Fourteen surface water sites were included in the March 2015 synoptic 


run event.  Water quality samples were collected and flow measured at 12 locations along the 


Creek and from one pond.  The Power Road Tributary was also visited.  Water was present in the 


tributary, however, no flow was observed and water quality samples were not collected.  


Streambed soil/sediment samples were collected and analyzed from each of the 12 sites along the 


Creek.  In addition, groundwater elevations were measured immediately adjacent to the Creek at 


19 sites adjacent to the creek.  Locations included in the 2015 synoptic run are shown on  


Figure 1. 


 


Precipitation during the 12-month period prior to the synoptic run was about 18.8 inches.  The 


30-year average precipitation in Colstrip is 15.1 inches and 14.5 inches for the period of record.  


Approximately 3.3 inches of precipitation fell during five months prior to the synoptic run (water 


year 2015).   


 


Flows measured during the March 2015 synoptic run were above average.  Measured flows were 


near to or were the highest measured during all synoptic runs.  Figure 2 illustrates measured 


flows during the past four synoptic runs, as well as minimum, maximum, and averages for all 


synoptic runs.   


Hydrometrics, Inc.
consulting scientists and engineers 
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In March 2015, most constituent concentrations showed the lowest concentrations of chemical 


constituent for any of the synoptic runs.  Constituent concentrations were the lowest of any of the 


synoptic runs at sites upstream of AR-1.  Downstream of AR-1, concentrations were either the 


lowest recorded or near the second lowest recorded.  Boron concentrations were the lowest 


reported at all sites.   


 


Groundwater elevations were measured at 19 sites and compared to adjacent surface water levels 


in East Fork Armells Creek.  Groundwater levels in boreholes adjacent to the Creek were higher 


than surface water levels at eleven of the 19 sites and lower at the other eight sites.  These results 


indicate the Creek has both gaining and losing reaches.  However, flow measurements indicate a 


net gain in the Creek through the studied reach.   


 


Soil/sediment samples were collected at 12 sites from the streambed upstream of the surface 


water sample locations along East Fork Armells Creek.  Soil pH ranged from 7.4 to 7.8 and 


sodium adsorption ratios (SAR) ranged from 2.07 to 3.63. 
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INTRODUCTION 


Synoptic runs were previously conducted on East Fork Armells Creek (the Creek) in 1993, 1994, 


1996, 2000, 2003, 2004, 2005, 2007, 2008, 2009, 2010, 2011, 2012, 2013, spring 2014 and fall 


2014.  The synoptic run described in this technical memorandum was completed on March 19, 


2015.  Water quality samples collected in March 2015 were from 12 surface water sites along the 


Creek, one tributary, and one treated sewage effluent pond at locations shown on Figure 1.  


Stream flows were measured at each of the Creek sites.   


 


Synoptic runs conducted in 1993, 1994 and 1996 included sites AR-1 through AR-5.  Sites AR-1 


through AR-11 and the North Sewage Treatment Pond (NSTP), have been included in synoptic 


runs conducted from 2000 through 2012.  Site AR-12, located directly upstream of the Highway 


39 culvert at the south end of Colstrip, was added in 2005 and has been included in all 


subsequent synoptic runs.  From 2008 through 2013, samples were collected when flow was 


present from a small tributary that enters the Creek directly north of Power Road (identified as 


Power Road Tributary - PPONDTRIB) between AR-2 and AR-1 (see Figure 1).  Flowing water 


was not observed at the PPONDTRIB during the March 2015 synoptic run and a water quality 


sample was not collected for laboratory analysis.  However, standing water was present and field 


parameters were measured.  In 2015, synoptic run monitoring sites were consistent with those 


monitored in 2014, unless otherwise noted.   


 


Flow was measured using a portable Marsh-McBirney flow meter, portable three-inch Parshall 


flume, a permanent compound weir (AR-10), or permanent Parshall flumes (AR-1 and AR-2).  


Water quality samples were collected from each surface water site prior to, and upstream of the 


flow measurement location to reduce potential for disturbance and entrapment of sediment.  


Samples were submitted to Energy Laboratories in Billings, Montana for analysis of the 


parameters listed in Table 1.  Work proceeded from the farthest downstream site at PBR Flume 


(AR-10) upstream to site AR-12. 


 


Groundwater levels were measured adjacent to the Creek at 19 locations (AR-5-E, AR-5-W,  


AR-4-E, AR-4-W, AR-3-E, AR-3-W, AR-1-E, AR-1-W, AR-7-E, AR-7-W, AR-6-E, AR-6-W, 
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AR-11-E, AR-11-W, the west bank of AR-2, the west bank of Treatment Plant West  


(TPLANT-W), BPW, BPE, and the east bank of Clubhouse East (CHE)).  Locations are shown 


on Figure 1.  Groundwater levels were measured in either existing piezometers or from boreholes 


advanced into the stream bank using a hand auger.  Surface water elevations and groundwater 


measuring points were surveyed using an engineer’s level.   


 


Sediment samples were collected at all the synoptic run sites on the Creek.  Soil/sediment was 


collected from the streambed upstream of surface water sample locations.  Soil samples were 


submitted to Energy Laboratories in Billings, MT for analysis of the parameters shown on  


Table 2. 


 


This technical memorandum presents the results of the March 2015 synoptic run.  In addition, 


data from this event were compared to results from previous synoptic runs.   


 


PRECIPITATION 


Precipitation during the 12-month period prior to the synoptic run was about 18.8 inches.  The 


30-year average precipitation in Colstrip is 15.1 inches and 14.5 inches for the period of record.  


Approximately 3.3 inches of precipitation fell during five months prior to the synoptic run (water 


year 2015) and 0.15 inches fell in March 2015.   


 


SURFACE WATER  


Measured Flow in East Fork Armells Creek 


East Fork Armells Creek is an intermittent stream; that is,  flow is not continuous.  However, the 


reach through Colstrip generally exhibits perennial flow except during extreme drought 


conditions.  Flow was present throughout the entire reach (AR-12 to AR-10) during the March 


2015 synoptic run.  East Fork Armells Creek was not inspected for flow upstream of AR-12.  


Water was present in the PPONDTRIB; however, it was stagnant. 


 


Figure 2 illustrates flow measured during synoptic runs conducted along the Creek in 2013, 2014 


and April 2015.  Also shown are the maximum and minimum flows that have been measured 


during all of the previous synoptic runs.  Flow patterns (gaining and losing reaches) were similar 
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to previous years.  Overall, the Creek is gaining through the Colstrip reach.  Gaining reaches are 


those that show an increase in flow, typically due to groundwater flow into the Creek.  


Groundwater contributions may be from contributions of a regional system, from release of 


water from storage near the Creek, seepage from surface water bodies, or a combination thereof.  


Other factors, such as surface water inflow from tributaries, overland flow, and precipitation 


runoff could also potentially result in gaining stream reaches.  Surface water was not observed to 


be flowing into the Creek from any tributaries.  Losing reaches are those where the amount of 


surface water decreases, typically due to infiltration through the Creek bottom.  Other factors, 


such as diversions or pumping, may also result in losing reaches; no such activity was observed 


during the March 2015 event. 


 


For the most part, flow patterns for the March 2015 synoptic run were very similar to the average 


patterns for all previous events (Figure 2).  That is, flow increased across reaches where it 


normally increases, and decreased over reaches where it normally decreases.  The only exception 


to this pattern is between AR5 and AR-4.  Slight decreases in average flow have been observed 


in previous synoptic runs between these sites.  A very slight increase in flow was observed in 


March 2015. 


 


An overall net decrease in measured in flow occurred between sites AR-5 and AR-3 in the 2012, 


2013, and two 2014 synoptic runs.  These decreases were attributed to groundwater capture 


efforts by plant site management practices, reduced water usage in the townsite and/or or a 


function of precipitation and runoff patterns.  Net flow increased across this reach in 2015.  The 


increase in flow across this reach suggests changes in one of these potential sources.  Based on 


the water quality observed during this event, it seems that additional release of storage from 


recent precipitation recharge events or an increase of water sourced from the townsite may be 


related to this increase.  Capture system operation has not changed substantially and water 


quality does not indicate additional inputs from the plant site area. 


 


As in previous synoptic monitoring events, a large increase in flow was measured between sites 


AR-3 and AR-1 (North Flume) during March 2015.  The reach between AR-3 and AR-1 is 


coincident with, or downstream of, the City of Colstrip treated sewage effluent ponds and 







H:\PROJECTS\TALEN\9036 Synoptic\2015\M_synrunsummary_March 2015_FINAL.doc 6/26/2015 
Page 6 of 23 


treatment plant, the Surge Pond, and the town of Colstrip.  Note that water is sometimes present 


on the ground surface at the toe of the treated sewage water ponds indicating seepage from the 


ponds.  That area was dry during March 2015. 


 


Note that submerged conditions existed at AR-1, even though sediment and organic matter 


directly downstream of the flume had been removed prior to the synoptic run, an insufficient 


hydraulic drop could be obtained due to the streambed gradient.  A submergence of about 98% 


was measured.  The flow presented on Figure 2 for AR-1 (1,135 gpm) was calculated assuming 


this submergence.  Flow was also measured using a Marsh-McBirney flow meter through the 


throat of the flume.  A much lower flow of 682 gpm was calculated from the Marsh-McBirney 


measurements.  Data shown in Table 2 are for those calculated from the flume depth 


measurements since that method is more consistent with past measurements.  Flows calculated 


from the flume depth suggest a large increase in flow, similar to previous years.  Flows measured 


with the Marsh-McBirney flow meter suggest there is not a significant increase in flow between 


AR-2 and AR-1.  Additional flow measurement methods may be used in the future to further 


evaluate flows at the site. 


 


Similar to the majority of previous years, flow decreased between AR-1 and AR-9.  An overall 


gradual increase in flow occurred downstream of AR-9 to AR-10, across the golf course and 


below the golf course irrigation storage pond.  Although the flows were higher than normal, the 


overall pattern and magnitude of changes between sites was very similar.  


 


Surface Water Quality 


Water quality data for the surface water samples collected during the March 2015 synoptic run 


are presented in Table 3.  A data validation report for the March 2015 samples and a summary 


analysis report containing the March 2015 synoptic run event data are presented in Attachment 1.  


All water quality data collected during past synoptic runs is included in Attachment 2.   


 


Spatiotemporal trends for indicator parameters are displayed in Exhibits 1 and 2.  Graphs 


presented on Figures 4 through 10 include the maximum, minimum and average values recorded 


during all of the synoptic run events, and the results for the most recent three events.  The graphs 
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presented in these figures include the specific indicator parameters for each site for all the 


synoptic runs.  Additional graphs that include data for each synoptic run event are contained in 


Attachment 3.  


 


Summary 


Surface water in the Creek is a magnesium-sulfate type water.  In March 2015, most constituent 


concentrations showed the lowest concentrations of chemical constituent for any of the synoptic 


runs.  Constituent concentrations were the lowest of any of the synoptic runs at sites upstream of 


AR-1.  Downstream of AR-1, concentrations were either the lowest recorded or near the second 


lowest recorded.  Boron concentrations were the lowest reported at all sites.  Brief but more 


detailed discussions of trends for individual parameters observed during the March 2015 


synoptic run are included under the following headings. 


 


Specific Conductance 


Specific conductance (SC) is an indicator of overall water quality 


(http://water.usgs.gov/edu/characteristics.html#).  Lower values typically represent better quality 


water while higher values are typically poorer water quality. SC measured during synoptic runs 


when presented by average values per decade are used to illustrate longer term water quality 


trends.  The average SC at each site per decade (1990’s, 2000’s, and 2010’s) is shown in  


Figure 3.  Note the average SC are not true decadal averages because not all three “decades” 


have ten years of observation.  As shown in Figure 3, the average SC measured at each site has 


shown a steady decrease over time.  The lower SC values indicate that water quality has shown a 


progressive increase by decade.  


 


A longitudinal profile of SC is plotted in Figure 4.  The plot includes minimum, maximum, and 


average SC observations for the period of record, and individual results for the March 2015 and 


previous three synoptic runs.  All SC data are plotted on graphs included in Attachment 3.  


Specific conductance values measured in March 2015 were the lowest or nearly the lowest 


recorded during synoptic runs on the Creek.  A slight increasing trend was present from the 


upstream site (AR-12) and the furthest downstream site (AR-10).  Increasing SC concentrations 
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are expected as small creeks or streams flow through industrial, urban, and recreational 


landscapes. 


 


Total Dissolved Solids 


Figure 5 is a graph of total dissolved solids (TDS) results for the March 2015 synoptic run.  The 


plot includes minimum, maximum, and average TDS concentrations for the period of record, and 


individual results for the March 2015 and previous three synoptic runs.  In March 2015, TDS 


concentrations the lowest or near the lowest ever reported for all sites. 


 


TDS concentrations showed very little net change from upstream site AR-12 to the farthest 


downstream site AR-10 (2,550 mg/L and 2,760 mg/L, respectively).  Concentrations gradually 


increased in a downstream direction. 


 


Chloride 


Trends in chloride concentration along the Creek are plotted on Figure 6.  The plot includes 


chloride concentrations for the last three synoptic runs and minimum, maximum, and average 


concentrations for the period of record.  All synoptic run chloride concentrations are shown on a 


graph in Attachment 3.   


 


As with other parameters, concentrations of chloride were the lowest, or near the lowest 


recorded, at all sites.  Unlike previous years, chloride concentrations were the lowest at upstream 


sites AR-12 to AR-4.  The largest decline in chloride concentrations were observed at upstream 


sites AR-12 to AR-3.  The reduction in chloride concentrations are possibly the result of different 


road maintenance and dust suppression efforts from Highway 39 upstream.   


 


Total Recoverable Boron 


The longitudinal distribution of reported concentrations of total recoverable boron from 2013, 


April 2014, and October 2014 synoptic run events and minimum, maximum, and average boron 


concentrations for the period of record are presented in Figure 7.  The March 2015 total 


recoverable boron concentrations were the lowest, or near the lowest, reported when compared to 


previous synoptic runs.  Concentrations increase slightly in a downstream direction.  
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Concentrations at upstream site AR-12 were 0.41 mg/L and 0.88 mg/L at downstream site  


AR-10.  The concentrations are below background screen levels (BSL’s) calculated by Arcadis 


(Arcadis, 2007) for alluvium (1.5 mg/L), bedrock (1.2 mg/L), and spoils (1.3 mg/L).  Since the 


Creek shows a net gain in flow through town, water contributions from any of these units could 


potentially account for the increases in boron in a downstream direction.  The townsite and golf 


course are other potential sources for boron.  All synoptic run total recoverable boron 


concentrations are shown on a graph in Attachment 3.   


 


Sulfate 


Trends in sulfate concentration along the Creek are plotted on Figure 8.  The plot includes sulfate 


concentrations for the last four synoptic runs and minimum, maximum, and average 


concentrations for the period of record.  Sulfate concentrations in the Creek during March 2015 


were the lowest, or near the lowest, recorded for all synoptic runs.  A slight increasing trend was 


observed through town, with the most pronounced increases coming at sites on the golf course.  


Sulfate concentrations at all locations were below the BSL’s of 3,400, 2,310, and 5,000 for 


alluvium, bedrock, and spoil units as shown on a graph in Attachment 3.   


 


Nitrate plus Nitrite 


A longitudinal profile of nitrate plus nitrite (N+N) concentrations is plotted on Figure 9.  The 


plot includes minimum, maximum, and average N+N concentrations for the period of record, and 


individual results for the previous four synoptic runs.  High N+N values were reported 


downstream of AR-2 during the 2012 synoptic run; specifically, N+N concentrations were 20 to 


200+ times above historic concentrations in the reach from AR-1 to AR-10.  Although these data 


appeared to be anomalous, the contract analytical laboratory (Energy Labs) validated the 2012 


N+N results.  The high values recorded in 2012 resulted in a notable increase in the long-term 


average at sites downstream of AR-2.  This trend was not observed in 2013, 2014, or 2015 as 


N+N concentrations returned to low levels.  Concentrations of nitrate plus nitrite ranged from 


0.29 mg/L at AR-12 to 0.03 mg/L at AR-6 and AR-7 as shown on a graph in Attachment 3. 
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Calcium/Magnesium Ratio 


A longitudinal profile of Ca:Mg ratios along the Creek is presented in Figure 10.  The figure 


includes maximum, minimum, and average Ca:Mg for the period of record and ratios for the past 


four events.  Low Ca:Mg ratios may be indicative of process water.  In 2015, the Ca:Mg ratios 


were above average at all sites.  All synoptic run Ca:Mg concentrations are shown on a graph in 


Attachment 3.   


 


Bromide 


PPL, Montana LLC began adding calcium bromide (CaBr2) to their wet scrubber process in 2009 


to enhance mercury removal; as such, increased concentrations of bromide may be present in 


process water.  Bromide has been included on the synoptic run parameter list since 2012 as an 


indicator of recent process water impacts.  Bromide was not detected in any of the surface water 


sites.   


 


Power Road North Side Tributary Surface Water Site 


No flow was observed at the PPONDTRIB site and water quality samples were not collected 


during the March 2015 sampling event.  However, field parameters of stagnant water found in 


the tributary were measured.  Specific conductance measured at this site was 3,840 umhos/cm, 


pH of 7.56, dissolved oxygen of 3.3 mg/L, and temperature of 6.5oC.   


 


North Sewage Treatment Pond (NSTP) 


A water quality sample was collected from the NSTP during the March 2015 synoptic run event.  


The water quality results from this site are included on Table 3.  As in the past, water from site 


NSTP generally had lower constituent concentrations than any of the Creek sites.  


Concentrations of indicator parameters in the NSTP were; SC 1,800 umhos/cm, sulfate 419 


mg/L, total recoverable boron 0.77 mg/L, chloride 82 mg/L, and a Ca:Mg ration of 1. 


 


GROUNDWATER/CREEK ELEVATION SURVEY 


Groundwater levels were measured at 19 piezometers and/or shallow augered boreholes adjacent 


to the Creek.  Groundwater elevations relative the Creek surface water elevations were calculated 


using survey data of water levels in open holes and the Creek surface.  Relative surface water 
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and groundwater elevations are presented in Table 4.  Groundwater levels that are higher than the 


surface of the adjacent creek are indicative of gaining (flow towards creek) areas while lower 


groundwater levels indicate losing areas (flow from creek to groundwater).  Note that 11 sites in 


the table were listed as gaining and eight as losing.  About half of the sites showed likely gains 


and about half showed likely losing conditions.  As indicated by the flow measurements, the 


Creek shows a net gain through the studied reach.  The data from the stream gaging and water 


level measurements demonstrate that the Creek  


has multiple areas that either gain or lose water.   


 


Figure 11 is a potentiometric map constructed using water levels measured during this 


investigation from the Creek, piezometers, augered boreholes, and monitoring wells located near 


the Creek.  Water table contours curve around the Creek, with the apex point upstream, 


suggesting an overall gaining condition through the study area and a flow pathway in the 


alluvium that is coincident with the Creek. 


 


STREAMBED SOIL/SEDIMENT SAMPLES 


Streambed sediment samples were collected from 12 East Fork Armells Creek synoptic run sites.  


The samples were collected directly upstream of the gaging and sampling sites after surface 


water sampling and stream flow measurements had been completed.  Use of sampling tubes was 


inhibited by rocky bottoms and soft sediments which would not stay in the tubes when they were 


withdrawn from the substrate.  For this reason, a clean shovel was used to obtain sediment from 


the streambed to a depth of about six inches.   


 


Soil obtained from each location was placed in zip-log bags and mixed within the bags.  Excess 


air was then purged from the bags and the bags were sealed.  Soil from each composite sample 


was placed in one labeled one gallon zip-lock bag.  Soil samples were transported to Energy 


Laboratories in Billings, MT for analysis of pH, SC, common ions, SAR, and metals.  The 


laboratory results from the streambed soil samples are listed in Table 5.   
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TABLE 1.  MARCH 2015 SYNOPTIC RUN 
SURFACE WATER ANALYTICAL PARAMETERS 


 
Constituent Analytical Method Requested Laboratory Reporting 


Limit (mg/L) Unless Noted 
Dissolved Oxygen   


pH Field 
Temperature   


Specific Conductivity @ 25° C   
pH 150.1/A 4500 H B 0.1 s.u. 


Specific Conductivity @ 25° C 120.1/A 2510 B 1 umhos/cm 
Total Dissolved Solids, filterable 160.1 1 


Total Alkalinity as CaCO3 (Hardness) 310.1 or SM A2320B 2 
Bicarbonate SM A2320B 2 
Carbonate 310.1 or SM A2320B 1 
Bromide 300.0 0.5 
Sulfate 300.0 1 


Chloride 300.0 0.5 
Calcium(2) 200.7 0.5 


Magnesium(2) 200.7 0.5 
Sodium(2) 200.7 0.1 


Potassium(2) 200.7 1 


Boron(1) 200.7 0.05 


Selenium(1) 200.8 0.0006 
Mercury(1) 245.1 0.0001 


Nitrate+Nitrite as Nitrogen 353.2 0.01 
(1) Metals analyzed as Total Recoverable 
(2) Analyzed as Total Recoverable and Dissolved 
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TABLE 2.  MARCH 2015 SYNOPTIC RUN 
SEDIMENT ANALYTICAL PARAMETERS 


 
Constituents  Analytical Method Reporting Limit Units 


PHYSICAL PARAMETERS 
      


Electrical Conductivity (lab) ASA Mono.#9, Part 1, Method10-2-3.3 0.01 mmhos/cm 
pH (lab) ASA Mono.#9, Part 2, Method10-2-3.2 0.01 S.U. 
        
COMMON IONS       


Bicarbonate as HCO3 ASA Mono.#9, Part 2, Method 10-3.2 0.01 mg/Kg 
Bromide ASA Mono.#9, Part 2   mg/Kg 
Carbonate as CO3 ASA Mono.#9, Part 2, Method 10-3.2   mg/Kg 
Calcium E6010.2, SW3050B 5.00 mg/Kg 
Chloride ASA Mono.#9, Part 2, Method 10-2.3.2 50 mg/Kg 
Fluoride  ASA Mono.#9, Part 2   mg/Kg 
Magnesium  E6010.2, SW3050B 50.00 mg/Kg 
Potassium  E6010.2, SW3050B 5.00 mg/Kg 
SAR Calculation 0.10 NA 
Sodium E6010.2, SW3050B 5.00 mg/Kg 
Sulfate ASA Mono.#9, Part 2, Method 28-5.1 0.10 mg/Kg 
TRACE METALS       


Aluminum  E6010.2, SW3050B 5.00 mg/Kg 
Arsenic E6010.2, SW3050B 0.20 mg/Kg 
Beryllium E6010.2, SW3050B 0.05 mg/Kg 
Boron  E6010.2, SW3050B 0.10 mg/Kg 
Cadmium  E6010.2, SW3050B 0.05 mg/Kg 
Copper  E6010.2, SW3050B 0.50 mg/Kg 
Iron  E6010.2, SW3050B 0.60 mg/Kg 
Lead  E6010.2, SW3050B 0.05 mg/Kg 
Manganese  E6010.2, SW3050B 0.05 mg/Kg 
Mercury  SW7471B, 7471A digestion 0.10 mg/Kg 
Nickel  E6010.2, SW3050B 0.50 mg/Kg 
Selenium  E6010.2, SW3050B 0.20 mg/Kg 
Strontium E6010.2, SW3050B 0.05 mg/Kg 
Thallium  E6010.2, SW3050B 0.05 mg/Kg 
Vanadium   E6010.2, SW3050B 0.10 mg/Kg 
Zinc  E6010.2, SW3050B 0.50 mg/Kg 


 







TABLE 3.  MARCH 19, 2015 SYNOPTIC RUN
SURFACE WATER QUALITY RESULTS


AR-2 Treatment
Power 
Road AR-1 Club House


Parameter/Site Name AR-12 AR-5 AR-4 AR-3 South Flume NSTP Plant West Tributary North Flume AR-9 AR-8 AR-7 East
AR-12 AR-5 AR-4 AR-3 AR-2 PPONDTRIB AR-1 AR-9 AR-8 AR-7


Physical Properties
Flow (GPM) 117 135 157 319 673 1135 678 606 669
Flow (CFS) 0.26 0.3 0.35 0.71 1.5 2.52 1.51 1.35 1.49
Dissolved Oxygen, Field (mg/L) 10.19 7.46 10.08 11.00 12.83 1.50 NA 3.30 10.62 12.33 12.52 NA
pH, Field (standard units) 7.94 7.71 8.13 7.9 7.94 7.98 NA 7.56 8.02 8.12 8.24 8.16 NA
pH, Lab  (standard units) 8.1 7.9 8.0 8.0 8.0 7.7 NA NA 8.1 8.1 8.2 8.2 NA
Specific Conductance, Lab 25oC umhos/cm 2750 2760 2740 2890 2850 1800 NA NA 2960 2950 2950 2980 NA
Specific Conductance, Field 2690 2700 2656 2815 2742 1745 NA 3840 2888 2893 2874 2900 NA
Solids,Total Dissolved TDS @ 180oC (mg/L) 2470 2460 2450 2570 2550 1140 NA NA 2630 2630 2630 2660 NA
Temperature, Field (oC) 9.0 4.6 5.4 4.2 6.7 10.2 NA 6.5 4.3 4.3 4.4 3.9 NA


Common Ions (mg/L)
Bicarbonate as HCO3 479 492 477 495 483 567 NA NA 508 515 502 484 NA
Calcium (Ca) 212 216 221 226 235 96 NA NA 232 235 236 243 NA
Carbonate as CO3 <4 <4 <4 <4 <4 <4 NA NA <4 <4 <4 15 NA
Chloride (Cl) 37 38 39 50 52 82 NA NA 50 50 50 49 NA
Magnesium (Mg) 264 265 271 278 272 95 NA NA 269 272 274 283 NA
Potassium (K) 11 11 11 11 12 30 NA NA 12 12 12 12 NA
Sodium (Na) 111 112 116 123 125 138 NA NA 141 142 142 147 NA
Sulfate (SO4) 1410 1400 1430 1450 1310 419 NA NA 1490 1460 1440 1510 NA


Alkalinity, Total as CaCO3 393 403 391 406 396 465 NA NA 416 422 411 421 NA
Bromide <0.9 <0.9 <0.9 <0.9 <0.9 <0.5 NA NA <0.9 <0.9 <0.9 <0.9 NA
Calcium/Magnesium Ratio NA NA NA


Nutrients (mg/L)
Nitrogen, Nitrate+Nitrite as N (NO3+NO2) 0.29 0.22 0.22 0.21 0.21 0.03 NA NA 0.17 0.16 0.05 0.03 NA


Metals (mg/L)
Boron, Dissolved (B)
Boron, Total Recoverable (B) 0.41 0.51 0.51 0.66 0.77 0.72 NA NA 0.79 0.78 0.81 0.86 NA
Mercury, Dissolved (Hg)
Mercury, Total Recoverable (Hg) <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 NA NA <0.00005 <0.00005 <0.00005 <0.00005 NA
Selenium, Dissolved (Se)
Selenium, Total Recoverable (Se) <0.001 <0.001 <0.001 0.002 0.001 0.001 NA NA 0.002 <0.001 <0.001 <0.001 NA
DI = Deionized Water
ND= Non-detect, concentration below reporting limit
1 No visible flow 
NA=Not Available, No Sample Taken
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TABLE 3.  MARCH 19, 2015 SYNOPTIC RUN
SURFACE WATER QUALITY RESULTS


Parameter/Site Name


Physical Properties
Flow (GPM)
Flow (CFS)
Dissolved Oxygen, Field (mg/L)
pH, Field (standard units) 
pH, Lab  (standard units) 
Specific Conductance, Lab 25oC umhos/cm
Specific Conductance, Field
Solids,Total Dissolved TDS @ 180oC (mg/L)
Temperature, Field (oC)


Common Ions (mg/L)
Bicarbonate as HCO3


Calcium (Ca)
Carbonate as CO3 


Chloride (Cl)
Magnesium (Mg)
Potassium (K)
Sodium (Na)
Sulfate (SO4)
Alkalinity, Total as CaCO3


Bromide
Calcium/Magnesium Ratio


Nutrients (mg/L)
Nitrogen, Nitrate+Nitrite as N (NO3+NO2)


Metals (mg/L)
Boron, Dissolved (B)
Boron, Total Recoverable (B)
Mercury, Dissolved (Hg)
Mercury, Total Recoverable (Hg)
Selenium, Dissolved (Se)
Selenium, Total Recoverable (Se)
DI = Deionized Water
ND= Non-detect, concentration below reporting limit
1 No visible flow 
NA=Not Available, No Sample Taken


Ball Park Ball Park AR-10 AR-10 Surface Water Groundwater AR-5 AR-5 AR-4 AR-4 AR-3
East West AR-6 AR-11 Duplicate DI Blank DI Blank East West East West East


AR-6 AR-11 AR-10PBR AR-10PBR D I BLANK


664 727 754
1.48 1.62 1.68


NA NA 12.25 12.26 12.94 NA NA NA NA NA NA
NA NA 10.1 7.97 8.99 NA NA NA NA NA NA
NA NA 8.2 8.2 8.1 8.2 6.6 NA NA NA NA NA NA
NA NA 3000 3070 3120 3130 <5 NA NA NA NA NA NA
NA NA 2937 2982 3088 NA NA NA NA NA NA
NA NA 2670 2670 2760 2790 <10 NA NA NA NA NA NA
NA NA 3.1 2.8 2.2 NA NA NA NA NA NA


NA NA 476 485 487 494 <4 NA NA NA NA NA NA
NA NA 244 251 259 253 <1 NA NA NA NA NA NA
NA NA 12 11 10 14 <4 NA NA NA NA NA NA
NA NA 50 52 47 54 <1 NA NA NA NA NA NA
NA NA 288 299 311 306 <1 NA NA NA NA NA NA
NA NA 12 12 13 12 <1 NA NA NA NA NA NA
NA NA 151 158 168 167 <1 NA NA NA NA NA NA
NA NA 1530 1580 1640 1620 <1 NA NA NA NA NA NA


NA NA 410 416 416 428 <4 NA NA NA NA NA NA
NA NA <0.9 <0.9 <0.9 <0.9 <0.5 NA NA NA NA NA NA
NA NA NA NA NA NA NA NA


NA NA 0.03 0.04 0.06 0.04 <0.01 NA NA NA NA NA NA


NA NA 0.88 0.89 0.88 0.91 <0.03 NA NA NA NA NA NA


NA NA <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 NA NA NA NA NA NA


NA NA <0.001 <0.001 0.001 0.002 <0.001 NA NA NA NA NA NA


Flow Direction                                                         Downstream
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TABLE 3.  MARCH 19, 2015 SYNOPTIC RUN
SURFACE WATER QUALITY RESULTS


Parameter/Site Name


Physical Properties
Flow (GPM)
Flow (CFS)
Dissolved Oxygen, Field (mg/L)
pH, Field (standard units) 
pH, Lab  (standard units) 
Specific Conductance, Lab 25oC umhos/cm
Specific Conductance, Field
Solids,Total Dissolved TDS @ 180oC (mg/L)
Temperature, Field (oC)


Common Ions (mg/L)
Bicarbonate as HCO3


Calcium (Ca)
Carbonate as CO3 


Chloride (Cl)
Magnesium (Mg)
Potassium (K)
Sodium (Na)
Sulfate (SO4)
Alkalinity, Total as CaCO3


Bromide
Calcium/Magnesium Ratio


Nutrients (mg/L)
Nitrogen, Nitrate+Nitrite as N (NO3+NO2)


Metals (mg/L)
Boron, Dissolved (B)
Boron, Total Recoverable (B)
Mercury, Dissolved (Hg)
Mercury, Total Recoverable (Hg)
Selenium, Dissolved (Se)
Selenium, Total Recoverable (Se)
DI = Deionized Water
ND= Non-detect, concentration below reporting limit
1 No visible flow 
NA=Not Available, No Sample Taken


AR-3 AR-2 AR-1 AR-1 AR-7 1W AR-7 2W AR-6 AR-6 AR-11 AR-11 AR-11
West West East West East West East East Dup West


NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA


NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA


NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA


NA NA NA NA NA NA NA NA NA NA NA


NA NA NA NA NA NA NA NA NA NA NA


NA NA NA NA NA NA NA NA NA NA NA


NA NA NA NA NA NA NA NA NA NA NA
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TABLE 4.  MARCH 2015 SYNOPTIC RUN  


COMPARISON OF SURFACE WATER AND GROUNDWATER ELEVATIONS  
 


Site Groundwater Surface Water Difference Stream 
(Gaining or Losing) 


AR-11-W 3145.44 3145.42 0.02 Gaining 
AR-11-E 3145.49 3145.38 0.11 Gaining 
AR-6-W 3152.13 3152.48 -0.35 Losing 
AR-6-E 3153.71 3154.41 -0.70 Losing 
BPW 3156.84 3156.86 -0.02 Losing 
BPE 3160.45 3160.46 -0.01 Losing 
CHE 3162.20 3162.18 0.02 Gaining 
AR-7-1W 3165.35 3165.38 -0.03 Losing 
AR-7-2W 3166.42 3166.41 0.01 Gaining 
AR-1-W 3186.35 3185.20 1.14 Gaining 
AR-1-E 3186.65 3185.90 0.75 Gaining 
Tplant-W 3202.24 3202.85 -0.61 Losing 
AR-2-W 3209.78 3209.24 0.55 Gaining 
AR-3-W 3215.95 3214.18 1.77 Gaining 
AR-3-E 3214.35 3214.18 0.17 Gaining 
AR-4-W 3224.64 3224.87 -0.24 Losing 
AR-4-E 3224.60 3225.00 -0.40 Losing 
AR-5-W 3231.60 3230.96 0.64 Gaining 
AR-5-E 3232.18 3231.03 1.16 Gaining 
CHE - Clubhouse east   
TPLANT-W - Treatment 
Plant West         


 
 
 







TABLE 5.  MARCH 2015 SYNOPTIC RUN
STREAMBED SEDIMENT SAMPLE RESULTS
Site Code AR-12 AR-5 AR-4 AR-3 AR-2 AR-1 AR-9 AR-8 AR-7 AR-6 AR-11 AR-10PBR AR-10PBR/Dup
Sample Date 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015 3/19/2015
Sample # PPL-1503-113S PPL-1503-112S PPL-1503-111S PPL-1503-110S PPL-1503-108S PPL-1503-107S PPL-1503-106S PPL-1503-105S PPL-1503-104S PPL-1503-103S PPL-1503-102S PPL-1503-100S PPL-1503-101S
Saturated Paste
pH Sat. Paste s.u. 7.5 7.6 7.8 7.4 7.5 7.5 7.4 7.4 7.4 7.4 7.4 7.6 7.6
Conductivity, Sat. Paste mmhos/cm 6.5 6.7 3.4 5.9 6.8 7.6 6.5 6.6 6 5.3 6.7 7.6 8.1
Calcium, Sat. Paste meq/L 28.5 29.3 14.1 30.9 27.3 29.7 29.3 28.1 28.7 25.6 27.2 27.8 25
Magnesium, Sat. Paste meq/L 59.7 62.8 25.8 50.9 62 73 56.6 61.5 54 37.4 59 71.1 76.8
Sodium, Sat. Paste meq/L 14 18.1 7.27 11 18.9 20.1 15.9 16.7 13.3 12 16.9 23.7 25.9
Alkalinity, Sat. Paste mg/L 280 262 200 223 238 219 232 192 222 158 203 206 210
Bicarbonate, Sat. Paste mg/L 341 319 244 272 290 267 283 235 271 193 247 251 256
Carbonate, Sat. Paste mg/L <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SAR
Sodium Adsorption Ratio (SAR) 2.11 2.67 1.63 1.72 2.83 2.81 2.42 2.49 2.07 2.14 2.57 3.37 3.63
Anions
Bromide (Br) <2 <2 <2 <2 <2 <5 <2 <2 <2 <2 <2 <5 0.6
Sulfate (SO4) 4140 4460 1780 3630 4310 4950 4030 4100 3780 3220 4470 5020 5210
Chloride (Cl) 124 105 58 90 160 148 126 98 80 95 79 95 112
Fluoride (F) <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 <5 <10 <1
Metals, Total mg/kg
Aluminum (AL) Total 4030 2110 5150 3850 3290 1550 1930 4030 5910 3680 3220 4210 3840
Arsenic (AS) Total 2.9 2.8 5.1 3.2 2.2 1 1.6 0.9 3 2.2 1.3 2.5 1.3
Beryllium (BE) Total 0.27 0.15 0.37 0.3 0.24 0.11 0.15 0.29 0.46 0.28 0.26 0.34 0.31
Boron (B) Total 8.1 18 4.4 11 6.6 7.7 8.3 8.1 3.2 4.9 6.4 8.3 9.6
Cadmium (Cd) Total 0.11 0.08 0.16 0.18 0.18 0.07 <0.05 0.15 0.16 0.14 0.13 0.15 0.15
Calcium (Ca) Total 21400 30500 18000 44900 35000 20600 10500 31700 23100 19300 23500 31400 26300
Copper (Cu) Total 6.3 5 8.6 11.7 7.9 3.9 5 10.1 12.5 8.3 7.3 8.5 10.2
Iron (Fe) Total 7710 7020 15800 11900 10500 6690 7440 8910 11500 7900 8370 11200 9810
Lead (Pb) Total 4.17 4.36 7.83 7.78 4.96 2.52 3.4 6.03 8.04 5.64 5.62 6.51 6.6
Magnesium (Mg) Total 4770 3390 5750 5020 4840 3000 3140 7420 9300 7850 7040 7600 7310
Manganese (Mn) Total 700 1370 412 2970 1750 4290 1710 850 361 206 209 536 430
Mercury (Hg) Total <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel (Ni) Total 4.7 3.9 7.9 8.8 5.4 4.6 4.4 6.6 10.6 6.7 6.9 7.8 7.2
Phosphorus (P) Total
Potassium (K) Total 715 413 1030 725 699 330 467 808 1140 704 582 806 743
Selenium (Se) Total 0.2 1.1 0.3 0.5 0.3 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4
Sodium (Na) Total 289 315 163 295 261 231 233 249 154 173 186 326 295
Strontium (Sr) Total 227 353 156 652 302 207 120 279 101 74.6 173 326 266
Thallium (Tl) Total 0.06 <0.05 0.08 0.11 0.28 0.08 0.06 0.12 0.12 0.09 0.13 0.12 0.11
Vanadium (V) Total 8.4 6.1 12.1 9.8 7.2 3.9 4.5 8.2 12.3 8.6 8.1 9.7 9.6
Zinc (Zn) Total 78 27 50 46 27 28 19 42 38 37 28 33 30
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FIGURES 







H:\PROJECTS\TALEN\9036 Synoptic\2015\M_synrunsummary_March 2015_FINAL.doc 6/26/2015 
Page 15 of 23 


Figure 1 
2015 Synoptic Run Sites 
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Figure 2 
East Fork Armells Creek – Flow 
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Figure 2 
East Fork Armells Creek - Flow


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min


AR-12    AR-5          AR-4             AR-3    AR-2                                       AR-1           AR-9    AR-8  AR-7    AR-6      AR-11 AR-10     


anomolous
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Figure 3 
Average Specific Conductance Per Decade 
H:\PROJECTS\TALEN\9036 Synoptic\2015\ Figure 3_Avg SC per Decade.pdf 
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Figure 3
East Fork Armells Creek


Average Specific Conductance @ 25oC per Decade


Overall Average 1990s AVG 2000s AVG 2010s AVG


AR-12      AR-5             AR-4                     AR-3     AR-2                                               AR-1           AR-9       AR-8     AR-7            AR-6          AR-11  AR-10  
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Figures 4 through 10 
Maximum, Minimum, and Average Values 


For All Specific Parameters 
H:\PROJECTS\TALEN\9036 Synoptic\2015\ Fig 4 thru 10_2015 Graphs & Data Min_Max.xlsx 
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Figure 4
East Fork Armells Creek - Specific Conductance @ 25oC


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min BSL-SC (Lab)


AR-12        AR-5              AR-4                AR-3     AR-2                                             AR-1            AR-9     AR-8   AR-7          AR-6      AR-11   AR-10  







H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\Comment_Responses\Fig 4 thru 10_2015 Graphs & Data Min_Max.xlsxFig5 TDS graph
Hydrometrics, Inc.


Figure 5
10/16/2017


2000


2500


3000


3500


4000


4500


5000


5500


6000


6500


0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000


TD
S


C
on


ce
nt


ra
tio


ns
 in


 m
g/


L


Distance in Feet Downstream from AR-12


Figure 5 
East Fork Armells Creek - TDS


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min BSL-TDS
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Figure 6
East Fork Armells Creek - Chloride


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min BSL-Cl


AR-12      AR-5              AR-4                AR-3      AR-2                                             AR-1              AR-9      AR-8     AR-7           AR-6         AR-11  AR-10  
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Figure 7
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Figure 7 
East Fork Armells Creek - Total Recoverable Boron


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min BSL-TRC Boron
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Figure 8
East Fork Armells Creek - Sulfate


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min BSL-Sulfate
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Figure 9
10/16/2017
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Figure 9
East Fork Armells Creek - Nitrate plus Nitrite


No BSL Calculated


3/19/2015 10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min


AR-12      AR-5             AR-4               AR-3      AR-2                                            AR-1              AR-9 AR-8    AR-7           AR-6       AR-11  AR-10







H:\PROJECTS\TALEN\12072 STEP AOC\Final Report\Comment_Responses\Fig 4 thru 10_2015 Graphs & Data Min_Max.xlsxFig10 Ca_Mg graph
Hydrometrics, Inc.


Figure 10
10/16/2017


0.50


0.60


0.70


0.80


0.90


1.00


1.10


1.20


0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000


C
al


ci
um


/M
ag


ne
si


um
 R


at
io


 -
ba


se
d 


on
 m


g/
L 


co
nc


en
tr


at
io


ns


Distance in Feet Downstream from AR-12


Figure 10
East Fork Armells Creek - Ca/Mg Ratio


No BSL Calculated


10/16/2014 4/8/2014 3/20/2013 Max AVERAGE Min 3/19/2015


AR-12      AR-5             AR-4               AR-3      AR-2                                             AR-1              AR-9 AR-8   AR-7          AR-6        AR-11   AR-10  







H:\PROJECTS\TALEN\9036 Synoptic\2015\M_synrunsummary_March 2015_FINAL.doc 6/26/2015 
Page 19 of 23 


Figure 11 
Potentiometric Map 
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ATTACHMENT 1 
 


MARCH 2015 
WATER MONITORING AND SOIL MONITORING  


SUMMARY OF VALIDATION AND ANALYTICAL DATA 
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ATTACHMENT 2 
 


MARCH 2015 SYNOTPIC RUN 
SURFACE WATER AND GROUNDWATER QUALITY DATA 


FOR PERIOD OF RECORD 
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ATTACHMENT 3 
 


MARCH 2015 SYNOPTIC RUN 
GRAPHS 
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Executive Summary 
 


 


The Water Resources Monitoring Plan (WRMP) describes the process that Talen Montana, 


LLC follows to get accurate water monitoring data for the Colstrip Steam Electric Station. 


The responsibilities for each individual are outlined as well as required training and 


experience for each level of participation. There are four main areas that are described in 


this plan, the Units 1-4 Plant-Site, the Surge Pond Area, the 1&2 Evaporation Pond Area, 


and the 3&4 Effluent Holding Ponds Area. Groundwater monitoring is performed in each 


area. The monitoring that is done includes but is not limited to static water level (SWL) 


measurements, flow measurements, sample analysis, and well maintenance. Quality 


Control (QC) and Quality Assurance (QA) are a priority to Talen. Talen employs several 


techniques to ensure that the most accurate data is reported. During the groundwater 


sampling sessions Talen uses deionized (DI) blanks (1 for every 50 samples), known 


standards (1 for every 50 samples), and duplicates (1 for every 20 samples). Low-flow 


techniques are used whenever possible while sampling to ensure that the sample is 


representative of the formation that is targeted. Each sample is coded prior to submission to 


the lab. Energy Laboratories is the primary lab used for sample analysis. Energy applies 


several QA/QC checks as well. They are outlined in Energy Lab’s Laboratory Quality 


Assurance Project Plan. The WRMP is reviewed annually to determine if updates or 


revisions are needed.  
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1.0 WATER RESOURCES MONITORING PLAN OVERVIEW 
 


1.1 Introduction  


This Water Resources Monitoring Plan (WRMP) for the Colstrip Steam Electric Station 


(CSES) has been developed by Talen Montana (Talen), Environmental Compliance 


Department (ECD) to satisfy conditions of the Colstrip generating units operating 


permits.  Colstrip SES operates four coal-fired steam electric generating units; Colstrip 


Units 1 and 2 are twin 333 MW plants and Colstrip Units 3 and 4 are twin 805 MW 


generating units.  CSES is operated with a closed-loop process water system (zero 


discharge facility). A comprehensive surface water and groundwater monitoring system 


has been installed and operated to monitor the quantity and quality of water in the 


vicinity of these process water systems. This plan describes CSES’s surface water and 


groundwater monitoring program.  It is the policy of CSES that its operations will meet all 


applicable environmental laws and regulations, and that impacts to the environment will 


be minimized or prevented.  The Montana Department of Environmental Quality (MDEQ) 


is the primary regulating agency. 


 


1.2 Plan Objectives 


Collection of accurate and representative water resources data requires a properly 


designed and documented monitoring plan that defines each step from sample 


collection or data measurement through data evaluation, interpretation, and reporting.  


The objective of this monitoring plan is to organize into a single document all information 


concerning the monitoring program organization, monitoring system layout and 


operation, quality control and quality assurance, and data evaluation and reporting. 
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1.3 Plan Scope 


This WRMP is limited to the CSES and its facilities. Other activities in the Colstrip area 


with potential impacts on water resources (i.e., coal mining, City activities) are not 


addressed in this document.  However, in recognition of the proximity of CSES and coal 


mining activities, Talen CSES coordinates and shares monitoring information with other 


entities such as Western Energy Company (WECo) and the City of Colstrip. Detailed 


field operating procedures are located in the Talen ECD files and in a separate Water 


Resources Monitoring Procedures manual. The manual is attached in Appendix C. 


Laboratory procedures are briefly outlined in this document; detailed procedures are 


available in standard analytical method references or from the laboratory operating 


manuals. 


 


1.4 Document Control - Indexing Format 


Talen ECD maintains the master copy of the WRMP. Copies may be issued both 


internally and externally in .PDF format. When modifications to the WRMP become 


necessary the Talen ECD Manager is responsible for ensuring that the revisions are 


included in the revised WRMP. The newly revised WRMP will be distributed to the 


appropriate Talen and MDEQ personnel.  


 


 


2.0 DOCUMENTATION/REPORTING 
An important factor in the overall WRMP is documentation and reporting of water data. 


Reporting in an appropriate format helps assure that regulatory requirements are met and that 


company management is kept informed. This section describes the annual Hydrologic 


Monitoring Report (HMR) for the CSES. Data documentation for individual sections is included 


with that particular section. 


 


An annual HMR shall be prepared to summarize and evaluate the monitoring activities for the 


year.  Included in the annual report, but not limited to, are: 


 Maps and other appropriate background information. 


 Summaries of water quality (WQ) data for wells and surface water sites. 


 Summaries of groundwater elevations (GWE) for monitoring wells. 


 Summaries of the various collection systems activities. 
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 Summaries of flow data for East Fork Armells Creek, Cow Creek, and South Fork Cow 


Creek. 


 Statistical evaluation of WQ data to identify anomalies and problems. 


 An evaluation of any problems noted in the statistical evaluation with possible reasons for 


the problems. 


 Summaries of quality assurance/quality control data. 


 


After a Talen ECD review, the report will be sent to Mr. John Kandelin of the MDEQ and 


copied to the following:                    


       – Neil Dennehy, Plant Manager  


       – Gordon Criswell, Director, Environmental & Eng. Compliance 


– Heather McDowell, Counsel 


– ECD Electronic Records 


 


 


3.0 PROGRAM ORGANIZATION AND RESPONSIBILITIES 
Effective implementation of the WRMP requires clear definition of responsibilities assigned to 


each group and position involved in the project. This section defines the organizational 


responsibilities of CSES, any consulting firms retained on the project, and the contract 


laboratory performing analytical work associated with this program. All environmental 


monitoring for the CSES is performed under the direction of the ECD. A list of current 


contractors can be found in Appendix A. 


 


3.1 Environmental Compliance Department (ECD) 


The Talen ECD has the responsibility for directing and administering the WRMP. As the 


department responsible for CSES compliance with applicable environmental regulations, 


the ECD ensures that all monitoring activities are correctly performed, that data review 


and reporting are completed in a timely manner, and that potential problems are 


investigated and, if necessary, corrected as required by Talen policies, applicable 


regulations, and permit requirements.  The ECD is also responsible for coordinating all 


site field activities. 


 


The following are individual position responsibilities: 
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  3.1.1 Environmental Compliance Manager 


 Ensure all CSES monitoring activities are conducted in compliance with the 


appropriate laws and regulations and that the WRMP is implemented. 


 Provide for the preparation, revision, and plant-wide implementation of 


CSES procedures covering process water discharge response. 


 Authorize associated contracts and work requests to appropriate groups for 


completion of tasks related to the WRMP. 


 Prepare and administer project budgets and approve invoicing for payment 


after departmental review of each task item listed on the invoice. 


 Issue reports and provide recommendations to CSES and Owner 


management regarding water resources monitoring and process operation.  


Submittal of reports required by regulatory agencies shall be the 


responsibility of the manager after internal review. 


 Agency contacts or notifications will be performed by the manager or as 


designated by the manager. All agency communication will be coordinated 


with the manager. 


  


  3.1.2 Environmental Compliance Professional / Water Programs 


 Coordinate and direct the monitoring, data review, and reporting activities 


specified in the WRMP within the CSES and with other groups. 


 Function as the Quality Assurance Coordinator, responsible for all QA 


activities detailed in this plan. 


 Provide invoice and task status review as directed by the manager. 


 Provide budget preparation and administration as required by the manager. 


 Assist in preparation, revision, and implementation of CSES procedures 


covering process water discharge response. Investigate and prepare 


reports on discharges, and advise CSES management as needed 


regarding activities specified by the procedures. 


 Direct all emergency sampling and response activities which may be 


required and coordinate those activities with contractors and CSES 


departments as directed by the manager. 
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 Provide detailed data review and validation in coordination with designated 


contract personnel. 


 Provide information to the water quality area, in conjunction with the 


external consultant, on new methodologies and techniques in the water 


monitoring area.  


 


  3.1.3 Environmental Compliance Technician 


 Complete or coordinate with contractors and other ECD personnel all 


scheduled groundwater and surface water monitoring as specified in the 


WRMP. Maintain all wells and surface water monitoring sites. Assist with 


monitoring, and/or coordinate with contractors, all groundwater collection 


systems. 


 Collect unscheduled water samples as necessary. 


 Maintain water monitoring data and data files for the ECD, including maps 


and 3&4 12d Stipulation monitoring data. 


 Assist in coordinating and participating in field activities performed by 


contractors. 


 Monitor Surge Pond dams and other facility dams and berms for vegetation, 


and aid in clearing them. 


 Function as the Quality Control Coordinator responsible for overseeing all 


QC activities specified in this plan. 


 Compile data for the annual HMR and assist in completing it. 


 Assist in updating procedures and the WRMP. 


 


3.2 External Consultant 


Hydrometrics, Inc. is the consulting firm currently retained by CSES to provide expertise 


and guidance in the areas of water quality sampling, data reduction, interpretation, and 


reporting, as well as in water monitoring program development and hydrologic impact 


assessment.  At various times other consultants may be brought in to work in 


conjunction with, or in place of, this consultant. 


 


Specific position responsibilities are discussed below. 
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 3.2.1 Project Director 


 Responsible for the contractor’s overall activities under this plan and 


associated contracts. 


 Insure that all field sampling, laboratory analysis, data reduction and 


validation, and QA activities are conducted as specified in this plan and in 


the field operating procedures. 


 Provide budget estimates for tasks as requested by ECD management. 


 Provide invoices complete with documentation of all activities performed 


during the billing period. 


 Provide expert review, comments, and recommendations regarding 


monitoring plan implementation, data indications and trends, hydrologic 


impact analysis, and mitigating measures in conjunction with ECD 


personnel.  Agency communication in coordination with ECD is also 


expected. 


 


  3.2.2 Monitoring Team 


 Collect groundwater and surface water samples in conjunction with 


hydrologic impact investigations in accordance with this plan. 


 Perform QA and QC activities and documentation as required by this plan.  


 Provide data review, analysis, and revisions required by QC or QA 


activities. Draft data reports will be provided to the ECD Environmental 


Compliance Professional/Water Programs after Hydrometrics' internal 


review is completed. 


 Respond as requested to emergency process water discharges in 


conjunction with ECD personnel. 


3.2.3 Quality Control 


 Insure all QA and QC activities required by the contractors are completed as 


specified in the WRMP. 


 Interface with the ECD QA and QC Coordinators, review and validate all 


sampling data, analytical data, and QC data, and implement any corrective 


actions dictated by that review. 


 Report on QA/QC activities to the Project Director and ECD QA and QC 


Coordinators 
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 Assist in the planning and development of this plan and associated QA 


plans as assigned by the Project Director and in coordination with ECD 


personnel. 


 


 


 


4.0 PROCESS WATER SYSTEM DESCRIPTIONS 


4.1 Colstrip SES 


The overall CSES can be divided into four localized areas: the Units 1-4 Plant-site, the 


Units 1 & 2 Evaporation Pond, the Units 3 & 4 Effluent Holding Pond (EHP), and the 


Surge Pond (Castle Rock Reservoir).  Appendix B lists the ECD water monitoring and 


collection sites, along with other pertinent information. 


 


Hydrologic features of concern in the Colstrip area include one stream with perennial 


segments: the East Fork Armells Creek; two ephemeral streams: Cow Creek and the 


South Fork Cow Creek; and the groundwater system. Groundwater in deeper aquifers in 


the region flows generally eastward.  Shallow aquifer groundwater flow is controlled, as 


is the surface water, by local topography. 


 


4.1.1 Units 1-4 Plant-site 


The Units 1-4 Plant-site is an industrial power generation site. Natural surface 


drainage was westward toward East Fork Armells Creek. However, the land 


surface has been modified and runoff water generally flows to sediment retention 


ponds. The Plant-site is isolated from the Cow Creek drainage by old strip mine 


spoil banks and open cuts. Exhibit 1 shows the locations of the process ponds, 


major plant facilities, a portion of East Fork Armells Creek, and the locations of 


CSES and WECo plant site monitoring wells. Table 1 contains information on the 


process ponds, including maximum capacities and areas, lining, and comments on 


the influents and uses. Figure 1 is a schematic of the Units 1 & 2 and Units 3 & 4 


water process. 
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4.1.2 Surge Pond Area 


The Surge Pond Site is northwest of the CSES plant site. It receives and stores 


water from the Yellowstone River. Pond water is used primarily as a source of 


water for the generating units and also as the City of Colstrip municipal water 


source. The Surge Pond is located in a small drainage basin that is a tributary to 


East Fork Armells Creek.  Since the pond occupies much of the natural drainage 


area there is little natural runoff from this drainage to the creek.  


 


Groundwater static water level (SWL) is monitored along the eastern edge of the 


Surge Pond with small diameter single or clustered wells. No samples for 


groundwater quality analysis are typically taken. The Surge Pond area and well 


locations are shown on Exhibit 1. 


 


4.1.3 Units 1 & 2 Evaporation Pond Area 


The Units 1 & 2 Evaporation Pond area is located in a drainage basin west of East 


Fork Armells Creek and northwest of the Surge Pond. Primary influent to the pond 


is scrubber slurry pumped from the Units 1 & 2 plant-site.  The Evaporation Pond 


site is divided into two areas, Stage I and Stage II.  Stage I has been filled, closed, 


and reclaimed. Stage II began receiving effluent in 1994. Designated areas of the 


Stage II pond may be used simultaneously or individually for handling process 


water. 


 


The Evaporation Pond is located in a drainage that naturally drained northeast to 


East Fork Armells Creek. Natural runoff downstream of the Evaporation Pond has 


not been affected by the pond. Natural runoff upstream of the Evaporation Pond is 


diverted around the pond by a diversion ditch system. Natural runoff, however, 


occurs only in response to occasional heavy snowmelt or extreme rainfall events. 


 


Groundwater monitoring wells have been installed peripheral to the Evaporation 


Pond and across the drainage down gradient of the pond, and peripheral to the 


west and northwest areas of the surge pond to monitor potential process pond 


impact.  Locations of the pond and monitoring wells are shown on Exhibit 2.   
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4.1.4 Units 3 & 4 Effluent Holding Pond (EHP) Area 


The Units 3 & 4 EHP is located east of Colstrip on a small ephemeral tributary of 


Cow Creek. This pond is used as a scrubber slurry disposal pond system. Exhibit 3 


shows the EHP and the divisions within the pond. Since the EHP area includes the 


entire upper portion of the natural drainage area there is essentially no natural 


runoff to the pond. 


 


Groundwater monitoring wells have been installed peripheral to the pond site. 


Exhibit 3 shows the locations of both CSES and WECo monitoring wells. 


 


4.2 Colstrip SES Plant Water and Slurry Spill Response 


Because there is a possibility of surface water or groundwater impacts from spilled 


process water, any plant process water or slurry spill is monitored by ECD. 


 


Monitoring of water or slurry spills may vary from a single check of the site to long-term 


concentrated efforts. The location and size of the spill will determine the extent of the 


response and the monitoring methods used. Detailed procedures for the investigation, 


documentation, and reporting of spills are described in the CSES Emergency 


Management Plan, Colstrip Procedures, Sections 5.1 through 5.7. Documentation of the 


discharge or spill is provided in the spill response data sheet (Figure 2). Water quality or 


SWL data associated with the spill shall be documented on the appropriate form and 


attached to the spill report. Methods used for sample and data collection from spills are 


the same as methods described in Section 5.0 of this plan. 


 


To monitor for spills, ECD has added a number of monitoring points to the “Units 1 


through 4 Operations Department Outside Log” and the “Units 1&2 Water Treatment 


Outside Daily Log” used by Colstrip SES personnel. These Logs are electronically 


processed and saved for future reference.  Any issue or potential issue is either reported 


to the Operations shift supervisor or an outside maintenance contractor, an internal 


Work Request is usually submitted to address the issue. A member of the ECD is also 


notified.  


 


5.0 WATER MONITORING SYSTEM  
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This section describes groundwater and surface water monitoring along with well construction 


and development. Scheduled semiannual sampling is performed in the spring and in the fall of 


the year. Completion for the spring sampling session is scheduled for the end of June. 


Completion for the fall sampling session is scheduled for the end of November. All water 


samples are analyzed for the parameters found in Table 2 and an anion/cation balance is 


requested from the laboratory. The attached site inventory provides guidance on which list 


from table 2 is used. These parameter lists have been established to identify impacts from 


power plant wastewaters and have been approved by MDEQ.  


5.1 Groundwater Collection Systems  


CSES, along with various consultants, has developed a number of groundwater 


collection/pump-back systems to minimize the impact to groundwater. These systems 


are designed to capture groundwater that has been impacted by process pond water 


and return it to an approved, lined process pond. The ECD is responsible to ensure 


these collection systems are operating in accordance with their design. This is done with 


the monitoring assistance, maintenance, and hydrogeotechnical guidance of outside 


contractors and consultants.  


 


See section 5.2 for collection well description.  


        5.1.1 Monitoring and Documentation  


 These systems are regularly checked twice a month by ECD personnel, CSES 


operators, and outside contractors to ensure proper operation and collect pertinent 


information relating to their over-all effectiveness.  


 


 If a problem is observed and cannot be corrected by ECD personnel, a Work 


Request is submitted to correct the problem, either to CSES personnel or to an outside 


maintenance contractor. Maintenance is documented electronically. Routine system 


check field data is kept either hard copy or electronically, and is summarized annually in 


the HMR. 


  
 


5.2 Monitoring Well Installation and development  


All new monitoring wells are constructed by a licensed monitoring well constructor 


according to Montana Board of Water Well Contractors standards, as noted in ARM 
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36.21.8.  The typical work flow and materials used for monitoring well installation and 


development are as follows. 


 The target hydrostratigraphic interval or groundwater horizon for a given well is 


identified prior to monitoring well installation.  Targeted intervals are chosen based 


on monitoring results of nearby existing wells, potential gaps in the present 


monitoring well network, or other specific circumstances related to an individual 


drilling campaign. An estimate of potential depths to target intervals is made prior 


to drilling.   


 Monitoring well boreholes are typically drilled using air-rotary methods; but hollow-


stem auger or direct push methods may also be used to advance the borehole to 


the targeted hydrostratigraphic unit.   In some cases, water may be used as a 


drilling fluid.  Other drilling fluids, such as mud or foam, may be used in very rare 


cases.   


 If necessary, steel casing is advanced using drill and drive methods to help 


maintain circulation and/or to prevent the hole from collapsing in fractured or 


incompetent surface intervals (i.e. clinker, spoils, fill, alluvium, or colluvium). 


Bentonite chips, crumbles, or slurry will be added to the steel casing annulus while 


advancing. When steel casing is used, monitoring well completion commences 


through the steel.  Where practicable, the steel casing is removed from the 


borehole during well completion.  In cases when the steel casing is not removed, 


the bottom end of the pipe will be left open.  The upper portion of the steel casing 


may or may not be perforated depending on site conditions.      


 Talen typically uses two variations in monitoring well construction.  Small diameter 


wells (one inch to 2 ½ inch ID) are used primarily for static water level 


measurements and groundwater sampling with small diameter sampling 


equipment.  Often, these small diameter wells are assigned a “P” suffix, 


designating them as piezometers.  More commonly, large diameter wells (4 ½ 


inch ID or larger) are used for static water level measurements, groundwater 


sample collection, and conversion to groundwater capture wells, if necessary.   


 In each monitoring well, the targeted hydrostratigraphic interval is screened with 


0.020-inch or 0.025-inch factory slotted PVC screen.    Special screen sizing may 


be used if areas of very high yield or silting problems are expected. 


 A filter pack, consisting of 10-20 silica sand, is placed across the entire length of 
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the screened interval.  The filter pack extends a minimum of two feet above the 


factory perforations.  Alternate filter material, or gravel pack, may be used if very 


high yield or silting problems are expected 


 Bentonite, typically in the form of 3/8-inch chips, is used to create an annular seal 


from the top of the silica sand to ground surface.  In some cases, a cement grout 


or cement-bentonite amended grout may be used. 


 As noted, steel casing used during drilling will be pulled back to expose the slotted 


section of PVC.  A minimum of five feet of steel surface casing is left in each 


completed borehole (three feet is left below ground and approximately two feet of 


steel extends above ground).  The diameter of the steel surface casing used at 


each well is dependent on the diameter of the PVC well construction.  Typically, 


eight-inch steel casing is used with a 4 ½ inch PVC well.     


 In addition to the bentonite seal, a concrete pad is generally poured around the 


steel surface casing.   Bentonite grout may be extended to the ground surface, 


excluding pad installation in some cases.  This decision is made in the field based 


on well location and expected livestock use.  A locking steel lid is installed at each 


wellhead. 


 Typical monitoring well construction is illustrated in Figure 3.   


 


Cuttings from the borings are logged for lithology, including texture, color, relative 


moisture, and origin (alluvium, colluvium, bedrock, etc.) by a geologist, 


hydrogeologist, or engineer.  A log of borehole lithology and well completion is 


prepared for each well.  In accordance with ARM 36.21.809 (1), a licensed monitoring 


well constructor prepares and submits a monitoring well report form for each 


monitoring well drilled. The well log report (Form No. 603) is filed within 60 days of 


completion of the well with the Ground Water Information Center (GWIC) of the 


Montana Bureau of Mines and Geology (MBMG). Contractors/drillers also provide 


copies of each well log, within 60 days of completion of the well to the well owner 


(Talen).   


 


The monitoring wells are developed using air-lift methods or bailing.  Air-lift 


development involves forcing compressed air into the completed well to purge water, 


cuttings, fines, and debris from the casing.  Providing the well makes sufficient water, 
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development continues until sufficient fines have been removed from the well to allow 


pumping using a submersible pump.  Bailing involves repeatedly removing water from 


the well with a steel bailer (with check valve) until the well has been adequately 


purged.  Field groundwater quality parameters (specific conductance, pH, 


temperature) are measured and recorded during development.   


 


5.3 Capture Well Construction 


Talen constructs groundwater capture wells to mitigate process water impacts on 


local groundwater at the Colstrip-SES.  Groundwater capture wells are constructed 


either as new well completions (drilled expressly at locations identified as probable 


process water impacts); or more likely, monitoring wells may be converted to 


groundwater capture wells if they exhibit process water impacts and sufficient yield 


for effective capture.  In either case, capture wells are constructed according to the 


following procedure. 


 The existing steel surface casing and concrete pad are removed and the area 


around the wells is excavated to an approximate depth of about five feet below 


ground surface with a backhoe or track excavator.   


 The excavations are of sufficient width to place a five or six-foot diameter 


Corrugated Metal Pipe (CMP) over the existing wellheads.   


 Excavated materials are backfilled around the CMPs and mounded at the surface 


to promote drainage from the capture wells.   


 Washed gravel is placed in the bottom of the CMPs at an approximate thickness 


of one-foot.   


 Existing PVC well casing is cut off so that it extends just above the washed gravel 


in the bottom of the CMP vaults. 


 Hinged metal lids are installed at the top of the CMPs. 


 Aluminum ladders are secured to the inside of the CMPs for access/egress into 


and out of the culverts. 


 A submersible pump, sized to match estimated long-term yield, is installed in each 


well at total depth.     


 Submersible pumps are hung in the wells by schedule 80 PVC threaded drop pipe 


with brass couplings. 


 Drop pipe extends from the pump to fittings that are located on the floor of each 
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vault.   


 Necessary pipe fittings (i.e. unions, tees, valves, and sample port) are plumbed 


into a discharge pipeline in each vault.  


 Redundant check valves will be installed both immediately above the pump and 


inside the vault to prevent backflow to the wells. 


 Pipe heat tracing is installed in each vault to prevent pipes from freezing.  


 Electrical controls, an hour meter, and automated pump protection (i.e. Pumptec) 


are installed in a secure electrical enclosure adjacent to each wellhead.    


 Captured groundwater from each well is routed to an existing HDPE collection 


system pipeline in the project area; or a new HDPE pipeline is installed.  


Ultimately, captured groundwater is transferred to the nearest appropriate process 


pond or Vibratory Shear Enhancement Process (VSEP) treatment plant at the 


Plant Site.   


 Typical capture well construction is illustrated in Figure 4.   


 


 


5.4 Capture Trench Construction 


Capture trenches are constructed in the instance that process water quality impacts 


are identified at locations with shallow depths, narrow flow corridors, and aquifer 


hydraulic properties (e.g. saturated thickness) that would otherwise limit dewatering at 


a conventional pumping well or series of pumping wells.  Capture trenches are most 


commonly installed across narrow alluvial deposits with a lower confining bedrock 


layer.  Unlike monitoring well installation or capture well construction, capture trench 


dimensions, methods of installation, and construction materials are highly variable 


and are dependent on site-specific conditions.  However, capture trenches 


constructed at the Colstrip-SES have several common elements described herein. 


 Capture trenches are excavated using conventional heavy construction equipment 


(e.g. excavator, backhoe, bulldozer, etc.) from ground surface through the 


impacted groundwater horizon (usually unconsolidated alluvium) and into the 


underlying bedrock.   


 All capture trenches are excavated in accordance with OSHA revised Subpart P, 


Excavations, of 29 CFR 1926.650, 29 CFR 1926.651, and 29 CFR 1926.652.  An 


excavation plan is devised for each trench based on soil type and expected trench 
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depths.  Excavation plans prioritize worker safety and include details such as 


excavation side slope requirements, shoring recommendations, and benching 


strategies.   


 During excavation, groundwater conditions and lithology are logged by a 


geologist, hydrogeologist, or engineer; and the final length and depth of each 


capture trench are determined based on field observations.    


 Once the capture trench is excavated to total depth, a factory-perforated drain 


pipe, typically made of either HDPE or PVC is installed in the bottom of the trench. 


 The drain pipe is placed below the bedrock contact to maximize groundwater 


collection.  The diameter of the drain pipe is chosen based on the amount of 


groundwater in the trench; but four-inch ID is common.   


 The lateral drain pipe is fully encapsulated with a sand and/or gravel pack, 


appropriately sized to maximize drainage yet provide filtration fine-grained 


sediments.   


 Commonly, both the sand/gravel pack and the perforated pipe are wrapped with a 


geotextile fabric to further restrict the movement of fine-grained sediments into the 


drain pipe.   


 The side of the trench opposite the direction of groundwater flow may be lined 


with an impermeable geo-synthetic material from the bottom of the trench to 


above the static water level to prevent flow beyond the trench.    


 Optionally, a cleanout may be installed at one or both ends of the lateral collection 


pipe to facilitate flushing the drain, should it become plugged with substrate.  The 


cleanouts are constructed by extending the drain collection pipe vertically to the 


ground surface.   


 Depending on the location, elevation, and groundwater potential at the drain or 


collection pipe, captured groundwater is either routed by gravity to the nearest 


existing capture system pipeline or, more likely, the collection pipe is sloped 


toward and discharges to a sump.  From the sump, captured groundwater is 


pumped by mechanical means to the nearest appropriate capture system pipeline 


or wastewater facility.   


 A vertical standpipe, typically constructed of PVC or HDPE (ranging in diameter 


from four inches to 24-inches), is installed at the deepest point of the trench 


excavation to be used as a collection sump.  The sump is excavated beyond the 
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bedrock contact and the bottom of the standpipe is capped such that it is water 


tight. The location of the sump is determined in the field by the onsite engineer or 


geologist based on the depth to bedrock and the center of mass of the 


groundwater flow path.   


 Commonly, annular space between the standpipe and the excavation below 


bedrock is filled with grout (cement, concrete, cement/bentonite) from the total 


depth to the bedrock contact to limit downward flow of groundwater.  Conversely, 


a perforated standpipe may be used and gravel pack is installed around the 


perforations.        


 Perforated lateral drain pipe will enter the sump from one or both sides of the 


excavated trench.   


 Native backfill will be placed in the excavation above the filter-wrapped gravel 


pack and drain pipe. 


 In the event a sump is used, a hole slightly larger than six-foot in diameter and five 


feet deep will be left open around the standpipe to facilitate installation of a six-


foot diameter corrugated metal pipe (CMP).   


 The CMP will be used as a manhole to house isolation valves, check valves, and 


a sample port for the completed trench sump.  A hinged metal lid will be installed 


at the top of the CMP; and an aluminum ladder will be secured to the inside of the 


CMP for access/egress into and out of the culvert.   


 Washed gravel will be placed in the bottom of the CMP at an approximate 


thickness of one-foot.   


 A submersible pump will be installed in the standpipe at total depth.     


 The pump will be hung by schedule 80 PVC threaded drop pipe with brass 


couplings. 


 Redundant check valves will be installed both immediately above the pump and 


inside the CMP to prevent backflow to the capture trench.    


 Drop pipe will extend from the pump to fittings that will be located on the floor of 


the manhole.     


 One or two inch brass pipe fittings (i.e. unions, tees, valves, and sample port) are 


plumbed into a discharge pipeline in the bottom of the CMP.   


 Heat trace is installed in the well to protect the pipeline in the CMP from freezing.   
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 Electrical controls, an hour meter, and automated pump protection (i.e. Pumptec, 


or similar) are installed in a secure electrical enclosure adjacent to each wellhead.  


 Excavated materials are backfilled around the CMP and mounded at the surface 


to promote drainage from the top of the CMP.   


 The area disturbed by the capture trench excavation is re-seeded with Talen’s 


reclamation seed mix. 


 An example of this can be found in Figure 5. 


5.5 Groundwater Monitoring 


Groundwater monitoring wells have been installed throughout the Colstrip SES Site to 


monitor static water levels (SWL) and quality in groundwater. As mentioned in prior text, 


locations of these wells can be found on Exhibits 1, 2, and 3 Information on the wells, 


including monitoring frequency and sample parameter list, is tabulated in the site 


inventory (Appendices B). The monitoring well network and parameter list is reviewed 


annually to account for evolving conditions and new regulations. Other than the private 


wells, each well must be monitored a minimum of every three years or otherwise 


abandoned in an approved manner.  


 


Geologic and/or well logs are available at the ECD for all CSES wells and for most other 


wells used for monitoring.     


 


Maintenance of the actual wells is performed on an as-needed basis. They are evaluated 


for maintenance at the time monitoring is performed. ECD is responsible for this 


maintenance. A record of maintenance performed is digitally in the ECD files.  If a well is 


no longer necessary, or it is unrepairable, it is abandoned in an approved manner and 


noted with the well log. An evaluation is then made as to the need for replacement.  


 


All monitoring wells are labeled with a numeric or alphanumeric designation. Prefix and 


suffix letter abbreviations may be added to well numbers to better define their uses. 
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Suffixes added to wells installed to monitor specific water bearing zones 


A Alluvium 
C Clinker   


D 


Sub-McKay: first hydrostratigraphic interval encountered below the McKay interval. The 
McKay may be absent in some areas. Some of the wells with this designation are not 
Sub-McKay completions due to field interpretations of well depth. See well logs for field 
interpretation. . 


DD Sub-McKay but deeper than the first water below the McKay. 
I Interburden: typically refers to the interval between the Rosebud and McKay coals. 
M McKay coal seam 
R Rosebud coal seam 
S Shallow: may be bedrock above the McKay, or shallow unconsolidated sediment.  


SP Spoils  
Miscellaneous suffixes 


AN Angled well 
B In some town site wells indicates second well drilled with same number.  
T Test well  


Prefixes used for Talen Colstrip area wells are:  


AB Units 1&2 A and B ponds  
AR East Fork Armells Creek synoptic run sites 


B Used in Brine Pond area for B-1 through B-7, and some shallow piezometers near the 
school (for Braun Drilling). 


CA Chen & Associates 
C/G 3&4 EHP cells C and G dike electronic piezometer 
CM Cimarron Neighborhood 
DP Drain Pit 


EAP Two and four inch monitoring wells installed by Bechtel Corp. mid-1970’s to 1981, 
several of which monitor more than one zone. The EAP designation is unclear. 


GW Surge pond area = groundwater 
INC Inclinometer 
IT Interception Trench 


MD Main Dam 
MDS Main Dam Sump 
OT Original Townsite 


PSW Private stock well 
PW Private well 
PZ Surge pond area – old piezometers used for SWL triennial checks 
S Town Site – school 


SD Saddle Dam 
SRP Sediment Retention Pond 


STEP Stage II Evaporation Pond 
SP Sand point 
TR Trench converted to monitoring well 
U Unit 
W Western Energy well 


WECo Western Energy well 
WAI Womack Associates Inc. 
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5.5.1 SWL Monitoring and Documentation 


Static water level (SWL) measurements are made with an electrical probe and all 


groundwater elevations are calculated by subtracting the measured depth-to-


groundwater from the surveyed measuring point at the top of the well casing. 


Detailed procedures for SWL measurements are available in the Environmental 


Management System (EMS) procedures and work plans, stored digitally in the 


environmental management system. These procedures are also included in 


Appendix C. Wells monitored monthly are measured within the first 10 days of the 


month. Wells monitored quarterly are measured during the first month of the 


quarter. Wells monitored annually or every three years are usually measured 


during the spring of the year.   


 


The depth-to-water measurements are initially documented in a field log book or 


electronic log and then transferred to the EQUIS database and the ground water 


elevations (GWE’s) are calculated. The measurements and elevations are then 


checked against previous data to determine trends and to check data consistency. 


Any anomaly in the data results in a re-measurement to verify or correct the 


suspect data. 


 


SWL measurements taken in a monitoring well are measurements of total 


hydraulic head and not necessarily the position of the water table. Changes in SWL 


measurements must be used as indicators only. GWE’s are summarized annually 


in tabular form and reported in the HMR.  


 


5.5.2 Water Quality Sampling and Documentation 


Groundwater quality sampling is accomplished by bailing or pumping 


groundwater samples from the well and then analyzing the water sample. To 


ensure that groundwater representative of that in the formation is taken as a 


sample, a quantity of water is purged from the well before the actual sample is 


taken, typically three bore volumes. Low-flow sampling techniques are used 


whenever possible; however, in some cases it is necessary to utilize a bailer due 


to the rate of recovery in a well. The sampling process can be found in the 


Groundwater Sampling Procedure in Appendix C. Specific conductance 
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measurements, and occasionally other parameters, are obtained during the 


sampling process to determine the effectiveness of the purging. These 


measurements can also be used to help evaluate the condition of the well itself. 


Detailed groundwater sampling procedures and sample collection procedures 


can also be found in the EMS procedures and work plans as well as in Appendix 


C. Preservation techniques and holding times can be found in Table 3. Water 


samples are generally labeled and encoded when submitted to the lab for 


analysis. This reinforces the unbiased analysis of the samples. 


 


At the time the sample is obtained a Groundwater Sampling Form (Figure 6) is 


completed. A list of supplies and equipment can be found in the Groundwater 


Sampling Procedure in Attachment C. The conductivity probe is calibrated using 


a conductivity standard that is in the same range as the water being tested. The 


probe is dipped in the standard and the meter is adjusted to match the true value 


of the standard daily. Disposable bailers are used when needed to prevent cross 


contamination. The bailers are used once then disposed of. If there is not enough 


water in a well to adequately rinse the purge equipment between sites it must be 


decontaminated with deionized water. Section 5.7 describes water sample 


handling, documentation, and reporting. 


  


5.6 Surface Water Monitoring 


Surface water monitoring sites have been established in both the East Fork Armells 


Creek and the Cow Creek/South Fork Cow Creek drainages. Surface water sites 


monitored by CSES, and frequency of monitoring, can be found in Appendix B. The 


following paragraphs describe the methodologies applied to monitor surface water flow 


and quality in these drainages.  Detailed surface water monitoring procedures are 


available in the EMS procedures and work plans available in the ECD digital files and in 


Appendix C. 


 


5.6.1 Flow Monitoring and Documentation 


Because the flow monitoring techniques vary between the East Fork Armells Creek 


and Cow Creek/South Fork Cow Creek drainage basins, they are described 


separately. 
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5.6.1.1 East Fork Armells Creek 


Three sites have been established on East Fork Armells Creek for flow 


measurement: the South Flume (SF), the North Flume (NF), and the Pine 


Butte Road (PBR) Flume. Locations of the flumes are shown on Exhibit 1. 


Continuous flow records during the ice-free periods are maintained at 


these sites through the use of Parshall or Trapezoidal flumes (2 foot throat 


width) and data recorders. Flume depths are 18 inches at the SF and NF 


sites and 2.5 feet at the PBR flume site. Data recorders currently used are 


model WLS-31 Telogs, in the one psi and five psi ranges. 


 


These recorders and flume sites are checked weekly by Talen ECD 


personnel.  The site check sheet can be found on Figure 7. Detailed site 


check procedures can be found in the EMS procedures and work plans 


and in Appendix C. The ECD is responsible for maintenance at these 


sites. Flume and recorder maintenance is noted on the site check sheets.  


 


Recorders at the East Fork Armells Creek flume sites are downloaded 


periodically and the data is managed by ECD personnel. The data is 


reported in cubic feet per second (cfs) and also million gallons per day 


(mgd). The data is reported as an hourly minimum, maximum, and 


average flow, and also minimum, maximum, and average monthly flows. 


Data is considered void when non-flow influences have affected it such as 


cleaning of the flumes or vandalism. Data is also void when the flume site 


over-flows. A summary and evaluation of the flow data, monthly 


precipitation, and wastewater treatment plant discharge flows (which 


discharges either to the creek or as irrigation to the local golf course) are 


included in the annual HMR. 


 


5.6.1.2 Cow Creek/South Fork Cow Creek 


Monitoring sites in the Cow Creek and South Fork Cow Creek drainages 


include a series of seepage run sites and two crest gauge locations. 


Because Cow Creek and South Fork Cow Creek are ephemeral streams, 
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continuous data records are not possible; instead, the above systems are 


used to monitor the occasional flow during runoff events and to monitor 


any seasonal/long term changes. 


 


Seepage run sites are a series of marked locations on Cow Creek and 


South Fork Cow Creek that are checked on an annual basis (usually mid 


to late summer) for the presence of water. If water is detected, a sample is 


obtained and an attempt is made to quantify flow where possible. 


Seepage runs provide documentation of long term changes in the 


drainage water resources. Flow, water samples, and other conditions at 


the sites are discussed in the annual HMR. 


 


Crest gauge sites are located on Cow Creek and on South Fork Cow 


Creek (Exhibit 3) to measure surface water flow. ECD personnel check the 


crest gauge sites monthly and during and after major precipitation or 


snowmelt events to read and reset the gauges. This information is 


recorded in field log books and included in the annual HMR. Maintenance 


is performed at these sites as necessary and documented in the field log 


book. 


 


5.6.2 Water Quality Sampling and Documentation 


Water quality samples are collected from selected surface water sites in 


conjunction with the groundwater quality sampling sessions in the spring and fall of 


the year. Water quality samples are also collected during seepage runs on Cow 


Creek and South Fork Cow Creek. Sufficient water for sampling is normally present 


in only two of the nine seepage sites. Samples are obtained using the grab 


sampling method. A Surface Water Sampling Record (Figure 8) is completed at the 


time the sample is obtained. Sampling and preservation methods are presented in 


detail in the EMS procedures and work plans and in Appendix C. Preservation 


techniques and holding times can be found in Table 3. All samples are labeled and 


encoded. 
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Additionally, all active process ponds are sampled every three years. The ponds 


are sampled from approximately the same location each time. A bailer is thrown 


10-20 feet from the edge of the pond and a sample is collected.  Again, a Surface 


Water Sampling Record is completed at the time these samples are obtained. 


Sampling and preservation techniques are the same as previously described for 


surface water sampling. 


 


5.7 Water Sample Handling and Documentation  


The water samples, both groundwater and surface water, are taken to the ECD office 


and stored, refrigerated at < 4o C, in a secure storage room. The samples are forwarded, 


packed to keep cold, to contract laboratories for analysis. A Water Sample Chain-of-


Custody Record (Figure 9) is completed and the original is sent with the samples, to be 


completed by the contract laboratory when the samples are received, and returned to 


ECD for inclusion with the sampling records. Copies of all sampling records, chain-of-


custody records, and code lists are forwarded to the current hydrogoelogical consultant 


by ECD for inclusion in their records. 


 


Water quality data for each site is summarized annually in tabular form by ECD and 


reported in the HMR. A chart format of historical water quality for each site is updated 


annually and filed in the ECD electronic files, and also sent to the MDEQ.   


  


5.7.1 Analytical Results and Interpretation 


Analysis reports are returned by the labs in a standard format to ECD and to the 


external water monitoring consultant for interpretation and reporting. Water quality 


analytical data shall be evaluated as described in section 6.0 on quality control.  


 


5.8 Surface and Subsurface Solids Sampling 


Soil sampling is not routinely conducted as part of the WRMP.  However, soil samples 


are occasionally collected as part of individual investigations that my involve water 


resources.  Sampling methods and equipment vary depending on the investigation 


objectives and data needs, and may include collection as grab samples or using split-


spoon, Shelby Tube, or other methods in accordance with accepted industry standards. 
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 Analytical methods and parameters vary depending on the investigation and are 


developed prior to conducting field work to target specific data requirements 


(constituent concentrations, permeability, geotechnical parameters, etc.). 


 


6.0 QUALITY CONTROL/QUALITY ASSURANCE 
Quality control (QC) and quality assurance (QA) are an integral part of the CSES water 


monitoring program. The terms "quality control" and "quality assurance" are often used 


interchangeably, but are different in concept. QC is the system of routine internal activities 


which ensures a high quality, reliable product, whereas QA is the system of periodic external 


activities (normally performed by someone outside routine operations) to provide assurance 


of an effective QC program. As described by EPA, a QC/QA program should ensure that all 


information, data, and resulting decisions compiled under a specific task are technically 


sound, statistically valid, and properly documented. 


 


6.1 Quality Control Activities 


A QC program is applied to all field and laboratory activities associated with the CSES 


Water Resources Monitoring Program. This description of QC activities summarizes 


operating procedures dealing specifically with quality control; complete field operating 


procedures are available in the EMS procedures and work plans on file at ECD and in 


Appendix C. QC activities for stream flow data collection, SWL data collection, water 


quality sample collection, and laboratory analyses are in the following paragraphs. The 


QC coordinator will maintain a summary of these activities. 


 


6.1.1 Stream Flow Data Collection 


QC activities for stream flow monitoring include those for the operation of the 


monitoring sites and those for evaluation of data. 


6.1.1.1 Field QC 


Field QC activities vary with the type of stream flow monitoring method 


and site. Sites with flumes and associated recorders for flow measurement 


on East Fork Armells Creek are checked a minimum of weekly during non-


freezing times. The flumes are checked visually for leaks, and they are 


cleaned if a buildup of materials is resulting in flow interferences. During 


and after major precipitation/runoff events the flumes are checked for 
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condition and accuracy. Recorder data and staff gauge data are noted 


and, if necessary, a drift correction is applied to the recorder data. 


 


Crest gauges are also subject to a QC check on a routine and as-needed 


basis. Gauges are checked for condition and readings during the routine 


monthly groundwater SWL monitoring trips.  


6.1.1.2 Data Quality Control 


Recorder data are reduced to yield stream flow. Data is reviewed at that 


time for reasonableness. If the data appears incorrect, such as the flume 


may have overflowed, data for that time period is removed from the 


database.  


         


6.1.2 Static Water Level Data Collection 


Static water level (SWL) data for the Colstrip SES groundwater monitoring system 


is subject to QC checks of field procedures and of data handling and evaluation. 


 


6.1.2.1 Field QC 


The accuracy of SWL measurements relies on a known measuring point 


elevation and the ability to accurately measure the distance from the 


measuring point to the water level in the well. Measuring point elevations of 


groundwater wells are established by a licensed professional land surveyor; 


they are normally measured to the top of the PVC casing or steel protective 


casing. Records of these surveys are on file in the ECD. 


 


Measurement of depth from the measuring point to water utilizes an electric 


probe.  The probe is calibrated once a year as follows: 


 


 By comparing the probe distance divisions with a steel tape graduated in 


0.01 foot increments. 


 By using both the electric probe and a steel tape to obtain the depth-to-


water in several wells. 
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If these checks of probe calibration show differences, a calibration constant 


is generated and applied to the probe. A probe calibration log book is 


maintained in the ECD files. An additional check of the SWL measurement 


is made by comparing the present depth-to-water to past readings; 


significant differences trigger a second measurement to insure that the 


SWL in the well has changed. 


 


6.1.2.2 Data QC 


SWL data is recorded in a field notebook or electronic log as it is taken and 


is transferred to well SWL records at the office. By presenting the data in 


this manner rapid changes or anomalies are quickly determined. If the 


SWL (depth-to-water) for the present month varies significantly from past 


data an investigation is initiated. 


 


Investigation of the suspect SWL data includes the following: 


 Re-measurement of the well SWL as a double check of the original 


measurement; 


 Evaluation of the SWL data from wells in the same area and 


preferably those completed in the same strata; 


 Correlation of the groundwater SWL with surface conditions (i.e., 


surface runoff or ponded water in the area, precipitation, drought, 


etc.). 


 


6.1.3 Water Quality Sample Collection 


QC procedures for water quality sampling range from those covering sample 


collection, to labeling, preservation and transportation to the lab, and to equipment 


calibration. Water quality data is also subject to QC screening before it is accepted 


into the database. 


 


6.1.3.1 Field Sampling QC 


Field water quality sampling procedures are applied to gather both 


groundwater and surface water samples. Detailed field procedures are 
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given in the EMS procedures and work plans and in Appendix C; those 


procedures for QC are also summarized here. 


 


When pumping or bailing a well prior to sampling, a specific conductivity 


meter is used to assure consistent water quality before sampling.  


Equipment blanks can be obtained if needed to assure that the sampling 


equipment is sufficiently rinsed by purge volumes between sample 


collections.  If contamination between wells is a problem then section 5.0 


of the Groundwater Well Sampling procedure found in the EMS 


procedures and work plans is followed. The blank data is compiled and 


included in the annual HMR. When obtaining surface water samples, care 


is taken to obtain a representative sample based on the flow conditions at 


the sample site. 


 


The water samples are cooled after collection, then taken to the ECD 


office area at the end of the day and kept refrigerated at < 4o C in a secure 


storage room.  All water samples and QC samples are encoded prior to 


being submitted to the lab. Care is taken to deliver samples to the lab to 


allow analysis within the holding times specified in Table 3. A Water 


Sample Chain-of-Custody Record (Figure 9) accompanies each shipment 


of samples to the laboratory. This form is returned to the QC Coordinator 


for filing after receipt of the samples by the laboratory. A form indicating 


the condition of the samples upon arrival at the laboratory is completed by 


the laboratory and returned with the sample analyses. This form is kept 


with the water sampling data for that sample session at the ECD. 


 


Field equipment used for in-situ monitoring of water quality parameters is 


subject to calibrations on an as needed schedule. The equipment is 


calibrated at the beginning of a situation daily as long as the equipment is 


being used.  
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6.1.3.2 Data QC 


Water quality analytical data from the laboratory is recorded on a standard 


data form and on computer disc by the laboratory and sent to the ECD 


and the current consultant for review. Data for each well and surface water 


sample is evaluated using the following procedures: 


 


 Where applicable, the specific conductivity and the TDS 


are compared or related using standard relationships. 


 Water quality data from each monitoring site is compared 


to a three year average.  A difference of +/- 15% is 


flagged for further review. 


 Data failing any of the above QC checks is subject to 


further investigative action as follows: 


 Data which exceeded the above tests is compared with 


similar wells (e.g., alluvial, deep) in the same area to see 


if other wells show a similar trend. Changes in surface 


conditions or use (i.e., surface samples in late summer or 


fall are generally more concentrated - higher salts, a leak 


in a nearby pond, etc.) should be factored into the 


analysis. A review of external factors which could explain 


the difference is completed. 


 If the review of external factors fails to uncover a reason 


for the change, the laboratory should be requested to do a 


review of possible non-analytical errors such as, but not 


limited to, transcription or calculation errors. If no problem 


is detected to this point, then a request for an analysis 


rerun of the sample is made.  


 Finally, if both the review of external factors and the 


laboratory recheck fail to resolve the discrepancy the 


sample is flagged for further review. Samples showing 


significant degradation and which may be indicative of 


problems with the process pond system will be resampled 


at a higher frequency if necessary. 
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6.1.4 Laboratory Analyses 


Contract laboratories are required to participate in QC activities as part of the water 


quality sampling program. Furthermore, they are required to have an internal QC 


program as part of their analytical routine. This discussion describes the laboratory 


QC activities implemented as part of the ECD monitoring program; a description of 


the laboratory internal QC program is available from the contract laboratory. Energy 


Laboratories is the current lab analyzing Talen’s water samples. The following is a 


link to Energy’s Laboratory Quality Assurance Plan. 


(https://www.energylab.com/wp-content/uploads/2012/04/Billings-QA-Manual-


2015_final1.pdf) Elements of this QC program are as follows: 


 


 Use of approved analytical procedures for all parameters. 


 Use of control samples to check laboratory precision, accuracy, 


recovery, and detection limits. 


 Use of notebooks documenting QC results for each test. 


 Procedures for out-of-control analyses. 


 


6.1.4.1 Analytical Procedures 


An important factor in demonstrating the integrity of a monitoring program 


is the use of approved analytical procedures for all parameters tested. 


Methods used to analyze Colstrip SES water quality samples are listed in 


Table 4. The laboratory performing these analyses is required to meet the 


requirements for approval of both the State of Montana and the U.S. 


EPA. 


 


6.1.4.2 Laboratory Control Checks 


As part of the ECD QC procedures, control samples are generally 


submitted with each batch of water quality samples. Quality control 


samples are documented and encoded prior to submitting to the lab. 


Documentation is kept with the sample records.  The types of control 


samples used and frequency submitted are described as follows: 
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 Deionized water blanks are prepared and submitted to the laboratory 


 for analysis of specific water quality parameters. A blank sample is 


 handled in the same manner as an actual sample except the blank 


 sample has concentrations of parameters to be tested that are less 


 than laboratory analytical detection limits. Blanks are submitted to the 


 laboratory on a frequency of one per 50 samples. 


 Duplicates consist of two identical samples of water submitted to the 


 laboratory for analysis. All water quality parameters may be tested 


 with duplicate samples. The objective of duplicates is to determine the 


 precision of laboratory analysis. At least one duplicate is submitted 


 with every 20 samples sent to the laboratory. 


 Standards are water samples containing accurately known 


 concentrations of selected parameters. Most water quality parameters 


 can be tested in standards. Standards provide a measure of 


 laboratory accuracy or the closeness of laboratory results to known 


 concentrations. Standards are used with a frequency of one per 50 


 samples. 


 


Analytical results from control samples are used to evaluate contract 


laboratory performance.  Results are compiled and evaluated for out of 


control conditions. Statistical techniques are applied to track laboratory 


precision and accuracy as appropriate. Out of control conditions are 


communicated to the laboratory for correction or revision of procedures. 


The compiled results are included in the annual HMR. 


 


6.2 Quality Assurance Activities 


A Quality Assurance (QA) program has been developed and is being implemented for 


the Colstrip WRMP. This QA program consists of activities to assure effective quality 


control for the project. Included in this QA plan are requirements for personnel training, 


specifications for QA performance and systems audits, and documentation of the QA 


program results in an annual report. 
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6.2.1 Personnel Training 


  Training of personnel is an essential element of a successful QA program because 


it provides the knowledge to carry out procedures correctly. Proper training assures 


that a task is performed with both accuracy and precision regardless of the person 


completing them. A combination of both general and job-specific training 


requirements in water resources monitoring are described in the following sections. 


 


6.2.1.1 General Training 


General training serves two purposes: 1) to provide an understanding of 


the CSES Water Resources Monitoring Program, and 2) to expand the 


breadth and depth of personnel knowledge in the water resources 


monitoring field.  Both CSES and contractor personnel are required to 


participate in general training on a regular basis. The following paragraphs 


are specific requirements of the general training program. 


 


An important facet of personnel training is the reading and understanding 


of this WRMP.  All company and contractor employees involved in the 


CSES water resources program must read these documents. 


Furthermore, periodic meetings between ECD and contractor personnel 


are held to discuss and clarify procedures and changes to the plan.  The 


WRMP is reviewed annually and revised as needed to improve the 


program.  Changes to the plan are distributed by the QA Coordinator; who 


is responsible to assure the revisions are read, understood, implemented, 


and coordinated with appropriate regulatory agencies. 


 


To ensure a water resources program consistent with the highest 


professional standards, company personnel attend applicable short 


courses/seminars and conferences on a periodic schedule. Groups such 


as the Association of Groundwater Scientists and Engineers (Division of 


the National Water Well Association) offer numerous educational 


programs on groundwater resources topics.  Attendance at external 


educational programs allows water resources personnel to be 


knowledgeable on recent developments in the field as well as expanding 
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their expertise. Contractors are expected to participate in outside 


educational programs of a similar nature. 


 


6.2.1.2 Job-Specific Training 


Listing job-specific training requirements is necessary to assure that only 


qualified personnel are directing and implementing the program. An outline 


of the recommended requirements for each position is given in the 


following paragraphs: 


 


Environmental Compliance Manager 


 Possess a bachelor degree in science or engineering. 


 Have 3-5 years of progressive experience in managing 


environmental monitoring programs for a coal-fired power 


complex. 


 Have 3-5 years of experience in supervision and direction of 


a multi-disciplinary work force. 


 Have a demonstrated knowledge of applicable laws and 


regulations concerning water resources monitoring at coal-


fired power plants. 


 


Environmental Compliance Professional/Water Program:  QA 


Coordinator 


 Possess a bachelor degree in science or engineering, or 


equivalent experience. 


 Have experience in the water resources field. 


 Have experience in supervision and direction of a multi-


disciplinary work force. 


 Have knowledge or experience in groundwater and surface 


water monitoring applied specifically to coal-fired power plant 


systems. 


 Maintain ongoing training in groundwater resources and 


quality assurance as determined necessary by the 


Environmental Compliance Manager. 
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      Environmental Technician:  QC Coordinator 


 Have appropriate training and/or experience in science or 


environmental engineering field. 


 Have knowledge or experience with groundwater and surface 


water monitoring relating to coal-fired power plant systems. 


 Maintain ongoing training in groundwater and surface water 


resources and quality assurance as determined by 


Environmental Compliance Department management. 


 


Contractor:  Project Director 


 Possess a bachelor degree in science or engineering. 


Advanced degrees, engineering registration, etc. are 


preferable. 


 Have 5 or more years of experience in the water resources 


field including an established reputation as a water resources 


consultant. 


 Maintain ongoing training in water resources and quality 


assurance principles as appropriate. 


 


Contractor:  Monitoring Team 


 Possess an associate degree or equivalent in science or 


engineering, or equivalent experience. 


 Have 2 or more years of experience in surface and 


groundwater monitoring applications. 


 Have at least one year (2 sampling periods) of supervised on-


the-job training including quality control procedures. 


 


6.2.2 Quality Assurance Audits 


QA audits are employed to assess the representativeness and accuracy of the 


data produced in the Colstrip SES Water Resources Monitoring Program. Audits 


are of two types: performance audits and systems audits. Performance audits 


are a quantitative assessment of the total monitoring system. They are 
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conducted by individuals and with equipment that are not part of the regular 


monitoring effort; thus, an independent assessment is obtained. Systems audits 


are a qualitative inspection and review of the total monitoring system. The 


systems auditor should be separate from the regular monitoring team and 


should have a good knowledge of the measurement system being audited. 


 


6.2.2.1 Performance Audits 


Performance audits are completed on a yearly frequency by the QA 


Coordinator. Included in a performance audit are the following checks and 


procedures: 


 Participation in a semiannual sampling run to observe the 


sample extraction, filtering, and preservation of samples 


and associated procedures involving the ECD 


Environmental Technician and Hydrometric’s Field 


Monitoring Team. One sample per sampling session must 


be observed. 


 


Results of the QA performance audits will be documented in the 


ECD files. A copy of the field form for the observed sample will 


be signed by both the sampler and the QA Coordinator and 


saved electronically. 


 


6.2.2.2 Systems Audits 


Systems audits are completed every five years in conjunction with a 


WRMP review by the QA Coordinator. The purpose of the systems audit is 


to review the path of the data from field measurement or collection through 


reporting to the regulatory agencies. 


 


A systems audit includes a review of the following items: 


 Staff training, organization, and utilization of the program. 


 Equipment and facilities available to support water 


resources monitoring. 
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 Design of the monitoring network and any changes 


needed to address new concerns. 


 Operation of the network in accordance with the WRMP.  


 Completion and documentation of QC/QA activities as 


specified in the plan. 


 Chain-of-custody for samples and handling/verification 


procedures for data. 


 


A written report summarizing the results of the systems audit is 


documented in the ECD files. This report will we kept 


electronically beginning in 2016. 


 


6.2.3 Quality Assurance Reports 


 A yearly report of the results of QC and QA activities for the Colstrip SES Water 


Resources Monitoring Program is produced in the annual hydrologic report. 


Information to be included in this report is as follows: 


 


 Problems noted during QC checks of stream flow, water levels, and 


water quality measurements and the steps taken to resolve them. 


 Results of the laboratory QC checks (i.e., blanks, duplicates, 


standards), any anomalies in the data, and corrective action. 


 Documentation of QC/QA related training for water resources 


program personnel. 


 Results of both the QA performance and systems audits and 


actions to correct deficiencies. 


 


The QA summary will be included in the annual HMR as a demonstration 


of data quality. 


 


7.0 Access Agreements 
Talen has wells drilled on land owned by other entities, creating the need to have access 


agreements in place with those entities. Talen currently has two agreements with the Montana 


Department of Natural Resources and Conservation (DNRC) and one agreement with 
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Western Energy Company (WECo). These agreements allow Talen access to these wells to 


collect important data needed for the evaluation of each geotechnical region. The agreements 


with the DNRC are on file with the state. The agreement with WECo is kept electronically with 


the ECD.  
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Table 2:     list 1 of 4 Page 1 of 4


(Energy Lab Quote B1618)


Physical Properties


Specific Conductivity (umhos/cm)


pH (lab)


Total Dissolved Solids Measured at 180 
o
C


Inorganics


Alkalinity, Total as CaCO3


Bicarbonate as HCO3


Bromide (Br)


Carbonate as CO3


Chloride (Cl)


Sulfate (SO4)


Trace Elements (Dissolved metals)


Boron (B)


Calcium (Ca)


Magnesium (Mg)


Potassium (K)


Selenium (Se)


Sodium (Na)


Quality Control


A/C Balance Sigma


TDS ratio


 


Talen Montana Colstrip Steam Electric Station


Environmental Compliance Department


Water Quality Sample Parameter List 1
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Talen Montana Colstrip Steam Electric Station


Environmental Compliance Department


(Energy Lab quote B1619)


Physical Parameters


Specific Conductivity (umhos/cm)


pH (lab)


Total Dissolved Solids Measured at 180 
o
C


Common Ions


Alkalinity, Total as CaCO3


Bicarbonate as HCO3


Bromide (Br) 


Carbonate as CO3


Chloride (Cl)


Sulfate (SO4)


Trace Elements (Dissolved metals)


Boron (B)


Calcium (Ca)


Magnesium (Mg)


Mercury (Hg)


Potassium (K)


Selenium (Se)


Sodium (Na)


Quality Control


A/C Balance Sigma


TDS ratio


 


Water Quality Sample Parameter List 2
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Talen Montana Colstrip Steam Electric Station


Environmental Compliance Department


Physical Parameters


Specific Conductivity (umhos/cm)


pH (lab)


Total Dissolved Solids Measured at 180 
o
C


Total Hardness as CaCO3


Common Ions


Acidity


Alkalinity, Total as CaCO3


Bicarbonate as HCO3


Bromide (Br)


Carbonate as CO3


Chloride (Cl)


Sulfate (SO4)


Nutrients


Nitrogen, Nitrate + Nitrite as N


Trace Elements (Dissolved metals)


Boron (B)


Calcium (Ca)


Magnesium (Mg)


Potassium (K)


Selenium (Se)


Sodium (Na)


Water Quality Sample Parameter List 3
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Talen Montana Colstrip Steam Electric Station


Environmental Compliance Department


Physical Parameters


Specific Conductivity (umhos/cm)


pH (lab)


Total Dissolved Solids Measured at 180 oC


Common Ions


Alkalinity, Total as CaCO3


Bicarbonate as HCO3


Bromide (Br)


Carbonate as CO3


Chloride (Cl)


Sulfate (SO4)


Nutrients


Nitrogen, Nitrite as N


Nitrogen, Nitrate as N


Nitrogen, Nitrate + Nitrite as N


Trace Elements (Dissolved metals)


Arsenic


Boron (B)


Chromium


Calcium (Ca)


Iron


Lead


Magnesium (Mg)


Manganese


Mercury


Potassium (K)


Selenium (Se)


Sodium (Na)


Water Quality Sample Parameter List 4
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* Filters samples are filtered through a 0.45 micron membrane filter prior to preservation.


Parameter Filtered*/ 
Unfiltered Preservation Maximum 


Holding Time
Specific Conductivity Unfiltered Cool, 4o C 28 days
pH Unfiltered Determine on site 2 hours
Total Dissolved Solids Unfiltered Cool, 4o C 7 days
Total Suspended Solids Unfiltered Cool, 4o C 7 days
Sodium Adsorption Ratio ------- Calculation 6 months
Hardness ------- Cool, 4o C 6 months
Calcium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Calcium (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Magnesium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Magnesium (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Sodium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Sodium (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Potassium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Potassium (total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Alkalinity Unfiltered Cool, 4o C 14 days
Bicarbonate Unfiltered Cool, 4o C 14 days
Carbonate Unfiltered Cool, 4o C 14 days
Sulfate Unfiltered Cool, 4o C 28 days
Chloride Unfiltered None required 28 days
Bromide Unfiltered - 250 None required 28 days
Fluoride Unfiltered None required 28 days
Nitrate + Nitrite Unfiltered H2SO4 to pH <2, Cool 4o C 28 days
Ortho-Phosphate Unfiltered H2SO4 to pH <2, Cool 4o C 28 days
Aluminum (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Aluminum (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Boron (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Boron (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Cadmium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Cadmium (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Copper (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Copper (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Iron (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months


Table  3


Water Sample Preservation Techniques and Holding Times
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* Filters samples are filtered through a 0.45 micron membrane filter prior to preservation.


Parameter Filtered*/ 
Unfiltered Preservation Maximum 


Holding Time


Table  3


Water Sample Preservation Techniques and Holding Times


Iron (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Lead (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Lead (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Manganese (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Manganese (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Mercury (Diss) Filtered HNO3 to pH <2, Cool, 4o C 28 days
Mercury (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 28 days
Nickel (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Nickel (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Selenium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Selenium (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Vanadium (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Vanadium (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months
Zinc (Diss) Filtered HNO3 to pH <2, Cool, 4o C 6 months
Zinc (Total) Unfiltered HNO3 to pH <2, Cool, 4o C 6 months


Further information can be found in Energy Laboratory's Analytical Services Manual.







Parameter Method Reporting Limit
Alkalinity E310.1/A 2320 B 1 mg/L
Aluminum E200.7/E200.8/E200.9 0.1 mg/L
Aluminum, low level E200.7/E200.8/E200.9 .05 mg/L
Bicarbonate E310.1/A 2320 B 1 mg/L
Boron E200.7/E200.8 0.1 mg/L
Bromide E300.0 0.5 mg/L
Cadmium E200.7/E200.8/E200.9 0.001 mg/L
Cadmium, low level E200.8/E200.9 0.0001 mg/L
Calcium E200.7/E200.8/E215.1 1 mg/L
Carbonate E310.1/A 2320 B 1 mg/L
Chloride E300.0/A 4500 CL B 1 mg/L
Copper E200.7/E200.8/E200.9 0.01 mg/L
Copper, low level E200.7/E200.8/E200.9 0.001 mg/L
Fluoride A 4500 F-C/ Technicon 380-7WE 0.1 mg/L
Hardness A 2340 B 1 mg/L
Iron E200.7/E200.8/E200.9/E236.1 0.03 mg/L
Iron, low level E200.7/E200.8/E200.9 0.005 mg/L
Lead E200.7/E200.8/E200.9 0.01 mg/L
Lead, low level E200.8/E200.9 0.002 mg/L
Magnesium E200.7/E200.8/E242.1 1 mg/L
Manganese E200.7/E200.8/E200.9 0.01 mg/L
Manganese, low level E200.8/E200.9 0.005 mg/L
Mercury E200.8/E245.1/E245.2/A 3112 B 


Mod.
0.001 mg/L


Mercury, low level E200.8/E245.1/E245.2/A 3112 B 
Mod.


0.0001 mg/L


Nickel E200.7/E200.8/E200.9 0.01 mg/L
Nickel, low level E200.8/E200.9 0.005 mg/L
Nitrogen, Nitrate + Nitrite as N E353.2 0.05 mg/l
Nitrogen, Nitrate + Nitrite as N, low level E353.2 0.01 mg/l
Ortho-Phosphate E365.1 0.01 mg/l
pH E150.1/A 4500 H B 0.1 Std. Unit


Table  4


Energy Laboratory Analytical Methods







Potassium E200.7/E200.8/E258.1 1 mg/L
Selenium E200.8/E200.9/A 3114 B 0.005 mg/L
Selenium, low level E200.8/E200.9/A 3114 B 0.001 mg/L
Sodium E200.7/E200.8/E273.1 1 mg/L
Sodium Adsorption Ratio Calculation 1
Specific Conductivity @ 25o C E120.1/A 2510 B 1 umhos/cm
Sulfate E300.0 1 mg/L
Total Dissolved Solids E160.1/A 2540 C 10 mg/L
Total Suspended Solids E160.2 10 mg/L
Vanadium E200.7/E200.8/E286.2 0.1 mg/L
Vanadium, low level E200.7/E200.8 0.01 mg/L
Zinc E200.7/E200.8/E200.9 0.01 mg/L
Zinc, low level E200.7/E200.8/E200.9 0.001 mg/L
Zirconium E200.8/E200.9 0.01 mg/L
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Figure 3 
 
Form ss-1 
Colstrip Steam Electric Station   
Environmental Compliance Department 


Spill Response Data Sheet                                   (To be completed by Shift Supervisor) 


Date/Time Spill Discovered: __________________________ 


Date/Time Spill Occurred: ____________________________ 


Discovered by: ________________________ 


Date/Time Shift Supervisor Notified: __________________________ 


Shift Supervisor on Duty: _________________________ 


Name of EED contact: ____________________________ 


Type of Spill (please circle one):    Chemical Oil Water/Slurry 


Location of Spill: __________________________ 


(diagram on back if needed) 


Amount Released: _________________________ 


If water, date/time spill stopped: _________________________ 


If chemical, was RQ reached? Yes No 


Authority Notified: ____________________ 


Name of Reporting Authority: _____________________________ 


Actual or suspected cause of release: ______________________________________ 


Action taken to stop repeat release: _______________________________________ 


Cleanup/Disposal of released material and or contaminated materials: _____________ 


_________________________________________________________________ 


Shift Supervisor Completing Report: _____________________________ 


Time and Date report submitted: _________________________ 


Original: Environmental Compliance Department 


Copy: Operations Manager/ Maintenance Manager/Balance of Plant Manager 







PROTECTIVE STEEL


LOCKING COVER


PVC TOP CAP


BLACK STEEL SURFACE


CASING (6" OR 8" DIA. TYPICAL)


EXISTING GROUND


SURFACE


SURFACE SEAL-BENTONITE


OR CONCRETE


BENTONITE ANNULAR SEAL


(3/8" CHIPS TYPICAL)


1" TO 4.5" DIA. SCH.


40 PVC CASING


FACTORY SLOTTED SCH. 40


PVC SCREEN (0.025-SLOT


TYPICAL)


PVC BOTTOM CAP


10/20 SILICA SAND PACK


NOT TO SCALE


TYPICAL MONITORING WELL


COMPLETION DETAILS FOR


ALLUVIAL AND BEDROCK WELLS


18"-24" ABOVE


GRADE


FIGURE
TYPICAL


MONITORING WELL CONSTRUCTION
TALEN MONTANA, LLC 3















SAMPLE SITE CODE NUMBER


LOCATION DUPLICATE NUMBER


OWNER OR TENANT Talen SPLIT NUMBER


M.P. location: Total depth (ft): SWL:


Diameter (I.D., In.) Screened area:


1/25 (TD-SWL) (DIA)
2
 = gallons in well 3 Bore Volumes = 


SAMPLING METHOD: Pump (set at ft.) Bailer Other:


depth


Total gallons removed:


WATER LEVEL RECOVERY:Slow Moderate Rapid TURBIDITY: Low Medium High


COMMENTS:


PARAMETERS:


SAMPLE SENT TO: Energy    Labs,    Billings Date sent:


SPLIT SAMPLE SENT TO: Date sent:


I certify sampling and testing is in accordance with 


procedures that are approved for this project.


SAMPLED BY: Sample date: Sample time:


WITNESSED BY:


PURGE VOLUME COMPUTATIONS


GROUNDWATER SAMPLING RECORD


TALEN MONTANA, CSES      COLSTRIP, MONTANA


WELL/WATER LEVEL DATA


SAMPLE COLLECTION


Physical Properties:   pH, Conductivity, TDS
Inorganics:  Alkalinity, Bicarbonate, Carbonate, Bromide, Chloride, Sulfate
Metals, Dissolved: Boron, Calcium, Magnesium, Potassium, Selenium, Sodium


SAMPLING DATA


Field 


Conductivity Gallons


  Date    Time    SWL    (umhos/cm)    Temp (C)    pH    Removed  







Flume site: ___________________________________ Recorder model & type: _________________________________________________


Sensor PSI & feet:_________________________ Sensor S/N: ______________    Recorder S/N:______________________


Programming data: Sample rate = ________________ Recording interval = _______________ Capacity = ______________________ 


Parameters (circle all that apply):      min          max          avg


current
staff recorder recorder clean feet feet


Date Time gage (ft) yes no reading units flume diff drift comments


Talen Montana LLC,     Colstrip, Montana
East Fork Armells Creek     Flume check list


download
data







Site designation: Code number:


Descriptive location: Duplicate number:


Location:


State County Township Range Section Tract


Owner or tenant:


Water use:


Type of sample: pond spring stream other:


Flow: MGD GPM CFS How determined:estimate other:


Temperature (C): pH: Estimated turbidity: Conductivity (umhos/cm):


Sampling method: Comments:


Parameters:


Sample sent to: Energy Labs, Billings Date sent:


Laboratory


I certify sampling and testing is in accordance with procedures approved for this project.


Sampled by: Sample date: Sample time:


The undersigned witnessed this sampling:


Name: Date:


Inorganics:  Alkalinity, Bicarbonate, Carbonate, Bromide, Chloride, Sulfate
Metals, Dissolved: Boron, Calcium, Magnesium, Potassium, Selenium, Sodium


SURFACE WATER SAMPLING FORM


TALEN MONTANA       COLSTRIP, MONTANA


Environmental Compliance Department


SURFACE WATER DESCRIPTION


SAMPLE COLLECTION AND FIELD WATER QUALITY


Physical Properties:   pH, Conductivity, TDS







In certain circumstances, samples submitted to Energy Laboratories, Inc. may be subcontracted to other certified laboratories in order to complete the analysis requested.  This serves as notice of this possibility.  All sub-contract data 
will be clearly notated on your analytical report. 


                  Chain of Custody and Analytical Request Record 
PLEASE PRINT; provide as much information as possible.  Refer to corresponding notes on reverse side.  Page    __of____    


Company Name: 
 
Talen Montana, LLC 


Project Name, PWS#, Permit #, Etc. 
 
 


Report Mail Address: 
 


Contact Name:  
Voice:   
Fax:   
Email:         


Sampler Name if other than Contact: 
 


Invoice Address:  TALEN MONTANA, LLC 
ATTN: A.P. GENTW13 
P.O. BOX 25223 
LEHIGH VALLEY, PA 18002-5223 


Invoice Contact & Phone #: 
 


Purchase Order #: 
      
 


ELI Quote #: 
 
   


Report Required For: POTW/WWTP  DW  
 Other       
Special Report Formats – ELI must be notified prior to 
sample submittal for the following: 
NELAC  A2LA  Level IV  
Other       
EDD/EDT  Format       


N
um


be
r o


f C
on


ta
in


er
s 


 
S


am
pl


e 
Ty


pe
: 


 A
 W


 S
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 B
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at
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 S
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V
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ANALYSIS REQUESTED 


SE
E 


A
TT


A
C


H
ED


 


N
or


m
al


 T
ur


na
ro


un
d 


(T
A


T)
 


 Notify ELI prior to RUSH sample 
submittal for additional charges and 
scheduling 


Receipt Temp 
 ° C 
Cooler ID(s) 
  
Custody Seal Y N 
Intact Y N 
Signature Y N 
Match 
 


LAB ID          R
U


S
H


 T
ur


na
ro


un
d 


(T
A


T)
 


Comments: 
 
Please copy results to Jenny 
Vanek, Hydrometrics, Inc., Billings. 
 
 SAMPLE IDENTIFICATION 


(Name, Location, Interval, etc) 
Collection 


Date 
Collection 


Time 
MATRIX 


                                 


                                 


                                 


                                 


                                 


                                 


                                 


                                 


                                 


                                 


Custody 
Record MUST 


be Signed 


Relinquished by:       Date/Time:       Shipped by:       Received by: Date/Time: 


Relinquished by:       Date/Time:       Shipped by:       Received by: Date/Time: 


Sample Disposal: Return to Client  Lab Disposal  LABORATORY USE ONLY 
Sample Type    # of fractions   
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  Appendix A – Contractor List 


Appendix A 


 


Talen Montana  


Colstrip Steam Electric Station 


Environmental Compliance Department 


Ambient Water Monitoring 


Current Contractors, September 2015 
 


 


 


Contractor 
Business Contact and Address Area of Responsibility 


Askin Well Drilling Ron or Doug Askin 


140 Green Acres Dr. 


Miles City, MT  


406-234-1949 


Well drilling and repair. 


Battelle Northwest Khris B. Olsen 


Richland, WA  99352 


509-372-6114 


Oversee EHP Stipulation (Kluver 


monitoring sites) 


Colstrip Electric Inc./Sagebrush 


Inc. 


Brent Burton 


6131 Homestead Blvd 


P.O. Box 1934 


Colstrip, MT 59323 


406-748-4048 


Collection well maintenance and 


miscellaneous repair. Conversion 


of wells to collection systems. 


Energy Labs, Inc. Shari Endy 


1120 S 27
th
 


Billings, MT 59101 


406-252-6253 


Primary laboratory for water 


sample analyses. 


Fusion Technology Les Klaudt 


Billings, MT 59847 


406-239-7624 


Weld HDPE lines, etc. 


Geochron Laboratories Dana Krueger 


711 Concord Ave. 


Cambridge, MA 02138-1002 


617-876-3691 


Isotope analyses. 


Geomatrix Cam Stringer 


1001 South Higgens Ave. 


Missoula, MT 59801 


406-542-0129 


Hydrogeological consultant. 


Gordon Drilling, Inc. N/A 


317 5
th
 Ave. E 


Roundup, MT 


406-323-3001 


Well drilling. 


HKM Engineering, Inc. Quinn Wright 


713 Pleasant  


P.O. Box 1518 


Miles City, MT 59301 


406-234-6666 


Surveying of well coordinates 


and other sites using GPS 


methods. 


Hydrometrics, Inc. Al Hilty 


5602 Hesper Road 


Billings MT 59106 


406-656-1172, ext 200 


Primary hydrogeological 


consultant. Systems monitoring 


and general support. 
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  Appendix A – Contractor List 


 


Contractor 
Business Contact and Address Area of Responsibility 


PACE Analytical  N/A 


602 S 25
th


 St. 


Billings, MT 


406-254-7226 


QC water sample analyses. 


Oftedahl Construction, Inc. John Schneeman 


434 Highway 59 North 


Miles City, MT 59301 


406-232-5911 


Installation of trenches and 


discharge lines. Occasional 


collection well maintenance. 


SK Geotechnical Corporation N/A 


2611 Gabel Road 


Billings, MT 59102 


406-652-3930 


Geotechnical drilling. 
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1.0 Purpose/Scope  
 
The purpose of this procedure is to provide direction and recommendations to be 
followed when conducting monitoring of crest gauges on ephemeral streams. 


 
2.0 Applicability 
 


This procedure applies to all personnel who monitor these sites. Typically the 
Talen Colstrip Steam Electric Station (CSES) Environmental Compliance 
Department (ECD) monitors these sites. It shall be followed when maintaining 
and reading the crest gauges. It does not provide direction for location or 
installation of crest gauges, or calculation of flows from gauge readings. 
Currently there are two established crest gauge sites, one on Cow Creek and 
one on South Fork Cow Creek. These sites have been surveyed using Global 
Positioning System methods and can be found on maps in the ECD. 


 
3.0 References 
 


4.1 Talen Colstrip Environmental Policy 
4.2 Talen Colstrip Environmental Management System Manual 
4.3 ISO 14001:2004 


 
4.0 Definitions 
 


Crest Gauge – A crest gauge is a device used to record the maximum water 
depth of a body of water. Using this measured depth, formulas can be calculated 
to derive the maximum flow of a stream during a known time period. The crest 
gauges that CSES monitor are a small diameter perforated PVC pipe containing 
a wooden measuring gauge and powdered cork. Each site’s crest gauge is 
positioned vertically within the trough of the ephemeral stream.  
 
Major Precipitation Event – A major precipitation event is an event that could be 
expected to cause overland runoff and flow in an ephemeral stream. This event 
could be rainfall, snowfall, snowmelt, or other similar event. 


 
5.0 Exclusions 
 


This procedure pertains only to the established sites on Cow Creek and South 
Fork Cow Creek, Rosebud County, Montana. 
 


6.0 Procedure 
 


1. Equipment needed –  
a. Field log book 
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b. Engineering tape measure 
c. Powdered cork 
d. Standard safety equipment and PPE 


 
2. Prior to accessing the crest gauges review the JSA (Attachment A) for the work 


to be performed. 
 


3. Remove the wooden measuring gauge from inside the crest gauge perforated 
PVC casing. If there has been flow at the site since the prior reading, powdered 
cork will have adhered to the wooden measuring gauge at the highest water level 
at the site since the previous reading. Measure from the bottom of the wooden 
measuring gauge to the top of the cork line using an engineering tape measure. 
Record the reading to the nearest 0.01 foot. If there has been no flow, the 
measurement is recorded as 0.00. 


 
4. Reset the crest gauge by gently brushing all cork back into the cork holder at the 


bottom of the wooden measuring gauge. Add additional powdered cork if 
necessary, as some is lost during each flow event. 


 
5. The data is transferred to records in the electronic files in the ECD. This data is 


included in the Annual Groundwater Monitoring Report. 
 


7.0 General Rules 
 


None 
 
8.0 Record Retention 
 


Documents shall be retained consistent with CSES-EP-31 Environmental 
Records Retention Plan. 
 


9.0 Record of Revisions 
Rev 02 Date 10/28/15 
Prepared by: Cody Cole 
Reviewed by: Kordelle Stephenson 


Approved by: Stephen J. Christian, Manager 
Comments Original procedure revised and reformatted for EMS procedures 
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1.0 Purpose/Scope  
 


The purpose of this procedure is to define the process to be used when sampling 
groundwater at the Talen Colstrip Steam Electric Station (CSES) monitoring and 
collection wells.   


 
2.0 Applicability  


 
This procedure applies to all personnel sampling Talen CSES groundwater wells. 
This procedure can be used for all monitoring and collection wells at the Talen 
CSES. This procedure is to be used when sampling for parameters in Attachment 
A. Frequency of obtaining samples can be found in Talen’s Water Resources 
Monitoring Plan, and also in Talen CSES Environmental Compliance 
Department’s (ECD) ‘Site Inventory’ electronic file. 
 


 
3.0 Attachments 
 


3.1 Attachment A – List of routine sample parameters  
3.2 Attachment B – Groundwater sampling form  
3.3 Attachment C – JSA (Job Safety Analysis) – Sample Well by Pumping  


 
4.0 References 
 


4.1 Talen Colstrip Environmental Policy 
4.2 Talen Colstrip Environmental Water Resources Monitoring Plan 
4.3 Energy Lab’s Analytical Services Manual  
 


 
5.0 Definitions 


 
Static water level – The distance from the measuring point on a well to the top of 
the water column in the well, measured in hundredths of feet. 
 
Analytical Laboratory – The primary laboratory analyzing the groundwater 
samples. 
 
Duplicate sample – A portion of the original sample that is submitted exactly as 
the original sample but encoded differently. 
 
Split sample – A portion of the original sample that is submitted exactly as the 
original sample but is analyzed by a lab other than the lab that analyzed the 
original sample. 
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Blank – A water sample composed of deionized water. 
 
Standards – A quality control check of the analytical process for the analytes 
included in the standard.  Includes pH, Hardness, Metals and Inorganics. 


 
6.0 Exclusions 
 


If parameters other than the required parameters are to be analyzed, a review 
must be done of the analytical laboratory procedures, the primary hydrological 
consulting entity, or the Environmental Compliance Department management to 
ascertain that this procedure is applicable. 


 
7.0 Procedure 
 


1. Basic equipment needed –  
a. Submersible pump or bailer for purging 
b. 12-volt pump  
c. Water level probe 
d. Stopwatch 
e. Well location maps 
f. Sample bucket 
g. Bailer rope 
h. ECD well key for collection wells 
i. ECD blue lock key 
j. Calculator  
k. Calibrated conductivity meter   
l. Calibrated measuring bucket (5-gallon) 
m. Sample field forms and well information including total depth and inside 


casing diameter  
n. Sample bottles and preservatives (Attachment B). One 1000 ml bottle 


for common ions and one nitric acid preserved 250 ml red-capped 
bottle for dissolved metals are required for each sample if submitting 
the samples to Energy Labs   


o. Peristaltic pump and tubing for filtering  
p. 0.45 micron filters  
q. Cooler with ice  
r. Routine safety equipment and PPE, plus a portable eye wash 


 
2. Obtain a static water level and calculate the number of gallons in the well as 


calculated on the Groundwater Sampling Form (Attachment B). 
 


3. Prior to sampling, review JSA Attachment C for the proper safety techniques 
that are to be utilized while sampling by pumping.  In preparation for 
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sampling, consult the Well List Pumping Rates spreadsheet for historical 
pumping rates to determine whether a pump or bailer will be used to 
adequately purge the well.  Three bore volumes are removed to ensure that a 
representative sample is obtained. Some exceptions to purging three bore 
volumes would be: 
 
- If the well is low yield the well can be purged dry and revisited for sampling. 
It might be necessary to purge the well dry more than once to ensure a fresh 
sample is obtained and that three bore volumes are removed. It is best to 
remove a minimum of 1 ½ to 2 bore volumes. 
 
- If the well is a collection well, isolate the sample port from the downstream 
portion of the system by closing the isolation valve, then open the sample port 
valve and flush the sample line thoroughly prior to collecting a sample.   
 
There are many shallow wells at the Talen CSES that can be pumped using a 
12-volt pump.  The use of this pump is at the discretion of the sampler and is 
determined from the Well List Pumping Rates spreadsheet.  Purging 
techniques for the use of the 12-volt pump, Grundfos pickup mounted pump, 
and bailer are as follows: 
 
a.) Pumping (12-volt pump) 


- Position the front of the pickup close to the well and set the park brake. 
- Slowly lower the 12-volt pump into the well.   
- Once the appropriate depth is attained at the target aquifer, secure the 


end of the discharge tubing and external wiring of the 12-volt to the 
front of the pickup. 


- Open the hood and connect the positive and negative alligator clips on 
the external wiring of the 12-volt to the pickup battery and begin timing 
with the stopwatch. 


- Determine the flow rate using a 5-gallon calibrated measuring bucket 
and proceed with step four once three bore volumes have been 
removed. 


  
b.) Pumping (Grundfos pickup mounted pump)  


- Position the pickup next to the well so the Grundfos pump mounted on 
the flatbed can be squarely lowered into the well. Ensure that the 
pickup is on a level surface and set the park brake.   


- Start the generator and slowly lower the pump to the targeted location 
within the well using the reel controller.  Once the appropriate depth is 
attained, set the reel brake. 


- Connect the pump power cord.    
- Connect the sample discharge line and position it away from the work 


area. 
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- Start the pump and set the appropriate flow rate determined from the 
Well List Pumping Rates spreadsheet using a 5-gallon calibrated 
measuring bucket and stopwatch.  Flow adjustment is accomplished 
through a valve on the end of the discharge line.  


- Determine the time it will take to purge three bore volumes at the set 
flow rate and proceed with step four once three bore volumes have 
been removed. 
 


c.) Bailing  
- Obtain a new disposable bailer and tie the end of the rope to the top of 


the bailer. 
- Slowly lower the bailer down by hand to the water column within the 


well and allow the bailer to fill with water.   
- Once full, carefully lift the bailer out of the well and pour the water into 


the 5-gallon calibrated measuring bucket.  Continue these steps until 
three bore volumes have been removed and proceed with step four. 


  
4. Label the bottles with the appropriate code, date, and time found on the 


groundwater sampling form (Attachment B).  All sample bottles are rinsed 
three times with the appropriate sample prior to filling them.  When purging by 
pumping, the commons bottle (1000 ml) can be filled directly from the sample 
line being careful not to introduce air from the line.   


 
5. Rinse the sample bucket three times and collect a portion of the sample from 


the discharge line.  Fully submerge the probe of the conductivity meter within 
the sample and allow it to stabilize.  


 
6. Using the peristaltic pump, place one end of the tubing in the sample bucket 


and filter a portion of the sample through a 0.45 micron filter attached to the 
opposite end of the tubing.  Preserve the 250 ml sample bottle with nitric acid.   


 
7. Immediately place samples on ice. Finish completing the sample form and 


disconnect the pump power cord and discharge hose before using the reel to 
remove the pump from the well when purging with the Grundfos pickup 
mounted pump.  Cap and lock the well, and ensure all equipment is 
accounted for.  


 
8. QA/QC samples are obtained during the sampling event.  One duplicate 


sample is obtained for every 20 groundwater samples collected, and one 
blank sample is collected per every 50 groundwater samples collected.  
Standards including one bottle for pH, Hardness, Metals and Inorganics are 
sent to the lab with every 50 samples.  A split sample can also be collected 
per the discretion of the ECD.  This data is also detailed in the CSES ECD 
Water Resources Monitoring Plan.  
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9. In most cases, there is enough water to thoroughly rinse purge equipment.  If 


there is not enough water in a well to adequately rinse the purge equipment 
between wells, it must be decontaminated with deionized water. Otherwise, 
separate disposable equipment must be used. 


 
10. Samples are returned to the locked ECD equipment area and placed in the 


refrigerator at <4 degrees C prior to being submitted to the analyzing lab. 
Samples must be submitted to the analyzing lab prior to the holding time 
expiration, keeping in mind that the lab will need a minimum of one day prior 
to the expiration of the hold time to begin analysis. 


 
When shipping samples, they must be kept cold and sent the quickest 
method available.  UPS RED is used when mailing samples from the Talen 
CSES warehouse.  All samples must coincide with a Chain-of-Custody (COC) 
form that is completed with sample codes, dates, and times.  The COC is then 
Ziploc sealed and taped to the inside lid of the cooler when shipping samples.  
Samples may also be delivered by hand to the lab within business hours. 


 
8.0 General Rules 


 
Typically the analyzing laboratory supplies the COC forms and all bottles, 
coolers, and preservatives.  
 
Any field data that is inconsistent with previous data and that could indicate a 
potential problem in that area should be reported to Environmental Compliance 
Department Management immediately.  


 
9.0 Record Retention   


 
Sampling records, lab results, and all documents pertaining to the sampling 
sessions are kept in the CSES ECD, either electronically or hard copy. Any 
pertinent information on the sample forms is transferred to the appropriate 
location, such as static water levels. Documents and Records shall be retained 
consistent with the Talen CSES-EP-31 Environmental Records Retention Plan. 
 


10.0 Record of Revisions 
   


Rev 01 Date 10/28/15 
Prepared by: Cody Cole, Compliance Technician 
Recommend by: Kordelle Stephenson, Compliance Professional 
Approved by: Stephen J. Christian, Manager  
Comments Original procedure revised and reformatted for EMS procedures 







CSES-WQ-EWP-
001 
Revision:  01 
Date:  10/28/2015 
Page 6 of 6 


Colstrip Environmental Management System 
Environmental Work Practice  


Groundwater Sampling 


 
 
 


 


Electronic versions of CSES documents are considered “Controlled Documents”. Printed documents are considered 
Controlled Documents on the date of printing only.  Check Colstrip SES website for the latest revision.  


Printed 12/31/15 


 
 
 







Parameter List 
CSES Groundwater Sampling 


 


 


 


Physical Properties: pH, Conductivity, TDS 


 


Inorganics: Alkalinity, Bicarbonate, Carbonate, Bromide, Chloride 
Sulfate 


 


Metals, Dissolved: Boron, Calcium, Magnesium, Potassium, Selenium, 
Sodium 











PPL Form 4994 (09/2003) 


JOB SAFETY ANALYSIS 


TITLE OF WORK PERFORMED: 
Sample Monitoring Well by 
pumping 
 


PAGE: 1 of 1 
 
JSA NO.:  
      


DATE:  
9/07/06 
  
RE-EVALUATED BY:  
      


  NEW 
  REVISED 
  REVIEWED 


 PLANT/LOCATION: 
Colstrip 1-4/Ponds 


DEPARTMENT: 
Environmental Department 


ORIGINATED BY: 
Holzwarth/Koczur 
REVIEWED BY: 


REQUIRED AND/OR RECOMMENDED PERSONAL PROTECTIVE EQUIPMENT: Gordon  Criswell 
Hard Hat   Hearing Protection  Eye Protection  Gloves   Steel Toe  Boots   Radio    Sunblock   Portable 
Eye Wash 


APPROVED BY: 
Gordon Criswell 


SEQUENCE OF BASIC JOB STEPS POTENTIAL HAZARDS RECOMMENDED ACTION OR PROCEDURE 
1. Location of  truck in relationship to monitoring well   1 Weather 1A1. Park truck to protect  work area from the elements, wind sun.. 


      1B. Watch for snakes and bees 1B & C1 Have area around well mowed or park on scoria. 


      1C. Fire Hazard 1B2. Use caution when opening well cover - bees, spiders… 


2. Lower pump into well 2A Lifting hazard. 2A1. Use proper lifting techniques. 


3. Start generator. 3A. Slip/trip hazard getting on and off truck bed. 3A1. Use caution when stepping. 


      3B. Electrical shock. 3B1. Use GFI outlet 


l 3C. Fire hazard from exhaust. 3C1. Make sure gas can and other objects are not in generator 
exhaust. 


4. Pumping well 4A. Slip hazard from water being pumped. 4A1. Discharge water downhill from work area or on to scoria. 


            4A2. Good housekeeping in work area. 


5. Sampling well water. 5A. Acid burn 5A1. Use proper PPE for protection. 


6. Stop generator 6A. Slip/trip hazard getting on and off truck bed. 6A1. Use caution when stepping. 


                  


7. Pull pump from well. 7A. Lifting hazard. 7A1. Use proper lifting technics. 


8. Put equipment away.  8B. Slip/trip hazard. 8B1. Use caution when loading equipment. 
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1.0 Purpose/Scope  
 


This procedure defines the process to be used when obtaining static water levels 
at the Talen Colstrip Steam Electric Station (CSES) groundwater monitoring sites.   


 
2.0 Applicability  


 
This procedure applies to all personnel obtaining static water levels from 
monitoring wells at Talen CSES groundwater sites. Frequency of obtaining static 
water levels can be found in Talen CSES Environmental Compliance 
Department’s (ECD) Water Resources Monitoring Plan, and also in Talen CSES 
ECD’s ‘Site Inventory’ electronic file. 


 
3.0 References 
 


4.1 Talen Colstrip Environmental Policy 
4.2 Talen Colstrip Environmental Water Resources Monitoring Plan  
 


4.0 Definitions 
 
Static water level (SWL) – the distance from the measuring point on a well to the 
top of the water column in the well, measured in hundredths of feet 
 
Measuring point (MP) – the point on a well from which all static water levels are 
obtained for that well. This point is the surveyed elevation in feet above sea level. 
It is typically the top of the PVC or the top of the steel casing. Measuring point 
information is on file in the ECD electronic files. 
 
Groundwater elevation – the elevation above sea level of the top of the water 
column, calculated by subtracting the static water level from the measuring point 
elevation 


 
5.0 Exclusions 
 


None 
 
6.0 Procedure 
 


1. Equipment needed – 
a. ECD blue lock well key  
b. Water level probe 
c. Log book 
d. Routine safety equipment and PPE 
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2. Turn the water level probe on and lower it into the well. The instrument will 
signal when it comes in contact with the water column. Raise and lower the 
probe in slight increments until the contact point is at the very top of the water 
column. Obtain the reading from the tape where it makes contact with the 
measuring point on the well. Measure to the nearest 0.01 foot. 


 
3. Record the well number and the tape reading in the log book. 


 
7.0 General Rules 
 


This information is entered into the ECD electronic files, and the groundwater 
elevations are calculated by subtracting the SWL from the MP elevation. A few 
wells have been drilled at a slant and this must be taken into consideration when 
calculating groundwater elevations. The correction factor for slant wells depends 
on the degree of incline. The groundwater elevations are then graphed as soon 
as possible. If the groundwater elevation is not consistent with previous readings, 
another static water level is obtained immediately to verify the original reading. 
Any actual water level that is inconsistent with previous readings and that could 
indicate a potential problem in that area should be reported to ECD Management 
immediately.  
 
Historical water levels for each site are maintained in the ECD electronic files. 
These are sent to the MDEQ annually with CSES’s Annual Groundwater 
Monitoring Report.  
 


8.0 QA/QC 
  


Occasionally a check of the water level instrument should be conducted. This 
can be done by comparing the water level instrument measurement to the 
measurement obtained by the use of a steel tape and water-finding paste. This 
should be done at several different depths. When contractors are obtaining water 
levels for Talen CSES they should occasionally check their instrument by 
obtaining a second measurement of the same site using one of the ECD’s water 
level probes.  
 
 
 
 


10.0 Record Retention   
 


Documents and Records shall be retained consistent with CSES-EP-31 
Environmental Records Retention Plan. 


 
11.0 Record of Revisions 
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Rev 01 Date 10/28/15 
Prepared by: Kordelle Stephenson 
Recommend by: Cody Cole 


Approved by: Stephen J. Christian, Manager 
Comments  
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1.0 Purpose/Scope  
 


The purpose of this procedure is to give direction for cleaning and monitoring the 
flume sites on East Fork Armells Creek, and to ensure that it is done in a safe 
and accurate manner. It is also intended to give direction in data management. 


 
2.0 Applicability 
 


This procedure applies to Parshall flumes at the North and South flumes, and the 
compound weir concrete-in-Parshall flume at the Pine Butte Road (PBR) flume 
on East Fork Armells Creek, and where a data logger is present. These flume 
locations have been surveyed using Global Positioning System methods and can 
be found on maps in the Environmental Compliance Department (ECD). The 
current data logger in use is the Telog data logger. This procedure applies to 
Talen Colstrip Steam Electric Station (CSES) personnel and others who may 
monitor these flumes for Talen CSES. This monitoring is performed by the CSES 
ECD. 


 
3.0 Attachments 
 


3.1 Attachment A - Flume monitoring form  
 
4.0 References 
 


4.1 Talen Colstrip Environmental Policy 
4.2 Talen Colstrip Environmental Management System Manual 
4.3 ISO 14001:2004 
4.4 ISCO Open Channel Flow Measurement Handbook – Second Edition 
4.5 Telog R-2100e Series Recorders, Hardware & Installation Manual 
4.6 Telogers for Windows, User Guide for Version 2 
4.7 Hydrometrics Inc. PBR Flume Replacement Document, 10-23-2009 


 
5.0 Definitions 
 


Flume – a structure through which free-flowing water passes, designed in such a 
manner that the water may be quantified by volume and flow rate. The South 
Flume and the North Flume are 2-foot Parshalls. The PBR Flume is a compound 
weir concrete-in-Parshall flume. 
 
Submerged Flow – A condition that occurs when the water surface elevation 
downgradient of the flume crest is far enough above the elevation of the crest to 
reduce the flow. 
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Channelization – A condition that occurs when creek water flows through the 
flume in a narrow channel rather than uniformly throughout the flume width. 


 
6.0 Exclusions 


 
This procedure applies only to the referenced flumes. 


 
7.0 Procedure 
 


Equipment needed: 
 Key # T03751 (fits blue locks) 
 Long-handled ice scraper 
 Laptop or other electronic transfer device with “Telog for Windows” 


program loaded, USB cable, and adapter cable for certain Telog models if 
necessary 


 Flume Check log book with monitoring forms (Attachment A). 
 
Clean the sides and bottom of the flume vigorously and thoroughly with the long-
handled ice scraper. Check the flume for major flow obstructions such as rocks 
or debris, and check to ensure the flume is not submerged and that it is in a free 
flow condition with no channelization.  
 
Clean the staff gauge and obtain a current reading from the staff gauge. The 
staff gauge is read to the nearest 0.01 foot.  
 
Obtain the current recorder reading and time of reading. To do this, in the “Telog 
for Windows” application go to: Communicate > with local recorder > display 
latest readings. Calculate the difference between the staff gauge reading and the 
current recorder reading, and note it on the monitoring form. 
 
Note any unusual occurrences. These can be, but are not limited to, vandalism, 
a dry flume, or submerged flow. 
 
Note any other work performed or adjustments made.  
 
Data Management -  
 
Approximately every two weeks, or more often if conditions indicate, download 
the recorder data. To do this, in the “Telog for Windows” application go to: 
Communicate > with local recorder > collect data. The data is then transferred to 
the ECD G/drive for management, and is saved in Excel format in electronic files. 
The Telog data is corrected for instrument drift, and the hourly output as 
minimum, maximum, and average depth of water in the flume is than calculated. 
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This data is then converted to cubic feet per second (CFS) or million gallons per 
day (MGD). Attachments B and C are examples of data reduction in formula 
form.  
 
Calculations for the North and South flumes are as follows –  
 


CFS = 4WH^1.522W^0.026 
   
W = width of flume     
H = head as height of water in the flume (staff gauge measurement or Telog 
data adjusted for drift and difference) 
 


- - - - - - - - - - - - - - - - - - - - - - - - 
 


There are two calculations for the PBR Flume –   
 
If height of water on the staff gauge is >0.00 to 0.40 feet, then CFS = 
2.49H^2.48.  
 
If height of water on the staff gauge is >0.40 to 1.5 feet, then CFS = 2.49H^2.48 
+ 3.3(L-h)h^1.5.   
 
H = total head (staff gauge measurement or Telog data adjusted for drift and 
difference) above 90-degree v-notch weir (ft.) 
L = width of rectangular weir (3.2 feet (constant)) 
h = head above top of 90-degree v-notch weir (ft.) 
 
MGD=CFS x 0.6463 
 
The data is then summarized in monthly format (attachment D) and included in 
the Annual Groundwater Monitoring Report. A graph of the final average flows 
for the year for the three flumes is generated and also submitted for inclusion in 
the Annual Groundwater Monitoring Report. 
 
 
No daily data is reported when less than 12 hours data is available for a flume. 
No monthly summary is recorded when there is less than 15 days available data 
for a flume. The reason for the lack of data should be noted on the summary, 
along with any unusual events. 
 


 
8.0 General Rules 
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Electronic versions of CSES documents are considered “Controlled Documents”. Printed documents are considered 
Controlled Documents on the date of printing only.  Check the Colstrip SES website for the latest revision.  
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The recorders are installed in the flume stilling wells during the non-freezing 
periods of the year and removed shortly before the stilling wells begin to ice up. 
Prior to installing the recorders the stilling wells should be checked for sediment 
build-up. They can be cleaned by flushing them with buckets of stream water. If 
this is not practical they can be vacuumed out. 
 
Flumes are monitored a minimum of weekly, preferably twice a week. It’s a good 
idea to check the flumes after a heavy precipitation event to make sure 
everything is in good order. 


 
9.0 Record Retention 
 


Documents shall be retained consistent with Talen and ECD requirements.  
 


10.0 Record of Revisions 
 


Rev 01 Date 10/28/15 
Prepared by: Kordelle Stephenson 
Reviewed by:  
Approved by: Stephen J, Christian, Manager 
Comments Portions of original procedure reformatted for EMS policy  


 







Flume site: ___________________________________ Recorder model & type: _________________________________________________


Sensor PSI & feet:_________________________ Sensor S/N: ______________    Recorder S/N:______________________


Programming data: Sample rate = ________________ Recording interval = _______________ Capacity = ______________________ 


Parameters (circle all that apply):      min          max          avg


current
staff recorder recorder clean feet feet


Date Time gage (ft) yes no reading units flume diff drift comments


Talen Montana LLC,     Colstrip, Montana
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Updated 2015 Site Measuring Measuring Date


Site Name status Point Ground Point Date of Installed


Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elevation Description last Survey (Mo-Yr)


801 801 monitoring well active Units 1-4 Plant Site 609422.63 2702757.72 3246.68 3244.60 top steel casing 03/03/05 07-90


802 802 monitoring well active Units 1-4 Plant Site 609352.82 2702751.14 3244.25 3244.60 top inside PVC 03/03/05 07-90


803 803 monitoring well active Units 1-4 Plant Site 609315.61 2702753.24 3244.36 3244.60 top inside PVC 03/03/05 07-90


804 804 monitoring well active Units 1-4 Plant Site 609432.95 2702876.38 3244.31 3244.60 top inside PVC 03/03/05 09-90


805 805 monitoring well active Units 1-4 Plant Site 609398.97 2702833.85 3244.87 3245.20 top inside PVC 04/08/05 09-90


806 806 monitoring well active Units 1-4 Plant Site 609451.38 2702824.67 3243.94 3244.40 top inside PVC 04/16/10 09-90


807 807 monitoring well active Units 1-4 Plant Site 609396.88 2702759.64 3244.49 3244.60 top inside PVC 10/13/05 09-90


808 808 monitoring well active Units 1-4 Plant Site 609128.99 2702762.07 3244.23 3244.40 top inside PVC 03/03/05 06-91


809 809 monitoring well active Units 1-4 Plant Site 609104.33 2702694.24 3242.87 3242.90 top inside PVC 03/03/05 06-91


810 810 monitoring well active Units 1-4 Plant Site 609005.04 2702695.50 3243.18 3243.50 top inside PVC 03/03/05 06-91


811 811 monitoring well active Units 1-4 Plant Site 608858.93 2702707.25 3241.52 3241.90 top inside PVC 03/02/05 06-91
812 812 monitoring well active Units 1-4 Plant Site 609073.08 2702572.27 3242.20 3242.40 top inside PVC 03/02/05 06-91


813 813 monitoring well active Units 1-4 Plant Site 609500.50 2702915.91 3243.88 3244.20 top inside PVC 03/03/05


814 814 monitoring well active Units 1-4 Plant Site 609515.72 2702958.74 3243.78 3244.20 top inside PVC 04/16/10


815 815 monitoring well active Units 1-4 Plant Site 609612.57 2702847.75 3246.15 3243.70 top steel casing 03/03/05 10-94


816 816 monitoring well active Units 1-4 Plant Site 609573.90 2702748.26 3247.51 3243.90 top steel casing 03/02/05 10-94


817 817 monitoring well active Units 1-4 Plant Site 609394.18 2702691.69 3242.52 3243.00 top inside PVC 03/03/05 10-94


821 821 monitoring well active Units 1-4 Plant Site 02N41E34NW/4 609582.47 2702980.47 3243.67 3244.10 top inside PVC 03/03/05 06-2000


822 822 monitoring well active Units 1-4 Plant Site 02N41E34ACA 609670.91 2702821.46 3240.00 3240.50 top inside PVC 03/03/05 12-2003


823 823 monitoring well active Units 1-4 Plant Site 02N41E34ACD 609428.95 2702807.50 3244.00 3244.30 top inside PVC 03/03/05 12-2003


824 824 monitoring well active Units 1-4 Plant Site 02N41E34ACA 609679.54 2702933.18 3241.75 3241.90 top inside PVC 04/08/05 12-2003


1&2 B pond below liner 
system


1&2 B pond below liners system 
(primary system)


under liner 
collection sump active Units 1-4 Plant Site


1&2 B pond between 
liner system


1&2 B pond between liners 
system (secondary)


between liner 
collection sump active Units 1-4 Plant Site


1&2 BAP Units 1&2 bottom ash pond process pond active Units 1-4 Plant Site


1&2 BA CW (new) Units 1&2 bottom ash clear well 
(completed 12-2007) process pond active Units 1-4 Plant Site


1&2 PNDC
Units 1&2 pond C, south section 
(formerly known as Blow down 


pond C)
process pond active Units 1-4 Plant Site


1&2 PNDC - North
Units 1&2 pond C, north section 
(formerly known as Blow Down 


Pond C)
process pond active Units 1-4 Plant Site


1&2 A pond Units 1&2 A pond (formerly 
known as flyash pond A) process pond active Units 1-4 Plant Site


1&2 B pond Units 1&2 B pond (formerly 
known as flyash pond B) process pond active Units 1-4 Plant Site


1&2 BA CW underliner 
system


1&2 BA CW underliner system 
(primary system)


under liner 
collection sump


1&2 BA CW between 
liner system system


1&2 BA CW between liner 
system system (secondary 


system)


between liner 
collection sump


Colstrip Plant Site Well 
Inventory 
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Updated 2015 Site Measuring Measuring Date


Site Name status Point Ground Point Date of Installed


Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elevation Description last Survey (Mo-Yr)


Colstrip Plant Site Well 
Inventory 


Units 1&2 brine pond D4 
sump Units 1&2 brine pond D4 sump underliner 


collection sump active Units 1-4 Plant Site 606451.77 2702703.86 3267.61 3266.50 TOP CONCRETE 
LID


10M 10M recovery well active Units 1-4 Plant Site 02N41E34CDD 606298.41 2701496.40 3264.99 3263.40 top CMP@MP 02/24/05 04-76


10S 10S recovery well active Units 1-4 Plant Site 01N41E34CDD 606296.27 2701490.48 3264.99 3263.50 top CMP@MP 02/24/05 04-76


12M 12M monitoring well active Units 1-4 Plant Site 02N41E34DAC 607434.94 2703355.28 3284.03 3281.90 top inside PVC 02/28/05 05-76
12R-2 12R-2 (replaced 12R) monitoring well active Units 1-4 Plant Site 02N41E34DAC 607441.66 2703373.48 3284.37 3282.40 top steel casing 02/28/05 05-85
13M 13M monitoring well active Units 1-4 Plant Site 02N41E34DBC 608165.28 2702718.87 3247.83 3246.80 top inside PVC 02/28/05 05-76
13S 13S monitoring well active Units 1-4 Plant Site 02N41E34DBC 608156.83 2702720.55 3248.21 3246.80 top inside PVC 02/28/05 05-76


1-4 SRP Units 1-4 Sediment Retention 
Pond process pond active Units 1-4 Plant Site


14M 14M monitoring well active Units 1-4 Plant Site 01N41E03BBD 605488.00 2700758.76 3260.02 3258.30 top inside PVC 02/28/05 05-76
15D 15D monitoring well active Units 1-4 Plant Site 02N41E34CAC 607916.84 2700882.60 3235.95 3234.50 top inside PVC 03/03/05 05-76
15S 15S monitoring well active Units 1-4 Plant Site 02N41E34CAC 607917.27 2700873.83 3236.00 3234.50 top inside PVC 03/03/05 05-76
16M 16M monitoring well active Units 1-4 Plant Site 01N41E03ADBB 604856.82 2703447.92 3288.45 3286.90 top steel casing 02/24/05 07-83
16SP 16SP monitoring well active Units 1-4 Plant Site 01N41E03ADBB 604868.82 2703447.63 3288.54 3286.80 top steel casing 02/24/05 07-83
17D 17D monitoring well active Units 1-4 Plant Site 01N41E03ADBA 605528.27 2703336.82 3281.71 3280.40 top steel casing 02/24/05 07-83
17M 17M monitoring well active Units 1-4 Plant Site 01N41E03ABDA 605510.29 2703341.43 3282.82 3280.60 top steel casing 02/24/05 07-83


17M-2 17M-2 monitoring well active Units 1-4 Plant Site 01N41E03ABD 605511.50 2703366.92 3282.93 3280.80 top steel casing 02/24/05 11-98


17S 17S monitoring well active Units 1-4 Plant Site 01N41E03ADBA 605498.49 2703343.18 3282.77 3281.00 top steel casing 02/24/05 07-83
17SP 17SP monitoring well active Units 1-4 Plant Site 01N41E03ABDA 605484.10 2703345.92 3283.33 3280.80 top steel casing 02/24/05 07-83
18D 18D monitoring well active Units 1-4 Plant Site 02N41E34DDCD 606476.33 2703911.56 3293.88 3292.80 top steel casing 02/24/05 07-83
18M 18M monitoring well active Units 1-4 Plant Site 02N41E34DDCD 606497.10 2703913.62 3295.67 3293.20 top steel casing 02/24/05 07-83
18S 18S monitoring well active Units 1-4 Plant Site 02N41E34DDCD 606489.57 2703925.57 3295.66 3293.10 top steel casing 02/24/05 07-83


18SP 18SP monitoring well active Units 1-4 Plant Site 02N41E34DDCD 606494.10 2703897.88 3295.30 3293.14 top steel casing 02/24/05 07-83
19D-2 19D-2 (replaced 19D) monitoring well active Units 1-4 Plant Site 607443.82 2703926.86 3286.93 3285.70 top steel casing 02/24/05 04-2002
19M 19M monitoring well active Units 1-4 Plant Site 02N41E34DDBA 607432.28 2703944.54 3286.80 3285.70 top steel casing 02/24/05 07-83


19SP 19SP recovery well active Units 1-4 Plant Site 02N41E34DDBA 607422.03 2703946.47 3286.79 3286.10 TOP CMP@M.P. 01/16/06 07-83


1D 1D recovery well active Units 1-4 Plant Site 02N41E34CAA 608546.40 2701741.27 3242.09 3240.70 top CMP@MP 03/02/05 05-76


1S 1S monitoring well active Units 1-4 Plant Site 02N41E34CAA 608552.48 2701748.09 3241.82 3240.80 top inside PVC 03/02/05 05-76
20M 20M monitoring well active Units 1-4 Plant Site 02N41E35BBDD 607885.66 2705720.99 3300.66 3299.50 top steel casing 02/24/05 07-83
20S 20S monitoring well active Units 1-4 Plant Site 02N41E35BBDD 607882.25 2705707.43 3299.52 3299.00 top steel casing 02/24/05 07-83


20SP 20SP monitoring well active Units 1-4 Plant Site 02N41E35BBDD 607879.32 2705689.27 3298.77 3297.60 top steel casing 02/24/05 07-83
21D 21D monitoring well active Units 1-4 Plant Site 02N41E35BABD 608392.59 2706420.88 3315.28 3314.60 top steel casing 02/24/05 07-83
21M 21M monitoring well active Units 1-4 Plant Site 02N41E35BABD 608381.46 2706434.96 3316.20 3315.30 top steel casing 02/24/05 07-83


21S 21S recovery well active Units 1-4 Plant Site 02N41E35BABD 608367.20 2706453.26 3316.99 3315.50 top steel casing 02/24/05 07-83


21SP-2 21SP-2 (replaced 21SP) monitoring well active Units 1-4 Plant Site 02N41E36ABB 608376.52 2706467.62 3317.44 3315.60 top steel casing 02/24/05 08-93
22M 22M monitoring well active Units 1-4 Plant Site 02N41E35BBAA 608663.68 2705704.03 3294.23 3292.60 top steel casing 02/24/05 07-83
22SP 22SP monitoring well active Units 1-4 Plant Site 02N41E35BBAA 608665.40 2705722.02 3294.32 3292.40 top steel casing 02/24/05 07-83
23M 23M monitoring well active Units 1-4 Plant Site 02N41E34ADBA 610176.41 2703887.43 3251.98 3249.90 top steel casing 03/02/05 07-83


23S 23S monitoring well active Units 1-4 Plant Site 02N41E34ADBA 610177.83 2703902.01 3251.90 3249.90 top steel casing 03/02/05 07-83


24S 24S monitoring well active Units 1-4 Plant Site 02N41E34ADBB 610143.62 2703446.58 3245.36 3243.70 top steel casing 03/02/05 07-83


25SP 25SP monitoring well active Units 1-4 Plant Site 02N41E34DDBC 607186.36 2703451.89 3289.19 3288.60 top inside PVC 02/28/05 07-83
26M 26M monitoring well active Units 1-4 Plant Site 02N41E34D 606390.74 2703381.41 3287.57 3285.80 top inside PVC 02/24/05 11-83


26SP 26SP recovery well active Units 1-4 Plant Site 02N41E34D 606390.20 2703395.16 3287.84 3285.40 TOP CMP@M.P. 01/16/06 11-83


27SP 27SP monitoring well active Units 1-4 Plant Site 02N41E34DDAA 606793.87 2704370.72 3298.20 3296.60 top steel casing 02/24/05 11-84
28SP 28SP monitoring well active Units 1-4 Plant Site 02N41E34DDDC 606182.58 2704244.36 3288.42 3287.40 top inside PVC 02/24/05 11-84







Page 3 of 58


3/4/2016


Updated 2015 Site Measuring Measuring Date


Site Name status Point Ground Point Date of Installed


Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elevation Description last Survey (Mo-Yr)


Colstrip Plant Site Well 
Inventory 


29SP 29SP recovery well active Units 1-4 Plant Site 02N41E03ABAC 606217.45 2703579.30 3281.60 3280.50 TOP CMP@M.P. 01/16/06 11-84


3&4 BA CW Units 3&4 bottom ash clearwell process pond active Units 1-4 Plant Site
3&4 BAP Units 3&4 bottom ash pond process pond active Units 1-4 Plant Site


30S-2 30S-2 (replaced 30S) monitoring well active Units 1-4 Plant Site 02N41E34 609329.45 2702120.60 3237.15 3235.20 top steel casing 03/02/05 06-2002


31M 31M recovery well active Units 1-4 Plant Site 608908.42 2701869.85 3239.56 3238.20 top CMP@MP 03/02/05 10-87


33S 33S monitoring well active Units 1-4 Plant Site 604709.75 2703229.39 3286.15 3285.10 top inside PVC 02/24/05 10-88
34D 34D monitoring well active Units 1-4 Plant Site 604988.92 2703507.90 3288.06 3287.00 top inside PVC 02/24/05 10-88
35M 35M monitoring well active Units 1-4 Plant Site 01N41E35DDA 606448.12 2704685.70 3299.63 3297.90 top steel casing 02/24/05 08-93
35SP 35SP monitoring well active Units 1-4 Plant Site 02N41E35DDA 606444.64 2704678.85 3298.87 3298.00 top steel casing 02/24/05 08-93
36M 36M monitoring well active Units 1-4 Plant Site 01N41E02ABD 605739.93 2704278.55 3301.01 3299.00 top PVC@MP 02/24/05 08-93
37M 37M monitoring well active Units 1-4 Plant Site 01N41E02ACD 604602.09 2704083.37 3321.61 3319.60 top steel casing 02/24/05 08-93
37SP 37SP monitoring well active Units 1-4 Plant Site 01N41E02ACD 604619.03 2704093.01 3322.06 3320.20 top steel casing 02/24/05 08-93
38M 38M monitoring well active Units 1-4 Plant Site 01N41E02ADC 603932.84 2702849.77 3305.46 3303.30 top steel casing 02/24/05 08-93
38SP 38SP monitoring well active Units 1-4 Plant Site 01N41E02ADC 603916.84 2702848.89 3305.95 3303.40 top steel casing 02/24/05 08-93
39M 39M monitoring well active Units 1-4 Plant Site 02N41E03DDC 604082.66 2701982.66 3293.03 3290.90 top steel casing 02/28/05 08-93
39S 39S monitoring well active Units 1-4 Plant Site 02N41E03DDC 604077.99 2701970.86 3293.17 3291.10 top steel casing 02/28/05 08-93


40SP 40SP monitoring well active Units 1-4 Plant Site 02N41E36CCA 606874.88 2705201.09 3337.45 3335.80 top steel casing 02/24/05 08-93
41SP 41SP monitoring well active Units 1-4 Plant Site 02N41E35ACA 607864.87 2704510.91 3289.33 3287.80 top steel casing 02/24/05 08-93
42S 42S monitoring well active Units 1-4 Plant Site 02N41E34CA 608506.15 2701903.21 3241.93 3239.90 top steel casing 03/02/05 08-94


43S 43S recovery well active Units 1-4 Plant Site 02N41E34AD 609004.21 2701612.09 3237.98 3236.30 top CMP@MP 08/22/07 08-94


44S 44S monitoring well active Units 1-4 Plant Site 02N41E34AD 609012.80 2701616.31 3238.93 3236.90 top steel casing 03/02/05 08-94


45S 45S monitoring well active Units 1-4 Plant Site 02N41E34BD 608644.61 2701388.71 3240.20 3237.80 top steel casing 03/03/05 08-94
46S 46S monitoring well active Units 1-4 Plant Site 02N41E34SENW  608691.53 2702057.34 3241.02 3239.60 top steel casing 03/02/05 09-95
47S 47S monitoring well active Units 1-4 Plant Site 02N41E34SENW 608592.69 2701888.24 3242.63 3240.90 top steel casing 03/02/05 09-95
48S 48S monitoring well active Units 1-4 Plant Site 02N41E34SWNE 608449.74 2701742.03 3242.78 3241.30 top steel casing 02/28/05 09-95
49S 49S monitoring well active Units 1-4 Plant Site 02N41E34SWNE 608435.89 2701637.50 3241.65 3240.10 top steel casing 02/28/05 09-95
4M 4M monitoring well active Units 1-4 Plant Site 02N41E34DAA 607025.29 2704050.78 3291.39 3290.00 TOP INSIDE PVC 08/22/07 09-1981


4S 4S recovery well active Units 1-4 Plant Site 607032.22 2704052.83 3291.34 3290.10 top CMP@MP 01/16/06 11/81


50S 50S monitoring well active Units 1-4 Plant Site 02N41E34SWNE 608099.31 2701639.77 3243.51 3241.50 top inside PVC 02/28/05 09-95


51SP 51SP recovery well active Units 1-4 Plant Site 607864.80 2705831.61 3305.64 3303.80 top CMP@MP 11/15/07 06-2001


52SP 52SP recovery well active Units 1-4 Plant Site 607897.07 2705965.33 3310.37 3308.80 top steel casing 02/24/05 06-2001


53SP 53SP recovery well active Units 1-4 Plant Site 607897.62 2706197.46 3308.49 3307.00 top steel casing 02/24/05 06-2001


54SP 54SP recovery well active Units 1-4 Plant Site 607998.07 2706375.29 3311.34 3309.70 top steel casing 02/24/05 06-2001


55D 55D recovery well active Units 1-4 Plant Site 608425.44 2701640.64 3241.71 3240.10 top CMP@MP 02/28/05 06-2002


55D-P 55D-P monitoring well active Units 1-4 Plant Site 608592.32 2701514.63 3238.36 3236.30 top steel casing 03/02/05 06-2002


56D 56D recovery well active Units 1-4 Plant Site 608049.49 2701637.81 3245.42 3243.40 top CMP@MP 02/28/05 06-2002


56M-P 56M-P monitoring well active Units 1-4 Plant Site 607943.65 2701645.05 3244.43 3242.50 top steel casing 02/28/05 05-2002
57M-P 57M-P monitoring well active Units 1-4 Plant Site 607476.23 2701516.09 3247.04 3244.20 top steel casing 03/03/05 05-2002
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Colstrip Plant Site Well 
Inventory 


58M 58M recovery well active Units 1-4 Plant Site 607200.18 2701706.19 3250.81 3247.20 top CMP@MP 02/28/05 05-2002


58M-P 58M-P monitoring well active Units 1-4 Plant Site 606986.02 2701725.80 3250.29 3247.60 top steel casing 02/28/05 05-2002


59M 59M recovery well active Units 1-4 Plant Site 606715.89 2701743.04 3259.09 3255.80 top CMP@MP 02/28/05 05-2002


59M-P 59M-P monitoring well active Units 1-4 Plant Site 606725.06 2701625.16 3260.33 3258.20 top steel casing 03/03/05 06-2002


5M 5M recovery well active Units 1-4 Plant Site 02N41E34CDA 607438.25 2701609.37 3248.17 3245.90 top CMP@MP 03/03/05 05-76


5S 5S recovery well active Units 1-4 Plant Site 02N41E34CDA 607429.59 2701612.22 3247.26 3246.10 top CMP@MP 02/11/09 05-76


60M-P 60M-P monitoring well active Units 1-4 Plant Site 606517.44 2701357.24 3258.13 3255.70 top steel casing 03/03/05 06-2002
61M 61M monitoring well active Units 1-4 Plant Site 605923.63 2700744.59 3258.82 3256.90 top steel casing 02/28/05 09-2003
62S 62S monitoring well active Units 1-4 Plant Site 605924.92 2700753.24 3259.02 3257.10 top steel casing 02/28/05 09-2003
63S 63S monitoring well active Units 1-4 Plant Site 606738.06 2700419.48 3241.11 3241.60 top inside PVC 03/03/05 12-2003
64A 64A monitoring well active Units 1-4 Plant Site 609953.79 2701248.38 3229.17 3226.40 top steel casing 02/10/05 07-2004
65A 65A monitoring well active Units 1-4 Plant Site 610174.11 2701457.77 3227.65 3224.70 top steel casing 02/10/05 07-2004
66D 66D monitoring well active Units 1-4 Plant Site 609594.70 2701292.52 3231.92 3230.50 top steel casing 02/10/05 08-2004
67M 67M monitoring well active Units 1-4 Plant Site 02N41E03BAB 606017.67 2701191.87 3259.50 3258.82 top inside PVC 10/13/05 09-2005


68A 68A recovery well active Units 1-4 Plant Site 02N41E03BAB 605999.80 2701202.68 3260.49 3259.90 top CMP@MP 02/20/07 09-2005


69R 69R monitoring well active Units 1-4 Plant Site 02N41E03BDA 604608.15 2701461.52 3290.81 3259.44 top inside PVC 10/13/05 09-2005
6D 6D monitoring well active Units 1-4 Plant Site 01N41E03ACB 604396.81 2702417.37 3281.92 3280.60 top steel casing 02/24/05 07-76


6M 6M recovery well active Units 1-4 Plant Site 01N41E03ACB 604417.30 2702401.22 3281.17 3279.60 top CMP@MP 02/24/05 05-76


6S 6S monitoring well active Units 1-4 Plant Site 01N41E03ACB 604415.70 2702385.13 3280.78 3280.10 top inside PVC 02/24/05 05-76


70SP 70SP recovery well active Units 1-4 Plant Site 02N41E34D 606811.61 2703501.25 3277.55 3276.60 top CMP@MP 01/16/06 11-2005


71SP 71SP monitoring well active Units 1-4 Plant Site 02N41E34D 606436.42 2702946.95 3291.58 3291.96 top inside PVC 11/19/09 11-2005
72M 72M monitoring well active Units 1-4 Plant Site 02N41E34 607265.38 2702656.36 3285.49 3283.50 top steel casing 01/16/06 11-2005
73A 73A monitoring well active Units 1-4 Plant Site 02N41E34BD 609390.19 2701075.08 3228.18 3226.60 top inside PVC 12/08/06 11-2006


74A 74A recovery well active Units 1-4 Plant Site 02N41E34BD 609462.74 2701400.94 3233.26 3231.70 top CMP@MP 08/22/07 11-2006


75A 75A recovery well active Units 1-4 Plant Site 02N41E34BD 609914.26 2701212.51 3230.13 3227.60 top CMP@MP 08/22/07 11-2006


76A 76A monitoring well active Units 1-4 Plant Site 02N41E34BD 609259.03 2702005.91 3238.91 3237.30 top inside PVC 12/08/06 11-2006
77D 77D monitoring well active Units 1-4 Plant Site 02N41E34BD 609022.86 2701633.15 3238.74 3237.60 top inside PVC 12/08/06 11-2006


78A 78A recovery well active Units 1-4 Plant Site 02N41E34BD 608924.58 2701594.97 3237.00 3235.90 top CMP@MP 08/22/07 11-2006


79A 79A recovery well active Units 1-4 Plant Site 02N41E34BD 609905.19 2701558.65 3227.36 3225.00 top CMP@MP 08/22/07 11-2006


80D 80D monitoring well active Units 1-4 Plant Site 02N41E34BD 609913.27 2701549.20 3226.60 3225.20 top inside PVC 12/08/06 11-2006
81A 81A monitoring well active Units 1-4 Plant Site 02N41E34BD 610503.67 2701150.34 3221.31 3219.90 top inside PVC 08/22/07 07-2007


82A 82A recovery well active Units 1-4 Plant Site 02N41E34BD 610488.56 2701072.47 3224.10 3220.80 top CMP@MP 11/15/07 07-2007


83A 83A monitoring well active Units 1-4 Plant Site 02N41E34NENW 609897.09 2700720.03 3227.72 3225.80 top inside PVC 08/22/07 08-2007
84SP 84SP monitoring well active Units 1-4 Plant Site 02N41E35CBB 608403.35 2704966.26 3291.61 3289.60 top steel casing 06/23/08 06-2008
85SP 85SP monitoring well active Units 1-4 Plant Site 02N41E35CBC 608163.94 2704999.83 3296.28 3294.70 top steel casing 06/23/08 06-2008
86SP 86SP monitoring well active Units 1-4 Plant Site 02N41E35CBB 608464.73 2704640.56 3285.21 3283.60 top steel casing 06/23/08 06-2008
87SP 87SP monitoring well active Units 1-4 Plant Site 02N41E34DCC 606426.78 2704283.67 3300.80 3299.30 top steel casing 06/23/08 06-2008
88M 88M monitoring well active Units 1-4 Plant Site 02N41E34DDD 606410.92 2702490.86 3270.53 3268.70 top steel casing 06/23/08 06-2008
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89SP 89SP monitoring well active Units 1-4 Plant Site 02N41E35CBA 608712.30 2705281.15 3291.00 3289.60 top inside PVC 06/23/08 06-2008


90R 90R monitoring well active Units 1-4 Plant Site 02N41E34CDC 608083.15 2703733.87 3279.59 3278.00 top inside PVC 10/14/08 08-2008


91S 91S monitoring well active Units 1-4 Plant Site 02N41E34CADD 607430.03 2701591.77 3247.17 3245.40 top inside PVC 11/21/08 11-2008
92A 92A monitoring well active Units 1-4 Plant Site 02N41E34SESW1/4 606862.64 2701248.49 3252.74 3253.10 top inside PVC 05/28/09 04-2009
93A 93A monitoring well active Units 1-4 Plant Site 02N41E34SESW1/4 607070.68 2701138.73 3249.31 3249.70 top inside PVC 05/28/09 04-2009
94A 94A monitoring well active Units 1-4 Plant Site 02N41E34SESW1/4 607260.67 2701078.78 3243.76 3244.10 top inside PVC 05/28/09 04-2009
95D 95D monitoring well active Units 1-4 Plant Site 02N41E34SWSW1/4 607242.19 2700506.89 3236.71 3237.10 top inside PVC 05/28/09 04-2009
96A 96A monitoring well active Units 1-4 Plant Site 02N41E34SWSW1/4 607246.00 2700508.22 3236.63 3237.10 top inside PVC 05/28/09 04-2009
97A 97A monitoring well active Units 1-4 Plant Site 02N41E34SESW 607224.02 2700803.86 3241.27 3241.40 top inside PVC 05/28/09 04-2009


98M 98M recovery well active Units 1-4 Plant Site 02N41E34SESW1/4 606644.87 2701407.23 3257.88 3256.20 top CMP@MP 09/29/09 04-2009


99D 99D monitoring well active Units 1-4 Plant Site 02N41E34SESW1/4 606517.40 2700680.49 3242.92 3243.60 top inside PVC 05/28/09 04-2009
100A 100A monitoring well active Units 1-4 Plant Site 02N41E34SESW1/4 606519.63 2700684.56 3242.81 3243.50 top inside PVC 05/28/09 04-2009
101A 101A monitoring well active Units 1-4 Plant Site 02N41E34SESW1/4 607381.41 2701015.49 3242.90 3243.50 top inside PVC 05/28/09 05-2009
102A 102A monitoring well active Units 1-4 Plant Site 02N41E34NESW 607852.99 2700743.16 3234.18 3232.90 top inside PVC 05/28/09 05-2009
103D 103D monitoring well active Units 1-4 Plant Site 01N41E03NWNW 606085.23 2700221.33 3250.41 3248.80 top inside PVC 05/28/09 05-2009
104A 104A monitoring well active Units 1-4 Plant Site 01N41E03NWNW 606083.70 2700215.52 3250.38 3248.90 top inside PVC 05/28/09 05-2009
105A 105A monitoring well active Units 1-4 Plant Site 02N41E34 606852.16 2701358.24 3254.43 3253.00 top inside PVC 06/17/09 06-2009


106A 106A recovery well active Units 1-4 Plant Site 02N41E34 607077.53 2701375.01 3249.71 3248.60 top CMP@MP 09/29/09 06-2009


107A 107A recovery well active Units 1-4 Plant Site 02N41E34 607283.26 2701306.40 3248.27 3246.60 top CMP@MP 09/29/09 06-2009


108A 108A recovery well active Units 1-4 Plant Site 02N41E34 607461.89 2701240.49 3246.09 3244.50 top CMP@MP 09/29/09 06-2009


109A 109A monitoring well active Units 1-4 Plant Site 02N41E34 607655.76 2701184.24 3241.72 3239.80 top inside PVC 06/17/09 06-2009
110D 110D monitoring well active Units 1-4 Plant Site 02N41E34 607271.91 2701310.23 3248.02 3246.62 top inside PVC 06/17/09 06-2009


111SP 111SP recovery well active Units 1-4 Plant Site 02N41E35 607871.33 2704501.62 3288.88 3288.00 top CMP@MP 04/16/10 10-2009


112R 112R monitoring well active Units 1-4 Plant Site 01N41E3 606072.13 2702834.21 3275.12 3273.60 top inside PVC 07-2011
113M 113M monitoring well active Units 1-4 Plant Site 02N41E34 606949.94 2701660.51 3252.06 3250.20 top of PVC 11-2012
114S 114S monitoring well active Units 1-4 Plant Site 02N41E34 606923.66 2701666.96 3252.60 3251.50 top of PVC 11-2012
115M 115M monitoring well active Units 1-4 Plant Site 02N41E34 607354.32 2701623.01 3248.01 3246.50 top of PVC 11-2012
116M 116M monitoring well active Units 1-4 Plant Site 02N41E34 607555.91 2701605.53 3245.30 3244.70 top of PVC 11-2012
117A 117A monitoring well active Units 1-4 Plant Site 02N41E34 607862.86 2701597.19 3243.21 3241.80 top of PVC 11-2012
118A 118A monitoring well active Units 1-4 Plant Site 02N41E34 607588.78 2701708.68 3246.82 3245.50 top of PVC 11-2012
119A 119A monitoring well active Units 1-4 Plant Site 02N41E34 608998.53 2701643.61 3239.32 3237.70 top of PVC 11-2012
120A 120A monitoring well active Units 1-4 Plant Site 02N41E34 608312.92 2701424.28 3238.56 3237.10 top of PVC 11-2012
121A 121A monitoring well active Units 1-4 Plant Site 02N41E34 608101.40 2701380.56 3239.11 3237.30 top of PVC 11-2012
122A 122A monitoring well active Units 1-4 Plant Site 02N41E34 607859.28 2701447.02 3243.49 3241.90 top of PVC 11-2012


123A-P 123A-P monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 02-2013
124A-P 124A-P monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 02-2013
125M 125M monitoring well active Units 1-4 Plant Site 01N41E3 top of PVC 11-2013
126SP 126SP monitoring well active Units 1-4 Plant Site 01N41E3 604427.53 2703011.63 3286.44 3284.90 top of PVC 11-2013
127M 127M monitoring well active Units 1-4 Plant Site 01N41E3 . top of PVC 11-2013
128R 128R monitoring well active Units 1-4 Plant Site 01N41E3 top of PVC 11-2013
129D 129D monitoring well active Units 1-4 Plant Site 01N41E3 top of PVC 11-2013
130M 130M monitoring well active Units 1-4 Plant Site 01N41E3 top of PVC 11-2013
131M 131M monitoring well active Units 1-4 Plant Site 01N41E3 top of PVC 11-2013
132SP 132SP monitoring well active Units 1-4 Plant Site 01N41E3 605177.33 2703953.82 3326.65 3325.30 top of PVC 11-2013
133A 133A monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 11-2013
134A 134A monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 11-2013
135A 135A monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 11-2013
136A 136A monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 11-2013
137A 137A monitoring well active Units 1-4 Plant Site 02N41E34 top of PVC 11-2013


138SP 138SP monitoring well active Units 1-4 Plant Site 02N43E34 607658.76 2706045.63 3334.90 3333.10 top of PVC 07-2014
139D 139D monitoring well active Units 1-4 Plant Site 02N41E34 610500.26 2704174.57 3259.54 3257.50 top of PVC 01-2015
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140SP 140SP monitoring well active Units 1-4 Plant Site 02N41E34 610456.18 2703936.26 3257.68 3255.40 top of PVC 01-2015
141SP 141SP monitoring well active Units 1-4 Plant Site 02N41E34 610594.84 2703939.22 3261.05 3258.95 top of PVC 01-2015
142R 142R monitoring well active Units 1-4 Plant Site 01N41E3 605021.66 2702920.33 3280.92 3279.30 top of PVC 03-2015
143M 143M monitoring well active Units 1-4 Plant Site 01N41E3 605012.44 2702922.28 3281.46 3279.80 top of PVC 03-2015
144M 144M monitoring well active Units 1-4 Plant Site 01N41E3 605454.32 2702569.95 3271.60 3273.49 top of PVC 03-2015
145SP 145SP monitoring well active Units 1-4 Plant Site 01N41E3 605450.95 2702558.06 3273.39 3271.60 top of PVC 03-2015
146M 146M monitoring well active Units 1-4 Plant Site 01N41E3 605838.71 2701818.94 3266.01 3264.20 top of PVC 03-2015
147A 147A monitoring well active Units 1-4 Plant Site 01N41E3 605714.99 2701897.37 3268.61 3266.90 top of PVC 03-2015
7R 7R monitoring well active Units 1-4 Plant Site 01N41E03ABD 605550.78 2702891.11 3273.78 3272.70 top of PVC 02/24/05 05-76
9M 9M monitoring well active Units 1-4 Plant Site 01N41E03ACA 604841.48 2702950.64 3289.57 3286.10 top inside PVC 02/24/05 05-76
9S 9S monitoring well active Units 1-4 Plant Site 01N41E03ACA 604823.66 2702955.04 3289.91 3286.70 top inside PVC 02/24/05 05-76


AB10-S AB10-S monitoring well active Units 1-4 Plant Site 02N41E34SENWNW 608538.10 2702052.57 3242.69 3240.20 top steel casing 03/02/05 08-96


AB11-S AB11-S monitoring well active Units 1-4 Plant Site 02N41E34SENWNW 608560.72 2702217.48 3242.68 3240.20 top steel casing 03/02/05 08-96


AB12-S AB12-S monitoring well active Units 1-4 Plant Site 02N41E34SENWNW 608562.95 2702348.77 3242.74 3240.20 top steel casing 03/02/05 08-96


AB13-S AB13-S monitoring well active Units 1-4 Plant Site 02N41E34SENWNW 608564.89 2702563.33 3243.26 3240.30 top steel casing 03/02/05 08-96


AB14-S AB-14S monitoring well active Units 1-4 Plant Site 02N41E34SENWSE 607960.10 2702735.78 3252.36 3249.80 top steel casing 02/28/05 08-96


AB15-S AB-15S monitoring well active Units 1-4 Plant Site 02N41E34SENWSE 607760.84 2702740.38 3253.77 3251.40 top steel casing 02/28/05 08-96


AB16-S AB-16S monitoring well active Units 1-4 Plant Site 02N41E34SENWSE 607573.56 2702747.57 3258.93 3256.20 top steel casing 02/28/05 08-96


AB17-S AB-17S monitoring well active Units 1-4 Plant Site 02N41E34SESWNW 607351.61 2702661.43 3284.88 3282.50 top steel casing 02/28/05 08-96


AB19-S/M AB19-S/M monitoring well active Units 1-4 Plant Site 02N41E34SESWSW 606951.99 2702669.20 3284.60 3282.10 top inside PVC 02/28/05 08-96


AB1-S AB-1S monitoring well active Units 1-4 Plant Site 02N41E34SWSESE 606726.15 2701739.36 3258.41 3256.70 top steel casing 02/28/05 09-96


AB20-S AB-20S monitoring well active Units 1-4 Plant Site 02N41E34SWNESE 608117.87 2701899.39 3269.21 3266.90 top inside PVC 02/11/09 08-96


AB21-S AB-21S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 608127.64 2702046.89 3269.60 3267.40 top steel casing 02/28/05 08-96


AB22-S AB-22S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 608126.56 2702183.69 3275.03 3273.20 top steel casing 02/28/05 08-96


AB23-S AB-23S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 608136.06 2702352.32 3272.45 3270.20 top steel casing 02/28/05 08-96


AB24-S AB-24S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 608145.68 2702500.51 3272.66 3270.50 top steel casing 02/28/05 08-96


AB25-S AB-25S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 607923.15 2702199.77 3272.20 3269.50 top steel casing 02/28/05 08-96


AB26-S AB-26S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 607723.49 2702207.39 3269.62 3266.50 top steel casing 02/28/05 08-96


AB27-S AB-27S monitoring well active Units 1-4 Plant Site 02N41E34SENWSW 607525.47 2702213.95 3270.04 3267.50 top steel casing 02/28/05 08-96


AB28-S AB-28S monitoring well active Units 1-4 Plant Site 02N41E34SESWNW 607327.79 2702220.65 3269.54 3267.10 top steel casing 02/28/05 08-96


AB29-S AB-29S monitoring well active Units 1-4 Plant Site 02N41E34SESWNW 607109.52 2702228.16 3269.49 3266.60 top steel casing 02/28/05 08-96


AB2-S AB-2S monitoring well active Units 1-4 Plant Site 02N41E34SWSESE 606903.78 2701724.30 3254.34 3252.40 top steel casing 02/28/05 09-96


AB30-S AB-30S monitoring well active Units 1-4 Plant Site 02N41E34SESWNW 606880.86 2702236.69 3269.66 3266.75 top steel casing 02/28/05 08-96


AB3-S AB-3S monitoring well active Units 1-4 Plant Site 02N41E34SWSENE 607055.63 2701711.75 3252.34 3250.80 top steel casing 02/28/05 09-96


AB4-S AB-4S monitoring well active Units 1-4 Plant Site 02N41E34SWSENE 607203.47 2701699.61 3250.77 3249.10 top steel casing 02/28/05 09-96


AB7-S AB-7S monitoring well active Units 1-4 Plant Site 02N41E34SWNESE 607652.14 2701717.44 3249.13 3246.60 top steel casing 02/28/05 09-96
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AB8-S AB-8S monitoring well active Units 1-4 Plant Site 02N41E34SWNESE 607800.92 2701713.38 3248.13 3245.70 top steel casing 02/28/05 09-96


AB9-SM AB-9SM monitoring well active Units 1-4 Plant Site 02N41E34SWNESE 607947.14 2701709.05 3246.57 3243.90 top steel casing 02/28/05 09-96


B-1  B-1 recovery well active Units 1-4 Plant Site 02N41E34DD 606485.33 2703625.18 3289.43 3288.70 top PVC@MP 02/24/05 07-85


B-2 B-2 monitoring well active Units 1-4 Plant Site 02N41E34DDD 606519.41 2703707.30 3290.70 3289.90 top PVC casing 02/24/05 05-85
B-3 B-3 monitoring well active Units 1-4 Plant Site 02N41E34DDD 606526.37 2703727.12 3291.95 3289.90 top PVC casing 02/24/05 05-85


B-4 B-4 recovery well active Units 1-4 Plant Site 02N41E34DD 606563.84 2703820.01 3293.98 3292.30 top outside PVC 06/17/09 07-85


B-5 B-5 recovery well active Units 1-4 Plant Site 02N41E34DD 606607.48 2703910.40 3294.96 3293.30 top PVC casing 02/24/05 07-85


B-6 B-6 monitoring well active Units 1-4 Plant Site 02N41E34DD 606472.01 2703682.21 3290.78 3289.50 top PVC@MP 02/24/05 07-85


B-7 B-7 monitoring well active Units 1-4 Plant Site 02N41E34DD 606480.67 2703775.49 3291.69 3290.00 top PVC@MP 02/24/05 07-85


BOTASH-09-1P BOTASH-09-1P electronic 
piezometer active Units 1-4 Plant Site 608461.78 2702353.34 3273.57 3271.40 top inside PVC 11/19/09 10-2009


BOTASH-09-2P BOTASH-09-2P electronic 
piezometer active Units 1-4 Plant Site 608511.33 2702351.72 3248.77 3245.40 top steel casing 11/19/09 11-2009


BOTASH-09-3P BOTASH-09-3P electronic 
piezometer active Units 1-4 Plant Site 608275.39 2702666.77 3254.77 3251.30 top steel casing 11/19/09 11-2009


BOTASH-09-4P BOTASH-09-4P electronic 
piezometer active Units 1-4 Plant Site 608272.69 2702609.28 3271.57 3269.60 top inside PVC 11/19/09 10-2009


NPADP North plant area drain pond process pond active Units 1-4 Plant Site
NPSP North plant sediment pond process pond active Units 1-4 Plant Site


POND A-09-1P POND A-09-1P electronic 
piezometer active Units 1-4 Plant Site 607625.57 2701783.46 3268.33 3266.50 top inside PVC 11/19/09 10-2009


POND A-09-2P POND A-09-2P electronic 
piezometer active Units 1-4 Plant Site 607631.19 2701738.39 3251.46 3247.50 top steel casing 11/19/09 11-2009


POND A-09-3P POND A-09-3P electronic 
piezometer active Units 1-4 Plant Site 608435.72 2701861.98 3269.69 3267.70 top inside PVC 11/19/09 10-2009


POND A-09-4P POND A-09-4P electronic 
piezometer active Units 1-4 Plant Site 608474.75 2701838.37 3247.04 3244.20 top inside PVC 11/19/09 11-2009


PS-2 PS-2 monitoring well active Units 1-4 Plant Site 608142.03 2707933.51 3276.69 3274.50 top steel casing 02/24/05


SE-1 SE-1 state monitoring 
well active Units 1-4 Plant Site 01N41E02BBA 606307.72 2705736.54 3336.63 3334.60 top PVC@MP 02/24/05 05-84


SE-2 SE-2 state monitoring 
well active Units 1-4 Plant Site 01N41E02BBB 606274.10 2705230.18 3320.54 3318.30 top PVC@MP 02/24/05 05-84


SRP-1 SRP-1 recovery well active Units 1-4 Plant Site 02N41E34SENW 608698.87 2702040.53 3239.76 3239.10 top CMP@MP 03/02/05 11-95


SRP-2 SRP-2 recovery well active Units 1-4 Plant Site 02N41E34SENW 608649.68 2701964.85 3239.41 3238.90 top CMP@MP 03/02/05 11-95


SRP-3 SRP-3 recovery well active Units 1-4 Plant Site 02N41E34SENW 608513.31 2701822.42 3241.53 3240.40 top CMP@MP 03/02/05 11-95


SRP-4 SRP-4 recovery well active Units 1-4 Plant Site 02N41E34SWNE 608352.97 2701652.91 3242.27 3241.90 top CMP@MP 02/28/05 11-95


SRP-5 SRP-5 recovery well active Units 1-4 Plant Site 02N41E34SWNE 608100.55 2701659.82 3241.79 3241.40 top CMP@MP 02/28/05 11-95


SRP-6 SRP-6 recovery well active Units 1-4 Plant Site 607680.75 2701709.18 3246.60 3245.60 top CMP@MP 02/28/05
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SRP-7 SRP-7 recovery well active Units 1-4 Plant Site 607275.70 2701715.52 3248.76 3247.90 top CMP@MP 02/28/05


SRP-8 SRP-8 recovery well active Units 1-4 Plant Site 606877.63 2701743.23 3252.78 3251.50 top CMP@MP 02/28/05


U3-1 U3-1 monitoring well active Units 1-4 Plant Site 2N41E34ACA 609404.42 2703303.04 3244.16 3244.40 top inside steel 
casing 03/03/05 07-85


U3-2R U3-2R monitoring well active Units 1-4 Plant Site 2N41E33DAC 609461.72 2703232.40 3243.92 3244.10 top inside PVC 03/03/05 05-94


U3-3 U3-3 monitoring well active Units 1-4 Plant Site 2N41E34ACD 609170.68 2703295.29 3243.72 3243.90 top inside steel 
casing 04/08/05 07-85


WeCo dewatering well WeCo dewatering well dewatering well active Units 1-4 Plant Site 609046.99 2705625.11 3265.64 3263.00 TOP STEEL CASING 02/24/05


WI-116 WI-116 WeCo monitoring 
well active Units 1-4 Plant Site 02N41E35CCAD 607125.80 2705987.48 3327.79 3326.30 top PVC@MP 02/24/05 07-81


WM-135 WM-135 WeCo monitoring 
well active Units 1-4 Plant Site 01N41E35CCAD 607116.42 2705989.68 3327.95 3326.70 top PVC@MP 02/24/05 06-81


WS-116 WS-116 WeCo monitoring 
well active Units 1-4 Plant Site 02N41E35CCAD 607137.13 2705984.73 3327.75 3325.50 top PVC@MP 02/24/05 07-81


461 461 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


462 462 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


463 463 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


464 464 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


465 465 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


466 466 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


467 467 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


468 468 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


469 469 (abandoned 6-1990) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


470 470 (abandoned 8-1994) Bechtel 
monitoring well 


abandone
d Units 1-4 Plant Site 08-1983


818 818 abandoned abandone
d Units 1-4 Plant Site 10-94


819 819 abandoned abandone
d Units 1-4 Plant Site 10-94


820 820 (probably abandoned) abandone
d Units 1-4 Plant Site 10-94


12R 12R (abandoned in 1987) monitoring well abandone
d Units 1-4 Plant Site


16D 16D (abandoned July, 1991) monitoring well abandone
d Units 1-4 Plant Site


19D 19D (abandoned in 2002) monitoring well abandone
d Units 1-4 Plant Site 02N41E34DDBA 51442.00 59000.00 07-83


21SP 21SP (abandoned in 1993) monitoring well abandone
d Units 1-4 Plant Site


2M 2M abandoned monitoring well abandone
d Units 1-4 Plant Site 05/76


30S 30S (abandoned 5/2002) monitoring well abandone
d Units 1-4 Plant Site 53430.00 57245.00 10-87


32M 32M (abandoned in 10/1995) monitoring well abandone
d Units 1-4 Plant Site


4M (old) old 4M abandoned as of July 
1983 monitoring well abandone


d Units 1-4 Plant Site 02N41E34DDA 05-1976
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3/4/2016


Updated 2015 Site Measuring Measuring Date


Site Name status Point Ground Point Date of Installed


Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elevation Description last Survey (Mo-Yr)


Colstrip Plant Site Well 
Inventory 


4S (old) old 4S abandoned as of July 
1983 monitoring well abandone


d Units 1-4 Plant Site 05-76


6D (old) old 6D abandoned monitoring well abandone
d Units 1-4 Plant Site 05-1976


810A 810A abandoned abandone
d Units 1-4 Plant Site 06-91


AB18-S AB-18S abandoned 2002 monitoring well abandone
d Units 1-4 Plant Site 02N41E34SESWNW 51183.62 57748.73 08-96


A-M A-M abandoned abandone
d Units 1-4 Plant Site 02N41E34D 07-1983


A-SP A-SP abandoned abandone
d Units 1-4 Plant Site 02N41E34D 07-1983


DCP 3&4 Units 3&4 drain collection pond - 
removed from service 1999


process pond 
(abandoned)


abandone
d Units 1-4 Plant Site


Units 1&2 brine ponds 
D1-3 Units 1&2 brine ponds D1-3 process ponds 


(abandoned)
abandone


d Units 1-4 Plant Site


Units 1&2 D4 brine pond Units 1&2 D4 brine pond process pond abandone
d Units 1-4 Plant Site


WTP-3&4 Units 3&4 wash tray pond process pond 
(abandoned)


abandone
d Units 1-4 Plant Site


1&2 BA CW (old) Units 1&2 bottom ash clearwell 
(abandoned 2007) process pond abandone


d Units 1-4 Plant Site


1&2 FA AB CW Units 1&2 fly ash AB pond 
clearwell (abandoned) process pond abandone


d Units 1-4 Plant Site


33S-A 33S-A (plugged 10-1988) plugged Units 1-4 Plant Site 10-1988


50-TH 50-TH9 (test hole, probably 
plugged) plugged Units 1-4 Plant Site 02N41E34SWNE 09-1995
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3/4/2016


Updated 2015


Site Code


801


802


803


804


805


806


807


808


809


810


811
812


813


814


815


816


817


821


822


823


824


1&2 B pond below liner 
system


1&2 B pond between 
liner system


1&2 BAP


1&2 BA CW (new)


1&2 PNDC


1&2 PNDC - North


1&2 A pond 


1&2 B pond


1&2 BA CW underliner 
system


1&2 BA CW between 
liner system system


Colstrip Plant Site Well 
Inventory Total Interval


Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


2.0 24.5 - 34.5 3220.10 3210.1 minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


35.1 2.0 24.5 - 34.5 3220.10 3210.1 minimum every 3 years (2017) not routinely sampled


35.6 2.0 25 - 35 3219.60 3209.6 minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


20.1 2.0 4.5 - 19.5 3240.10 3225.1 minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


19.8 2.0 4.5 - 19.5 3240.70 3225.7 minimum every 3 years (2017) not routinely sampled


20.1 2.0 4.5 - 19.5 3239.80 3224.8 minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


20.1 2.0 4.5 - 19.5 3240.10 3225.1 minimum every 3 years (2017) Talen annual as part of Hg list WRMP, table 2, list 2


19.6 2.0 4 - 19 3240.40 3225.4 minimum every 3 years (2017) not routinely sampled


19.3 2.0 4 - 19 3238.90 3223.9 minimum every 3 years (2017) not routinely sampled


19.6 2.0 4 - 19 3239.50 3224.5 minimum every 3 years (2017) not routinely sampled


19.7 2.0 4 - 19 3237.90 3222.9 annual annual WRMP, table 2, list 1
19.6 2.0 4 - 19 3238.40 3223.4 annual annual WRMP, table 2, list 1


minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


minimum every 3 years (2017) not routinely sampled


23.5 2.0 8.5 - 23.5 3235.20 3220.2 minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


29.0 2.0 9 - 29 3234.90 3214.9 minimum every 3 years (2017) not routinely sampled


28.5 2.0 8.5 - 28.5 3234.50 3214.5 minimum every 3 years (2017) Hydrometrics samples for EPH in 
August EPH


24.0 4.0 8 - 23 ? 3236.10 3221.1 minimum every 3 years (2017) not routinely sampled


11.5 2.0 Alluvial 5 - 11.5 3235.50 3229.0 annual annual WRMP, table 2, list 1


25.0 2.0 Alluvial 4 - 25 3240.30 3219.3 minimum every 3 years (2017) not routinely sampled


12.0 2.0 Alluvial 5 - 12 3236.90 3229.9 minimum every 3 years (2017) not routinely sampled


N/A  annual WRMP, table 2, list 1


N/A  annual WRMP, table 2, list 1


N/A  every 3 years (2018) WRMP, table 2, list 2


N/A  every 3 years (2018) WRMP, table 2, list 2


N/A  every 3 years (2018) WRMP, table 2, list 2


N/A  every 3 years (2018) WRMP, table 2, list 2


N/A  every 3 years (2018) WRMP, table 2, list 2


N/A  every 3 years (2018) WRMP, table 2, list 2


N/A  annual WRMP, table 2, list 1


N/A  annual WRMP, table 2, list 1
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


Units 1&2 brine pond D4 
sump


10M


10S


12M
12R-2
13M
13S


1-4 SRP


14M
15D
15S
16M
16SP
17D
17M


17M-2


17S
17SP
18D
18M
18S


18SP
19D-2
19M


19SP


1D


1S
20M
20S


20SP
21D
21M


21S


21SP-2
22M
22SP
23M


23S


24S


25SP
26M


26SP


27SP
28SP


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


N/A  annual WRMP, table 2, list 1


53 4.0 McKay coal 38-48 3225.40 3215.4 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


38 4.0 McKay overburden 26-36 3237.50 3227.5 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


75 4.0 McKay coal 60-70 3221.90 3211.9 monthly semiannual WRMP, table 2, list 1
42 4.5 Rosebud coal 24-34 3258.40 3248.4 monthly semiannual WRMP, table 2, list 1
38 4.0 McKay coal 25-35 3221.80 3211.8 monthly semiannual WRMP, table 2, list 1
24 4.0 McKay overburden 18-23 3228.80 3223.8 monthly semiannual WRMP, table 2, list 1


N/A  every 3 years (2018) WRMP, table 2, list 2


35 4.0 Rosebud coal 23-33 3235.30 3225.3 monthly semiannual WRMP, table 2, list 1
60 4.0 McKay overburden 42-52 3192.50 3182.5 monthly semiannual WRMP, table 2, list 1
40 4.0 McKay overburden 28-38 3206.50 3196.5 monthly semiannual WRMP, table 2, list 1
91 4.5 McKay coal 83-91 3203.90 3195.9 monthly semiannual WRMP, table 2, list 1
40 4.5 Spoils 20-40 3266.80 3246.8 monthly semiannual WRMP, table 2, list 1
131 4.5 Sub McKay 101-131 3179.40 3149.4 monthly semiannual WRMP, table 2, list 1
84 4.5 McKay coal 76-84 3204.60 3196.6 monthly semiannual WRMP, table 2, list 1


84 4.5 McKay 76 - 84 3204.80 3196.8 minimum every 3 years (2017) not routinely sampled


74 4.5 Overburden SS 66-74 3215.00 3207.0 monthly semiannual WRMP, table 2, list 1
50 4.5 Spoils 30-50 3250.80 3230.8 monthly semiannual WRMP, table 2, list 1
131 4.5 Sub McKay 90-131 3202.80 3161.8 monthly semiannual WRMP, table 2, list 1
86 4.5 McKay coal 77-86 3216.20 3207.2 monthly semiannual WRMP, table 2, list 1
75 4.5 McKay overburden 62-75 3231.10 3218.1 monthly semiannual WRMP, table 2, list 1
60 4.5 Spoils 40-60 3253.14 3233.1 monthly semiannual WRMP, table 2, list 1


110.0 4.5 Sub-McKay Sandstone 87 - 110 3198.70 3175.7 monthly semiannual WRMP, table 2, list 1
79 4.5 McKay coal 69-79 3216.70 3206.7 monthly semiannual WRMP, table 2, list 1


42 4.5 Spoils 22-42 3264.10 3244.1 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


60 4.0 McKay overburden 48-58 3192.70 3182.7 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


35 4.0 Alluvium or fill 23-33 3217.80 3207.8 monthly semiannual WRMP, table 2, list 1
101 4.5 McKay coal 91-100 3208.50 3199.5 monthly semiannual WRMP, table 2, list 1
81 4.5 Overburden/SS 69-81 3230.00 3218.0 monthly semiannual WRMP, table 2, list 1
35 4.5 Spoils 25-35 3272.60 3262.6 monthly semiannual WRMP, table 2, list 1
129 4.5 Sub McKay/SS 119-129 3195.60 3185.6 monthly semiannual WRMP, table 2, list 1
117 4.5 McKay coal 107-117 3208.30 3198.3 monthly semiannual WRMP, table 2, list 1


102 4.5 Overburden 57-102 3258.50 3213.5 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


87.0 4.0 Spoils 47 - 87 3268.60 3228.6 monthly semiannual WRMP, table 2, list 1
96 4.5 Coal 87-96 3205.60 3196.6 monthly semiannual WRMP, table 2, list 1
50 4.5 Spoils 30-50 3262.40 3242.4 monthly semiannual WRMP, table 2, list 1
35 4.5 McKay coal 25-35 3224.90 3214.9 monthly semiannual WRMP, table 2, list 1


26 4.5 McKay overburden 23-26 3226.90 3223.9 monthly semiannual WRMP, table 2, list 2 
annually, otherwise list 1


46 4.5 Overburden/SS 38-46 3205.70 3197.7 monthly semiannual WRMP, table 2, list 2 
annually, otherwise list 1


69 4.5 Shallow overburden 39-69 3249.60 3219.6 monthly semiannual WRMP, table 2, list 1
77 4.5 McKay coal 69-77 3216.80 3208.8 monthly semiannual WRMP, table 2, list 1


50 4.5 Spoils 30-50 3255.40 3235.4 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


63 4.5 Spoils 35-55 3261.60 3241.6 monthly semiannual WRMP, table 2, list 1
61 4.5 Spoils 40-60 3247.40 3227.4 monthly semiannual WRMP, table 2, list 1
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


29SP


3&4 BA CW
3&4 BAP


30S-2


31M


33S
34D
35M
35SP
36M
37M
37SP
38M
38SP
39M
39S


40SP
41SP
42S


43S


44S


45S
46S
47S
48S
49S
4M


4S


50S


51SP


52SP


53SP


54SP


55D


55D-P


56D


56M-P
57M-P


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


46 4.5 Spoils 40-46 3240.50 3234.5 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


N/A  every 3 years (2018) WRMP, table 2, list 2
N/A  every 3 years (2018) WRMP, table 2, list 2


23.5 4.5 Alluvial 13.5-23.5 3221.70 3211.7 monthly semiannual WRMP, table 2, list 2 
annually, otherwise list 1


40 4.5 McKay 20-30 3218.20 3208.2 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


56 4.5 Spoils 51-56 3234.10 3229.1 monthly semiannual WRMP, table 2, list 1
120 4.5 Sub McKay 100-120 3187.00 3167.0 monthly semiannual WRMP, table 2, list 1


102.0 4.0 McKay 88 - 102 3209.90 3195.9 monthly semiannual WRMP, table 2, list 1
76.0 4.0 Spoils/bedrock 56 - 76 3242.00 3222.0 monthly semiannual WRMP, table 2, list 1
109.0 4.0 McKay 89 - 109 3210.00 3190.0 monthly semiannual WRMP, table 2, list 1
141.0 4.0 McKay 121 - 141 3198.60 3178.6 monthly semiannual WRMP, table 2, list 1
105.0 4.0 Spoils 65 - 105 3255.20 3215.2 monthly semiannual WRMP, table 2, list 1
113.0 4.0 McKay 98 - 113 3205.30 3190.3 monthly semiannual WRMP, table 2, list 1
55.0 4.0 Spoils 30 - 55 3273.40 3248.4 monthly semiannual WRMP, table 2, list 1
93.5 4.0 McKay 84 - 93.5 3206.90 3197.4 monthly semiannual WRMP, table 2, list 1
82.5 4.0 67.5 - 82.5 3223.60 3208.6 monthly semiannual WRMP, table 2, list 1
118.0 4.0 Spoils 78 - 118 3257.80 3217.8 monthly semiannual WRMP, table 2, list 1
55.0 4.0 Spoils 35 - 55 3252.80 3232.8 monthly semiannual WRMP, table 2, list 1
20.0 4.5 Shallow 7 - 20 3232.90 3219.9 monthly semiannual WRMP, table 2, list 1


24.5 4.5 Shallow alluvium 9.5 - 24.5 3226.80 3211.8 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


27.0 2.0 Alluvium 12 - 27 3224.90 3209.9 monthly semiannual WRMP, table 2, list 2 
annually, otherwise list 1


24.5 4.5 Alluvium 9.5 - 24.5 3228.30 3213.3 monthly semiannual WRMP, table 2, list 1
15.5 2.0 Armells Creek alluvium 11 - 15.5 3228.60 3224.1 monthly semiannual WRMP, table 2, list 1
26.0 2.0 Armells Creek alluvium 15 - 25 3225.90 3215.9 monthly semiannual WRMP, table 2, list 1
34.0 2.0 Armells Creek alluvium 17 - 34 3224.30 3207.3 monthly semiannual WRMP, table 2, list 1
34.5 2.0 Armells Creek alluvium 13.5 - 33.5 3226.60 3206.6 monthly semiannual WRMP, table 2, list 1
88 4.5 McKay coal 76 - 86 3214.20 3204.2 monthly semiannual WRMP, table 2, list 1


53 4.5 Spoils 41 - 51 3249.10 3239.1 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


32.5 2.0 Armells Creek 17.5 - 32.5 3224.00 3209.0 monthly semiannual WRMP, table 2, list 1


90.0 4.5 Spoils 60 - 90 3243.80 3213.8 
Hydrometrics minimum 
monthly during system 


monitoring
annual WRMP, table 2, list 1


78.0 4.5 Spoils 67.5 - 77.5 3241.30 3231.3 
Hydrometrics minimum 
monthly during system 


monitoring
annual WRMP, table 2, list 1


85.0 4.5 Spoils 55 - 85 3252.00 3222.0 
Hydrometrics minimum 
monthly during system 


monitoring
annual WRMP, table 2, list 1


97.0 4.5 Spoils 67 - 97 3242.70 3212.7 
Hydrometrics minimum 
monthly during system 


monitoring
annual WRMP, table 2, list 1


60.0 4.5 Sub-McKay 40 - 60 3200.10 3180.1 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


60.0 2.0 Sub-McKay 40 - 60 3196.30 3176.3 Minimum of  monthly not routinely sampled


60.0 4.5 Sub-McKay 40 - 60 3203.40 3183.4 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


35.0 2.0 McKay 31 - 35 3211.50 3207.5 Minimum of  monthly semiannual WRMP, table 2, list 1
35.0 2.0 McKay 27 - 35 3217.20 3209.2 Minimum of  monthly semiannual WRMP, table 2, list 1
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


58M


58M-P


59M


59M-P


5M


5S


60M-P
61M
62S
63S
64A
65A
66D
67M


68A


69R
6D


6M


6S


70SP


71SP
72M
73A


74A


75A


76A
77D


78A


79A


80D
81A


82A


83A
84SP
85SP
86SP
87SP
88M


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


38.0 4.5 McKay 30 - 38 3217.20 3209.2 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


39.0 2.0 McKay 31 - 39 3216.60 3208.6 Minimum of  monthly semiannual WRMP, table 2, list 1


44.0 4.5 McKay 36 - 44 3219.80 3211.8 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


45.0 2.0 McKay 37 - 45 3221.20 3213.2 Minimum of  monthly semiannual WRMP, table 2, list 1


47 4.0 McKay coal 36-46 3209.90 3199.9 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


31 4.0 McKay overburden 19-29 3227.10 3217.1 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


40.0 2.0 McKay 33 - 40 3222.70 3215.7 Minimum of  monthly semiannual WRMP, table 2, list 1
40.0 4.5 McKay 31 - 40 3225.90 3216.9 semiannual - May & October semiannual WRMP, table 2, list 1
23.0 4.5 Shallow sandstone 18 - 23 3239.10 3234.1 semiannual - May & October semiannual WRMP, table 2, list 1
31.5 2.0 Alluvial 15.5 - 30.5 3226.10 3211.1 semiannual - May & October annual WRMP, table 2, list 1
35.5 2.0 Alluvial 4 - 34 3222.40 3192.4 semiannual - May & October semiannual WRMP, table 2, list 1
25.5 2.0 Alluvial 4.5 - 24.5 3220.20 3200.2 semiannual - May & October semiannual WRMP, table 2, list 1
60.0 4.5 Sub-McKay 40 - 60 3190.50 3170.5 semiannual - May & October semiannual WRMP, table 2, list 1
46 4.5 McKay 37 - 46 3221.82 3212.8 monthly semiannual WRMP, table 2, list 1


34.0 4.5 Alluvial 21 - 32 3267.95 3256.9 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


51.5 4.5 Rosebud coal 27 - 51 3232.44 3208.4 monthly semiannual WRMP, table 2, list 1
99 4.0 Sub McKay 84-94 3196.60 3186.6 monthly semiannual WRMP, table 2, list 1


45 4.0 Rosebud coal 34-44 3245.60 3235.6 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


28 4.0 McKay overburden 14-24 3266.10 3252.1 monthly semiannual WRMP, table 2, list 1


36.0 Spoils 26 - 36 3250.60 3240.6 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


60.0 4.5 Spoils 48 - 58 3244.40 3234.4 monthly semiannual WRMP, table 2, list 1
75.0 4.5 McKay coal 65 - 75 3218.50 3208.5 semiannual - May & October semiannual WRMP, table 2, list 1
36.0 4.5 Alluvium 14 - 34 3212.60 3192.6 monthly semiannual WRMP, table 2, list 1


32.0 4.5 Alluvium 17 - 32 3214.70 3199.7 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


40.0 4.5 Alluvium 17.3 - 37.3 3210.30 3190.3 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


29.0 4.5 Alluvium 14 - 29 3223.30 3208.3 monthly semiannual WRMP, table 2, list 1
50.0 4.5 Sub-McKay 37 - 51 3200.60 3186.6 monthly semiannual WRMP, table 2, list 1


31.5 4.5 Alluvium 17 - 31 3218.90 3204.9 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


31.0 4.5 Alluvium 18 - 31 3207.00 3194.0 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


59.0 4.5 Shallow bedrock 44 - 59 3181.20 3166.2 monthly semiannual WRMP, table 2, list 1
32.0 4.5 Alluvial 22 - 32 3197.90 3187.9 monthly semiannual WRMP, table 2, list 1


34.0 4.5 19 - 34 3201.80 3186.8 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


37.0 2.0 17-37 3208.80 3188.8 monthly semiannual WRMP, table 2, list 1
60.0 4.5 Spoil 45-60 3244.60 3229.6 monthly semiannual WRMP, table 2, list 1
63.0 4.5 Spoil 43-63 3251.70 3231.7 monthly annual WRMP, table 2, list 1
43.0 4.5 Spoil 31-41 3252.60 3242.6 monthly annual WRMP, table 2, list 1
70.0 4.5 Spoil 45-70 3254.30 3229.3 monthly annual WRMP, table 2, list 1
60.0 4.5 McKay 49-57 3219.70 3211.7 monthly annual WRMP, table 2, list 1
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


89SP


90R


91S
92A
93A
94A
95D
96A
97A


98M


99D
100A
101A
102A
103D
104A
105A


106A


107A


108A


109A
110D


111SP


112R
113M
114S
115M
116M
117A
118A
119A
120A
121A
122A


123A-P
124A-P
125M
126SP
127M
128R
129D
130M
131M
132SP
133A
134A
135A
136A
137A


138SP
139D


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


69.0 4.5 Spoil 49-69 3240.60 3220.6 monthly annual WRMP, table 2, list 1


40.0 4.5 First groundwater(Rosebud 
Coal) 30-40 3248.00 3238.0 semiannual - May & October annual WRMP, table 2, list 1


27.5 4.5 Shallow sandstone 19.5 - 27.5 3225.90 3217.9 monthly Hydrometrics quarterly WRMP, table 2, list 1
38.0 4.0 Alluvium 23-38 3230.10 3215.1 monthly semiannual WRMP, table 2, list 1
45.0 4.0 Alluvium 20-45 3229.70 3204.7 monthly semiannual WRMP, table 2, list 1
43.0 4.0 23-43 3221.10 3201.1 monthly semiannual WRMP, table 2, list 1
75.0 4.0 55-75 3182.10 3162.1 semiannual - May & October semiannual WRMP, table 2, list 1
25.0 4.0 15-25 3222.10 3212.1 semiannual - May & October semiannual WRMP, table 2, list 1
39.0 4.0 19-39 3222.40 3202.4 semiannual - May & October semiannual WRMP, table 2, list 1


43.0 4.5 33-43 3223.20 3213.2 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


40.0 4.0 36-40 3207.60 3203.6 semiannual - May & October semiannual WRMP, table 2, list 1
38.0 4.0 16.5-31.5 3227.00 3212.0 semiannual - May & October semiannual WRMP, table 2, list 1
40.0 4.0 Alluvium 20-40 3223.50 3203.5 semiannual - May & October semiannual WRMP, table 2, list 1
22.0 4.5 Alluvium 15-22 3217.90 3210.9 semiannual - May & October semiannual WRMP, table 2, list 1
80.0 4.5 bedrock-sandstone 65-80 3183.80 3168.8 semiannual - May & October semiannual WRMP, table 2, list 1
36.0 4.5 alluvium 16-36 3232.90 3212.9 semiannual - May & October semiannual WRMP, table 2, list 1
29.0 4.5 alluvial 19-26 3234.00 3227.0 monthly semiannual WRMP, table 2, list 1


34.0 4.5 alluvial 16-31 3232.60 3217.6 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


35.0 4.5 alluvial 17-32 3229.60 3214.6 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


40.0 4.5 alluvial 17-37 3227.50 3207.5 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


37.0 4.5 alluvial 15-35 3224.80 3204.8 monthly semiannual WRMP, table 2, list 1
46.0 4.5 deep 36-46 3210.62 3200.6 monthly semiannual WRMP, table 2, list 1


57.0 4.5 Backfilled spoils 42-57 3246.00 3231.0 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


40.0 4.5 First groundwater 20-40 3253.60 3233.6 monthly semiannual WRMP, table 2, list 1
38.0 4.0 McKay coal 27-38 3223.20 3212.2 monthly semiannual WRMP, table 2, list 1
25.0 4.0 First water 16-25 3235.50 3226.5 monthly semiannual WRMP, table 2, list 1
39.0 4.0 McKay coal 29-39 3217.50 3207.5 monthly semiannual WRMP, table 2, list 1
37.0 4.0 McKay coal 27-37 3217.70 3207.7 monthly semiannual WRMP, table 2, list 1
25.0 4.0 First water 15-25 3226.80 3216.8 monthly semiannual WRMP, table 2, list 1
25.0 4.0 First water 15-25 3230.50 3220.5 monthly semiannual WRMP, table 2, list 1
35.0 4.0 First water 25-35 3212.70 3202.7 monthly semiannual WRMP, table 2, list 1
41.0 4.0 First water 20-40 3217.10 3197.1 monthly semiannual WRMP, table 2, list 1
41.0 4.0 First water 20-40 3217.30 3197.3 monthly semiannual WRMP, table 2, list 1
50.0 4.0 First water 19-39 3222.90 3202.9 monthly semiannual WRMP, table 2, list 1
27.0 1.0 First water 20-25 monthly semiannual WRMP, table 2, list 1
26.0 1.0 First water 19.5-24.5 monthly semiannual WRMP, table 2, list 1
84.0 4.5 McKay coal 76-84 monthly semiannual WRMP, table 2, list 1
57.0 4.5 Spoils 37-57 3247.90 3227.9 monthly semiannual WRMP, table 2, list 1
75.0 4.5 McKay coal 65-75 monthly semiannual WRMP, table 2, list 1
56.0 4.5 Overburden 22-56 monthly semiannual WRMP, table 2, list 1
90.0 4.5 Sub-McKay 59-69 monthly semiannual WRMP, table 2, list 1
52.0 4.5 McKay coal 44-52 monthly semiannual WRMP, table 2, list 1
146.0 4.5 McKay coal 135-146 monthly semiannual WRMP, table 2, list 1
120.0 4.5 Spoils 98-118 3227.30 3207.3 monthly semiannual WRMP, table 2, list 1
35.0 4.5 Deep Alluvial 28-35 monthly semiannual WRMP, table 2, list 1
20.0 4.5 Shallow Alluvial 12-20 monthly semiannual WRMP, table 2, list 1
35.0 4.5 Deep Alluvial 27-35 monthly semiannual WRMP, table 2, list 1
40.0 4.5 Deep Alluvial 27-40 monthly semiannual WRMP, table 2, list 1
20.0 4.5 Shallow Alluvial 10-20 monthly semiannual WRMP, table 2, list 1
140.0 4.5 90-120 3243.10 3213.1 monthly semiannual WRMP, table 2, list 1
60.0 2.0 First Groundwater 50-60 3207.50 3197.5 monthly semiannual WRMP, table 2, list 1
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


140SP
141SP
142R
143M
144M
145SP
146M
147A
7R
9M
9S


AB10-S


AB11-S


AB12-S


AB13-S


AB14-S


AB15-S


AB16-S


AB17-S


AB19-S/M


AB1-S


AB20-S


AB21-S


AB22-S


AB23-S


AB24-S


AB25-S


AB26-S


AB27-S


AB28-S


AB29-S


AB2-S


AB30-S


AB3-S


AB4-S


AB7-S


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


30.0 2.0 First Groundwater 10-30 3245.40 3225.4 monthly semiannual WRMP, table 2, list 1
20.0 2.0 First Groundwater 10-20 3248.95 3239.0 monthly semiannual WRMP, table 2, list 1
47.0 4.5 Rosebud coal 32-47 3247.30 3232.3 monthly semiannual WRMP, table 2, list 1
80.0 4.5 McKay coal 71-80 3208.80 3199.8 monthly semiannual WRMP, table 2, list 1
63.0 4.5 McKay coal 53-63 3218.60 3208.6 monthly semiannual WRMP, table 2, list 1
31.0 4.5 Alluvial 21-31 3250.60 3240.6 monthly semiannual WRMP, table 2, list 1
46.5 4.5 Alluvial 40-46.5 3224.20 3217.7 monthly semiannual WRMP, table 2, list 1
35.0 4.5 Alluvial 25-35 3241.90 3231.9 monthly semiannual WRMP, table 2, list 1
38 4.0 Rosebud coal 26-36 3246.70 3236.7 monthly semiannual WRMP, table 2, list 1
60 4.0 Rosebud coal 46-56 3240.10 3230.1 monthly semiannual WRMP, table 2, list 1
40 4.0 Interburden below spoils 28-38 3258.70 3248.7 monthly semiannual WRMP, table 2, list 1


17.5 2.0 Shallow 10 - 17.5 3230.20 3222.7 minimum every 3 years (2017) not routinely sampled


15.0 2.0 Shallow 10 - 15 3230.20 3225.2 minimum every 3 years (2017) not routinely sampled


10.0 2.0 Shallow 6 - 10 3234.20 3230.2 minimum every 3 years (2017) not routinely sampled


10.0 2.0 Shallow 5 - 10 3235.30 3230.3 minimum every 3 years (2017) not routinely sampled


12.5 2.0 Shallow 7.5 - 12.5 3242.30 3237.3 minimum every 3 years (2017) not routinely sampled


9.5 2.0 Shallow 4.5 - 9.5 3246.90 3241.9 minimum every 3 years (2017) not routinely sampled


15.0 2.0 Shallow 7.5 - 15 3248.70 3241.2 minimum every 3 years (2017) not routinely sampled


38.0 2.0 Shallow 35 - 38 3247.50 3244.5 minimum every 3 years (2017) not routinely sampled


35.0 2.0 Shallow 30 - 35 3252.10 3247.1 minimum every 3 years (2017) not routinely sampled


17.5 2.0 Shallow 13.5 - 17.5 3243.20 3239.2 minimum every 3 years (2017) not routinely sampled


47.5 2.0 Shallow 35 - 47.5 3231.90 3219.4 minimum every 3 years (2017) not routinely sampled


35.0 2.0 Shallow 30 - 35 3237.40 3232.4 minimum every 3 years (2017) not routinely sampled


45.0 2.0 Shallow 40 - 45 3233.20 3228.2 minimum every 3 years (2017) not routinely sampled


42.5 2.0 Shallow 37.5 - 42.5 3232.70 3227.7 minimum every 3 years (2017) not routinely sampled


40.0 2.0 Shallow 33 - 40 3237.50 3230.5 minimum every 3 years (2017) not routinely sampled


42.5 2.0 Shallow 37.5 - 42.5 3232.00 3227.0 minimum every 3 years (2017) not routinely sampled


37.5 2.0 Shallow 32 - 37.5 3234.50 3229.0 minimum every 3 years (2017) not routinely sampled


37.5 2.0 Shallow 32 - 37.5 3235.50 3230.0 minimum every 3 years (2017) not routinely sampled


28.0 2.0 Shallow 25 - 28 3242.10 3239.1 minimum every 3 years (2017) not routinely sampled


32.5 2.0 Shallow 25 - 32.5 3241.60 3234.1 minimum every 3 years (2017) not routinely sampled


25.0 2.0 Shallow 13 - 25 3239.40 3227.4 minimum every 3 years (2017) not routinely sampled


33.0 2.0 Shallow 23 - 33 3243.75 3233.8 minimum every 3 years (2017) not routinely sampled


27.5 2.0 Shallow 20 - 27.5 3230.80 3223.3 minimum every 3 years (2017) not routinely sampled


20.0 2.0 Shallow 16 - 20 3233.10 3229.1 minimum every 3 years (2017) not routinely sampled


20.0 2.0 Shallow 15 - 20 3231.60 3226.6 minimum every 3 years (2017) not routinely sampled
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


AB8-S


AB9-SM


B-1  


B-2
B-3


B-4 


B-5 


B-6


B-7


BOTASH-09-1P


BOTASH-09-2P


BOTASH-09-3P


BOTASH-09-4P


NPADP
NPSP


POND A-09-1P


POND A-09-2P


POND A-09-3P


POND A-09-4P


PS-2


SE-1


SE-2


SRP-1


SRP-2


SRP-3


SRP-4


SRP-5


SRP-6


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


24.5 2.0 Shallow 16.5 - 24.5 3229.20 3221.2 minimum every 3 years (2017) not routinely sampled


26.0 2.0 Shallow 18.5 - 26 3225.40 3217.9 minimum every 3 years (2017) not routinely sampled


64.0 4.5 Spoils 38 - 58 3250.70 3230.7 
Hydrometrics minimum 
monthly during system 


monitoring


semiannual until we clean up this 
area WRMP, table 2, list 1


61.0 4.5 Spoils 45 - 60 3244.90 3229.9 monthly not routinely sampled
64.5 4.5 Spoils/siltstone 34.5 - 64.5 3255.40 3225.4 monthly not routinely sampled


65.0 4.5 Spoils 45 - 65 3247.30 3227.3 
Hydrometrics minimum 
monthly during system 


monitoring


semiannual until we clean up this 
area WRMP, table 2, list 1


65.0 4.5 Spoils 45 - 65 3248.30 3228.3 
Hydrometrics minimum 
monthly during system 


monitoring


annual until we clean up this 
area WRMP, table 2, list 1


64.0 4.5 Spoils 43 - 60 3246.50 3229.5 monthly annual until we clean up this 
area WRMP, table 2, list 1


65.0 4.5 Spoils 45 - 65 3245.00 3225.0 monthly annual until we clean up this 
area WRMP, table 2, list 1


41.2 Womack & Assoc monitors 
semiannually not sampled


9.0 Womack & Assoc monitors 
semiannually not sampled


10.0 Womack & Assoc monitors 
semiannually not sampled


40.0 Womack & Assoc monitors 
semiannually not sampled


N/A  every 3 years (2018) WRMP, table 2, list 2
N/A  every 3 years (2018) WRMP, table 2, list 2


42.1 Womack & Assoc monitors 
semiannually not sampled


18.0 Womack & Assoc monitors 
semiannually not sampled


55.7 Womack & Assoc monitors 
semiannually not sampled


17.0 Womack & Assoc monitors 
semiannually not sampled


49.0 4.0 monthly every 2 years (2016) WRMP, table 2, list 1


113.0 4.0 93 - 113 3241.60 3221.6 monthly every 2 years (2016) WRMP, table 2, list 1


95.0 4.0 75 - 95 3243.30 3223.3 monthly every 2 years (2016) WRMP, table 2, list 1


15.0 30.0 Armells Creek alluvium 5.5 - 13.5 3233.60 3225.6 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


18.5 30.0 Armells Creek alluvium 8.7 - 18.7 3230.20 3220.2 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


32.0 30.0 Armells Creek alluvium 8 - 33 3232.40 3207.4 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


34.3 30.0 Armells Creek alluvium 9.5 - 34.5 3232.40 3207.4 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


34.5 30.0 Armells Creek alluvium 10.2 - 35.2 3231.20 3206.2 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


27.0 30.0 12 - 27 3233.60 3218.6 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


SRP-7


SRP-8


U3-1


U3-2R


U3-3


WeCo dewatering well


WI-116


WM-135


WS-116


461


462


463


464


465


466


467


468


469


470


818


819


820


12R


16D


19D


21SP


2M


30S


32M


4M (old)


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


26.0 30.0 11 - 26 3236.90 3221.9 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


28.0 30.0 10 - 28 3241.50 3223.5 
Hydrometrics minimum 
monthly during system 


monitoring
semiannual WRMP, table 2, list 1


41 4.5 Fill/spoils 11 - 41 3233.40 3203.4 semiannual semiannual WRMP, table 2, list 2 
annually, otherwise list 1


40 2.0 Shallow 20 - 40 3224.10 3204.1 annual Talen annual & Hydrometrics 
samples for EPH in August WRMP, table 2, list 2


41 4.5 Fill/spoils 11 - 41 3232.90 3202.9 annual annual WRMP, table 2, list 2


N/A annual WRMP, table 2, list 1


125.0 4.0 118 - 123 3208.30 3203.3 monthly every 2 years (2016) WRMP, table 2, list 1


135.5 4.0 McKay coal 127 - 134 3199.70 3192.7 monthly every 2 years (2016) WRMP, table 2, list 1


109.0 4.0 89 - 109 3236.50 3216.5 monthly every 2 years (2016) WRMP, table 2, list 1


58 1.5 48 - 53 N/A (abandoned and / or 
plugged) abandoned


59 1.5 49 - 54 N/A (abandoned and / or 
plugged) abandoned


58 1.5 48 - 53 N/A (abandoned and / or 
plugged) abandoned


59 1.5 49 - 54 N/A (abandoned and / or 
plugged) abandoned


63 1.5 53 - 58 N/A (abandoned and / or 
plugged) abandoned


58 1.5 48 - 53 N/A (abandoned and / or 
plugged) abandoned


58 1.5 48 - 53 N/A (abandoned and / or 
plugged) abandoned


58 1.5 48 - 53 N/A (abandoned and / or 
plugged) abandoned


63 1.5 53 - 58 N/A (abandoned and / or 
plugged) abandoned


78 1.5 68 - 73 N/A (abandoned and / or 
plugged) abandoned


20.0 N/A (abandoned and / or 
plugged) abandoned


25.0 N/A (abandoned and / or 
plugged) abandoned


20.0 N/A (abandoned and / or 
plugged) abandoned


N/A (abandoned and / or 
plugged) abandoned


N/A (abandoned and / or 
plugged) abandoned


110 Sub McKay/SS 80-110 N/A (abandoned and / or 
plugged) abandoned


N/A (abandoned and / or 
plugged) abandoned


52.5 McKay coal N/A (abandoned and / or 
plugged) abandoned


30 Alluvium 15-25 N/A (abandoned and / or 
plugged) abandoned


N/A (abandoned and / or 
plugged) abandoned


77.6 66.1 - 76.1 N/A (abandoned and / or 
plugged) abandoned
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3/4/2016


Updated 2015


Site Code


Colstrip Plant Site Well 
Inventory 


4S (old)


6D (old)


810A


AB18-S


A-M


A-SP


DCP 3&4


Units 1&2 brine ponds 
D1-3


Units 1&2 D4 brine pond


WTP-3&4


1&2 BA CW (old)


1&2 FA AB CW


33S-A


50-TH


Total Interval
Depth Perforated top of bottom of Monitoring schedule


Cased Casing ID Target or Screened screen screen SWL Sampling Sample


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


40 28 - 38 N/A (abandoned and / or 
plugged) abandoned


99.0 84 - 99 N/A (abandoned and / or 
plugged) abandoned


20.0 N/A (abandoned and / or 
plugged) abandoned


35.0 2.0 Shallow 32 - 35 N/A (abandoned and / or 
plugged) abandoned


81.0 McKay coal 72 - 80 N/A (abandoned and / or 
plugged) abandoned


51.0 Spoils 31 - 51 N/A (abandoned and / or 
plugged) abandoned


N/A (abandoned and / or 
plugged) abandoned


N/A (abandoned and / or 
plugged) abandoned


N/A  abandoned


N/A (abandoned and / or 
plugged) abandoned


N/A  abandoned


N/A  abandoned


Sub McKay N/A (abandoned and / or 
plugged) abandoned


Armells Creek alluvium N/A (abandoned and / or 
plugged) abandoned
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3/4/2016


CSES 1&2 Evap Pond
Site Inventory File Total
Current through 2015 Site Measuring Measuring Date Depth


Site Name status Point Ground Point Date of Installed Cased
Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elev. (Ft) Description last Survey (Mo-Yr) (Ft)


1&2 Stage II FAEP cell A 1&2 Stage II Cell A process pond active Units 1&2 Evap Pond
1&2 Stage II FAEP cell B 1&2 Stage II Cell B process pond active Units 1&2 Evap Pond
1&2 Stage II FAEP cell E 1&2 Stage II Cell E process pond active Units 1&2 Evap Pond
1&2 Stage II FAEP CW 1&2 Stage II clear well process pond active Units 1&2 Evap Pond


1&2 STEP sump 1&2 Stage 2 Main dam sump sump active Units 1&2 Evap Pond 617578.08 2695499.22 3179.5 grnd shot by bldg 07/01/05
121-2 121-2 (replaced EAP-121 12-1989) monitoring well active Units 1&2 Evap Pond 02N41E28BCD 614321.6 2694402.26 3312.74 3311.7 top steel casing 02/14/05 12-89 101
350D 350D monitoring well active Units 1&2 Evap Pond 02N41E20ADA 619698.74 2693054.77 3271.43 3269.7 top steel casing 02/14/05 11-83 212
351D 351D monitoring well active Units 1&2 Evap Pond 02N41E21CBD 618566.81 2694438.93 3248.16 3246.4 top PVC 12/15/10 11-83 230
353T 353T monitoring well active Units 1&2 Evap Pond 02N41E21CDC 616770.43 2695549.20 3240.44 3238.7 top steel casing 02/14/05 05-85 230
354D 354D monitoring well active Units 1&2 Evap Pond 02N41E21CD 617123.11 2688923.16 3280.51 3278.4 top steel casing 02/14/05 11-84 180
355D 355D monitoring well active Units 1&2 Evap Pond 02N41E20CA 618347.49 2690869.37 3276.22 3274.3 top steel casing 02/14/05 11-84 180
357A 357A monitoring well active Units 1&2 Evap Pond 02N41E17 625060.25 2692612.30 3131.95 3130.1 top steel casing 02/14/05 11-84 18
358D 358D monitoring well active Units 1&2 Evap Pond 02N41E21CAD 618001.18 2694940.90 3216.54 3214.5 top steel casing 02/14/05 05-85 190
358T 358T monitoring well active Units 1&2 Evap Pond 02N41E21CAD 617989.39 2694923.34 3215.64 3214.3 top steel casing 02/14/05 05-85 180
359D 359D monitoring well active Units 1&2 Evap Pond 617636.27 2695659.13 3182.45 3181.6 top inside PVC 02/15/05 10-88 120
360A 360A monitoring well active Units 1&2 Evap Pond 617629.47 2695645.38 3182.53 3181.9 top PVC @MP 02/14/05 10-88 24
361D 361D monitoring well active Units 1&2 Evap Pond 615820.81 2695947.45 3285.38 3284.1 top PVC @MP 02/14/05 10-88 280
362D 362D monitoring well active Units 1&2 Evap Pond 615038.2 2695533.96 3282.85 3282.1 top inside PVC 02/14/05 10-88 202
363A 363A monitoring well abandoned Units 1&2 Evap Pond 617646.85 2695679.38 3182.62 3181.3 top steel casing 02/15/05 10-88 11.8
364D 364D monitoring well active Units 1&2 Evap Pond 02N41E28BCC 614362.29 2694036.83 3352.84 3350.9 top steel casing 02/14/05 05-94 98
366S 366S monitoring well active Units 1&2 Evap Pond 02N41E28CBB 612989.04 2694022.98 3296.42 3294.5 top steel casing 02/14/05 05-94 16.5
367D 367D monitoring well active Units 1&2 Evap Pond 02N41E20CC 616645.01 2689682.02 3352.02 3350.1 top steel casing 02/14/05 05-94 139
368D 368D monitoring well active Units 1&2 Evap Pond 02N41E29DA 613999.77 2693013.20 3317.58 3315.6 top steel casing 02/14/05 05-94 62
369D 369D recovery well active Units 1&2 Evap Pond 02N41E29BB 615897.56 2689027.30 3331.78 3330.7 top CMP @MP 02/20/07 05-94 63
370D 370D monitoring well active Units 1&2 Evap Pond 02N41E30AAA 616236.73 2688899.81 3335.82 3334.0 top steel casing 02/14/05 05-94 64
371D 371D monitoring well active Units 1&2 Evap Pond 02N41E29BCD 614322.64 2689383.36 3319.36 3317.4 top steel casing 02/14/05 08-94 58.5
372D 372D monitoring well active Units 1&2 Evap Pond 02N41E29DBA 613170.54 2690909.39 3334.09 3332.3 top steel casing 02/14/05 08-94 86
373D 373D monitoring well active Units 1&2 Evap Pond 02N41E30AAADBA 615893.45 2688426.43 3374.58 3372.8 top steel casing 02/14/05 08-94 105
374S 374S monitoring well active Units 1&2 Evap Pond 02N41E28CCA 612036.11 2693806.42 3316.24 3313.8 top steel casing 02/14/05 08-94 37.5
375D 375D recovery well active Units 1&2 Evap Pond 02N41E29NWNE 616298.9 2690482.48 3308.33 3305.3 top PVC @MP 02/14/05 07-95 100
376D 376D recovery well active Units 1&2 Evap Pond 02N41E29NWNE 616228.59 2690795.10 3307.04 3305.6 top CMP @MP 07/24/08 07-95 100
377A 377A recovery well active Units 1&2 Evap Pond 02N41E21SESW 616984.99 2696280.54 3204.99 3203.0 TOP CMP@M.P. 12/17/07 98, re-drill 3-12 48
378A 378A recovery well active Units 1&2 Evap Pond 02N41E21SESW 617136.62 2696163.77 3206.54 3204.6 top steel casing 02/15/05 04-98 55
379D 379D recovery well active Units 1&2 Evap Pond 02N41E21SESW 617495.56 2695756.05 3204.62 3203.3 top CMP @MP 03/19/08 04-98 57
380D 380D recovery well active Units 1&2 Evap Pond 02N41E21SESW 616552.01 2695766.27 3255.19 3253.5 top outside PVC 02/14/05 04-98 85
381A 381A monitoring well abandoned Units 1&2 Evap Pond 02N41E28NWNW 616100.04 2694353.45 3254.87 3253.2 top steel casing 02/14/05 04-98 30
382A 382A recovery well active Units 1&2 Evap Pond 02N41E21SWSE 617206.53 2696431.48 3191.05 3191.1 top PVC @MP 02/14/05 04-98 40
383D 383D recovery well active Units 1&2 Evap Pond 02N41E28BA 616447.399 2695803.86 3257.17 3255.8 top CMP @MP 04/16/10 10-98 90
384D 384D monitoring well active Units 1&2 Evap Pond 02N41E28BD 614549.77 2695579.60 3295.35 3293.4 top steel casing 02/14/05 11-98 77
385D 385D monitoring well active Units 1&2 Evap Pond 02N41E28BA 615694.22 2695850.97 3296.35 3294.0 top steel casing 02/14/05 11-98 160
386D 386D monitoring well active Units 1&2 Evap Pond 02N41E28BD 614958.78 2695575.01 3286.22 3284.0 top steel casing 02/14/05 11-98 116
387D 387D monitoring well active Units 1&2 Evap Pond 02N41E28AB 615827.78 2696621.35 3232.88 3230.7 top steel casing 02/14/05 11-98 79
388D 388D monitoring well active Units 1&2 Evap Pond 02N41E29DA 613043.12 2693281.33 3314.22 3312.5 top steel casing 02/14/05 11-98 105


389A-P 389A-P monitoring well active Units 1&2 Evap Pond 02N41E29DA 613518.82 2693514.54 3303.33 3301.0 top steel casing 02/14/05 11-98 50
390D-P 390D-P monitoring well active Units 1&2 Evap Pond 02N41E29DA 613504.54 2693510.05 3303.28 3301.1 top steel casing 02/14/05 11-98 100
391D-P 391D-P monitoring well active Units 1&2 Evap Pond 02N41E29BB 615991.29 2689095.43 3331.54 3329.4 top steel casing 02/14/05 11-98 60
392D 392D monitoring well active Units 1&2 Evap Pond 02N41E28BA 616258.43 2695853.72 3267.41 3265.0 top steel casing 02/14/05 02-99 88
393D 393D recovery well active Units 1&2 Evap Pond 02N41E21CD 616694.10 2695619.20 3249.62 3248.1 top CMP @MP 02/20/07 02-99 80


394D-P 394D-P monitoring well active Units 1&2 Evap Pond 02N41E28BA 616464.43 2695753.93 3254.51 3252.3 top steel casing 02/14/05 02-99 90
395D 395D monitoring well active Units 1&2 Evap Pond 02N41E21CD 616864.12 2695527.82 3239.45 3237.0 top steel casing 10/13/05 02-99 70


396D-P 396D-P monitoring well active Units 1&2 Evap Pond 02N41E21CD 616614.98 2695679.54 3254.7 3252.3 top steel casing 02/15/05 02-99 90
397D 397D monitoring well active Units 1&2 Evap Pond 02N41E20AB 620692.4 2690927.87 3269.26 3267.2 top steel casing 02/14/05 09-99 205.9
398D 398D monitoring well active Units 1&2 Evap Pond 02N41E20AB 620683.35 2690919.56 3268.43 3266.3 top steel casing 02/14/05 09-99 93.5
399D 399D monitoring well active Units 1&2 Evap Pond 02N41E20AB 620675.31 2690910.08 3267.45 3265.6 top steel casing 02/14/05 09-99 126.8
900D 900D monitoring well active Units 1&2 Evap Pond 02N41E20AB 620610.67 2692166.28 3303.82 3301.9 top steel casing 02/14/05 09-99 261.8
901D 901D monitoring well active Units 1&2 Evap Pond 02N41E20AB 620621.59 2692167.66 3303.39 3301.5 top steel casing 02/14/05 09-99 141.9
902D 902D monitoring well active Units 1&2 Evap Pond 02N41E20DC 617898.25 2692446.85 3298.74 3296.7 top steel casing 02/14/05 09-99 164
903D 903D monitoring well active Units 1&2 Evap Pond 02N41E20CD 617261.86 2690750.31 3317.34 3315.4 top steel casing 02/14/05 09-99 156.9
904D 904D monitoring well active Units 1&2 Evap Pond 02N41E21CD 617811.25 2695397.53 3204.1 3202.4 top steel casing 02/14/05 09-99 61.9
905D 905D recovery well active Units 1&2 Evap Pond 02N41E21CD 617746.81 2695574.62 3197.14 3195.2 top CMP @MP 03/19/08 09-99 63.2
906D 906D recovery well active Units 1&2 Evap Pond 02N41E21CD 617622.72 2695657.02 3182.71 3181.7 top CMP @MP 12/08/06 09-99 57
907D 907D monitoring well active Units 1&2 Evap Pond 02N41E21CD 617378.59 2695686.61 3223.07 3221.2 top steel casing 02/14/05 09-99 85
908A 908A monitoring well active Units 1&2 Evap Pond 02N41E21DC 617362.057 2696744.16 3182.68 3182.8 top inside PVC 04/07/05 09-99 28
909A 909A monitoring well active Units 1&2 Evap Pond 02N41E21DC 617080.44 2696876.57 3185.91 3186.1 top PVC @MP 02/14/05 09-99 31
910A 910A recovery well active Units 1&2 Evap Pond 02N41E21DB 618114.13 2696375.17 3185.18 3185.1 top inside PVC 02/16/05 09-99 36
911D 911D recovery well active Units 1&2 Evap Pond 02N41E21CD 617806.86 2695503.25 3201.22 3200.3 top CMP @MP 12/08/06 10-99 63
912D 912D monitoring well active Units 1&2 Evap Pond 02N41E21CA 617922.31 2695334.64 3211.2 3209.1 top steel casing 02/15/05 10-99 74.2
913A 913A (former recovery well) recovery well active Units 1&2 Evap Pond 02N41E21CA 618503.54 2696219.04 3187.81 3187.8 top inside PVC 01/16/06 10-99 40
914D 914D monitoring well active Units 1&2 Evap Pond 616594.73 2696413.74 3226.7 3226.0 top 4" PVC casing 02/16/05 ~77.5
915A 915A monitoring well active Units 1&2 Evap Pond 02N41E21BA 621718.69 2695158.48 3147.39 3145.6 top steel casing 02/15/05 07-00 25
916A 916A recovery well active Units 1&2 Evap Pond 02N41E21BD 619436.84 2696081.47 3157.18            top of green lid 02/16/05 07-00 17
917A 917A monitoring well active Units 1&2 Evap Pond 02N41E21DC 616986.38 2697367.76 3183.66 3182.0 top steel casing 02/14/05 07-00 33.5
918A 918A monitoring well active Units 1&2 Evap Pond 02N41E21DB 618488.88 2696817.44 3172.52 3172.6 top inside PVC 02/16/05 07-00 26
919D 919D monitoring well active Units 1&2 Evap Pond 02N41E21DB 618483.85 2696827.95 3172.32 3172.6 top inside PVC 02/16/05 07-00 88
920A 920A monitoring well active Units 1&2 Evap Pond 02N41E29AB 615540.74 2692017.50 3309.04 3309.8 top inside PVC 02/14/05 08-00 90
921A 921A monitoring well active Units 1&2 Evap Pond 02N41E20DD 616595.2 2693175.48 3271.35 3272.0 top inside PVC 02/14/05 08-00 76
922A 922A recovery well active Units 1&2 Evap Pond 02N41E20DD 616662.28 2693128.72 3274.05 3271.9 top CMP @MP 12/15/10 08-00 73.5
923A 923A monitoring well active Units 1&2 Evap Pond 02N41E21CC 617374.89 2694449.47 3270.08 3271.1 top PVC @MP 02/14/05 08-00 93
924A 924A recovery well active Units 1&2 Evap Pond 02N41E21CC 617263.24 2694349.44 3270.96 3271.2 top inside PVC 02/14/05 08-00 86
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926S 926S (replaced 365S) monitoring well active Units 1&2 Evap Pond 02N41E28CB 612964.54 2693817.95 3303.77 3301.8 top steel casing 02/14/05 06-2001 60
927D 927D recovery well active Units 1&2 Evap Pond 02N41E21DC 617010.7 2696242.32 3205.77 3204.8 rim 02/14/05 07-2001 100
928D 928D recovery well active Units 1&2 Evap Pond 02N41E21DC 617150.91 2696152.66 3206.17 3205.0 top CMP @MP 02/15/05 06-2001 100
929D 929D monitoring well active Units 1&2 Evap Pond 616642.64 2690989.09 3299.81 3297.9 top steel casing 02/14/05 04-02 85
930C 930C monitoring well active Units 1&2 Evap Pond 02N41E20AC 619666.77 2691872.20 3420.29 3418.5 top steel casing 02/14/05 06-02 45
931C 931C monitoring well active Units 1&2 Evap Pond 02N41E20DB 618910.39 2691258.28 3415.98 3414.1 top steel casing 02/14/05 06-02 45.5
932D 932D recovery well active Units 1&2 Evap Pond 02N41E20DC 617271.25 2696062.10 3205.55 3204.8 rim 02/14/05 04-2003 99
933D 933D recovery well active Units 1&2 Evap Pond 02N41E21DC 617395.1 2695973.22 3204.79 3203.8 top CMP @MP 02/15/05 04-2003 99
934D 934D recovery well active Units 1&2 Evap Pond 02N41E21DC 617412.31 2695851.08 3212.63 3212.1 top CMP @MP 02/15/05 04-2003 59
935A 935A monitoring well active Units 1&2 Evap Pond 02N41E21BDA 619866.32 2695829.29 3154.48 3154.7 top inside PVC 02/16/05 07-2003 13
936A 936A monitoring well active Units 1&2 Evap Pond 02N41E21BAD 620475.86 2695702.88 3150.58 3150.7 top inside PVC 02/16/05 07-2003 17
937A 937A monitoring well active Units 1&2 Evap Pond 02N41E21ACB 620169.58 2696227.32 3153.3 3153.6 top inside PVC 02/16/05 07-2003 13
938A 938A collection well active Units 1&2 Evap Pond 02N41E21ACC 619297.71 2696575.63 3165.11 3165.0 top of green lid 02/16/05 11-03 25
939A 939A monitoring well active Units 1&2 Evap Pond 02N41E21ACC 619237.86 2696422.88 3164.82 3165.1 top inside PVC 02/16/05 11-03 27.5
940A 940A monitoring well active Units 1&2 Evap Pond 02N41E21DBB 618646.19 2696494.00 3176.73 3176.4 top of green lid 02/16/05 11-03 27


941A-P 941A-P monitoring well active Units 1&2 Evap Pond 02N41E16CDC 621886.22 2694979.08 3150.37 3148.5 MP in green box 02/15/05 11-03 25.5
942A-P 942A-P monitoring well active Units 1&2 Evap Pond 02N41E16CDC 621904.14 2695075.08 3149.95 3148.2 MP in green box 02/15/05 11-03 29
943A 943A recovery well active Units 1&2 Evap Pond 02N41E16CDC 621847.06 2695043.47 3149.73 3149.4 top CMP @MP 02/15/05 11-03 22
944A 944A recovery well active Units 1&2 Evap Pond 02N41E16CDC 621819.57 2694946.72 3151.21 3150.1 top CMP @MP 02/15/05 11-03 22
945A 945A recovery well active Units 1&2 Evap Pond 02N41E16CDC 621862.32 2695146.79 3145.76 3144.3 top small PVC 02/15/05 11-03 16.5
946 946 monitoring well active Units 1&2 Evap Pond 02N41E29NW 615117.51 2691829.75 3307.16 3304.1 top steel casing 02/14/05 07-04 60.5
947 947 monitoring well active Units 1&2 Evap Pond 02N41E29NW 615547.71 2690876.94 3306.83 3303.7 top steel casing 02/14/05 07-04 35.5


948M 948M monitoring well active Units 1&2 Evap Pond 02N41E28 614628.6 2693886.76 3393.48 3392.1 top steel casing 02/10/05 08-04 156
949D 949D monitoring well active Units 1&2 Evap Pond 02N41E29 613810.74 2693461.31 3310.06 3308.7 top steel casing 02/10/05 08-04 60
950D 950D monitoring well active Units 1&2 Evap Pond 02N41E28 613357.39 2693733.36 3287.76 3286.6 top steel casing 02/10/05 08-04 140
951D 951D monitoring well active Units 1&2 Evap Pond 02N41E21 617063.76 2696224.77 3205.45 3204.1 top steel casing 02/10/05 08-04 260
952D 952D monitoring well active Units 1&2 Evap Pond 02N41E28 616405.6 2695377.33 3265.02 3263.2 top steel casing 02/10/05 08-04 100
953D 953D monitoring well active Units 1&2 Evap Pond 02N41E28 615847.32 2695201.59 3278.75 3274.1 top PVC @MP 02/14/05 08-04 140
954D 954D monitoring well active Units 1&2 Evap Pond 02N41E28 616174.45 2695147.49 3259.81 3258.1 top steel casing 02/10/05 08-04 120
955D 955D recovery well abandoned Units 1&2 Evap Pond 02N41E21 616467.79 2694810.31 3243.85 3240.8 top CMP @MP 07/24/08 08-04 50
956D 956D monitoring well active Units 1&2 Evap Pond 02N41E28 615871.08 2694147.47 3269.74 3267.8 top steel casing 02/10/05 08-04 90
957M 957M monitoring well active Units 1&2 Evap Pond 02N41E29 615343.3 2693397.58 3292.3 3290.3 top steel casing 02/10/05 08-04 46
958D 958D recovery well active Units 1&2 Evap Pond 02N41E20 616578.93 2693176.03 3274.19 3271.9 top CMP @MP 12/15/10 08-04 160
959D 959D monitoring well active Units 1&2 Evap Pond 02N41E21CBC 618343.33 2693895.97 3264.81 3263.1 top steel casing 02/14/05 01-2005 66
960D 960D recovery well active Units 1&2 Evap Pond 02N41E21CDC 616996.41 2695352.27 3227.83 3226.3 top CMP @MP 01/16/06 05-2005 126
961D 961D recovery well active Units 1&2 Evap Pond 02N41E21CDC 617152.86 2695259.55 3226.27 3222.5 top CMP @MP 01/16/06 05-2005 121
962D 962D recovery well active Units 1&2 Evap Pond 02N41E21CDB 617381.09 2695132.10 3185.53 3184.6 top CMP @MP 01/16/06 05-2005 85
963D 963D recovery well active Units 1&2 Evap Pond 02N41E21CDB 617506.41 2695062.06 3204.14 3202.9 top CMP @MP 01/16/06 05-2005 104
964D 964D monitoring well active Units 1&2 Evap Pond 02N41E21CCA 617649.73 2694982.31 3206.33 3203.8 top steel casing 07/01/05 05-2005 107
965D 965D monitoring well active Units 1&2 Evap Pond 02N41E21CCA 617830.75 2694885.60 3229.80 3227.6 top PVC casing 07/01/05 05-2005 130
966A 966A recovery well active Units 1&2 Evap Pond 02N41E29ABD 615121.72 2691814.98 3305.80 3304.2 top inside PVC 11/19/09 09-2005 62
967P 967P monitoring well active Units 1&2 Evap Pond 02N41E29ABD 615125.28 2691805.07 3305.66 3304.0 top inside PVC 10/13/05 09-2005 46
968D 968D recovery well active Units 1&2 Evap Pond 02N41E21CDC 616805.52 2695465.87 3233.69 3231.9 top CMP @MP 01/16/06 09-2005 135
969D 969D recovery well active Units 1&2 Evap Pond 02N41E21CBD 618009.50 2694805.15 3222.79 3222.0 top CMP @MP 01/16/06 09-2005 123
970D 970D recovery well active Units 1&2 Evap Pond 02N41E21CBD 618196.91 2694693.46 3227.88 3227.2 top CMP @MP 01/16/06 12-2005 155
971D 971D monitoring well active Units 1&2 Evap Pond 02N41E21CBD 618424.92 2694597.73 3238.35 3236.0 top steel casing 01/16/06 12-2005 160
972D 972D monitoring well active Units 1&2 Evap Pond 02N41E21 618318.52 2696273.58 3188.49 3187.0 top inside PVC 05/08/06 03-2006 115
973D 973D monitoring well active Units 1&2 Evap Pond 02N41E21 619011.09 2695963.82 3191.48 3191.8 top inside PVC 05/08/06 03-2006 119
974D 974D monitoring well active Units 1&2 Evap Pond 02N41E20DAD 617948.73 2693510.77 3246.72 3245.4 top inside PVC 05/08/06 05-2006 40
975D 975D monitoring well active Units 1&2 Evap Pond 02N41E20DAD 617819.14 2693121.12 3274.57 3273.2 top inside PVC 05/08/06 05-2006 145.5
976D 976D recovery well active Units 1&2 Evap Pond 02N41E29DA 614016.78 2692985.54 3314.94 3313.2 top CMP @MP 10/27/07 11-2006 70
977A 977A monitoring well active Units 1&2 Evap Pond 02N41E28CB 612580.53 2693905.89 3303.30 3301.4 top inside PVC 08/22/07 08-2007 41
978S 978S monitoring well active Units 1&2 Evap Pond 02N41E28CC 612360.37 2693516.22 3315.55 3313.7 top inside PVC 08/22/07 08-2007 74
979S 979S monitoring well active Units 1&2 Evap Pond 02N41E28CC 612008.61 2693832.96 3315.20 3315.2 top inside PVC 08/22/07 08-2007 64


980AN 980AN, 37 degree angled well monitoring well active Units 1&2 Evap Pond 02N42E20SWSE 616576.56 2691915.29 3276.33 3274.5 top inside PVC 08/23/07 08-2007 17
981D 981D monitoring well active Units 1&2 Evap Pond 02N41E21 617862.23 2695482.34 3208.57 3206.9 top inside PVC 11/15/07 10-2007 103
982D 982D monitoring well active Units 1&2 Evap Pond 02N41E21 617868.60 2695580.40 3200.31 3199.0 top inside PVC 11/15/07 10-2007 64
983D 983D monitoring well active Units 1&2 Evap Pond 02N41E21 617735.69 2695672.31 3188.82 3187.2 top inside PVC 11/15/07 10-2007 54
984D 984D recovery well active Units 1&2 Evap Pond 02N41E21 617695.99 2695610.33 3190.48 3188.7 top CMP @MP 03/19/08 10-2007 41
985A 985A recovery well active Units 1&2 Evap Pond 02N41E21 617762.80 2695557.58 3198.93 3196.8 top inside PVC 11/15/07 10-2007 36
986D 986D monitoring well active Units 1&2 Evap Pond 02N41E21 617606.59 2695760.99 3195.87 3194.0 top inside PVC 11/15/07 10-2007 90
987D 987D recovery well active Units 1&2 Evap Pond 02N41E21 617563.57 2695689.82 3196.09 3194.1 top CMP @MP 03/19/08 10-2007 92
988D 988D recovery well active Units 1&2 Evap Pond 02N41E21 617445.67 2695810.06 3210.40 3208.7 top CMP @MP 03/19/08 10-2007 66
989D 989D recovery well active Units 1&2 Evap Pond 02N41E21 617402.67 2695914.40 3210.30 3208.6 top CMP @MP 03/19/08 10-2007 56
990D 990D monitoring well active Units 1&2 Evap Pond 02N41E21 616924.62 2696324.19 3204.47 3203.1 top inside PVC 04/16/08 03-2008 100
991A 991A recovery well active Units 1&2 Evap Pond 02N41E21 616920.63 2696327.29 3205.19 3203.0 top CMP @MP 11/21/08 03-2008 50
992D 992D monitoring well active Units 1&2 Evap Pond 02N41E21 616846.18 2696383.85 3204.48 3203.0 top inside PVC 04/16/08 04-2008 65
993D 993D recovery well active Units 1&2 Evap Pond 02N41E21 616840.97 2696386.83 3205.08 3203.1 top CMP @MP 11/21/08 04-2008 100
994A 994A recovery well active Units 1&2 Evap Pond 02N41E21 616835.74 2696390.93 3205.23 3202.9 top CMP @MP 11/21/08 04-2008 45


995DD 995DD monitoring well active Units 1&2 Evap Pond 02N41E21 616999.17 2696248.51 3206.07 3204.8 top inside PVC 04/16/08 04-2008 420
996D 996D monitoring well active Units 1&2 Evap Pond 02N41E21DCCB 616755.71 2696453.51 3204.30 3203.2 top inside PVC 10/29/08 08-2008 100
997A 997A recovery well active Units 1&2 Evap Pond 02N41E21DCCB 616748.00 2696458.65 3205.11 top CMP @MP 11/21/08 08-2008 40
998A 998A recovery well active Units 1&2 Evap Pond 02N41E21DCCC 616635.74 2696547.62 3205.18 top CMP @MP 11/21/08 08-2008 31
999D 999D monitoring well active Units 1&2 Evap Pond 02N41E21DCCC 616626.57 2696553.83 3204.82 3203.5 top inside PVC 10/29/08 08-2008 52
2000D 2000D recovery well active Units 1&2 Evap Pond 02N41E28ABBB 616370.10 2696567.83 3212.75 top CMP @MP 11/21/08 08-2008 43
2001A 2001A monitoring well active Units 1&2 Evap Pond 615070.16 2691809.95 3305.08 3303.4 top inside PVC 06/29/09 06-2009 63
2002A 2002A monitoring well active Units 1&2 Evap Pond 615025.11 2691805.80 3305.39 3303.6 top inside PVC 06/29/09 06-2009 60.5
2003D 2003D recovery well active Units 1&2 Evap Pond 02N41E21SWSE1/4 616508.08 2696530.28 3212.09 3210.3 top CMP @MP 08/26/10 04-2010 40
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2004D 2004D monitoring well active Units 1&2 Evap Pond 02N41E28NWNE1/4 616145.89 2696501.26 3227.86 3225.6 top inside PVC 04/16/10 04-2010 45
2005D 2005D monitoring well active Units 1&2 Evap Pond 02N41E28SENW1/4 615979.42 2696942.35 3215.01 3212.9 top inside PVC 04/16/10 04-2010 66
2006D 2006D monitoring well active Units 1&2 Evap Pond 02N41E28SENW1/4 615972.54 2696949.05 3214.83 3212.8 top inside PVC 04/16/10 04-2010 38
2007D 2007D monitoring well active Units 1&2 Evap Pond 02N41E28NENW1/4 616021.44 2695861.29 3277.96 3277.0 top inside PVC 04/16/10 04-2010 130
2008D 2008D recovery well active Units 1&2 Evap Pond 02N41E21SWSE 616240.27 2696560.51 3220.35 3219.0 top CMP @MP 12/15/10 08-2010 42
2009D 2009D monitoring well active Units 1&2 Evap Pond 619258.67 2692757.79 3310.08 3308.2 top inside PVC 12/15/10 10-2010 154
2010D 2010D monitoring well active Units 1&2 Evap Pond 618982.76 2693411.26 3295.03 3293.5 top inside PVC 12/15/10 10-2010 154
2011D 2011D monitoring well active Units 1&2 Evap Pond 618585.80 2694080.75 3285.29 3283.8 top inside PVC 12/15/10 10-2010 154
2012D 2012D monitoring well active Units 1&2 Evap Pond 02N41E28NENW 616027.19 2696422.88 3238.12 3236.5 top inside PVC 12/15/10 12-2010 60
2013A 2013A recovery well active Units 1&2 Evap Pond 02N41E21 617814.5 2695867.40 3179.25 3177.5 top PVC 07-2011 26
2014A 2014A monitoring well active Units 1&2 Evap Pond 02N41E21 617932.32 2696150.45 3176.01 3174.9 top PVC 07-2011 26
2015A 2015A monitoring well active Units 1&2 Evap Pond 02N41E21 617957.81 2696139.22 3178.65 3177.3 top PVC 07-2011 24
2016A 2016A recovery well active Units 1&2 Evap Pond 02N41E21 617882.9 2695816.32 3198.55 3196.9 top PVC 07-2011 44
2017A 2017A monitoring well active Units 1&2 Evap Pond 02N41E21 617700.43 2695582.62 3190.82 3189.0 top PVC 07-2011 29
2018D 2018D monitoring well active Units 1&2 Evap Pond 02N41E28 615931.14 2694070.79 3277.22 3275.9 top PVC 07-2011 100
2019D 2019D pipe into E cell active Units 1&2 Evap Pond 02N41E21 616515.89 2694609.52 3278.25 3275.8 top PVC 11-2011 71
2020A 2020A monitoring well active Units 1&2 Evap Pond 02N41E21 3178.5 3177.8 top PVC 11-2011 26
2021D 2021D recovery well active Units 1&2 Evap Pond 02N41E21 3200.12 3198.4 top PVC 11-2011 49
2022D 2022D monitoring well active Units 1&2 Evap Pond 02N41E20 617852.76 2692669.00 3310.95 3295.6 top PVC 08/09/12 08-2012 80
2023D 2023D monitoring well active Units 1&2 Evap Pond 02N41E29 617280.71 2691834.27 3291.04 3289.3 top PVC 08/09/12 08-2012 83


2024D-2 2024D recovery well active Units 1&2 Evap Pond 02N41E20 616889.08 2690557.96 3315.15 3313.7 top PVC 08/09/12 08-2012 155
2025D 2025D monitoring well active Units 1&2 Evap Pond 02N41E20 617291.49 2689306.72 3291.63 3290.0 top PVC 08/10/12 08-2012 105.5
2026D 2026D monitoring well active Units 1&2 Evap Pond 02N41E20 617110.56 2689729.85 3310.95 3309.0 top PVC 08/10/12 08-2012 142
2027D 2027D monitoring well active Units 1&2 Evap Pond 02N41E21 617831.85 2696062.70 3188.73 3187.7 top PVC 10/15/12 10-2012 48
2028A 2028A monitoring well active Units 1&2 Evap Pond 02N41E21 617834.21 2696071.36 3188.74 3187.6 top PVC 10/15/12 10-2012 36
2029D 2029D monitoring well active Units 1&2 Evap Pond 02N41E21 617998.38 2695968.04 3196.12 3194.8 top PVC 10/16/12 10-2012 57
2030A 2030D monitoring well active Units 1&2 Evap Pond 02N41E21 617994.16 2695958.59 3196.62 3195.2 top PVC 10-2012 44
2031D 2031D monitoring well active Units 1&2 Evap Pond 02N41E20 617285.4 2689316.71 3291.54 3290.1 top PVC 06-2013 45
2032D 2032D monitoring well active Units 1&2 Evap Pond 02N41E20 617010.99 2690145.57 3342.92 top PVC 06-2013 134
2033D 2033D monitoring well active Units 1&2 Evap Pond 02N41E20 616829.67 2690789.85 3307.85 top PVC 06-2013 160
2034D 2034D monitoring well active Units 1&2 Evap Pond 02N41E21 617083.94 2696361.29 3199.36 3198.0 top PVC 04-2014 78
2035A 2035A monitoring well active Units 1&2 Evap Pond 02N41E21 617096.89 2696355.29 3199.45 3197.8 top PVC 04-2014 43
2036D 2036D monitoring well active Units 1&2 Evap Pond 02N41E21 617183.84 2696418.93 3194.56 3192.8 top PVC 04-2014 90
2037D 2037D monitoring well active Units 1&2 Evap Pond 02N41E21 617108.03 2696232.79 3202.36 3200.6 top PVC 04-2014 80
2038A 2038A monitoring well active Units 1&2 Evap Pond 02N41E21 617118.22 2696227.51 3203.1 3200.9 top PVC 04-2014 47


EAP-119 EAP-119 recovery well active Units 1&2 Evap Pond 02N41E29DAAD 613555.75 2693579.71 3298.22 3296.4 top steel casing 02/14/05 04-1975 100
EAP-205 EAP-205 recovery well active Units 1&2 Evap Pond 02N41E29BAAB 616284.24 2690583.27 3307.07 3305.6 top steel casing 02/14/05 10-1975 100
EAP-208 EAP-208 recovery well active Units 1&2 Evap Pond 02N41E29BBDB 615494.38 2689320.26 3319.20 3317.8 top CMP @MP 04/06/09 11-1975 97
EAP-411 EAP-411 monitoring well active Units 1&2 Evap Pond 02N41E29ABA 618526.38 2694455.28 3249.2 3247.3 top steel casing 02/14/05 10-1978 104
EAP-413 EAP-413 monitoring well active Units 1&2 Evap Pond 02N41E21CAC 617826.23 2695512.29 3202.52 3200.7 MP in green box 02/15/05 10-1978 61


North Flume see "EF Armells Cr." tab
South Flume see "EF Armells Cr." tab
PBR Flume see "EF Armells Cr." tab


P11 P11 WeCo monitoring well inactive Units 1&2 Evap Pond 615842.69 2698295.70 3191.30 3189.9 top outside PVC 09/29/09
P12 P12 WeCo monitoring well inactive Units 1&2 Evap Pond 615599.54 2698006.96 3189.39 3188.7 top outside PVC 09/29/09
SP3 SP3 - sand point well sand point active Units 1&2 Evap Pond 616037.36 2697823.99 3188.1 3186.9 top pipe 02/14/05 11.8
SP4 SP4 - sand point well sand point active Units 1&2 Evap Pond 616648.05 2697355.68 3179.63 3178.4 top 2" pipe 02/14/05 11.8
SP5 SP5 - sand point well sand point active Units 1&2 Evap Pond 614941.83 2698215.38 3203.43 3200.8 top pipe 02/14/05 10.1
SPN SPN - sand point well sand point active Units 1&2 Evap Pond 615769.52 2697819.90 3187.73 3183.6 top pipe cap 02/14/05 9.3
SPS SPS - sand point well sand point active Units 1&2 Evap Pond 615299.30 2698027.82 3193.49 3191.2 top pipe cap 02/14/05 14.7


STEP-09-1INC STEP-09-1INC inclinometer active Units 1&2 Evap Pond 617686.65 2694485.80 3282.28 3280.8 top inside PVC 02/18/10 11-2009 63.5
STEP-09-2INC STEP-09-2INC inclinometer active Units 1&2 Evap Pond 617262.15 2694745.58 3283.18 3280.6 top inside PVC 02/18/10 11-2009 126.0
STEP-09-1P STEP-09-1P electronic piezometer active Units 1&2 Evap Pond 617833.98 2693465.92 3273.93 3272.1 top steel casing 11/19/09 10-2009 30.5
STEP-09-2P STEP-09-2P electronic piezometer active Units 1&2 Evap Pond 617977.33 2693771.74 3272.95 3270.9 top steel casing 11/19/09 10-2009 40.5
STEP-09-3P STEP-09-3P electronic piezometer active Units 1&2 Evap Pond 617593.24 2694541.00 3282.75 3280.9 top steel casing 11/19/09 10-2009 60.7
STEP-09-4P STEP-09-4P electronic piezometer active Units 1&2 Evap Pond 617038.56 2694892.30 3282.36 3280.3 top inside PVC 11/19/09 10-2009 72.5
STEP-09-5P STEP-09-5P electronic piezometer active Units 1&2 Evap Pond 616859.08 2695007.40 3282.45 3281.4 top outside PVC 11/19/09 10-2009 50.0
STEP-09-6P STEP-09-6P electronic piezometer active Units 1&2 Evap Pond 618066.65 2694244.33 3282.55 3279.9 top steel casing 11/19/09 10-2009 25.0
STEP-09-7P STEP-09-7P electronic piezometer active Units 1&2 Evap Pond 617391.04 2694913.34 3212.32 3209.4 top steel casing 11/19/09 11-2009 19.0
STEP-09-8P STEP-09-8P electronic piezometer active Units 1&2 Evap Pond 617478.17 2694582.83 3283.16 3280.7 top steel casing 11/19/09 10-2009 30.8


1&2 Stage I FAEP sump Stage I sump (abandoned) sump abandoned Units 1&2 Evap Pond
352A 352A (destroyed by construction 1987) monitoring well abandoned Units 1&2 Evap Pond
353D 353D (abandoned 1990) monitoring well abandoned Units 1&2 Evap Pond 02N41E21CDC
356D 356D  abandoned 04-20-2009 monitoring well abandoned Units 1&2 Evap Pond 02N41E20NE1/4 620699.42 2690934.54 3268.87 3267.6 top steel casing 11-1984 200
365S 365S (abandoned 6-2001) monitoring well abandoned Units 1&2 Evap Pond 02N41E28CBB 57289.69 49252.21 05-94 40.5
925A 925A (abandoned 8-20-00) monitoring well abandoned Units 1&2 Evap Pond 02N41E21CC 08-2000


EAP-115 EAP-115 (abandoned) abandoned Units 1&2 Evap Pond 04-1975
EAP-116 EAP-116 (abandoned) abandoned Units 1&2 Evap Pond 04-1975
EAP-117 EAP-117 (abandoned) abandoned Units 1&2 Evap Pond 04-1975
EAP-121 EAP-121 (abandoned 1989) monitoring well abandoned Units 1&2 Evap Pond 04-1975 98
EAP-124 EAP-124 (abandoned) abandoned Units 1&2 Evap Pond 04-1975
EAP-202 EAP-202 (abandoned) abandoned Units 1&2 Evap Pond 09-1975
EAP-210 EAP-210 (abandoned in 1987) monitoring well abandoned Units 1&2 Evap Pond 12-1975
EAP-211 EAP-211 (abandoned in 1987) monitoring well abandoned Units 1&2 Evap Pond 12-1975
EAP-218 EAP-218 (abandoned) abandoned Units 1&2 Evap Pond 11-1975
EAP-401 EAP-401 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
EAP-402 EAP-402 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
EAP-403 EAP-403 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
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Site Name status Point Ground Point Date of Installed Cased
Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elev. (Ft) Description last Survey (Mo-Yr) (Ft)
EAP-404 EAP-404 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
EAP-405 EAP-405 (abandoned) abandoned Units 1&2 Evap Pond 09-1978
EAP-406 EAP-406 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
EAP-407 EAP-407 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
EAP-408 EAP-408 (abandoned) abandoned Units 1&2 Evap Pond 11-1978
EAP-409 EAP-409 (destroyed by construction 1987) monitoring well abandoned Units 1&2 Evap Pond 11-1978
EAP-410 EAP-410 (abandoned) abandoned Units 1&2 Evap Pond 10-1978
EAP-412 EAP-412 (destroyed by construction 1987) monitoring well abandoned Units 1&2 Evap Pond 10-1978


GP01 GP01 (abandon 4-23-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 12 (drilled)
GP02 GP02 (abandon 4-23-02) abandoned Units 1&2 Evap Pond 02N41E21AC 04-2002 16 (drilled)
GP03 GP03 (abandon 4-23-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 12 (drilled)
GP04 GP04 (abandon 4-23-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 20 (drilled)
GP05 GP05 (abandon 4-23-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 20 (drilled)
GP06 GP06 (abandon 4-24-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 12 (drilled)
GP07 GP07 (abandon 4-24-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 24 (drilled)
GP08 GP08 (abandon 4-24-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 24 (drilled)
GP09 GP09 (abandon 4-24-02) abandoned Units 1&2 Evap Pond 02N41E21DB 04-2002 16 (drilled)
GP10 GP10 (abandon 4-24-02) abandoned Units 1&2 Evap Pond 02N41E21AC 04-2002 16 (drilled)


HWY39-1 HWY39-1 (abandon 3-11-02) abandoned Units 1&2 Evap Pond 02N41E21C 03-2002 31.5 (drilled
HWY39-2 HWY39-2 (abandon 3-11-02) abandoned Units 1&2 Evap Pond 02N41E21C 03-2002 26.5 (drilled
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Site Code
1&2 Stage II FAEP cell A
1&2 Stage II FAEP cell B
1&2 Stage II FAEP cell E
1&2 Stage II FAEP CW


1&2 STEP sump
121-2
350D
351D
353T
354D
355D
357A
358D
358T
359D
360A
361D
362D
363A
364D
366S
367D
368D
369D
370D
371D
372D
373D
374S
375D
376D
377A
378A
379D
380D
381A
382A
383D
384D
385D
386D
387D
388D


389A-P
390D-P
391D-P
392D
393D


394D-P
395D


396D-P
397D
398D
399D
900D
901D
902D
903D
904D
905D
906D
907D
908A
909A
910A
911D
912D
913A
914D
915A
916A
917A
918A
919D
920A
921A
922A
923A
924A


Interval
Perforated top of bottom of


Casing ID Target or Screened screen screen SWL Sampling Sample
(inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


every three years if active (2018) WRMP, table 2, list 2
every three years if active (2018) WRMP, table 2, list 2
every three years if active (2018) WRMP, table 2, list 2


every three years (2018) WRMP, table 2, list 2
semiannual WRMP, table 2, list 1


4.5 McKay 57-97 3254.7 3214.7 Monthly semiannual WRMP, table 2, list 1
4.5   SS below Mckay 72-107; 115-151; 158-212 3197.7 3057.7 Monthly semiannual WRMP, table 2, list 1
4.5   SS below Mckay 141-162; 183-190; 209-230 3105.5 3016.5 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 195-227 3043.7 3011.7 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 60-80; 100-120; 140-180 3218.4 3098.4 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 80-110; 130-150 3194.3 3124.3 Monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 8-18 3122.1 3112.1 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 100-180 3114.5 3034.5 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 100 - 180 3114.3 3034.3 Monthly every 2 years (2016) WRMP, table 2, list 1
4.5 Sub-McKay, SS; SH; SLT 100-120 3081.6 3061.6 Monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 13-20 3168.9 3161.9 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay, SS; SH; SLT 180-220 3104.1 3064.1 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay, SS; SH; SLT 180-200 3102.1 3082.1 Monthly semiannual WRMP, table 2, list 1
4.5 Shallow alluvium 4-10 3177.3 3171.3 Monthly semiannual WRMP, table 2, list 1
4.5 Bedrock 58 - 98 3292.9 3252.9 Monthly semiannual WRMP, table 2, list 1
4.5 Alluvium/colluvium 6.5 - 16.5 3288.0 3278.0 Monthly semiannual WRMP, table 2, list 1
4.5 Bedrock 89 - 139 3261.1 3211.1 Monthly semiannual WRMP, table 2, list 1
2.0 First water, sandstone 22 - 62 3293.6 3253.6 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay, shallow bedrock 33 - 63 3297.5 3267.5 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Bedrock 44 - 64 3290.0 3270.0 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 38.5 - 58.5 3278.9 3258.9 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 66 - 86 3266.3 3246.3 Monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 75 - 105 3297.8 3267.8 Monthly semiannual WRMP, table 2, list 1
4.5 Clinker / burn 17.5 - 37.5 3296.3 3276.3 Monthly semiannual WRMP, table 2, list 1
4.5 Fort Union 60 - 100 3245.3 3205.3 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Fort Union 50 - 100 3255.6 3205.6 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 First water 21.5 - 51.5 3181.5 3151.5 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 First water 23.3 - 53.3 3181.3 3151.3 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 First water 27 - 57 3176.3 3146.3 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 First water 50 - 85 3203.5 3168.5 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 First water 15 - 30 3238.2 3223.2 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 First water 14 - 37.5 3177.1 3153.6 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 50 - 90 3205.8 3165.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Shallow sandstone 57 - 77 3236.4 3216.4 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Shallow sandstone 120 - 160 3174.0 3134.0 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 75.5 - 115.5 3208.5 3168.5 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 39 - 79 3191.7 3151.7 Monthly annual WRMP, table 2, list 1
4.5 Sub-McKay 85 - 105 3227.5 3207.5 semiannual - May & Oct annual WRMP, table 2, list 1
2.0 Shallow alluvial / bedrock 30 - 50 3271.0 3251.0 semiannual - May & Oct annual WRMP, table 2, list 1
2.0 Sub-McKay 80 - 100 3221.1 3201.1 semiannual - May & Oct annual WRMP, table 2, list 1
2.0 Sub-McKay 30 - 60 3299.4 3269.4 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 58 - 88 3207.0 3177.0 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 45 - 80 3204.4 3168.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
2.0 Sub-McKay 50 - 90 3202.3 3162.3 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 30 - 70 3207.0 3167.0 semiannual - May & Oct semiannual WRMP, table 2, list 1
2.0 Sub-McKay 50 - 90 3202.3 3162.3 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 179 - 204 3088.2 3063.2 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 61.5 - 91.5 3204.8 3174.8 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 105 - 125 3160.6 3140.6 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 235 - 260 3066.9 3041.9 annual - May annual WRMP, table 2, list 1
4.5 Sub-McKay 100 - 140 3201.5 3161.5 annual - May annual WRMP, table 2, list 1
4.5 Sub-McKay 122 - 162 3174.7 3134.7 monthly annual WRMP, table 2, list 1
4.5 Sub-McKay 135 - 155 3180.4 3160.4 annual - May annual WRMP, table 2, list 1
4.5 Sub-McKay 30 - 60 3172.4 3142.4 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Sub-McKay 41 - 61 3154.2 3134.2 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 30 - 55 3151.2 3126.2 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 55 - 85 3166.2 3136.2 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 18 - 28 3167.8 3154.8 annual - May annual WRMP, table 2, list 1
4.5 Shallow alluvial 23 - 31 3163.1 3155.1 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 24 - 36 3161.1 3149.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 31 - 61 3168.9 3138.9 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 42 - 72 3167.1 3137.1 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 30 - 40 3157.8 3147.8 monthly semiannual WRMP, table 2, list 1
4.0 Unknown, no well log available. 3226.0 3226.0 annual - May annual WRMP, table 2, list 1
4.5 Shallow alluvial 10 - 25 3135.6 3120.6 monthly semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 9 - 17 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 13.5 - 33.5 3168.5 3148.5 monthly semiannual WRMP, table 2, list 1
4.5 Shallow alluvial 11 - 26 3161.6 3146.6 monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay sandstone 68 - 88 3104.6 3084.6 monthly semiannual WRMP, table 2, list 1
4.5 Alluvial 80 - 90 3229.8 3219.8 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Alluvial 56 - 76 3216.0 3196.0 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Alluvial 53.5 - 73.5 3218.1 3198.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Alluvial 83 - 93 3188.1 3178.1 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Alluvial 66 - 86 3205.2 3185.2 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1


Monitoring schedule
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Site Code
1&2 St  II FAEP ll A926S


927D
928D
929D
930C
931C
932D
933D
934D
935A
936A
937A
938A
939A
940A


941A-P
942A-P
943A
944A
945A
946
947


948M
949D
950D
951D
952D
953D
954D
955D
956D
957M
958D
959D
960D
961D
962D
963D
964D
965D
966A
967P
968D
969D
970D
971D
972D
973D
974D
975D
976D
977A
978S
979S


980AN
981D
982D
983D
984D
985A
986D
987D
988D
989D
990D
991A
992D
993D
994A


995DD
996D
997A
998A
999D
2000D
2001A
2002A
2003D


Interval
Perforated top of bottom of


Casing ID Target or Screened screen screen SWL Sampling Sample
(inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


Monitoring schedule


4.5 Sandstone 30 - 60 3271.8 3241.8 monthly semiannual WRMP, table 2, list 1
4.5 Sandstone 70 - 100 3134.8 3104.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sandstone 70 - 100 3135.0 3105.0 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay sandstone 65 - 85 3232.9 3212.9 semiannual - May & Oct semiannual WRMP, table 2, list 1
2.0 Clinker 31 - 41 3387.5 3377.5 monthly one time in 2004
2.0 Clinker 31.5 - 41.5 3382.6 3372.6 monthly one time in 2004
4.5 Sandstone 79 - 99 3125.8 3105.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sandstone 79 - 99 3124.8 3104.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sandstone 39 - 59 3173.1 3153.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
1.0 Alluvial 8 - 13 3146.7 3141.7 semiannual - May & Oct Talen-semiannual, City-quarterly WRMP, table 2, list 1
1.0 Alluvial 7 - 17 3143.7 3133.7 semiannual - May & Oct Talen-semiannual, City-quarterly WRMP, table 2, list 1
1.0 Alluvial 8 - 13 3145.6 3140.6 semiannual - May & Oct Talen-semiannual, City-quarterly WRMP, table 2, list 1
5.0 Shallow alluvial 20 - 25 3145.0 3140.0 SWL and field conductivities monthly semiannual WRMP, table 2, list 1
5.0 Shallow alluvial 22.5 - 27.5 3142.6 3137.6 annual - May annual WRMP, table 2, list 1
5.0 Shallow alluvial 22 - 27 3154.4 3149.4 SWL and field conductivities monthly semiannual WRMP, table 2, list 1
2.0 Shallow alluvial 15.5 - 25.5 3133.0 3123.0 monthly semiannual WRMP, table 2, list 1
2.0 Shallow alluvial 19 - 29 3129.2 3119.2 monthly semiannual WRMP, table 2, list 1
8.0 Shallow alluvial 17 - 22 3132.4 3127.4 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
8.0 Shallow alluvial 17 - 22 3133.1 3128.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
8.0 Shallow alluvial 11.5 - 16.5 3132.8 3127.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
2.0 Fly ash 44.5 - 54.5 3259.6 3249.6 semiannual - May & Oct semiannual WRMP, table 2, list 1
2.0 Fly ash 24 - 34 3279.7 3269.7 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 McKay 136 - 156 3256.1 3236.1 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 First water 40 - 60 3268.7 3248.7 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Sub-McKay 120 - 140 3166.6 3146.6 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 Second Sub-McKay 220 - 260 2984.1 2944.1 monthly annual WRMP, table 2, list 1
4.5 First water 90 - 100 3173.2 3163.2 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 First water 130 - 140 3144.1 3134.1 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 First water 90 - 120 3168.1 3138.1 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 First water 30 - 50 3210.8 3190.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 80 - 90 3187.8 3177.8 semiannual - May & Oct annual WRMP, table 2, list 1
4.5 McKay 36 - 46 3254.3 3244.3 semiannual - May & Oct semiannual WRMP, table 2, list 1
4.5 Sandstone 140 - 160 3132.0 3112.0 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 59 - 66 3204.1 3197.1 monthly annual WRMP, table 2, list 1
4.5 Sandstone 35 - 126 3191.3 3100.3 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sandstone 41 - 121 3181.5 3101.5 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sandstone 15 - 85 3169.6 3099.6 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sandstone 24 - 104 3178.9 3098.9 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Alluvial 27 - 107 3176.8 3096.8 monthly semiannual WRMP, table 2, list 1
4.5 Alluvial 50 - 130 3177.6 3097.6 monthly semiannual WRMP, table 2, list 1
4.0 Alluvial 57 - 62 3247.2 3242.2 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
2.0 Fly ash 31 - 46 3273.0 3258.0 monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay 35 - 135 3196.9 3096.9 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay 24 - 124 3198.0 3098.0 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-Mckay 55 - 155 3172.2 3072.2 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-Mckay 60 - 160 3206.0 3076.0 monthly semiannual WRMP, table 2, list 1
4.5 Sandstone 100 - 115 3087.0 3072.0 monthly annual WRMP, table 2, list 1
4.5 Sandstone 94 - 119 3097.8 3072.8 monthly annual WRMP, table 2, list 1
4.5 Sub-McKay 35 - 40 3210.4 3205.4 monthly annual WRMP, table 2, list 1
4.5 Sub-McKay 105 - 145 3168.2 3128.2 monthly annual WRMP, table 2, list 1
4.5 Bedrock 40 - 70 3273.2 3243.2 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Alluvial 21 - 41 3280.4 3260.4 monthly semiannual WRMP, table 2, list 1
4.5 Alluvial 53 - 73 3260.7 3240.7 monthly semiannual WRMP, table 2, list 1
4.5 Shallow bedrock 41.5 - 61.5 3273.7 3253.7 monthly semiannual WRMP, table 2, list 1
2.0 below liner 7 - 17 3268.9 3260.95 monthly annual WRMP, table 2, list 1
4.5 89 - 99 3117.9 3107.9 monthly semiannual WRMP, table 2, list 1
4.5 45 - 60 3154.0 3139.0 monthly semiannual WRMP, table 2, list 1
4.5 46 - 51 3141.2 3136.2 monthly semiannual WRMP, table 2, list 1
4.5 29 - 39 3159.7 3149.7 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 17 - 32 3179.8 3164.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 67 - 87 3127.0 3107.0 monthly semiannual WRMP, table 2, list 1
4.5 68 - 88 3126.1 3106.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 42 - 62 3166.7 3146.7 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 42 - 52 3166.6 3156.6 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 75 - 100 3128.1 3103.1 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 30 - 50 3173.0 3153.0 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 50 - 65 3153.0 3138.0 monthly semiannual WRMP, table 2, list 1
4.5 80 - 100 3123.1 3103.1 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 25 - 45 3177.9 3157.9 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 310 - 350, 390 - 410 2894.8 2794.8 monthly semiannual WRMP, table 2, list 1
4.5 85-100 3118.2 3103.2 monthly semiannual WRMP, table 2, list 1
4.5 Uppermost saturated zone 20-40 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Uppermost saturated zone 21-31 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 45-52 3158.5 3151.5 monthly semiannual WRMP, table 2, list 1
4.5 Uppermost saturated zone 35-43 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.0 43-63 3260.4 3240.4 monthly semiannual WRMP, table 2, list 1
4.0 alluvium under fly ash 40-60.5 3263.6 3243.1 monthly semiannual WRMP, table 2, list 1
4.5 Bedrock 34-40 3176.3 3170.3 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
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Site Code
1&2 St  II FAEP ll A2004D


2005D
2006D
2007D
2008D
2009D
2010D
2011D
2012D
2013A
2014A
2015A
2016A
2017A
2018D
2019D
2020A
2021D
2022D
2023D


2024D-2
2025D
2026D
2027D
2028A
2029D
2030A
2031D
2032D
2033D
2034D
2035A
2036D
2037D
2038A


EAP-119
EAP-205
EAP-208
EAP-411
EAP-413


North Flume
South Flume
PBR Flume


P11
P12
SP3
SP4
SP5
SPN
SPS


STEP-09-1INC
STEP-09-2INC
STEP-09-1P
STEP-09-2P
STEP-09-3P
STEP-09-4P
STEP-09-5P
STEP-09-6P
STEP-09-7P
STEP-09-8P


1&2 Stage I FAEP sump
352A
353D
356D
365S
925A


EAP-115
EAP-116
EAP-117
EAP-121
EAP-124
EAP-202
EAP-210
EAP-211
EAP-218
EAP-401
EAP-402
EAP-403


Interval
Perforated top of bottom of


Casing ID Target or Screened screen screen SWL Sampling Sample
(inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


Monitoring schedule


4.5 Bedrock 39-45 3186.6 3180.6 monthly semiannual WRMP, table 2, list 1
4.5 Bedrock 61-66 3151.9 3146.9 monthly semiannual WRMP, table 2, list 1
4.5 Alluvial 28-38 3184.8 3174.8 monthly semiannual WRMP, table 2, list 1
4.5 First water 125-130 3152.0 3147.0 monthly semiannual WRMP, table 2, list 1
4.5 Shallow bedrock 32-42 3187.0 3177.0 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.5 Sub-McKay sandstone 124-152 3184.2 3156.2 monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay sandstone 110-154 3183.5 3139.5 monthly semiannual WRMP, table 2, list 1
4.5 Sub-McKay sandstone 122-152 3161.8 3131.8 monthly semiannual WRMP, table 2, list 1
4.5 3170 to 3190 ft-amsl 53-60 3183.5 3176.5 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 11-26 3166.5 3151.5 monthly semiannual WRMP, table 2, list 1
4.5 Alluvial 11-21 3163.9 3153.9 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 14-24 3163.3 3153.3 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 34-44 3162.9 3152.9 monthly semiannual WRMP, table 2, list 1
4.5 Alluvial 19-29 3170.0 3160.0 monthly semiannual WRMP, table 2, list 1
4.5 First water 90-100 3185.9 3175.9 monthly semiannual WRMP, table 2, list 1
4.5 First groundwater 61-71 3214.8 3204.8 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 16-26 3161.8 3151.8 monthly semiannual WRMP, table 2, list 1
4.5 First groundwater 44-49 3154.4 3149.4 monthly semiannual WRMP, table 2, list 1
4.5 First water 40-80 3255.6 3215.6 monthly semiannual WRMP, table 2, list 1
4.5 First water 63-83 3226.3 3206.3 monthly semiannual WRMP, table 2, list 1
4.5 First water 115-155 3198.7 3158.7 monthly semiannual WRMP, table 2, list 1
4.5 First water 85-105 3205.0 3185.0 monthly semiannual WRMP, table 2, list 1
4.5 First water 122-142 3187.0 3167.0 monthly semiannual WRMP, table 2, list 1
4.5 First bedrock groundwater 43-48 3144.7 3139.7 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 30-35 3157.6 3152.6 monthly semiannual WRMP, table 2, list 1
4.5 First bedrock groundwater 51-57 3143.8 3137.8 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 39-44 3156.2 3151.2 monthly semiannual WRMP, table 2, list 1
4.5 First groundwater 30-45 3260.1 3245.1 monthly semiannual WRMP, table 2, list 1
4.5 Bedrock 114-134 monthly semiannual WRMP, table 2, list 1
4.5 Bedrock 100-160 monthly semiannual WRMP, table 2, list 1
4.5 First water bearing bedrock 71-78 3127.0 3120.0 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 33-43 3164.8 3154.8 monthly semiannual WRMP, table 2, list 1
4.5 First water bearing bedrock 65-90 3127.8 3102.8 monthly semiannual WRMP, table 2, list 1
4.5 First water bearing bedrock 70-80 3130.6 3120.6 monthly semiannual WRMP, table 2, list 1
4.5 Alluvium 37-47 3163.9 3153.9 monthly semiannual WRMP, table 2, list 1
4.0 Sub-McKay, SS;SLTST 70-95 3226.4 3201.4 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.0 SLTST; SH BLW McKay 65-75; 85-95 3240.6 3210.6 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
4.0 SS; SLTST below McKay 60-95 3257.8 3222.8 Hydrometrics during system monitoring semiannual WRMP, table 2, list 1
2.0 SH; SLTST below McKay 80-100 3167.3 3147.3 Monthly semiannual WRMP, table 2, list 1
2.0 SH; SLTST below McKay 31-56 3169.7 3144.7 Monthly semiannual WRMP, table 2, list 1


semiannual
semiannual
semiannual WRMP, table 2, list 1


4.0 fall 2009
4.0 fall 2009
2.0 boh 3175.13 annual - May annual WRMP, table 2, list 1
2.0 boh 3166.65 semiannual - May & Oct semiannual WRMP, table 2, list 1
2.0 boh 3190.69 annual - May annual WRMP, table 2, list 1
2.0 boh 3174.33 annual - May annual WRMP, table 2, list 1
2.0 boh 3176.54 annual - May annual WRMP, table 2, list 1


Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled
Womack & Assoc will monitor semiannually not sampled


abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned


4.5 Sub-McKay 60-120; 160-200 3207.6 3067.6 abandoned abandoned
Shallow bedrock 15.5 - 40 N/A (abandoned and / or plugged) abandoned


Alluvial N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned


58 - 93 N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
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Site Code
1&2 St  II FAEP ll AEAP-404


EAP-405
EAP-406
EAP-407
EAP-408
EAP-409
EAP-410
EAP-412


GP01
GP02
GP03
GP04
GP05
GP06
GP07
GP08
GP09
GP10


HWY39-1
HWY39-2


Interval
Perforated top of bottom of


Casing ID Target or Screened screen screen SWL Sampling Sample
(inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


Monitoring schedule


N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned
N/A (abandoned and / or plugged) abandoned


Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned
Alluvial N/A (abandoned and / or plugged) abandoned


 ) Alluvial N/A (abandoned and / or plugged) abandoned
 ) Alluvial N/A (abandoned and / or plugged) abandoned
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Site Name status Site Type Point Point Date of
Site Code Description Site Type (Talen) Location Legal Location Northing Easting Elev. Grd. Elev. Description last Survey


1000M 1000M monitoring well active Units 3&4 EHP 01N42E07ABA 600718.37 2719231.21 3295.55 3294.00 top inside PVC 02/23/05
1001R 1001R recovery well active Units 3&4 EHP 01N42E05CDC 601833.84 2722463.24 3296.41 3295.5 top CMP @MP 10/13/05
1002R 1002R recovery well active Units 3&4 EHP 01N42E07ABA 600716.09 2719246.70 3296.26 3294.6 TOP CMP@M.P. 01/16/06
1003R 1003R monitoring well active Units 3&4 EHP 01N42E07ABA 600778.76 2719238.23 3295.71 3294.00 top steel casing 02/23/05
1004M 1004M monitoring well active Units 3&4 EHP 01N42E07AAA 600957.36 2720420.73 3301.49 3300.00 top inside PVC 02/23/05
1005R 1005R monitoring well active Units 3&4 EHP 01N42E07AAA 600954.04 2720404.95 3301.95 3299.90 top inside PVC 02/23/05
1006M 1006M monitoring well active Units 3&4 EHP 01N42E08BBA 601266.62 2721818.63 3295.56 3294.20 top inside PVC 02/23/05
1007R 1007R recovery well active Units 3&4 EHP 01N42E08BBA 601276.21 2721834.21 3295.62 3294.9 top CMP @MP 10/13/05
1008D 1008D monitoring well active Units 3&4 EHP 01N42E07AAA 600961.56 2720438.52 3301.38 3300.10 top inside PVC 02/23/05
1009D 1009D monitoring well active Units 3&4 EHP 01N42E07ABA 600719.18 2719264.47 3296.45 3294.70 top steel casing 02/23/05
1010R 1010R monitoring well active Units 3&4 EHP 01N42E06CCB 602187.82 2715492.77 3266.79 3265.00 top steel casing 04/06/05
1011R 1011R monitoring well active Units 3&4 EHP 01N42E06CDD 601401.63 2717950.14 3293.67 3292.00 top inside PVC 02/17/05
1012M 1012M monitoring well active Units 3&4 EHP 01N42E07ABC 599977.22 2718951.08 3298.65 3297.20 top steel casing 02/17/05
1013R 1013R monitoring well active Units 3&4 EHP 01N42E07ABA 599994.48 2718933.77 3299.69 3298.20 top steel casing 02/17/05
1014R 1014R monitoring well active Units 3&4 EHP 01N42E08AAA 601315.45 2725611.48 3284.49 3282.60 top steel casing 04/06/05
1015R 1015R monitoring well active Units 3&4 EHP 01N42E08ABA 601743.91 2724136.00 3297.63 3295.40 top steel casing 04/06/05
1016R 1016R monitoring well active Units 3&4 EHP 01N42E08BAB 601335.43 2722282.21 3309.11 3307.70 top CMP @MP 10/13/05
1017R 1017R recovery well active Units 3&4 EHP 01N42E06CCA 601968.85 2716223.72 3291.83 3291.00 top CMP @MP 10/13/05
1018D 1018D monitoring well active Units 3&4 EHP 01N42E08CBD 598212.37 2721971.41 3190.82 3189.38 top steel casing 10/13/05


1019AM 1019AM recovery well active Units 3&4 EHP 01N42E08CBB 598223.61 2721045.10 3204.07 3202.70 top CMP @MP 01/16/06
1020D 1020D monitoring well active Units 3&4 EHP 01N42E07ADC 598763.39 2719713.50 3242.70 3241.01 top steel casing 10/13/05
1021A 1021A monitoring well active Units 3&4 EHP 01N42E08CAC 597650.67 2722774.85 3180.46 3178.93 top steel casing 10/13/05
1022A 1022A monitoring well active Units 3&4 EHP 01N42E07DBB 598226.75 2718712.74 3223.75 3221.95 top steel casing 10/13/05


1023AM 1023AM monitoring well active Units 3&4 EHP 01N42E08CBC 598114.55 2720833.45 3206.84 3205.23 top steel casing 10/13/05
1024AM 1024AM recovery well active Units 3&4 EHP 01N42E08CBB 598198.51 2721342.32 3204.56 3203.6 top CMP @MP 01/16/06
1025AM 1025AM recovery well active Units 3&4 EHP 01N42E08CBA 598220.88 2721598.04 3196.86 3195.6 top CMP @MP 01/16/06
1026AM 1026AM recovery well active Units 3&4 EHP 01N42E08CBA 598272.83 271815.60 3193.20 3191.4 top CMP @MP 01/16/06
1027A 1027A monitoring well active Units 3&4 EHP 02N42E31CDB 607390.08 2716809.80 3155.68 3154.4 top inside PVC 05/08/06
1028A 1028A monitoring well active Units 3&4 EHP 02N42E31CDB 607422.26 2716669.36 3161.61 3159.8 top inside PVC 05/08/06
1029M 1029M monitoring well active Units 3&4 EHP 02N42E08BDB 600237.57 2721905.78 3297.43 3295.7 top steel casing 05/08/06
1030A 1030A monitoring well active Units 3&4 EHP 596722.89 2728501.95 3121.77 3119.9 top steel casing 01/16/06
1031R 1031R recovery well active Units 3&4 EHP 01N42E06 604024.11 2717959.55 3290.66 3288.9 top CMP @MP 04/16/08
1032M 1032M monitoring well active Units 3&4 EHP 01N42E06 605328.28 2716923.47 3283.93 3282.7 top inside PVC 11/15/07
1033R 1033R monitoring well active Units 3&4 EHP 01N42E06 605327.25 2716936.73 3284.31 3282.7 top inside PVC 11/15/07
1034R 1034R recovery well active Units 3&4 EHP 01N42E06 603467.32 2717951.91 3290.53 3288.7 top CMP @MP 04/16/08
1035R 1035R monitoring well active Units 3&4 EHP 01N42E06 602980.64 2717936.35 3301.97 3300.4 top inside PVC 11/15/07
1036R 1036R monitoring well active Units 3&4 EHP 01N42E06 603197.60 2717787.36 3301.60 3299.8 top inside PVC 11/15/07
1037R 1037R recovery well active Units 3&4 EHP 01N42E06 603990.85 2717697.82 3290.54 3289.2 top CMP @MP 04/16/08
1038D 1038D monitoring well active Units 3&4 EHP 01N42E05 605120.40 2725398.08 3126.77 3125.1 top inside PVC 11/15/07
1039A 1039A recovery well active Units 3&4 EHP 01N42E05 604385.26 2724752.10 3142.37 3139.6 top CMP @MP 07/24/08
1040D 1040D monitoring well active Units 3&4 EHP 01N42E05 604172.86 2723942.28 3185.00 3182.8 top steel casing 11/15/07
1041D 1041D monitoring well active Units 3&4 EHP 604389.59 2723857.03 3186.59 3184.8 top inside PVC 11/15/07
1042D 1042D monitoring well active Units 3&4 EHP 604850.26 2723737.51 3187.96 3186.3 top inside PVC 11/15/07
1043D 1043D monitoring well active Units 3&4 EHP 605045.87 2723379.40 3210.85 3209.0 top inside PVC 11/15/07
1044D 1044D monitoring well active Units 3&4 EHP 605184.38 2723308.05 3210.35 3209.2 top inside PVC 11/15/07
1045D 1045D monitoring well active Units 3&4 EHP 01N42E05 605285.61 2723031.92 3232.75 3231.1 top inside PVC 11/15/07
1046D 1046D monitoring well active Units 3&4 EHP 01N42E08 597765.01 2722078.74 3196.41 3193.7 top CMP @MP 11/15/07
1047A 1047A monitoring well active Units 3&4 EHP 01N42E08 607793.66 2717136.56 3150.85 3149.2 top inside PVC 11/15/07
1048A 1048A monitoring well active Units 3&4 EHP 01N42E08 607820.97 2717055.02 3153.67 3152.1 top inside PVC 11/15/07
1049M 1049M monitoring well active Units 3&4 EHP 01N42E06 604871.26 2716504.17 3301.76 3300.3 top inside PVC 11/15/07


1051A trench 1051A trench interception trench active Units 3&4 EHP 605819.26 2725898.01 3088.22 3087.6 top inside PVC 12/17/07
1052A-P 1052A-P monitoring well active Units 3&4 EHP 605463.38 2725597.40 3096.68 3094.8 top inside PVC 12/17/07
1053A-P 1053A-P monitoring well active Units 3&4 EHP 605561.35 2725650.58 3095.03 3093.8 top inside PVC 12/17/07
1054A-P 1054A-P monitoring well active Units 3&4 EHP 605656.60 2725709.32 3093.63 3091.7 top inside PVC 12/17/07
1055A-P 1055A-P monitoring well active Units 3&4 EHP 605757.19 2725769.20 3091.66 3089.7 top inside PVC 12/17/07
1056A-P 1056A-P monitoring well active Units 3&4 EHP 605712.05 2725804.00 3098.88 3096.3 top inside PVC 12/17/07
1057A-P 1057A-P monitoring well active Units 3&4 EHP 605589.73 2725589.12 3105.96 3104.0 top inside PVC 12/17/07
1058A-P 1058A-P monitoring well active Units 3&4 EHP 605539.97 2725703.62 3103.22 3101.3 top inside PVC 12/17/07
1059D-P 1059D-P monitoring well active Units 3&4 EHP 605517.05 2725759.47 3103.21 3101.7 top inside PVC 12/17/07
1060C 1060C monitoring well active Units 3&4 EHP 01N42E06 605257.13 2720463.51 3273.35 3272.1 top inside PVC 04/16/08
1061A 1061A monitoring well active Units 3&4 EHP 01N42E05ADA 605613.67 2725904.79 3098.18 3096.60 top inside PVC 06/18/08
1062D 1062D monitoring well active Units 3&4 EHP 01N42E05ADA 605609.55 2725895.48 3098.13 3096.90 top inside PVC 06/18/08
1063D 1063D monitoring well active Units 3&4 EHP 01N42E05AAD 605746.03 2725374.43 3101.86 3100.70 top inside PVC 06/18/08
1064D 1064D monitoring well active Units 3&4 EHP 01N42E05ACAD 605424.61 2724036.03 3198.71 3197.0 top steel casing 02/11/09
1065A 1065A recovery well active Units 3&4 EHP 01N42E08CADD 597812.89 2723586.25 3167.81 3166.2 top CMP @MP 06/17/09
1066M 1066M monitoring well active Units 3&4 EHP 01N42E06BBDC 605673.65 2716122.12 3275.25 3274.0 top inside PVC 11/21/08
1067D 1067D monitoring well active Units 3&4 EHP 01N42E06BCCA 604480.83 2715618.98 3234.00 3232.5 top inside PVC 11/21/08
1068A 1068A recovery well active Units 3&4 EHP 01N42E06BCCD 604286.48 2715583.37 3235.65 3234.4 top CMP @MP 04/16/10
1069D 1069D monitoring well active Units 3&4 EHP 01N42E06BCCD 604007.86 2715634.10 3239.95 3238.4 top inside PVC 11/21/08
1070D 1070D monitoring well active Units 3&4 EHP 01N41E01DAAA 603841.55 2715424.13 3238.58 3237.2 top inside PVC 11/21/08
1071D 1071D monitoring well active Units 3&4 EHP 01N42E06BCDC 604363.17 2716136.07 3261.23 3259.4 top inside PVC 11/21/08
1072D 1072D monitoring well active Units 3&4 EHP 01N42E06BCCD 604185.46 2716023.46 3248.52 3246.9 top inside PVC 11/21/08
1073A 1073A monitoring well active Units 3&4 EHP 01N42E05SENE1/4 605111.70 2724759.85 3137.30 3136.0 top inside PVC 12/12/08


1073A trench 1073A trench interception trench active Units 3&4 EHP 605083.85 2724880.14 3135.49 3133.4 top CMP @MP 09/28/10
1074D 1074D monitoring well active Units 3&4 EHP 01N42E05SENE1/4 605113.75 2724750.23 3137.87 3136.2 top inside PVC 12/12/08
1075D 1075D monitoring well active Units 3&4 EHP 01N42E05SENE1/4 604635.29 2725222.52 3140.80 3139.3 top inside PVC 12/12/08
1076D 1076D monitoring well active Units 3&4 EHP 01N42E05SENE1/4 605087.61 2725690.58 3118.82 3117.3 top inside PVC 12/12/08
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1077D 1077D monitoring well active Units 3&4 EHP 01N42E05SENE1/4 605024.14 2725931.88 3139.99 3138.9 top inside PVC 12/12/08
1078D 1078D monitoring well active Units 3&4 EHP 01N42E05NENE1/4 605898.64 2724875.06 3130.88 3129.4 top inside PVC 12/12/08


1079A trench 1079A trench interception trench active Units 3&4 EHP 605706.26 2725290.12 3108.31 3105.0 top CMP @MP 02/11/09
1080D 1080D recovery well active Units 3&4 EHP 01N42E05SWNW 605553.99 2720719.84 3284.49 3283.6 top CMP @MP 08/26/10
1081D 1081D recovery well active Units 3&4 EHP 01N42E05SWNW1/4 605515.88 2721165.47 3297.37 3296.3 top CMP @MP 08/26/10
1082D 1082D monitoring well active Units 3&4 EHP 01N42E05NWNW1/4 605814.16 2721609.89 3281.70 3279.9 top inside PVC 06/01/09
1083D 1083D recovery well active Units 3&4 EHP 01N42E05NWNW1/4 606052.60 2721210.95 3281.92 3280.5 top CMP @MP 08/26/10
1084A 1084A recovery well active Units 3&4 EHP 01N42E32SWSW1/4 606103.54 2720535.34 3151.24 3149.5 top CMP @MP 11/19/09
1085R 1085R monitoring well active Units 3&4 EHP 01N42E05NESW1/4 603633.53 2718039.71 3286.95 3285.1 top steel casing 06/01/09
1086D 1086D monitoring well active Units 3&4 EHP 01N42E05NWNW1/4 607081.88 2720918.72 3148.72 3147.3 top inside PVC 06/17/09
1087D 1087D recovery well active Units 3&4 EHP 01N42E06 605737.20 2720431.30 3183.22 3181.8 top CMP @MP 08/26/10
1088A 1088A monitoring well active Units 3&4 EHP 01N42E05 605979.28 2725429.16 3088.19 3086.0 top inside PVC 06/17/09
1089D 1089D recovery well active Units 3&4 EHP 01N42E05 605603.10 2725363.94 3114.54 3113.4 top CMP @MP 09/29/09
1090D 1090D recovery well active Units 3&4 EHP 01N42E05 605596.34 2725479.68 3112.95 3111.6 top CMP @MP 09/29/09
1091D 1091D monitoring well active Units 3&4 EHP 02N42E32 607465.16 2721596.70 3154.06 3152.5 top inside PVC 06/26/09
1092D 1092D monitoring well active Units 3&4 EHP 01N42E05 605915.54 2725550.88 3092.41 3090.6 top inside PVC 09/29/09
1093D 1093D recovery well active Units 3&4 EHP 01N42E05 605688.27 2725357.48 3110.20 3109.4 top CMP @MP 04/16/10
1094D 1094D monitoring well active Units 3&4 EHP 01N42E05 605656.89 2725418.17 3112.65 3111.0 top inside PVC 09/29/09
1095D 1095D recovery well active Units 3&4 EHP 01N42E05 605634.95 2725544.47 3109.77 3108.5 top CMP @MP 04/16/10
1096D 1096D monitoring well active Units 3&4 EHP 01N42E05 605577.91 2725578.75 3106.46 3104.8 top inside PVC 09/29/09
1097D 1097D recovery well active Units 3&4 EHP 01N42E05 605562.25 2725708.90 3101.36 3100.9 top CMP @MP 04/16/10
1098D 1098D recovery well active Units 3&4 EHP 01N42E05 605601.78 2725775.08 3100.19 3099.7 top CMP @MP 04/16/10
1099D 1099D recovery well active Units 3&4 EHP 01N42E05 605649.40 2725867.61 3097.88 3097.5 top CMP @MP 04/16/10
1100D 1100D recovery well active Units 3&4 EHP 01N42E05 605973.40 2725774.62 3085.32 3084.5 top CMP @MP 04/16/10
1101D 1101D recovery well active Units 3&4 EHP 01N42E05 606083.93 2725871.82 3088.00 3087.2 top CMP @MP 04/16/10
1102D 1102D recovery well active Units 3&4 EHP 01N42E05 605657.77 2725431.64 3111.82 3111.2 top CMP @MP 04/16/10
1103D 1103D monitoring well active Units 3&4 EHP 01N42E05 604330.38 2724038.62 3174.62 3173.2 top inside PVC 09/29/09
1104D 1104D monitoring well active Units 3&4 EHP 01N42E05 604051.31 2723954.08 3188.64 3186.9 top inside PVC 09/29/09
1105D 1105D monitoring well active Units 3&4 EHP 01N42E05 604121.85 2724216.11 3183.01 3181.3 top inside PVC 09/29/09
1106D 1106D monitoring well active Units 3&4 EHP 01N42E05 604393.96 2724282.39 3172.11 3170.0 top inside PVC 09/29/09
1107D 1107D monitoring well active Units 3&4 EHP 01N42E05 603743.28 2723321.76 3205.35 3203.5 top inside PVC 09/29/09
1108D 1108D monitoring well active Units 3&4 EHP 01N42E05NESW 605233.89 2723872.93 3198.50 3197.1 top inside PVC 04/16/10
1109D 1109D monitoring well active Units 3&4 EHP 01N42E05NENE1/4 606213.81 2725895.97 3091.62 3089.9 top inside PVC 04/16/10
1110D 1110D monitoring well active Units 3&4 EHP 01N42E05SENE1/4 605539.78 2725918.68 3103.09 3101.1 top inside PVC 04/16/10
1111D 1111D monitoring well active Units 3&4 EHP 01N42E05NENE1/4 605852.02 2725912.96 3088.67 3086.8 top inside PVC 04/16/10
1112D 1112D monitoring well active Units 3&4 EHP 01N42E05NENE1/4 605964.25 2725893.50 3093.51 3091.6 top inside PVC 04/16/10
1113D 1113D monitoring well active Units 3&4 EHP 01N42E05NENE1/4 606063.91 2725877.81 3089.13 3086.8 top inside PVC 04/16/10
1114D 1114D monitoring well active Units 3&4 EHP 01N42E05NESW1/4 605102.73 2724426.04 3189.02 3187.3 top inside PVC 04/16/10
1115D 1115D recovery well active Units 3&4 EHP 01N42E06 605267.74 2720455.25 3272.97 3271.3 top CMP @MP 08/26/10
1116D 1116D monitoring well active Units 3&4 EHP 01N42E06 605459.89 2720816.87 3292.95 3291.8 top inside PVC 08/26/10
1117D 1117D monitoring well active Units 3&4 EHP 01N42E06 605593.86 2721148.62 3295.98 3294.7 top inside PVC 08/26/10
1118D 1118D monitoring well active Units 3&4 EHP 01N42E06 606010.73 2721211.16 3282.60 3281.2 top inside PVC 08/26/10
1119D 1119D monitoring well active Units 3&4 EHP 01N42E06 605767.67 2721524.96 3285.92 3284.7 top inside PVC 08/26/10
1120C 1120C monitoring well active Units 3&4 EHP 01N42E05SENW 604453.15 2723019.47 3239.34 3238.2 top inside PVC 08/26/10
1121D 1121D monitoring well active Units 3&4 EHP 01N42E05NWNW 606031.70 2724448.07 3135.77 3134.3 top inside PVC 08/26/10
1122D 1122D monitoring well active Units 3&4 EHP 01N42E05NWNE 606086.92 2723797.18 3147.75 3146.1 top inside PVC 08/26/10
1123A 1123A monitoring well active Units 3&4 EHP 01N42E05NWNE 606085.75 2723805.99 3146.77 3145.7 top inside PVC 08/26/10
1124D 1124D monitoring well active Units 3&4 EHP 01N42E05NENW 606623.77 2723181.35 3141.96 3140.5 top inside PVC 08/26/10
1125D 1125D monitoring well active Units 3&4 EHP 02N42E31SWSE 606941.08 2719362.17 3145.30 3143.9 top inside PVC 08/26/10
1126A 1126A monitoring well active Units 3&4 EHP 02N42E31SESW 607373.35 2718174.41 3135.65 3134.1 top inside PVC 08/26/10
1127D 1127D recovery well active Units 3&4 EHP 01N42E05NENE 606312.52 2725335.41 3087.42 3086.1 top inside PVC 08/26/10
1128D 1128D recovery well active Units 3&4 EHP 0142E05NENE 605583.22 2721036.74 3294.69 3293.8 BPVC
1129D 1129D recovery well active Units 3&4 EHP 0142E05NWSW 605784.06 2721132.68 3293.22 3292.0 PVC
1130D 1130D monitoring well active Units 3&4 EHP 3126.86 3125.1 PVC
1131D 1131D monitoring well active Units 3&4 EHP 3135.14 3133.7 PVC
1132D 1132D monitoring well active Units 3&4 EHP 3141.86 3140.0 BPVC
1133D 1133D monitoring well active Units 3&4 EHP 01N42E07 3320.26 3319.0 PVC
1134D 1134D monitoring well active Units 3&4 EHP 01N42E07 3308.43 3307.1 PVC
1135D 1135D monitoring well active Units 3&4 EHP 01N42E08 3321.26 3320.1 PVC
1136A 1136A recovery well active Units 3&4 EHP 01N42E07 3214.36 3213.2 top inside PVC
1137M 1137D monitoring well active Units 3&4 EHP 01N42E07 3224.16 3222.5 PVC
1138D 1138D monitoring well active Units 3&4 EHP 01N42E07 3231.18 3229.5 PVC
1139M 1139D monitoring well active Units 3&4 EHP 01N42E08 3222.39 3221.0 PVC
1140D 1140D monitoring well active Units 3&4 EHP 606383.62 2716495.73 3175.31 3173.8 PVC
1141D 1141D monitoring well active Units 3&4 EHP 605576.34 2715079.97 3190.89 3189.9 top inside PVC
1142D 1142D monitoring well active Units 3&4 EHP 605180.57 2715040.55 3204.32 3202.7 top inside PVC
1143D 1143D monitoring well active Units 3&4 EHP 604890.81 2714855.15 3208.17 3206.7 top inside PVC
1144D 1144D monitoring well active Units 3&4 EHP 604313.02 2715148.42 3220.90 3219.1 top inside PVC
1145D 1145D monitoring well active Units 3&4 EHP 605092.84 2715717.54 3228.85 3227.3 top inside PVC
1146D 1146D monitoring well active Units 3&4 EHP 01N42E05 606260.03 2725468.29 3082.55 3081.2 PVC
1147D 1147D monitoring well active Units 3&4 EHP 01N42E05 606607.58 2725681.82 3079.73 3078.4 PVC
1148D 1148D recovery well active Units 3&4 EHP 01N42E05 605958.11 2724658.59 3141.72 3141.1 PVC
1149M 1149M monitoring well active Units 3&4 EHP 01N42E08 598811.81 2721197.78 3233.81 3232.2 PVC
1150A 1150A monitoring well active Units 3&4 EHP 01N42E07 597818.62 2720767.72 3211.38 3209.6 PVC
1151M 1151M monitoring well active Units 3&4 EHP 01N42E07 597863.30 2719515.70 3219.08 3217.6 PVC
1152D 1152D monitoring well active Units 3&4 EHP 01N42E07 598004.57 2720030.68 3217.32 3215.9 PVC
1153A 1153A recovery well active Units 3&4 EHP 01N42E08 598228.28 2721952.24 3191.11 3189.9
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1154D 1154D monitoring well active Units 3&4 EHP 01N42E06 604994.23 2717534.88 3285.95 3284.7 PVC
1155D 1155D monitoring well active Units 3&4 EHP 01N42E05 603295.23 2723663.28 3212.84 3210.8 PVC
1156D 1156D monitoring well active Units 3&4 EHP 01N42E05 603252.47 2724030.90 3195.59 3194.2 PVC
1157D 1157D monitoring well active Units 3&4 EHP 01N42E05 601952.08 2723139.33 3313.70 3311.9 PVC
1158M 1158M monitoring well active Units 3&4 EHP 01N42E06 604996.39 2717518.96 3286.42 3284.6 PVC
1159M 1159M monitoring well active Units 3&4 EHP 01N42E06 605242.17 2717311.47 3277.55 3275.6 PVC
1160M 1160M monitoring well active Units 3&4 EHP 01N42E06 607354.44 2701624.42 3246.5 PVC
1161D 1161D monitoring well active Units 3&4 EHP 01N42E06 605077.47 2717209.13 3280.20 3279.2 PVC
1162R 1162R active Units 3&4 EHP 01N42E06 604884.65 2716804.47 3260.6 PVC
1163D 1163D monitoring well active Units 3&4 EHP 01N42E06 604903.07 2716823.39 3260.4 PVC
1164R 1164R monitoring well active Units 3&4 EHP 01N42E05 603282.19 2722781.31 3291.90 3290.5 top of steel
1165D 1165D monitoring well active Units 3&4 EHP 01N42E42 606148.24 2723894.65 3141.0 top of PVC
1166D 1166D monitoring well active Units 3&4 EHP 01N42E42 606516.45 2724168.37 3118.9
1167D 1167D monitoring well active Units 3&4 EHP 01N42E42 605988.94 2724542.18 3137.1


3&4 EHP  3&4 effluent holding pond process pond active Units 3&4 EHP


3&4 EHP cell B (new clearwell)
3&4 effluent holding pond cell B - converted to new 


clearwell 2009 process pond active Units 3&4 EHP
3&4 EHP cell C 3&4 effluent holding pond cell C process pond active Units 3&4 EHP
3&4 EHP cell E 3&4 effluent holding pond cell E process pond active Units 3&4 EHP
3&4 EHP cell F 3&4 effluent holding pond cell F process pond active Units 3&4 EHP
3&4 EHP cell G 3&4 effluent holding pond cell G process pond active Units 3&4 EHP
3&4 EHP cell H 3&4 effluent holding pond cell H process pond active Units 3&4 EHP


3&4 EHP CW - old 3&4 effluent holding pond clearwell - old process pond active Units 3&4 EHP
3&4 EHP F cell sump F cell underdrain sump sump active Units 3&4 EHP


3&4 MD IT 3&4 main dam lower interception trench interception trench active Units 3&4 EHP 606517.81 2720574.84 3132.90 3130.10 ck plastic pipe @ sump 04/12/05
3&4 MD Upper IT 3&4 main dam upper interception trench interception trench active Units 3&4 EHP


3&4 MDS 3&4 main dam sump sump active Units 3&4 EHP 606020.21 2720239.49 3143.06 top of sump lid 04/12/05


3&4 SD IT (seep-3)
3&4 Saddle Dam Interception Trench (AKA seep # 


3) interception trench active Units 3&4 EHP 603640.00 2723909.72 3178.05 3175.7 top CMP @MP 04/06/05
3&4 SD SUMP 3&4 saddle dam sump sump active Units 3&4 EHP 603595.31 2724265.04 3171.95 3169.70 sump lid @MP 02/22/05


551D 551D monitoring well active Units 3&4 EHP 01N42E06BADD 605640.41 2718051.93 3237.30 3236.10 top steel casing 02/17/05
552D 552D recovery well active Units 3&4 EHP 01N42E06ADBB 605369.24 2719230.66 3200.72 3200.4 TOP CMP@M.P. 11/15/07
554D 554D monitoring well active Units 3&4 EHP 01N42E05BBDB 606495.18 2721738.21 3188.59 3187.70 top steel casing 02/22/05
555M 555M monitoring well active Units 3&4 EHP 01N42E05BDBB 605644.50 2722305.67 3267.54 3266.50 top steel casing 02/17/05
556D 556D recovery well active Units 3&4 EHP 01N42E05BDBB 605653.46 2722320.57 3268.60 3266.7 top CMP @MP 12/15/10
557A 557A monitoring well active Units 3&4 EHP 02N42E32DDDA 607334.78 2725833.30 3074.92 3073.60 top steel casing 02/22/05
558A 558A monitoring well active Units 3&4 EHP 02N42E05AAAA 607094.56 2725888.75 3075.91 3074.90 top inside PVC 02/22/05
559A 559A monitoring well active Units 3&4 EHP 01N42E05AAAA 606865.21 2725890.84 3077.42 3076.30 top steel casing 02/22/05
560A 560A monitoring well active Units 3&4 EHP 01N42E05ADAA 605415.67 2725558.51 3099.81 3098.70 top steel casing 02/22/05


560A IT 560A Interception Trench interception trench active Units 3&4 EHP 605530.33 2725644.98 3096.60 3094.8 top CMP @MP 02/11/09
561A 561A monitoring well active Units 3&4 EHP 01N42E05ACAD 605279.08 2724503.82 3150.64 3150.00 top steel casing 02/22/05
562A 562A monitoring well active Units 3&4 EHP 01N42E05DBAA 604350.26 2724428.81 3156.07 3155.40 top steel casing 02/22/05
563D 563D monitoring well active Units 3&4 EHP 01N42E05ACDD 604368.83 2724392.40 3160.95 3159.90 top steel casing 02/22/05
564D 564D monitoring well active Units 3&4 EHP 01N42E05ACDD 604379.45 2724402.99 3161.45 3160.60 top steel casing 02/22/05
565D 565D monitoring well active Units 3&4 EHP 01N42E05CADD 603161.53 2723211.49 3223.29 3222.30 top inside PVC 02/22/05
566D 566D monitoring well active Units 3&4 EHP 01N42E05CADD 603162.94 2723271.26 3221.08 3219.90 top steel casing 02/22/05
568A 568A monitoring well active Units 3&4 EHP 01N42E08DDAA 597722.03 2725961.06 3144.51 3143.30 top steel casing 02/10/05
569A 569A monitoring well active Units 3&4 EHP 01N42E08DDAA 597680.67 2725968.04 3144.09 3142.90 top steel casing 02/10/05
570A 570A monitoring well active Units 3&4 EHP 01N42E08BDCC 599175.22 2722220.91 3222.40 3221.30 top PVC @MP 02/18/05
572D 572D monitoring well active Units 3&4 EHP 01N42E07AAAA 601264.37 2720459.07 3305.14 3304.10 top steel casing 02/10/05
573D 573D monitoring well active Units 3&4 EHP 01N42E07ACAB 599991.52 2718954.39 3298.62 3297.60 top inside PVC 02/17/05
574D 574D monitoring well active Units 3&4 EHP 01N42E05CDDD 601707.97 2723128.73 3305.45 top steel casing 02/10/05
575D 575D - abandoned 04-20-2009 monitoring well abandoned Units 3&4 EHP 01N42E05CADD 603162.31 2723300.37 3221.51 3219.80 top inside PVC 02/22/05
576D 576D monitoring well active Units 3&4 EHP 01N42E05CADD 603216.45 2723304.01 3217.88 3215.90 top inside PVC 02/22/05
577D 577D monitoring well active Units 3&4 EHP 01N42E08BA 601209.08 2723438.36 3329.88 3327.60 top steel casing 02/18/05
578D 578D monitoring well active Units 3&4 EHP 01N42E05DBDA 603552.91 2724534.48 3173.81 3172.60 top steel casing 02/22/05
579D 579D monitoring well active Units 3&4 EHP 01N42E05DBBA 604047.47 2723696.33 3201.91 3199.80 top steel casing 02/22/05
580D 580D monitoring well active Units 3&4 EHP 01N42E05ACAD 605226.95 2724496.34 3151.43 3149.80 top steel casing 02/22/05
581D 581D - abandoned 10-26-2009 recovery well abandoned Units 3&4 EHP 01N42E06AADA 606091.70 2720517.58 3150.89 3150.1 top CMP @MP 02/20/07


581D-2 581D-2 monitoring well active Units 3&4 EHP 01N42E06AACA 606096.10 2720528.79 3151.45 3149.7 top inside PVC 11/21/08
582A 582A monitoring well active Units 3&4 EHP 01N42E06AAAD 606323.00 2720592.67 3136.27 3134.00 top steel casing 02/17/05


583DD 583DD monitoring well active Units 3&4 EHP 01N42E05DBAC 603544.89 2723598.25 3192.95 3190.80 top steel casing 02/22/05
584D 584D monitoring well active Units 3&4 EHP 01N42E05BDDA 604862.86 2723493.25 3199.94 3198.10 top steel casing 02/22/05
585D 585D monitoring well active Units 3&4 EHP 01N42E05BADD 606121.49 2723263.62 3236.67 3235.00 top steel casing 02/22/05
586R 586R (586M re-completed as 586R 9-13-05) monitoring well active Units 3&4 EHP 01N42E08BBD 600826.33 2721596.21 3308.08 3306.50 top steel casing 10/13/05
587D 587D monitoring well active Units 3&4 EHP 01N42E08BBDB 600820.16 2721613.46 3308.43 3306.10 top steel casing 02/10/05
588D 588D monitoring well active Units 3&4 EHP 01N42E06CDCD 601876.54 2717666.06 3295.26 3293.20 top steel casing 02/14/05
589D 589D monitoring well active Units 3&4 EHP 01N42E07AADD 600387.81 2720219.69 3301.13 3299.40 top inside PVC 02/10/05
590I 590I monitoring well active Units 3&4 EHP 01N42E05CADD 603196.50 2723338.99 3219.29 3217.7 top inside PVC 12/15/10
590M 590M monitoring well active Units 3&4 EHP 01N42E05CADD 603195.16 2723317.39 3218.94 3217.50 top inside PVC 02/22/05
591A 591A monitoring well active Units 3&4 EHP 02N42E32DDD 607409.43 2725410.67 3078.89 3077.10 top inside PVC 02/22/05
592A 592A recovery well active Units 3&4 EHP 01N42E08DDA 597847.49 2725795.08 3151.49 3150.90 top CMP @MP 02/18/05
593A 593A monitoring well active Units 3&4 EHP 606663.16 2720573.30 3128.95 3127.10 top PVC @MP 02/17/05
594D 594D monitoring well active Units 3&4 EHP 606670.17 2720571.87 3129.14 3127.10 top steel casing 02/17/05
595D 595D monitoring well active Units 3&4 EHP 607367.35 2725416.66 3078.11 3076.80 top inside PVC 02/22/05
596D 596D monitoring well active Units 3&4 EHP 606736.45 2725459.12 3090.53 3088.20 top steel casing 02/22/05


598D-2 598D-2 (replaced 598D) monitoring well active Units 3&4 EHP 01N42E08 597893.38 2725677.09 3153.60 3152.10 top steel casing 02/10/05
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599D 599D monitoring well active Units 3&4 EHP 597880.27 2725788.69 3154.67 3152.30 top steel casing 02/10/05
600M 600M monitoring well active Units 3&4 EHP 601204.56 2723448.73 3330.21 3327.90 top steel casing 02/18/05
601M 601M monitoring well active Units 3&4 EHP 601303.51 2725619.05 3284.61 3282.20 top steel casing 02/18/05
602S 602S monitoring well active Units 3&4 EHP 01N42E06AAD 605742.41 2720419.56 3182.70 3180.80 top steel casing 02/17/05
603D 603D monitoring well active Units 3&4 EHP 605970.24 2720413.63 3155.57 3154.20 top steel casing 02/17/05
604A 604A recovery well active Units 3&4 EHP 606017.43 2720351.85 3143.41 3141.90 top PVC @MP 02/17/05


605A-2 605A-2 (replaced 605A) recovery well active Units 3&4 EHP 01N42E06AA 606060.29 2720291.64 3141.08 3138.60 top steel casing 02/17/05
606A 606A monitoring well active Units 3&4 EHP 606793.16 2720579.45 3127.28 3125.60 top steel casing 02/17/05
607A 607A monitoring well active Units 3&4 EHP 02N42E31 607254.86 2720521.30 3121.14 3119.30 top steel casing 02/17/05
608D 608D monitoring well active Units 3&4 EHP 02N42E31 607257.50 2720543.56 3121.82 3119.90 top steel casing 02/17/05
609D 609D recovery well active Units 3&4 EHP 01N42E05SWNW 605426.24 2722123.25 3268.53 3266.00 top CMP @MP 07/24/08
610D 610D recovery well active Units 3&4 EHP 01N42E05NENW 605540.37 2722500.66 3268.60 3266.90 top CMP @MP 07/24/08
611D 611D monitoring well active Units 3&4 EHP 01N42E05NENW 605985.59 2722558.16 3260.89 3259.20 top steel casing 02/22/05
612D 612D monitoring well active Units 3&4 EHP 01N42E05NWNW 605670.81 2722011.78 3281.59 top steel casing 02/17/05
613D 613D recovery well active Units 3&4 EHP 01N42E06AC 605267.16 2719232.42 3200.16 3198.7 top CMP @MP 02/20/07
614D 614D monitoring well active Units 3&4 EHP 01N42E06AC 604929.74 2718113.41 3287.40 3285.70 top steel casing 02/17/05
615D 615D monitoring well active Units 3&4 EHP 01N42E06DB 603507.09 2717754.25 3294.60 3292.10 top steel casing 02/14/05
616D 616D recovery well active Units 3&4 EHP 01N42E06AC 605117.67 2718878.41 3245.18 3244.4 top CMP @MP 06/17/09


617A-P 617A-P monitoring well active Units 3&4 EHP 02N42E31CD 606871.33 2716754.71 3161.98 3159.80 MP in green box 02/17/05
618D 618D recovery well active Units 3&4 EHP 01N42E06AC 605055.90 2718695.78 3280.99 3279.50 top CMP @MP 02/17/05
619D 619D recovery well active Units 3&4 EHP 01B42E06AC 605185.88 2719055.49 3224.40 3223.10 top CMP @MP 07/24/08


620D-P 620D-P monitoring well active Units 3&4 EHP 01N42E06AC 605280.64 2719182.49 3203.45 3200.90 MP in green box 02/17/05
621D 621D recovery well active Units 3&4 EHP 01N42E05BD 605443.81 2722340.44 3265.61 3265.0 top CMP @MP 02/20/07


622D-P 622D-P monitoring well active Units 3&4 EHP 01N42E06AC 605149.82 2718960.98 3235.76 3233.50 top steel casing 02/17/05
623D 623D monitoring well active Units 3&4 EHP 01N42E06AA 606013.41 2719571.32 3196.36 3194.10 top steel casing 02/17/05
624D 624D monitoring well active Units 3&4 EHP 01N42E06AB 606211.95 2719091.08 3184.60 3182.40 top steel casing 02/17/05
625A 625A monitoring well active Units 3&4 EHP 02N42E31DD 607387.38 2720408.18 3120.34 3118.00 top steel casing 02/17/05
626A 626A monitoring well active Units 3&4 EHP 02N42E31DD 607752.81 2720591.94 3116.10 3114.20 top steel casing 02/17/05
627D 627D monitoring well active Units 3&4 EHP 01N42E05BA 606478.20 2722761.68 3158.25 3156.40 top steel casing 02/22/05
628D 628D monitoring well active Units 3&4 EHP 01N42E05BA 606469.91 2722374.22 3212.54 3210.30 top steel casing 02/22/05
629D 629D monitoring well active Units 3&4 EHP 01N42E05SWSWNE 604877.44 2723486.30 3200.40 3198.30 top steel casing 02/22/05
630D 630D monitoring well active Units 3&4 EHP 01N42E05SWSWNE 604524.87 2723921.97 3191.19 3189.10 top steel casing 02/22/05
631D 631D monitoring well active Units 3&4 EHP 01N42E05SWSWNE 604277.97 2723757.15 3200.42 3198.30 top steel casing 02/22/05
632M 632M monitoring well active Units 3&4 EHP 01N42E05NWNWSE 604049.66 2723681.45 3202.47 3200.20 top steel casing 02/22/05
633M 633M monitoring well active Units 3&4 EHP 01N42E05SWSWNE 604889.42 2723482.89 3200.91 3198.80 top steel casing 02/22/05
634D 634D monitoring well active Units 3&4 EHP 01N42E05SWNWSE 603531.34 2723592.58 3193.59 3191.50 top steel casing 02/22/05
635A 635A monitoring well active Units 3&4 EHP 01N42E05NWNESE 603889.34 2724433.09 3156.34 3154.50 top steel casing 02/22/05
636P 636P electronic piezometer active Units 3&4 EHP 01N42E06 605068.58 2719911.32 3265.80 3263.00 top steel casing 02/17/05
637P 637P electronic piezometer active Units 3&4 EHP 01N42E06 604972.30 2719628.90 3265.72 3262.71 top steel casing 02/17/05
638C 638C monitoring well abandoned Units 3&4 EHP 01N42E06 605164.40 2720211.00 3272.41 3269.60 top steel casing 02/17/05
639C 639C monitoring well abandoned Units 3&4 EHP 01N42E06 604925.20 2719441.04 3267.30 3264.40 top steel casing 02/17/05
640P 640P monitoring well active Units 3&4 EHP 01N42E06CAA 603822.63 2717941.53 3280.36 3279.90 top inside PVC 04/16/08
641P 641P monitoring well active Units 3&4 EHP 01N42E06CAA 603567.39 2717947.65 3286.89 3287.30 top inside PVC 04/16/08
642P 642P monitoring well active Units 3&4 EHP 01N42E06BCD 604346.01 2716313.18 3252.42 3250.60 top steel casing 02/17/05
643P 643P monitoring well active Units 3&4 EHP 01N42E06BDC 604203.45 2716903.90 3270.04 3267.80 top steel casing 02/17/05
644D 644D recovery well active Units 3&4 EHP 01N42E06 605166.95 2720192.91 3269.39 3268.30 top CMP @MP 02/17/05
645D 645D recovery well active Units 3&4 EHP 01N42E06 604925.42 2719454.18 3265.73 3264.80 top CMP @MP 02/17/05
646D 646D recovery well active Units 3&4 EHP 01N42E05DB 603650.64 2724310.52 3160.91 3158.80 top CMP @MP 10/27/07
647D 647D recovery well active Units 3&4 EHP 01N42E05DB 603591.26 2724292.04 3171.80 3169.50 top PVC casing 02/22/05
648D 648D recovery well active Units 3&4 EHP 01N42E05DB 603738.23 2724283.68 3180.08 3177.70 top CMP @MP 02/22/05
649D 649D monitoring well active Units 3&4 EHP 01N42E05DB 603488.35 2724312.51 3176.29 3174.50 top steel casing 02/22/05
650M 650M monitoring well active Units 3&4 EHP 01N42E06CAC 602852.98 2717064.11 3313.22 3311.10 top steel casing 02/14/05
651M 651M monitoring well active Units 3&4 EHP 01N42E06CBD 603352.59 2716148.71 3304.30 3301.80 top steel casing 02/14/05
652M 652M monitoring well active Units 3&4 EHP 01N42E06CDB 601990.34 2717194.29 3310.24 3308.10 top steel casing 02/14/05
653M 653M monitoring well active Units 3&4 EHP 01N42E06CDC 601071.28 2717274.67 3315.92 3313.30 top steel casing 02/17/05
654A 654A recovery well active Units 3&4 EHP 607223.49 2720527.18 3120.81 3120.30 top PVC @MP 02/17/05
655M 655M monitoring well active Units 3&4 EHP 01N42E07 602722.18 2716216.54 3317.62 3315.60 top steel casing 02/14/05
656R 656R recovery well active Units 3&4 EHP 01N42E06CAA 603696.03 2717947.82 3282.19 3279.9 top CMP @MP 04/16/08
657M 657M collection well active Units 3&4 EHP 01N42E06BDB 604931.27 2717005.04 3273.04 3271.40 top steel casing 02/17/05
658R 658R monitoring well active Units 3&4 EHP 01N42E06BDB 604913.87 2717029.30 3272.85 3271.20 top steel casing 02/17/05
659D 659D monitoring well active Units 3&4 EHP 01N42E06ACC 604217.19 2717894.26 3291.80 3289.80 top steel casing 02/17/05
660P 660P monitoring well active Units 3&4 EHP 01N42E06BCC 604265.43 2715358.43 3219.40 3217.50 top steel casing 04/06/05
661D 661D monitoring well active Units 3&4 EHP 01N42E06BCC 604262.37 2715364.04 3219.32 3217.40 top steel casing 04/06/05
662D 662D monitoring well active Units 3&4 EHP 01N42E05DBA 603932.95 2724263.87 3177.83 3176.10 top steel casing 02/22/05
663D 663D monitoring well active Units 3&4 EHP 02N42E32CDD 607112.55 2722866.20 3139.31 3137.50 top steel casing 02/22/05
664D 664D monitoring well active Units 3&4 EHP 01N42E05BDA 605144.55 2722800.41 3251.03 3249.20 top steel casing 02/22/05
665A 665A monitoring well active Units 3&4 EHP 01N42E08DDA 597558.52 2726189.76 3142.96 3141.10 top steel casing 02/10/05
666A 666A monitoring well active Units 3&4 EHP 01N42E08DDA 597593.50 2726191.82 3143.65 3141.40 top steel casing 02/10/05
667A 667A recovery well active Units 3&4 EHP 01N42E08DAD 597791.38 2725795.31 3145.78 3144.90 top CMP @MP 02/18/05
668A 668A recovery well active Units 3&4 EHP 01N42E08DDA 597730.43 2725788.40 3146.02 3144.60 top CMP @MP 02/18/05
669A 669A monitoring well active Units 3&4 EHP 01N42E08DDA 597455.64 2726190.52 3145.80 3144.80 top CMP @MP 02/18/05
670A 670A monitoring well active Units 3&4 EHP 01N42E08DDA 597330.06 2726189.55 3151.44 3149.50 top steel casing 02/18/05
671A 671A monitoring well active Units 3&4 EHP 01N42E08DDA 597637.27 2725769.39 3155.57 3153.50 top steel casing 02/10/05
672A 672A monitoring well active Units 3&4 EHP 01N42E08DAC 597993.77 2725385.39 3150.47 3148.40 top steel casing 02/18/05
673A 673A monitoring well active Units 3&4 EHP 01N42E08CBD 598217.88 2721966.58 3191.34 3189.40 top steel casing 02/18/05
674R 674E monitoring well active Units 3&4 EHP 01N42E07AAA 601049.37 2720731.79 3299.24 3297.90 top steel casing 02/10/05
675M 675M monitoring well active Units 3&4 EHP 01N42E07AAD 600343.35 2720221.00 3300.05 3298.20 top steel casing 02/18/05
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676R 676R monitoring well active Units 3&4 EHP 01N42E07AAD 600358.10 2720197.82 3301.32 3299.30 top steel casing 02/18/05
677M 677M monitoring well active Units 3&4 EHP 01N42E08BDC 599286.35 2722792.85 3231.23 3229.50 top PVC 02/10/05
678D 678D monitoring well active Units 3&4 EHP 01N42E08DAD 597782.66 2725812.55 3146.41 3144.50 top steel casing 02/18/05
679A 679A monitoring well active Units 3&4 EHP 01N42E08CAD 597816.97 2723241.42 3171.35 3169.60 top steel casing 04/08/05
680A 680A recovery well active Units 3&4 EHP 01N42E08DAC 597802.53 2725540.21 3147.21 3146.00 top CMP @MP 02/18/05
681A 681A recovery well active Units 3&4 EHP 01N42E08DAC 597866.38 2725365.59 3150.41 3149.40 top CMP @MP 02/18/05
682A 682A monitoring well active Units 3&4 EHP 01N42E08DAC 597818.78 2724967.91 3163.04 3161.1 top steel casing 07/01/05
683A 683A recovery well active Units 3&4 EHP 01N42E08DAC 597752.44 2724967.47 3162.73 3162.00 top CMP @MP 02/18/05
684A 684A recovery well active Units 3&4 EHP 01N42E08DBD 597788.94 2724606.27 3169.65 3168.90 top CMP @MP 02/18/05
685A 685A recovery well active Units 3&4 EHP 01N42E08DBD 597698.14 2724589.46 3169.74 3169.10 top CMP @MP 02/18/05
686A 686A recovery well active Units 3&4 EHP 01N42E08DBD 597862.69 2724117.44 3167.74 3167.20 top CMP @MP 02/18/05
687A 687A recovery well active Units 3&4 EHP 01N42E08DBD 597948.65 2724138.10 3166.21 3165.40 top CMP @MP 02/18/05
688A 688A recovery well active Units 3&4 EHP 01N42E08DDA 597659.85 2725944.26 3145.11 3144.00 top CMP @MP 02/18/05
689A 689A recovery well active Units 3&4 EHP 01N42E08DDA 597693.70 2725937.24 3144.08 3143.00 top CMP @MP 02/18/05
690A 690A recovery well active Units 3&4 EHP 01N42E08DAD 597744.17 2525949.16 3145.58 3144.70 top CMP @MP 02/18/05
691A 691A recovery well active Units 3&4 EHP 01N42E08DAD 597788.23 2725961.62 3150.14 3149.30 top CMP @MP 02/18/05
692A 692A monitoring well active Units 3&4 EHP 01N42E08DDA 597605.69 2725933.81 3153.63 3152.00 top PVC casing 04/08/05
693M 693M monitoring well active Units 3&4 EHP 01N42E06CCD 601735.30 2716222.29 3278.67 3277.00 top inside PVC 02/14/05
694R 694R recovery well active Units 3&4 EHP 01N42E06CCD 601739.08 2716209.81 3277.87 3276.1 top CMP @MP 10/13/05
695R 695R recovery well active Units 3&4 EHP 01N42E06CDC 601585.94 2717076.13 3318.57 3318.0 top CMP @MP 10/13/05
696R 696R monitoring well active Units 3&4 EHP 01N42E07BAA 600745.07 2717966.78 3295.68 3294.00 top inside PVC 02/14/05
697R 697R monitoring well active Units 3&4 EHP 01N42E06CBD 602730.85 2716202.49 3317.03 3315.30 top steel casing 02/14/05
698R 698R monitoring well active Units 3&4 EHP 01N42E06CCA 602243.81 2716244.28 3302.78 3300.60 top steel casing 02/14/05
699R 699R monitoring well active Units 3&4 EHP 01N42E07BAA 600802.39 2717460.80 3321.49 3319.50 top steel casing 02/17/05


C/B-1P C/B-1P active Units 3&4 EHP 603935.08 2720070.43 3287.1 grnd shot 12/17/07
CC2 CC2 Cow Creek surface site active Units 3&4 EHP 612729.32 2710873.19 3240.1 grnd bottom creek 04/12/05
CC3 CC3 Cow Creek surface site active Units 3&4 EHP 611798.48 2712332.46 3209.80 grnd bottom creek 04/12/05
CC4 CC4 Cow Creek surface site active Units 3&4 EHP 608218.32 2716257.25 3144.90 grnd bottom creek 04/12/05
CC5 CC5 Cow Creek surface site active Units 3&4 EHP 607582.52 2719404.20 3123.70 grnd bottom creek 04/12/05
CC6 CC6 Cow Creek surface site active Units 3&4 EHP 608534.65 2722034.37 3098.20 grnd bottom creek 04/12/05
CC7 CC7 Cow Creek surface site active Units 3&4 EHP 607228.76 2725894.62 3070.70 grnd bottom creek 04/12/05


CCCG Cow Creek Crest Gage crest gage active Units 3&4 EHP 608075.74 2720850.35 3110.76 3107.2 top PVC casing 04/12/05
C/CW-1P C/CW-1P electronic piezometer active Units 3&4 EHP 604356.91 2720716.05 3273.1 grnd shot 12/17/07
C/CW-2P C/CW-2P electronic piezometer active Units 3&4 EHP 604281.81 2720731.34 3284.52 3281.5 top of pipe 12/12/08
C/CW-3P C/CW-3P electronic piezometer active Units 3&4 EHP 604319.58 2721049.20 3282.57 3279.4 top of pipe 12/12/08
C/CW-4P C/CW-4P electronic piezometer active Units 3&4 EHP 604388.15 2721037.26 3282.90 3280.0 top of pipe 12/12/08
C/CW-5P C/CW-5P electronic piezometer active Units 3&4 EHP 604305.17 2720488.11 3284.03 3280.9 top of pipe 12/12/08
C/CW-6P C/CW-6P electronic piezometer active Units 3&4 EHP 604244.57 2720487.55 3283.94 3281.0 top of pipe 12/12/08


C/CW-9P C/CW-9P (Womack test hole log # CBP-1) electronic piezometer active Units 3&4 EHP
C/CW-10P C/CW-10P (Womack test hole log # CBP-2) electronic piezometer active Units 3&4 EHP


C/G-1P C/G-1P electronic piezometer active Units 3&4 EHP 01N42E05CB 603937.19 2721436.48 3269.90 Grnd at edge of road
C/G-2P C/G-2P electronic piezometer active Units 3&4 EHP 01N42E05CB 603010.22 2721835.72 3271.40 Grnd at edge of road
C/G-3P C/G-3P electronic piezometer active Units 3&4 EHP 603052.38 2721919.32 3252.5 grnd shot 12/17/07
C/G-4P C/G-4P electronic piezometer active Units 3&4 EHP 603311.87 2721799.17 3251.0 grnd shot 12/17/07
C/G-5P C/G-5P electronic piezometer active Units 3&4 EHP 604005.02 2721496.62 3252.8 grnd shot 12/17/07


C/G-CSP-1P C/G-CSP-1P electronic piezometer active Units 3&4 EHP 602543.56 2722215.12 3280.2 top inside PVC 12/17/07
C/G-CSP-2 C/G-CSP2 electronic piezometer active Units 3&4 EHP 602601.24 2722091.72 3276.4 grnd shot 12/17/07
C/G-CSP-3 C/G-CSP3 electronic piezometer active Units 3&4 EHP 602575.62 2721977.61 3276.7 grnd shot 12/17/07


DE-DP3
Drainage East of Drain Pit 3 - site established 


w/sample of 02-03-2010 surface site active Units 3&4 EHP 607861.43 2710004.24 3225.4 grnd/fencepost
DP-3 IT Drain Pit 3 interception trench sump interception trench active Units 3&4 EHP 608318.86 2711313.97 3208.23 3205.2 TOP CMP@M.P. 04/12/05


DP3-636R DP3-636R monitoring well active Units 3&4 EHP 02N41E35NESESE 607599.54 2709721.41 3241.97 3240.00 top steel casing 02/25/05
DP3-637A DP3-637A monitoring well active Units 3&4 EHP 02N41E36SENWSW 608156.51 2710901.49 3214.14 3212.10 top steel casing 02/25/05
DP3-638A DP3-638A monitoring well active Units 3&4 EHP 02N41E36NWNESE 608944.35 2713596.21 3182.14 3180.10 top steel casing 02/25/05
DP3-639D DP3-639D monitoring well active Units 3&4 EHP 02N41E36NWNESW 608686.32 2711752.25 3202.75 3200.80 top inside PVC 02/25/05
DP3-MTP DP3-Main Trench Piezometer monitoring well active Units 3&4 EHP 608321.50 2711317.22 3207.34 3205.00 top inside PVC 02/25/05
DP3-TP1 DP3-TP1 monitoring well active Units 3&4 EHP 608316.56 2711306.19 3207.42 3205.00 top steel casing 02/25/05
DP3-TP2 DP3-TP2 monitoring well active Units 3&4 EHP 608358.08 2711378.00 3205.77 3203.90 top steel casing 02/25/05
DP-5 IT Drain Pit 5 interception trench sump interception trench active Units 3&4 EHP 606841.52 2716750.97 3161.69 3159.5 TOP CMP@M.P. 02/17/05
DP5-P1 DP5-P1 monitoring well active Units 3&4 EHP 02N42E31SWSESW 606837.50 2716759.56 3161.37 3159.50 top inside PVC 10/27/07
DP5-P2 DP5-P2 monitoring well active Units 3&4 EHP 606844.04 2716754.57 3161.94 3159.40 top small PVC @MP 02/17/05
DP5-P4 DP5-P4 monitoring well active Units 3&4 EHP 606814.35 2716316.25 3174.07 3171.40 top outside PVC casing 02/17/05
EAP-502 EAP-502 monitoring well active Units 3&4 EHP 01N42E06ACA 604923.81 2718615.12 3283.86 3281.90 top PVC @MP 02/17/05
EAP-514 EAP-514 monitoring well active Units 3&4 EHP 01N42E05BBC 605570.95 2720718.34 3287.02 3283.70 top steel casing 02/17/05
EAP-515 EAP-515 monitoring well active Units 3&4 EHP 01N42E06CDA 602533.66 2717911.19 3305.96 3304.20 top inside PVC 02/14/05
EAP-527 EAP-527 monitoring well active Units 3&4 EHP 01N42E08BAB 601160.93 2722022.22 3311.34 3308.30 top steel casing 02/14/05


IT-1 IT-1 monitoring well active Units 3&4 EHP 01N42E06AA 606560.64 2720585.47 3130.52 3128.50 top PVC @MP 02/17/05
IT-2 IT-2 monitoring well active Units 3&4 EHP 01N42E06AA 606527.95 2720577.22 3132.15 3130.20 top PVC @MP 02/17/05
IT-3 IT-3 monitoring well active Units 3&4 EHP 01N42E06AA 606506.73 2720572.77 3132.78 3130.70 top PVC @MP 02/17/05
IT-4 IT-4 monitoring well active Units 3&4 EHP 01N42E06AA 606486.81 2720573.85 3133.79 3131.90 top PVC @MP 02/17/05


MD-09-1INC MD-09-1INC inclinometer active Units 3&4 EHP 605047.05 2719760.35 3266.40 3263.6 top inside PVC 11/19/09
MD-09-1P MD-09-1P electronic piezometer active Units 3&4 EHP 605001.19 2719627.38 3266.26 3263.9 top steel casing 11/19/09


MD-09-1SP MD-09-1SP electronic piezometer active Units 3&4 EHP 605177.73 2719366.38 3209.78 3206.5 top steel casing 11/19/09
MD-09-2INC MD-09-2INC inclinometer active Units 3&4 EHP 604942.23 2719795.78 3264.98 3261.8 top inside PVC 11/19/09
MD-09-2P MD-09-2P electronic piezometer active Units 3&4 EHP 605193.22 2719576.82 3202.95 3200.2 top inside PVC 11/19/09


MD-09-2SP MD-09-2SP electronic piezometer active Units 3&4 EHP 605356.02 2720030.08 3209.34 3206.4 top steel casing 11/19/09
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MD-09-3P MD-09-3P electronic piezometer active Units 3&4 EHP 605093.67 2719902.05 3266.92 3263.9 top steel casing 11/19/09
MD-09-4P MD-09-4P electronic piezometer active Units 3&4 EHP 605281.08 2719837.67 3202.38 3199.5 top steel casing 11/19/09
MD-09-5P MD-09-5P electronic piezometer active Units 3&4 EHP 605321.23 2719527.84 3165.40 3162.2 top inside PVC 11/19/09
MD-09-6P MD-09-6P electronic piezometer active Units 3&4 EHP 605477.53 2719740.27 3152.06 3150.2 top inside PVC 11/19/09


MD-09-637B MD-09-637B electronic piezometer active Units 3&4 EHP 604975.70 2719638.80 3265.63 3262.7 top steel casing 11/19/09
MD-10-P7 MD-10-P7 electronic piezometer active Units 3&4 EHP 605062.54 2720705.95 3240.46 3239.5 top PVC 09/14/10
MD-10-P8 MD-10-P8 electronic piezometer active Units 3&4 EHP 604906.89 2720135.48 3240.02 3238.8 top PVC 09/14/10
MD-10-P9 MD-10-P9 electronic piezometer active Units 3&4 EHP 605044.93 2720478.21 3245.34 3244.2 top PVC 09/14/10
MD-10-P10 MD-10-P10 electronic piezometer active Units 3&4 EHP 605062.54 2720705.95 3240.46 3239.5 top PVC 09/14/10


MDS-1 MDS-1 monitoring well active Units 3&4 EHP 01N42E06AA 606033.90 2720263.23 3141.29 3138.90 top PVC @MP 02/17/05
MDS-2 MDS-2 monitoring well active Units 3&4 EHP 01N42E06AA 606029.95 2720243.73 3141.99 3139.3 top PVC @MP 01/16/06
NP cut Northern Pacific Cut  surface site active Units 3&4 EHP 604826.89 2712316.18 3208.0 ground  


P-DP5-10-1
P-DP5-10-1  Temporary. Installed w/back hoe to 


monitor pipeline leak monitoring well active Units 3&4 EHP
PSW-1 PSW-1 Egan stock well active Units 3&4 EHP 01N42E06BDD 604500.82 2717262.80 3262.10 3260.20 top steel casing 02/17/05
PSW-2 PSW-2 state land stock well active Units 3&4 EHP 608884.70 2712333.42 3197.25 3196.60 top inside PVC casing 02/25/05
PSW-3 PSW-3 Egan stock well active Units 3&4 EHP 01N42E06CDB 602242.25 2717273.98 3301.78 3300.40 top steel casing 02/17/05


PSW-4A PSW-4A recovery well active Units 3&4 EHP 01N42E08 597759.25 2722086.42 3196.13 3193.7 top CMP @MP 11/15/07
PSW-4 overflow pond PSW-4 overflow pond surface site active Units 3&4 EHP


PSW-5 PSW-5 Egan stock well active Units 3&4 EHP 601151.13 2725049.29 3285.34 3284.20 top PVC casing 02/18/05
PSW-6 PSW-6 (initially intended as stock well) monitoring well active Units 3&4 EHP 01N42E08DCC 596502.43 2723668.20 3212.74 3210.9 top steel casing 07/01/05
PSW-7 PSW-7 McRae stock well active Units 3&4 EHP 01N42E07DBC 597704.79 2718842.42 3238.55 3237.1 top steel casing 10/13/05
PSW-8 PSW-8 - stock well - Kim & Doug McRae stock well active Units 3&4 EHP 01N42E21NE1/4 PVC
PSW-9 PSW-9 Egan stock well active Units 3&4 EHP 02N42E32 607961.836 2723553.31 3100.78 3099.2 top inside PVC 07/31/09


SD-00-IC02 SD-00-IC02 inclinometer active Units 3&4 EHP 01N42E05BC 605037.00 2722230.11 3264.76 3262.3 top steel casing 02/23/05
SD-00-IC04 SD-00-IC04 inclinometer active Units 3&4 EHP 01N42E05BD 604520.03 2722615.32 3264.61 3262.1 top steel casing 02/23/05
SD-00-IC05 SD-00-IC05 inclinometer active Units 3&4 EHP 0142E05CA 604176.65 2722768.37 3265.93 3263.9 top steel casing 02/23/05
SD-00-IC06 SD-00-IC06 inclinometer active Units 3&4 EHP 01N42E05CA 604157.77 2722651.34 3264.38 3261.7 top steel casing 02/23/05
SD-00-IC08 SD-00-IC08 inclinometer active Units 3&4 EHP 01N42E05CA 603431.83 2722722.32 3262.93 3261.5 top steel casing 02/10/05
SD-00-IC09 SD-00-IC09 inclinometer active Units 3&4 EHP 01N42E05CA 602982.66 2722868.58 3266.64 3264.1 top steel casing 02/22/05
SD-00-IC10 SD-00-IC10 inclinometer active Units 3&4 EHP 01N42E05CD 603065.21 2722749.57 3263.81 3261.7 top inside PVC 04/06/05
SD-00-P1 SD-00-P1 monitoring well active Units 3&4 EHP 01N42E05CA 604191.08 2722721.45 3265.29 3263.1 top steel casing 02/23/05


SD-00-P10 SD-00-P10 monitoring well active Units 3&4 EHP 01N42E05CA 604311.16 2722728.51 3265.07 3263.2 top steel casing 02/23/05
SD-00-P11 SD-00-P11 monitoring well active Units 3&4 EHP 01N42E05BD 604564.50 2722703.24 3265.66 3263.6 top steel casing 02/23/05
SD-00-P12 SD-00-P12 monitoring well active Units 3&4 EHP 01N42E05CA 604446.82 2722715.90 3264.83 3263.4 top steel casing 02/23/05
SD-00-P13 SD-00-P13 monitoring well active Units 3&4 EHP 01N42E05CA 604093.55 2722750.82 3265.50 3263.1 top steel casing 02/23/05
SD-00-P14 SD-00-P14 monitoring well active Units 3&4 EHP 01N42E05CA 604030.67 2722755.96 3265.25 3263.1 top steel casing 02/23/05
SD-00-P15 SD-00-P15 monitoring well active Units 3&4 EHP 01N42E05BD 604631.77 2722697.78 3265.72 3263.6 top inside PVC 02/17/05
SD-00-P16 SD-00-P16 monitoring well active Units 3&4 EHP 01N42E05BD 604770.27 2722682.06 3265.72 3263.6 top steel casing 02/17/05
SD-00-P17 SD-00-P17 monitoring well active Units 3&4 EHP 01N42E05CA 603836.29 2722776.03 3265.49 3263.1 top steel casing 02/23/05
SD-00-P18 SD-00-P18 monitoring well active Units 3&4 EHP 01N42E05CA 603637.76 2722795.34 3266.27 3263.0 top steel casing 02/23/05
SD-00-P19 SD-00-P19 monitoring well active Units 3&4 EHP 01N42E05CA 603737.29 2722784.80 3265.99 3263.2 top steel casing 02/23/05
SD-00-P2 SD-00-P2 monitoring well active Units 3&4 EHP 01N42E05CA 604247.13 2722728.44 3264.49 3263.1 top steel casing 02/23/05


SD-00-P20 SD-00-P20 monitoring well active Units 3&4 EHP 01N42E05CA 603936.46 2722766.10 3266.32 3263.1 top steel casing 02/23/05
SD-00-P21 SD-00-P21 monitoring well active Units 3&4 EHP 01N42E05CA 604377.31 2722721.92 3265.42 3263.2 top steel casing 02/23/05
SD-00-P4 SD-00-P4 monitoring well active Units 3&4 EHP 01N42E05CA 604185.68 2722741.17 3265.78 3263.3 top steel casing 02/23/05
SD-00-P5 SD-00-P5 monitoring well active Units 3&4 EHP 01N42E05CA 604196.10 2722740.11 3265.70 3263.3 top steel casing 02/23/05
SD-00-P6 SD-00-P6 monitoring well active Units 3&4 EHP 01N42E05CA 604249.81 2722734.56 3264.67 3263.1 top steel casing 02/23/05
SD-00-P7 SD-00-P7 monitoring well active Units 3&4 EHP 01N42E05CA 604279.89 2722731.54 3264.65 3263.2 top steel casing 02/23/05
SD-00-P8 SD-00-P8 monitoring well active Units 3&4 EHP 01N42E05CA 604505.50 2722709.76 3265.32 3263.4 top steel casing 02/23/05
SD-00-P9 SD-00-P9 monitoring well active Units 3&4 EHP 01N42E05CA 604152.29 2722744.58 3265.58 3263.0 top steel casing 02/23/05


SD-09-IC11 SD-09-IC11 inclinometer active Units 3&4 EHP 605148.69 2722280.37 3265.80 3264.6 top cap/steel casing 11/19/09
SD-09-IC12 SD-09-IC12 inclinometer active Units 3&4 EHP 603838.62 2722782.67 3266.81 3264.3 top steel casing 11/19/09
SD-09-22P SD-09-22P piezometer (electronic?) active Units 3&4 EHP 605302.78 2722042.49 3265.80 3263.6 top steel casing 11/19/09


SD-09-23SP SD-09-23SP piezometer (electronic?) active Units 3&4 EHP 604955.77 2722470.76 3265.72 3264.0 top inside PVC 11/19/09
SD-09-24P SD-09-24P piezometer (electronic?) active Units 3&4 EHP 604535.86 2722703.96 3265.47 3263.6 top inside PVC 11/19/09
SD-09-25P SD-09-25P piezometer (electronic?) active Units 3&4 EHP 603436.16 2722714.44 3263.01 3261.5 top steel casing 11/19/09
SD-09-26P SD-09-26P piezometer (electronic?) active Units 3&4 EHP 602986.29 2722864.47 3265.74 3264.5 top steel casing 11/19/09


SD-09-27SP SD-09-27SP piezometer (electronic?) active Units 3&4 EHP 605292.06 2721526.96 3256.95 3254.3 top steel casing 11/19/09
SD-09-28SP SD-09-28SP piezometer (electronic?) active Units 3&4 EHP 604845.58 2722447.19 3265.85 3262.8 top steel casing 11/19/09
SD-09-29P SD-09-29P piezometer (electronic?) active Units 3&4 EHP 604434.97 2722448.85 3244.20 3241.2 top steel casing 11/19/09


SD-09-30SP SD-09-30SP piezometer (electronic?) active Units 3&4 EHP 603978.89 2722604.75 3262.53 3260.4 top steel casing 11/19/09
SD-09-31P SD-09-31P piezometer (electronic?) active Units 3&4 EHP 603420.53 2722527.99 3245.23 3241.6 top steel casing 11/19/09


SD-09-32SP SD-09-32SP piezometer (electronic?) active Units 3&4 EHP 602972.56 2722817.19 3264.16 3263.0 top inside PVC 11/19/09
SD-09-33P SD-09-33P piezometer (electronic?) active Units 3&4 EHP 603947.17 2722915.27 3227.00 3225.2 top steel casing 11/19/09
SD-09-34P SD-09-34P piezometer (electronic?) active Units 3&4 EHP 603690.66 2722962.98 3221.09 3219.0 top steel casing 11/19/09
SD-09-35P SD-09-35P test pit ?? active Units 3&4 EHP 603951.96 2722951.18 3220.32 3217.1 top PVC pipe 11/19/09
SD-09-36P SD-09-36P piezometer (electronic?) active Units 3&4 EHP 603852.54 2722556.67 3247.98 3246.1 top PVC 09/14/10
SD-09-37P SD-09-37P piezometer (electronic?) active Units 3&4 EHP 604213.63 2722504.21 3241.42 3239.4 top PVC 09/14/10
SD-09-38P SD-09-38P piezometer (electronic?) active Units 3&4 EHP 604577.24 2722473.67 3241.97 3241.1 top PVC 09/14/10
SD-09-39P SD-09-39P piezometer (electronic?) active Units 3&4 EHP 604893.56 2722184.02 3243.00 3241.0 top PVC 09/14/10
SD-09-40P SD-09-40P piezometer (electronic?) active Units 3&4 EHP 605094.26 2722003.92 3247.87 3245.8 top PVC 09/14/10


SFCC1 SFCC1 SF Cow Creek surface site active Units 3&4 EHP 598227.15 2717819.43 3229.3 Grnd bottom creek 04/08/05
SFCC2 SFCC2 SF Cow Creek surface site active Units 3&4 EHP 598247.76 2721848.72 3189.0 Grnd bottom creek 04/08/05
SFCC3 SFCC3(same as SFCCCG) SF Cow Creek surface site active Units 3&4 EHP 597748.46 2725828.19 3140.1 04/08/05


SFCCCG South Fork Cow Cr. Crest Gage (same as SFCC3) crest gage active Units 3&4 EHP 597748.46 2725828.19 3141.42 3140.1 top PVC casing 04/08/05
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SFCC Diversion South Fork Cow Cr. Diversion Dam diversion dam active Units 3&4 EHP
SP-14 spring east of ponds surface site active Units 3&4 EHP 604495.22 2725313.19 3119.80 ground shot in creek 02/22/05


SP-15 North trench SP-15 North trench interception trench active Units 3&4 EHP 604675.43 2716365.70 3230.48 3228.10 top black pipe @ MP 02/17/05
SP-15 Northwest trench SP-15 Northwest trench interception trench active Units 3&4 EHP 605141.91 2715840.96 3202.40 3199.8 top black pipe @ MP 02/20/07


SP-15 South trench SP-15 South trench interception trench active Units 3&4 EHP 604134.56 2715774.95 3231.36 3230.20 top CMP @MP 03/07/05


TP624-2
test pit by well 624D - added stock tank summer 


2009 test pit active Units 3&4 EHP 606012.28 2719270.15 3193.72 End of pvc sticking out of g  ~ Feb 2009
TR-P1 TR-P1 (formerly 688P) monitoring well active Units 3&4 EHP 01N42E08DDA 597633.02 2726040.81 3144.05 3142.20 top PVC casing 04/08/05
TR-P2 TR-P2 (formerly 689P) monitoring well active Units 3&4 EHP 01N42E08DDA 597549.62 2726029.34 3150.58 3149.00 top PVC casing 04/08/05


WA-133 WA-133 WeCo monitoring well active Units 3&4 EHP 02N42E31DDD 607013.47 2720554.49 3123.45 3122.40 top PVC @MP 02/17/05
WA-135 WA-135 WeCo monitoring well active Units 3&4 EHP 02N42E31CCD 606878.60 2716652.84 3161.54 3159.60 top outside PVC casing 02/17/05
WA-136 WA-136 WeCo monitoring well active Units 3&4 EHP 01N42E08DDA 597815.24 2723597.04 3169.09 3165.70 top PVC casing 02/18/05
WA-137 WA-137 WeCo monitoring well active Units 3&4 EHP 01N42E07DAC 597843.67 2720160.72 3210.38 3208.30 top PVC casing 02/18/05
WA-142 WA-142 WeCo monitoring well active Units 3&4 EHP 01N42E06BBCB 605915.03 2715633.65 3183.43 3181.70 top PVC casing 02/17/05


WAI-TP-1 WAI-TP-1 (Womack test hole log # TP-10-1) piezometer, possibly electronic active Units 3&4 EHP 601749.40 2721789.14 3283.14 3278.8 top PVC 09/14/10
WAI-TP-2 WAI-TP-2 (Womack test hole log # TP-10-2) piezometer, possibly electronic active Units 3&4 EHP 601684.54 2721008.35 3279.37 3277.9 top PVC 09/14/10
WAI-TP-3 WAI-TP-3 (Womack test hole log # TP-10-3) piezometer, possibly electronic active Units 3&4 EHP 602259.13 2721888.65 3281.51 3278.3 top PVC 09/14/10
WAI-TP-4 WAI-TP-4 (Womack test hole log # TP-10-4) piezometer, possibly electronic active Units 3&4 EHP 602259.13 2721888.65 3281.44 3278.5 top PVC 09/14/10
WAI-TP-5 WAI-TP-5 (Womack test hole log # TP-10-5) piezometer, possibly electronic active Units 3&4 EHP 601987.11 2721055.91 3281.47 3277.4 top PVC 09/14/10
WAI-TP-6 WAI-TP-6 (Womack test hole log # TP-10-6) piezometer, possibly electronic active Units 3&4 EHP 602419.43 2720995.86 3282.08 3279.2 top PVC 09/14/10
WAI-TP-7 WAI-TP-7 (Womack test hole log # TP-10-7) piezometer, possibly electronic active Units 3&4 EHP 602368.99 2719652.04 3276.39 3271.8 top PVC 09/14/10
WAI-TP-8 WAI-TP-8 (Womack test hole log # TP-10-8) piezometer, possibly electronic active Units 3&4 EHP 601623.69 2719684.65 3287.26 3284.1 top PVC 09/14/10
WAI-TP-9 WAI-TP-9 (Womack test hole log # TP-10-9) piezometer, possibly electronic active Units 3&4 EHP 602145.43 2720600.24 3281.42 3277.7 top PVC 09/14/10


WI-108 WI-108 WeCo monitoring well active Units 3&4 EHP 01N42E05CDD 602389.34 2722733.07 3273.38 3270.60 top PVC casing 02/23/05
WI-109 WI-109 WeCo monitoring well active Units 3&4 EHP 01N42E05CDD 604242.59 2717855.92 3290.50 3288.80 top PVC @MP 02/17/05
WM-124 WM-124 WeCo monitoring well active Units 3&4 EHP 01N42E05CDD 602390.27 2722748.40 3273.16 3270.70 top PVC casing 02/23/05
WM-126 WM-126 WeCo monitoring well active Units 3&4 EHP 01N42E06ACC 604238.21 2717866.43 3291.21 3289.10 top PVC @MP 02/17/05
WM-127 WM-127 WeCo monitoring well active Units 3&4 EHP 01N42E07BDB 600026.60 2716923.03 3313.83 3311.20 top inside PVC 02/14/05
WR-128 WR-128 WeCo monitoring well active Units 3&4 EHP 01N42E06ACC 604247.23 2717845.95 3290.29 3288.50 top PVC @MP 02/17/05
WR-129 WR-129 WeCo monitoring well active Units 3&4 EHP 01N42E07BDB 600019.82 2716931.92 3313.86 3311.20 top inside PVC 02/14/05


West Seep Diversion West Seep Diversion Dam diversion dam active Units 3&4 EHP 603545.78 2714414.66 3218.18 top steel casing 04/06/05
1088P 1088P - plugged and abandoned 06-18-2009 monitoring well abandoned Units 3&4 EHP 01N42E05
550D 550D (abandoned in 1991) monitoring well abandoned Units 3&4 EHP 01N42E06DCCB
553A 553A (April 1983-destroyed during construction) monitoring well abandoned Units 3&4 EHP 01N42E06ADBA
567D 567D (destroyed 10-11-82) monitoring well abandoned Units 3&4 EHP 01N42E05CDDD
571M 571M (abandoned 7-1-04) monitoring well abandoned Units 3&4 EHP 01N42E07AAAA 44756.00 75313.00
586M 586M (re-completed as 586R 9-13-05) monitoring well abandoned Units 3&4 EHP 01N42E08BBDD 600826.49 2721595.91 3308.42 3306.60 top steel casing
589M 589M (abandoned 09-05) monitoring well abandoned Units 3&4 EHP 01N42E07AADD 600327.49 2720227.43 3299.79 3297.60 top steel casing
598D 598D (abandoned in 1991) monitoring well abandoned Units 3&4 EHP
602D 602D (abandoned 8-1993) monitoring well abandoned Units 3&4 EHP
605A 605A (abandoned 2-1999) monitoring well abandoned Units 3&4 EHP


606A-1 606A-1 (plugged) monitoring well abandoned Units 3&4 EHP
610-P 610-P (plugged) monitoring well abandoned Units 3&4 EHP 01N42E05NENW
612-P 612-P (plugged) monitoring well abandoned Units 3&4 EHP 01N42E05NENW


650M-R-PLUG 650-M-R-PLUG/BORE HOLE bore hole plugged Units 3&4 EHP
652M-R-PLUG 652M-R-PLUG/BORE HOLE bore hole plugged Units 3&4 EHP


BH-1108D
BH-1108D - borehole for well 1108D @ 40'-45'. 
Completed as well 1108D borehole


Completed as wel  
Units 3&4 EHP 605233.97 2723872.89 3197.0


BH-2008 BH-2008 borehole plugged Units 3&4 EHP 605074.04 2724885.95 3134.2 dry hole 12/12/08
BH Cell F 05-01 BH Cell F 05-01 bore hole Units 3&4 EHP 01N42E06D
BH Cell F 05-02 BH Cell F 05-02 bore hole Units 3&4 EHP 01N42E06D
BH Cell F 05-03 BH Cell F 05-03 bore hole Units 3&4 EHP 01N42E07A


BH Plug 1 BH 1 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDA
BH Plug 10 BH 10 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DBC
BH Plug 11 BH 11 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDA
BH Plug 12 BH 12 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAD
BH Plug 13 BH 13 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDA
BH Plug 14 BH 14 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDA
BH Plug 15 BH 15 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDA
BH Plug 16 BH 16 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDA
BH Plug 2 BH 2 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DDB
BH Plug 3 BH 3 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAC
BH Plug 4 BH 4 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAC
BH Plug 5 BH 5 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAD
BH Plug 6 BH 6 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAD
BH Plug 7 BH 7 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAC
BH Plug 8 BH 8 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAC
BH Plug 9 BH 9 - South Fork Cow Creek bore hole plugged Units 3&4 EHP 01N42E08DAC


BH-NEHP-1 BH-NEHP-1 (bore hole, plugged 6-20-01) bore hole Units 3&4 EHP
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Site Code
1000M
1001R
1002R
1003R
1004M
1005R
1006M
1007R
1008D
1009D
1010R
1011R
1012M
1013R
1014R
1015R
1016R
1017R
1018D


1019AM
1020D
1021A
1022A


1023AM
1024AM
1025AM
1026AM
1027A
1028A
1029M
1030A
1031R
1032M
1033R
1034R
1035R
1036R
1037R
1038D
1039A
1040D
1041D
1042D
1043D
1044D
1045D
1046D
1047A
1048A
1049M


1051A trench
1052A-P
1053A-P
1054A-P
1055A-P
1056A-P
1057A-P
1058A-P
1059D-P
1060C
1061A
1062D
1063D
1064D
1065A
1066M
1067D
1068A
1069D
1070D
1071D
1072D
1073A


1073A trench
1074D
1075D
1076D


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


01/05/2005 92.0 4.5 McKay 82 - 92 3212.0 3202.00 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
01/05/2005 55.0 4.5 Rosebud 45 - 55 3250.5 3240.50 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
01/05/2005 66.0 8.0 Rosebud 61 - 66 3233.6 3228.60 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
01/05/2005 60.0 8.0 Rosebud monthly semiannual  WRMP, table 2, list 1
01/05/2005 104.0 4.5 McKay 94 - 104 3206.0 3196.00 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
01/05/2005 71.0 4.5 Rosebud 59 - 71 3240.9 3228.90 monthly semiannual  WRMP, table 2, list 1
01/05/2005 96.0 4.5 McKay 86 - 96 3208.2 3198.20 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
01/05/2005 56.0 4.5 Rosebud 46 - 56 3248.9 3238.92 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
01/05/2005 160.0 4.5 Sub-McKay 140 - 160 3160.1 3140.10 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
01/05/2005 205.0 4.5 Sub-McKay 184 - 204 3110.7 3090.70 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
01/05/2005 36.0 4.5 Rosebud 16 - 36 3249.0 3229.00 monthly semiannual  WRMP, table 2, list 1
01/05/2005 56.0 4.5 Rosebud 46 - 56 3246.0 3236.00 monthly semiannual  WRMP, table 2, list 1
01/05/2005 98.0 4.5 McKay 88 - 98 3209.2 3199.20 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
01/05/2005 58.0 4.5 Rosebud 52 - 58 3246.2 3240.20 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
03/05/2005 55.0 4.5 Rosebud Clinker 45 - 55 3237.6 3227.60 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
03/05/2005 67.5 4.5 Rosebud Clinker 55 - 65 3240.4 3230.40 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
03/05/2005 64.0 8.0 Rosebud Clinker 55 - 64 3252.7 3243.70 monthly semiannual  WRMP, table 2, list 1
03/05/2005 64.0 8.0 Rosebud Clinker 55 - 64 3236.0 3227.00 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
07/05/2005 91.0 4.5 Sub-McKay 78-89 3111.4 3100.38 monthly semiannual  WRMP, table 2, list 1
07/05/2005 18 (19?) 4.5 Alluvial/McKay 9-18 3193.7 3184.70 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
07/05/2005 70.0 4.5 Sub-McKay 57-70 3184.0 3171.01 monthly semiannual  WRMP, table 2, list 1
07/05/2005 17.0 4.5 Alluvial 5-15 3173.9 3163.93 monthly semiannual  WRMP, table 2, list 1
07/05/2005 19.0 4.5 Alluvial 7-17 3214.9 3204.95 monthly semiannual  WRMP, table 2, list 1
07/05/2005 20.0 4.5 Alluvial/McKay 11-20 3194.2 3185.23 monthly semiannual  WRMP, table 2, list 1
09/05/2005 24.5 4.5 Alluvial/McKay 9.5 - 24.5 3194.1 3179.10 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/05/2005 20.0 4.5 Alluvial/McKay 10 - 20 3185.6 3175.60 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/05/2005 15.0 4.5 Alluvial/McKay 9 - 15 3182.4 3176.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
05/01/2006 11.0 4.5 Alluvial 5 - 10.5 3149.4 3143.90 monthly semiannual  WRMP, table 2, list 1
05/01/2006 21.0 4.5 Alluvial 16 - 21 3143.8 3138.80 monthly semiannual  WRMP, table 2, list 1
05/02/2006 100.0 4.5 McKay Coal 91 - 99.5 3204.7 3196.20 monthly semiannual  WRMP, table 2, list 1
08/08/2006 23.0 4.5 Alluvium 11 - 23 3108.9 3096.90 monthly semiannual  WRMP, table 2, list 1
10/12/2007 66.0 4.5 53 - 63 3235.9 3225.91 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
10/15/2007 76.0 4.5 65 - 71 3217.7 3211.74 monthly semiannual  WRMP, table 2, list 1
10/15/2007 60.0 4.5 53 - 58 3229.7 3224.70 monthly semiannual  WRMP, table 2, list 1
10/16/2007 64.0 4.5 50 - 60 3238.7 3228.70 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
10/16/2007 72.0 4.5 59 - 69 3241.4 3231.40 monthly semiannual  WRMP, table 2, list 1
10/17/2007 69.0 4.5 Rosebud Coal 59 - 69 3240.8 3230.80 monthly semiannual  WRMP, table 2, list 1
10/17/2007 63.0 4.5 53 - 63 3236.2 3226.20 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
10/18/2007 27.0 4.5 20 - 27 3105.1 3098.10 monthly semiannual  WRMP, table 2, list 1
10/18/2007 40.0 4.5 3 - 40 3136.6 3099.60 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
10/18/2007 25.0 4.5 15 - 25 3167.8 3157.80 monthly semiannual  WRMP, table 2, list 1
10/18/2007 25.0 4.5 15 - 25 3169.8 3159.80 monthly semiannual  WRMP, table 2, list 1
10/18/2007 74.0 4.5 64 - 74 3122.3 3112.25 monthly semiannual  WRMP, table 2, list 1
10/19/2007 31.0 4.5 21 - 31 3188.0 3178.00 monthly semiannual  WRMP, table 2, list 1
10/19/2007 60.0 4.5 50 - 60 3159.2 3149.20 monthly semiannual  WRMP, table 2, list 1
10/22/2007 80.0 4.5 55 - 75 3176.1 3156.10 monthly semiannual  WRMP, table 2, list 1
10/22/2007 40.0 4.5 28 - 40 3165.7 3153.70 monthly semiannual  WRMP, table 2, list 1
10/22/2007 20.0 4.5 13 - 20 3136.2 3129.20 monthly semiannual  WRMP, table 2, list 1
10/22/2007 20.0 4.5 11 - 20 3141.1 3132.10 monthly semiannual  WRMP, table 2, list 1
10/23/2007 88.0 4.5 82 - 88 3218.3 3212.30 monthly semiannual  WRMP, table 2, list 1
12/11/2007 19.0 5.0 Alluvial 10 - 19.3 3077.6 3068.30 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12/11/2007 12.5 2.0 7.5 - 12.5 3087.3 3082.30 monthly semiannual  WRMP, table 2, list 1
12/11/2007 14.0 2.0 10 - 14 3083.8 3079.80 monthly semiannual  WRMP, table 2, list 1
12/11/2007 12.5 2.0 6 - 11 3085.7 3080.70 monthly semiannual  WRMP, table 2, list 1
12/11/2007 14.0 2.0 7.5 - 12.5 3082.2 3077.20 monthly semiannual  WRMP, table 2, list 1
12/11/2007 24.5 2.0 13 - 23 3083.3 3073.30 monthly semiannual  WRMP, table 2, list 1
12/12/2007 19.0 2.0 Alluvium 14 - 19 3090.0 3085.00 monthly semiannual  WRMP, table 2, list 1
12/12/2007 16.0 2.0 Alluvium 11 - 16 3090.3 3085.30 monthly semiannual  WRMP, table 2, list 1
12/12/2007 29.0 2.0 Alluvium 24 - 29 3077.7 3072.70 monthly semiannual  WRMP, table 2, list 1
03/26/2008 38.0 2.0 clinker 25 - 35 3247.1 3237.10 monthly semiannual  WRMP, table 2, list 1
06/16/2008 18.0 4.5 Alluvial 10-18 3086.6 3078.60 monthly semiannual  WRMP, table 2, list 1
06/16/2008 32.0 4.5 First bedrock water 22-32 3074.9 3064.90 monthly semiannual  WRMP, table 2, list 1
06/16/2008 100.0 4.5 First bedrock water 60-99 3040.7 3001.70 monthly semiannual  WRMP, table 2, list 1
06/16/2008 80.0 4.5 First bedrock water 75-80 3122.0 3117.00 monthly semiannual  WRMP, table 2, list 1
11/17/2008 22.0 4.5 Alluvial gravels 10-22 3156.2 3144.20 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11/17/2008 63.0 4.5 Uppermost saturated zone 53-63 3221.0 3211.00 monthly semiannual  WRMP, table 2, list 1
11/18/2008 72.0 4.5 Uppermost saturated interval 52-72 3180.5 3160.50 monthly semiannual  WRMP, table 2, list 1
11/18/2008 32.0 4.5 22-32 3212.4 3202.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11/19/2008 92.0 4.5 52-92 3186.4 3146.40 monthly semiannual  WRMP, table 2, list 1
11/19/2008 80.0 4.5 Uppermost saturated zone 45-80 3192.2 3157.20 monthly semiannual  WRMP, table 2, list 1
11/19/2008 49.0 4.5 39-49 3220.4 3210.40 monthly semiannual  WRMP, table 2, list 1
11/19/2008 80.0 4.5 Uppermost saturated zone 43-83 3203.9 3163.90 monthly semiannual  WRMP, table 2, list 1
12/10/2008 20.0 4.5 15-20 3121.0 3116.00 monthly semiannual  WRMP, table 2, list 1
07/01/2010 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 2
12/10/2008 56.0 4.5 48-56 3088.2 3080.20 monthly semiannual  WRMP, table 2, list 1
12/10/2008 45.0 4.5 36-43 3103.3 3096.29 monthly semiannual  WRMP, table 2, list 1
12/10/2008 51.0 4.5 45-50 3072.3 3067.30 monthly semiannual  WRMP, table 2, list 1
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Site Code
1077D
1078D


1079A trench
1080D
1081D
1082D
1083D
1084A
1085R
1086D
1087D
1088A
1089D
1090D
1091D
1092D
1093D
1094D
1095D
1096D
1097D
1098D
1099D
1100D
1101D
1102D
1103D
1104D
1105D
1106D
1107D
1108D
1109D
1110D
1111D
1112D
1113D
1114D
1115D
1116D
1117D
1118D
1119D
1120C
1121D
1122D
1123A
1124D
1125D
1126A
1127D
1128D
1129D
1130D
1131D
1132D
1133D
1134D
1135D
1136A
1137M
1138D
1139M
1140D
1141D
1142D
1143D
1144D
1145D
1146D
1147D
1148D
1149M
1150A
1151M
1152D
1153A


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


12/11/2008 36.0 4.5 32-36 3106.9 3102.93 monthly semiannual  WRMP, table 2, list 1
12/11/2008 121.0 4.5 86-121 3043.4 3008.41 monthly semiannual  WRMP, table 2, list 1


Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
04/21/2009 135.0 4.5 sandstone @ ~ 3100 ft 110-135 3173.6 3148.64 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
04/22/2009 140.0 4.5 sandstone @ ~ 3100 ft 110-140 3186.3 3156.30 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
04/23/2009 124.0 4.5 sandstone @ ~ 3100 ft 94-124 3185.9 3155.90 monthly semiannual  WRMP, table 2, list 1
04/23/2009 152.0 4.5 142-152 3138.5 3128.46 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
05/04/2009 31.0 4.5 26-31 3123.5 3118.50 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
05/04/2009 50.0 8.0 steel clinker open hole 3235.10 monthly semiannual  WRMP, table 2, list 1
05/04/2009 43.0 4.5 sub-McKay sandstone 35-43 3112.3 3104.30 monthly semiannual  WRMP, table 2, list 1
06/18/2009 46.0 4.5 sandstone from 3100' - 3150' 41-46 3140.8 3135.80 monthly semiannual  WRMP, table 2, list 1
06/18/2009 8.0 4.5 39911.0 4-8 3082.0 3078.00 monthly semiannual  WRMP, table 2, list 1
06/18/2009 49.0 4.5 first saturated interval 42-49 3071.4 3064.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
06/18/2009 49.0 4.5 first saturated interval 40-49 3071.6 3062.60 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
06/18/2009 77.0 4.5 sandstone between 3100' - 3150' 67-77 3085.5 3075.45 monthly semiannual  WRMP, table 2, list 1
09/21/2009 71.0 4.5 Shallow Bedrock 51-71 3039.6 3019.58 monthly semiannual  WRMP, table 2, list 1
09/21/2009 56.0 4.5 Shallow Bedrock 36-56 3073.4 3053.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/21/2009 100.0 4.5 Shallow Bedrock 80-100 3031.0 3011.00 monthly semiannual  WRMP, table 2, list 1
09/21/2009 59.0 4.5 Shallow Bedrock 36-59 3072.5 3049.50 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/22/2009 100.0 4.5 Shallow Bedrock 80-100 3024.8 3004.80 monthly semiannual  WRMP, table 2, list 1
09/22/2009 44.0 4.5 Shallow Bedrock 37-44 3063.9 3056.90 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/22/2009 40.0 4.5 Shallow Bedrock 30-40 3069.7 3059.70 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/22/2009 40.0 4.5 Shallow Bedrock 28-40 3069.5 3057.50 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/23/2009 38.0 4.5 Shallow Bedrock 30-38 3054.5 3046.50 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/23/2009 71.0 4.5 Shallow Bedrock 51-71 3036.2 3016.20 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/23/2009 57.0 4.5 Shallow Bedrock 37-57 3074.2 3054.20 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09/23/2009 42.0 4.5 Shallow Bedrock 27-42 3146.2 3131.20 monthly semiannual  WRMP, table 2, list 1
09/23/2009 20.0 4.5 Shallow Bedrock 10-20 3176.9 3166.90 monthly semiannual  WRMP, table 2, list 1
09/24/2009 58.0 4.5 Shallow Bedrock 33-58 3148.3 3123.30 monthly semiannual  WRMP, table 2, list 1
09/24/2009 42.0 4.5 Shallow Bedrock 32-42 3138.0 3128.00 monthly semiannual  WRMP, table 2, list 1
09/24/2009 79.0 4.5 Shallow Bedrock (SubMcKay) 67-79 3136.5 3124.50 monthly semiannual  WRMP, table 2, list 1
02/17/2010 74.0 4.5 Bedrock 68-74 3129.1 3123.10 monthly semiannual  WRMP, table 2, list 1
04/06/2010 80.0 4.5 First water 60-80 3029.9 3009.90 monthly semiannual  WRMP, table 2, list 1
04/06/2010 40.0 4.5 First water 30-40 3071.1 3061.10 monthly semiannual  WRMP, table 2, list 1
04/06/2010 22.0 4.5 First water 17-22 3069.8 3064.80 monthly semiannual  WRMP, table 2, list 1
04/06/2010 25.0 4.5 First water 20-25 3071.6 3066.60 monthly semiannual  WRMP, table 2, list 1
04/06/2010 80.0 4.5 First water 60-80 3026.8 3006.80 monthly semiannual  WRMP, table 2, list 1
04/07/2010 90.0 4.5 Sub-McKay 75-90 3112.3 3097.30 monthly semiannual  WRMP, table 2, list 1
08/03/2010 129.0 4.5 sandstone from 3100' - 3150' 89-129 3182.3 3142.30 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
08/04/2010 143.0 4.5 sandstone from 3100' - 3150' 103-143 3188.8 3148.80 monthly semiannual  WRMP, table 2, list 1
08/04/2010 160.0 4.5 sandstone from 3100' - 3150' 100-160 3194.7 3134.70 monthly semiannual  WRMP, table 2, list 1
08/05/2010 150.0 4.5 sandstone from 3100' - 3150' 142-150 3139.2 3131.20 monthly semiannual  WRMP, table 2, list 1
08/06/2010 186.0 4.5 sandstone from 3100' - 3150' 174-186 3110.7 3098.70 monthly semiannual  WRMP, table 2, list 1
08/09/2010 30.0 4.5 Shallow Bedrock 23-28 3215.2 3210.20 monthly semiannual  WRMP, table 2, list 1
08/10/2010 64.0 4.5 Shallow Bedrock 54-64 3080.3 3070.30 monthly semiannual  WRMP, table 2, list 1
08/10/2010 140.0 4.5 First bedrock groundwater 90-140 3056.1 3006.10 monthly semiannual  WRMP, table 2, list 1
08/10/2010 20.0 4.5 Shallow Colluvium 10-20 3135.7 3125.70 monthly semiannual  WRMP, table 2, list 1
08/11/2010 120.0 4.5 Sandstone Bedrock 94-120 3046.5 3020.46 monthly semiannual  WRMP, table 2, list 1
08/11/2010 39.0 4.5 Shallow Bedrock 32-39 3111.9 3104.90 monthly semiannual  WRMP, table 2, list 1
08/11/2010 19.0 4.5 Alluvium 9-19 3125.1 3115.10 monthly semiannual  WRMP, table 2, list 1
08/13/2010 80.0 4.5 First bedrock groundwater 40-80 3046.1 3006.10 monthly semiannual  WRMP, table 2, list 1
06/02/2011 145.0 4.5 sandstone from 3100 to 3150 ft. 105-145 3188.8 3148.80 monthly semiannual  WRMP, table 2, list 1
06/03/2011 144.0 4.5 sandstone from 3100 to 3150 ft. 129-144 3163.0 3148.00 monthly semiannual  WRMP, table 2, list 1
06/06/2011 32.0 4.5 First water 27-32 3098.1 3093.10 monthly semiannual  WRMP, table 2, list 1
06/06/2011 42.0 4.5 First water 36-42 3097.7 3091.70 monthly semiannual  WRMP, table 2, list 1
06/06/2011 140.0 4.5 First water 100-140 3040.0 3000.00 monthly semiannual  WRMP, table 2, list 1
11/07/2011 195.0 4.5 First water 175-195 3144.0 3124.00 monthly semiannual  WRMP, table 2, list 1
11/08/2011 109.0 4.5 First water 89-109 3218.1 3198.10 monthly semiannual  WRMP, table 2, list 1
11/08/2011 190.0 4.5 First water 170-190 3150.1 3130.10 monthly semiannual  WRMP, table 2, list 1
11/09/2011 18.0 4.5 Alluvium 8-18 3205.2 3195.20 monthly semiannual  WRMP, table 2, list 1
11/09/2011 42.0 4.5 33-42 3189.5 3180.50 monthly semiannual  WRMP, table 2, list 1
11/09/2011 75.0 4.5 Alluvium or shallow bedrock 65-75 3164.5 3154.50 monthly semiannual  WRMP, table 2, list 1
11/09/2011 49.0 4.5 First water 39-49 3182.0 3172.00 monthly semiannual  WRMP, table 2, list 1
08/07/2012 56.0 4.5 Shallow Bedrock 46-56 3127.8 3117.80 monthly semiannual  WRMP, table 2, list 1
08/07/2012 160.0 4.5 Shallow Bedrock 48-58 3141.2 3131.20 monthly semiannual  WRMP, table 2, list 1
08/07/2012 35.0 4.5 Shallow Bedrock 30-35 3172.7 3167.70 monthly semiannual  WRMP, table 2, list 1
08/08/2012 46.0 4.5 First water 37-46 3169.7 3160.70 monthly semiannual  WRMP, table 2, list 1
08/08/2012 86.0 4.5 First water 37-86 3182.1 3133.10 monthly semiannual  WRMP, table 2, list 1
08/08/2012 58.0 4.5 First water 48-58 3179.3 3169.30 monthly semiannual  WRMP, table 2, list 1
11/15/2012 82.0 4.5 First water 42-82 3039.2 2999.20 monthly semiannual  WRMP, table 2, list 1
11/15/2012 69.0 4.5 First water 29-69 3049.4 3009.40 monthly semiannual  WRMP, table 2, list 1
11/15/2012 63.0 4.5 First water 53-63 3088.1 3078.10 monthly semiannual  WRMP, table 2, list 1
11/16/2012 48.0 4.5 First water 39-48 3193.2 3184.20 monthly semiannual  WRMP, table 2, list 1
11/16/2012 30.0 4.5 First water 20-30 3189.6 3179.60 monthly semiannual  WRMP, table 2, list 1
11/16/2012 22.0 4.5 First water 12-22 3205.6 3195.60 monthly semiannual  WRMP, table 2, list 1
11/16/2012 23.0 4.5 First water 15-23 3200.9 3192.90 monthly semiannual  WRMP, table 2, list 1


15.0 4.5 SFCC Alluvium 8-15 3181.9 3174.91 monthly semiannual  WRMP, table 2, list 1
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Site Code
1154D
1155D
1156D
1157D
1158M
1159M
1160M
1161D
1162R
1163D
1164R
1165D
1166D
1167D


3&4 EHP  


3&4 EHP cell B (new clearwell)
3&4 EHP cell C
3&4 EHP cell E
3&4 EHP cell F
3&4 EHP cell G
3&4 EHP cell H


3&4 EHP CW - old
3&4 EHP F cell sump


3&4 MD IT
3&4 MD Upper IT


3&4 MDS


3&4 SD IT (seep-3)
3&4 SD SUMP


551D
552D
554D
555M
556D
557A
558A
559A
560A


560A IT
561A
562A
563D
564D
565D
566D
568A
569A
570A
572D
573D
574D
575D
576D
577D
578D
579D
580D
581D


581D-2
582A


583DD
584D
585D
586R
587D
588D
589D
590I
590M
591A
592A
593A
594D
595D
596D


598D-2


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


10/11/2013 120.0 4.5 Sub-McKay 95-120 3189.7 3164.70 monthly semiannual  WRMP, table 2, list 1
10/08/2013 83.0 4.5 Sub-McKay 53-83 3157.8 3127.80 monthly semiannual  WRMP, table 2, list 1
10/09/2013 66.0 4.5 Sub-McKay 36-66 3158.2 3128.20 monthly semiannual  WRMP, table 2, list 1
10/10/2013 190.0 4.5 Sub-McKay 150-190 3161.9 3121.90 monthly semiannual  WRMP, table 2, list 1
10/11/2013 70.0 4.5 McKay Coal 60-70 3224.6 3214.60 monthly semiannual  WRMP, table 2, list 1
10/15/2013 64.0 4.5 McKay Coal 54-64 3221.6 3211.60 monthly semiannual  WRMP, table 2, list 1
10/16/2013 66.0 4.5 McKay Coal 56-66 3190.5 3180.50 monthly semiannual  WRMP, table 2, list 1
10/16/2013 85.0 4.5 Sub-McKay 80-85 3199.2 3194.20 monthly semiannual  WRMP, table 2, list 1
10/17/2013 35.0 4.5 Rosebud Coal 29-35 3231.6 3225.60 monthly semiannual  WRMP, table 2, list 1
10/17/2013 98.0 4.5 Sub-McKay 77-97 3183.4 3163.40 monthly semiannual  WRMP, table 2, list 1
05/09/2014 74.0 8.0 Clinker 59-66 3231.5 3224.50 monthly semiannual  WRMP, table 2, list 1
07/08/2014 28.0 4.5 18-28 3123.0 3113.00 monthly semiannual  WRMP, table 2, list 1
07/08/2014 114.0 4.5 First water 94-114 3024.9 3004.91 monthly semiannual  WRMP, table 2, list 1
07/09/2014 67.0 4.5 First water 57-67 3080.1 3070.05 monthly semiannual  WRMP, table 2, list 1


active cell every 3 years (2018) WRMP, table 2, list 2


active cell every 3 years (2018) WRMP, table 2, list 2
active cell every 3 years (2018) WRMP, table 2, list 2
active cell every 3 years (2018) WRMP, table 2, list 2
active cell every 3 years (2018) WRMP, table 2, list 2
active cell every 3 years (2018) WRMP, table 2, list 2
active cell every 3 years (2018) WRMP, table 2, list 2
active cell every 3 years (2018) WRMP, table 2, list 2


if water WRMP, table 2, list 1
semiannual WRMP, table 2, list 1
not sampled
semiannual WRMP, table 2, list 1


semiannual WRMP, table 2, list 1
semiannual WRMP, table 2, list 1


06/01/1982 95.0 4.5 Sub McKay SS 55-90 3181.1 3146.10 monthly semiannual WRMP, table 2, list 1
06/01/1982 62.0 4.5 Sub McKay SS 37-59 3162.6 3140.60 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
06/01/1982 120.0 4.5 Sub McKay SS 85-95; 100-115 3102.7 3072.70 monthly semiannual WRMP, table 2, list 1
06/01/1982 78.0 4.5 McKay Coal 66-76 3200.5 3190.50 monthly semiannual WRMP, table 2, list 1
06/01/1982 131.0 4.5 Sub McKay SS 91-128 3175.2 3138.20 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
06/01/1982 36.0 4.5 Cow Cr alluvium 16-20; 26-32 3057.6 3041.60 monthly semiannual WRMP, table 2, list 1
06/01/1982 38.0 4.5 Cow Cr alluvium 12-36 3062.9 3038.90 monthly semiannual WRMP, table 2, list 1
06/01/1982 43.0 4.5 Cow Cr alluvium 25-40 3051.3 3036.30 monthly semiannual WRMP, table 2, list 1
06/01/1982 17.0 4.5 Cow Cr tributary alluvium 10-13 3088.7 3085.70 monthly semiannual WRMP, table 2, list 1


Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
06/01/1982 13.0 4.5 Cow Cr tributary alluvium 7-11 3143.0 3139.00 monthly semiannual WRMP, table 2, list 1
06/01/1982 13.0 4.5 Cow Cr tributary alluvium 6-10.5 3149.4 3144.90 monthly semiannual WRMP, table 2, list 1
06/01/1982 94.5 4.5 Sub McKay SS 75-91 3084.9 3068.90 monthly semiannual WRMP, table 2, list 1
06/01/1982 37.0 4.5 Sub McKay SS 17-34 3143.6 3126.60 monthly semiannual WRMP, table 2, list 1
06/01/1982 110.0 4.5 Sub McKay SS 62-106 3160.3 3116.30 monthly every 2 years (2016) WRMP, table 2, list 1
06/01/1982 108.0 4.5 Sub McKay SS 61-105 3158.9 3114.90 monthly semiannual WRMP, table 2, list 1
06/01/1982 21.0 4.5 S. Fork Cow Cr alluvium 9.5-19.5 3133.8 3123.80 monthly semiannual WRMP, table 2, list 1
06/01/1982 22.0 4.5 S. Fork Cow Cr alluvium 11-21 3131.9 3121.90 monthly semiannual WRMP, table 2, list 1
06/01/1982 6.0 4.5 S.F. Cow Cr trib. Alluvium 3-6 3218.3 3215.30 monthly semiannual WRMP, table 2, list 1
06/01/1982 158.5 4.5 Sub McKay SS 118-155 3186.1 3149.10 monthly semiannual WRMP, table 2, list 1
06/01/1982 132.0 4.5 Sub McKay SS 101-134 3196.6 3163.60 monthly semiannual WRMP, table 2, list 1
09/01/1982 200.0 4.0 Sub McKay SS 136-198 monthly semiannual WRMP, table 2, list 1
06/01/1983 104.0 4.5 Sub McKay SS 55-101 3164.8 3118.80 abandoned abandoned
06/01/1983 99.5 4.5 Sub McKay SS 56-89 3159.9 3126.90 monthly every 2 years (2016) WRMP, table 2, list 1
06/01/1983 200.0 4.5 Sub McKay SS 157-197 3170.6 3130.60 monthly semiannual WRMP, table 2, list 1
06/01/1983 60.0 4.5 Sub McKay SS 54-59 3118.6 3113.60 monthly semiannual WRMP, table 2, list 1
06/01/1983 73.0 4.5 Sub McKay SS 45-55; 58-70 3154.8 3129.80 monthly semiannual WRMP, table 2, list 1
06/01/1983 60.0 4.5 Sub McKay SS 43-59 3106.8 3090.80 monthly semiannual WRMP, table 2, list 1
06/01/1983 48.0 4.5 Sub McKay SS 32-47 3117.0 3102.00 abandoned abandoned
11/17/2008 80.0 4.5 60-75 3089.7 3074.70 monthly semiannual WRMP, table 2, list 1
11/01/1983 21.0 4.5 Alluvium 14-20 3120.0 3114.00 monthly semiannual WRMP, table 2, list 1
11/01/1983 430.0 4.5 SS above lebo shale 360-430 2830.8 2760.80 monthly semiannual WRMP, table 2, list 1
11/01/1983 270.0 4.5 Sub McKay SS 210-270 2988.1 2928.10 monthly semiannual WRMP, table 2, list 1
11/01/1983 241.0 4.0 Sub McKay SS 181-241 3054.0 2994.00 monthly semiannual WRMP, table 2, list 1
09/13/2005 68 drilled 7.9 Rosebud open from ~ 57 to 68 3249.5 3238.50 monthly semiannual WRMP, table 2, list 1
11/01/1983 201.0 4.5 Sub McKay SS 161-201 3145.1 3105.10 monthly semiannual WRMP, table 2, list 1
10/01/1985 165.0 4.5 Sub McKay 120-160 3173.2 3133.20 monthly semiannual WRMP, table 2, list 1
10/01/1985 176.0 4.5 Sub McKay 133-176 3166.4 3123.40 monthly semiannual WRMP, table 2, list 1
10/01/1985 20.0 4.5 Interburden 10-20 3207.6 3197.60 monthly semiannual WRMP, table 2, list 1
10/01/1985 40.0 4.5 McKay 25-33 3192.5 3184.50 monthly semiannual WRMP, table 2, list 1
10/01/1986 40.0 4.5 Cow Cr. alluvium 20-40 3057.1 3037.10 monthly semiannual WRMP, table 2, list 1
10/01/1986 30.0 4.5 South Fork Cow Cr alluvium 10-30 3140.9 3120.90 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
10/01/1987 16.0 4.5 Alluvium gravels 11-16 3116.1 3111.10 monthly semiannual WRMP, table 2, list 1
10/01/1987 40.0 4.5 Sandstone below alluvium 36-40 3091.1 3087.10 monthly semiannual WRMP, table 2, list 1
10/01/1987 220.0 4.5 Deep Sands below approx 170' 180-220 2896.8 2856.80 monthly semiannual WRMP, table 2, list 1
10/01/1987 149.0 4.5 Sands below 90' 109-149 2979.2 2939.20 monthly semiannual WRMP, table 2, list 1
11/01/1991 56.0 4.0 Bedrock (SLTST) 36-56 3116.1 3096.10 monthly semiannual WRMP, table 2, list 1
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Site Code
599D
600M
601M
602S
603D
604A


605A-2 
606A
607A
608D
609D
610D
611D
612D
613D
614D
615D
616D


617A-P
618D
619D


620D-P
621D


622D-P
623D
624D
625A
626A
627D
628D
629D
630D
631D
632M
633M
634D
635A
636P
637P
638C
639C
640P
641P
642P
643P
644D
645D
646D
647D
648D
649D
650M
651M
652M
653M
654A
655M
656R
657M
658R
659D
660P
661D
662D
663D
664D
665A
666A
667A
668A
669A
670A
671A
672A
673A
674R
675M


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


10/01/1987 300.0 4.5 Sands at 255' to 298' 250-300 2902.3 2852.30 monthly semiannual WRMP, table 2, list 1
10/01/1987 135.0 4.5 McKay 123-133 3204.9 3194.90 monthly semiannual WRMP, table 2, list 1
10/01/1987 84.0 4.5 McKay 74-84 3208.2 3198.20 monthly semiannual WRMP, table 2, list 1
08/01/1993 65.0 4.0 Shallow 45 - 65 3135.8 3115.80 monthly semiannual WRMP, table 2, list 1
10/01/1988 70.0 4.5 SS, SH, SLTST E. of channel 35-55 3119.2 3099.20 monthly semiannual WRMP, table 2, list 1
10/01/1988 25.0 4.5 Channel alluvium 10-25 3131.9 3116.90 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
02/01/1999 18.0 4.5 Shallow alluvium 8 - 18 3130.6 3120.60 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
10/01/1988 30.0 4.5 Alluvium 15-25 3110.6 3100.60 monthly semiannual WRMP, table 2, list 1
11/01/1991 17.5 4.0 Alluvium 7.5-17.5 3111.8 3101.80 monthly semiannual WRMP, table 2, list 1
11/01/1991 55.0 4.0 Bedrock - Ft. Union 35-55 3084.9 3064.90 monthly semiannual WRMP, table 2, list 1
04/01/1998 120 4.5 Sub-McKay 83 - 120 3183.0 3146.00 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
04/01/1998 133 4.5 Sub-McKay 88.5 - 133 3178.4 3133.90 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
04/01/1998 120 4.5 Sub-McKay 80 - 120 3179.2 3139.20 semiannual - May & October semiannual WRMP, table 2, list 1
04/01/1998 146 4.5 Sub-McKay 96 - 146 semiannual - May & October semiannual WRMP, table 2, list 1
10/01/1998 42 4.5 Shallow sandstone 22 - 42 3176.4 3156.40 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
11/01/1998 120 4.5 Shallow sandstone 80 - 120 3205.7 3165.70 semiannual - May & October annual WRMP, table 2, list 1
11/01/1998 125 4.5 Sub-McKay 85 - 125 3207.1 3167.10 semiannual - May & October annual WRMP, table 2, list 1
11/01/1998 85 4.5 Sub-McKay 45 - 85 3199.4 3159.40 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
11/01/1998 16 2.0 Shallow alluvial 6 - 16 3153.8 3143.80 monthly annual WRMP, table 2, list 1
02/01/1999 120 4.5 Sub-McKay 85 - 120 3194.5 3159.50 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
02/01/1999 76 4.5 Sub-McKay 36 - 76 3186.7 3146.70 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
02/01/1999 50 2.0 Sub-McKay 25 - 50 3175.9 3150.90 monthly annual WRMP, table 2, list 1
02/01/1999 125 4.5 Sub-McKay 85 - 125 3179.1 3139.10 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
02/01/1999 75 2.0 Sub-McKay 40 - 75 3193.5 3158.50 monthly not sampled
09/01/1999 67 4.5 Sub-McKay 35 - 65 3159.1 3129.10 semiannual - May & October semiannual WRMP, table 2, list 1
09/01/1999 52 4.5 Sub-McKay 30 - 50 3152.4 3132.40 monthly semiannual WRMP, table 2, list 1
09/01/1999 19 4.5 Shallow 7 - 17 3111.0 3101.00 semiannual - May & October semiannual  WRMP, table 2, list 1
09/01/1999 19 4.5 Shallow 7 - 17 3107.2 3097.20 semiannual - May & October semiannual  WRMP, table 2, list 1
09/01/1999 84 4.5 Sub-McKay 52 - 82 3104.4 3074.40 annual semiannual  WRMP, table 2, list 1
09/01/1999 120 4.5 Sub-McKay 80 - 120 3130.3 3090.30 annual semiannual  WRMP, table 2, list 1
02/01/2000 60 4.5 Shallow 29.5 - 59.5 3168.8 3138.80 monthly semiannual  WRMP, table 2, list 1
02/01/2000 59 4.5 Shallow 38.5 - 58.5 3150.6 3130.60 monthly semiannual  WRMP, table 2, list 1
02/01/2000 67 4.5 Shallow 36.5 - 66.5 3161.8 3131.80 monthly semiannual  WRMP, table 2, list 1
02/01/2000 20 4.5 Clinker/SS 7 - 17 3193.2 3183.20 monthly semiannual  WRMP, table 2, list 1
02/01/2000 19 4.5 Clinker/SS 8 - 16 3190.8 3182.80 monthly semiannual  WRMP, table 2, list 1
02/01/2000 68 4.5 Shallow 32.5 - 67.5 3159.0 3124.00 monthly semiannual  WRMP, table 2, list 1
02/01/2000 35 4.5 Shallow 15 - 35 3139.5 3119.50 monthly semiannual  WRMP, table 2, list 1


06-01 119 base of core 118.5 - 119 3144.5 3144.00 monitored by Womack & Associates none
06-01 111 base of core 110.5 - 111 3152.2 3151.71 monitored by Womack & Associates none
05-01 37 2.0 Base of clinker 27 - 37 3242.6 3232.60 monthly semiannual  WRMP, table 2, list 1


05/01/2001 33 2.0 Rosebud clinker 23 - 33 3241.4 3231.40 monthly annual WRMP, table 2, list 1
06/01/2001 53 2.0 Rosebud burn 40 - 50 3240.5 3230.50 monthly semiannual  WRMP, table 2, list 1
06/01/2001 57 2.0 Rosebud burn 47 - 54 3240.3 3233.30 monthly semiannual  WRMP, table 2, list 1
06/01/2001 27 2.0 McKay coal / burn/ 22 - 27 3228.6 3223.60 monthly semiannual  WRMP, table 2, list 1
06/01/2001 39 2 Rosebud burn 34 - 39 3233.8 3228.80 monthly semiannual  WRMP, table 2, list 1
06/01/2001 130 4.5 Sandstone 90 - 130 3178.3 3138.30 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
06/01/2001 109 4.5 Sandstone 69 - 109 3195.8 3155.80 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
06/01/2001 32.5 4.5 Sandstone 12.5 - 32.5 3146.3 3126.30 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
06/01/2001 60.0 4.5 Sandstone 30 - 60 3139.5 3109.50 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1


04-02 50.0 4.5 Sub-Mckay 30 - 50 3147.7 3127.70 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
04-02 55.0 4.5 Sub-Mckay 35 - 55 3139.5 3119.50 semiannual - May & October semiannual  WRMP, table 2, list 1
05-02 94.0 2.0 McKay 86 - 94 3225.1 3217.10 semiannual - May & October semiannual  WRMP, table 2, list 1
05-02 79.0 2.0 McKay 71 - 79 3230.8 3222.80 semiannual - May & October annual WRMP, table 2, list 1
05-02 91.0 2.0 McKay 83 - 91 3225.1 3217.10 semiannual - May & October annual WRMP, table 2, list 1
05-02 92.0 2.0 McKay 84 - 92 3229.3 3221.30 semiannual - May & October annual WRMP, table 2, list 1


no well log Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
06-02 90.5 2.0 McKay 82.5 - 90.5 3233.1 3225.10 semiannual - May & October semiannual  WRMP, table 2, list 1
09-03 52.0 4.5 Rosebud burn 42 - 52 3237.9 3227.90 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
09-03 60.0 4.5 Mckay 52 - 60 3219.4 3211.40 semiannual - May & October semiannual  WRMP, table 2, list 1
08-04 47.0 2.0 Rosebud/McKay 37 - 47 3234.2 3224.20 monthly annual WRMP, table 2, list 1
08-04 138.0 2.0 Sub-McKay 98 - 138 3191.8 3151.80 monthly annual WRMP, table 2, list 1
08-04 16.6 2.0 Shallow alluvial 4 - 14 3213.5 3203.50 monthly semiannual  WRMP, table 2, list 1
08-04 45.0 4.5 Sub- McKay 25 - 45 3192.4 3172.40 monthly annual WRMP, table 2, list 1
08-04 52.0 4.5 Sub- McKay 32 - 52 3144.1 3124.10 monthly semiannual  WRMP, table 2, list 1
08-04 120.0 4.5 Sub- McKay 80 - 120 3057.5 3017.50 semiannual - May & October annual WRMP, table 2, list 1
08-04 130.0 4.5 Sub- McKay 90- 130 3159.2 3119.20 semiannual - May & October annual WRMP, table 2, list 1
10-04 12.0 2.0 Alluvial 7 - 12 3134.1 3129.10 monthly semiannual  WRMP, table 2, list 1
10-04 12.0 2.0 Alluvial 6 - 12 3135.4 3129.40 monthly semiannual  WRMP, table 2, list 1
10-04 17.0 4.5 Alluvial 7 - 17 3137.9 3127.90 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
10-04 17.0 4.5 Alluvial 7 - 17 3137.6 3127.60 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
10-04 26.0 4.5 Alluvial 16 - 26 3128.8 3118.80 monthly semiannual  WRMP, table 2, list 1
10-04 20.0 2.0 Alluvial 10 - 20 3139.5 3129.50 monthly semiannual  WRMP, table 2, list 1
10-04 20.0 2.0 Alluvial 10 - 20 3143.5 3133.50 monthly semiannual  WRMP, table 2, list 1
10-04 11.0 2.0 Alluvial 4 - 9 3144.4 3139.40 monthly semiannual  WRMP, table 2, list 1
10-04 11.0 2.0 Alluvial 6 - 11 3183.4 3178.40 monthly semiannual  WRMP, table 2, list 1
11-04 60.0 2.0 Rosebud 40 - 60 3257.9 3237.90 monthly semiannual  WRMP, table 2, list 1
11-04 99.0 4.5 McKay 90 - 99 3208.2 3199.20 monthly semiannual  WRMP, table 2, list 1
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Site Code
676R
677M
678D
679A
680A
681A
682A
683A
684A
685A
686A
687A
688A
689A
690A
691A
692A
693M
694R
695R
696R
697R
698R
699R


C/B-1P
CC2
CC3
CC4
CC5
CC6
CC7


CCCG
C/CW-1P
C/CW-2P
C/CW-3P
C/CW-4P
C/CW-5P
C/CW-6P


C/CW-9P
C/CW-10P


C/G-1P
C/G-2P
C/G-3P
C/G-4P
C/G-5P


C/G-CSP-1P
C/G-CSP-2
C/G-CSP-3


DE-DP3
DP-3 IT


DP3-636R
DP3-637A
DP3-638A
DP3-639D
DP3-MTP
DP3-TP1
DP3-TP2
DP-5 IT
DP5-P1
DP5-P2
DP5-P4
EAP-502
EAP-514
EAP-515
EAP-527


IT-1
IT-2
IT-3
IT-4


MD-09-1INC
MD-09-1P


MD-09-1SP
MD-09-2INC
MD-09-2P


MD-09-2SP


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters
11-04 56.0 4.5 Rosebud 38 - 56 3261.3 3243.30 monthly semiannual  WRMP, table 2, list 1
11-04 56.0 4.5 McKay 46 - 56 3183.5 3173.50 quarterly - Jan,Apr,Jul, Oct semiannual  WRMP, table 2, list 1
11-04 40.0 2.0 Shallow 30 - 40 3114.5 3104.50 monthly semiannual  WRMP, table 2, list 1
11-04 8.0 2.0 Alluvial 4 - 8 3165.6 3161.60 monthly semiannual  WRMP, table 2, list 1
11-04 20.0 4.5 Alluvial 7 - 17 3139.0 3129.00 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11-04 26.0 4.5 Alluvial 14 - 23 3135.4 3126.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11-04 20.0 4.5 Alluvial 10 - 17 3151.1 3144.10 monthly semiannual  WRMP, table 2, list 1
11-04 28.0 4.5 Alluvial 10 - 25 3152.0 3137.00 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11-04 29.0 4.5 Alluvial 16 - 25.5 3152.9 3143.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11-04 33.0 4.5 Alluvial 18 - 33 3151.1 3136.10 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11-04 29.0 4.5 Alluvial 11 - 26 3156.2 3141.20 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
11-04 23.0 4.5 Alluvial 10 - 20 3155.4 3145.40 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 22.0 4.5 Alluvial 10 - 20 3134.0 3124.00 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 22.0 4.5 Alluvial 9 - 19 3134.0 3124.00 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 23.0 4.5 Alluvial 10.5 - 20.5 3134.2 3124.20 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 30.0 4.5 Alluvial 18 - 28 3131.3 3121.30 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 26.0 4.5 Alluvial 9 - 19 3143.0 3133.00 monthly semiannual  WRMP, table 2, list 1
12-04 59.0 4.5 McKay 52 - 59 3225.0 3218.00 monthly semiannual  WRMP, table 2, list 1
12-04 47.0 4.5 Rosebud 35 - 45 3241.1 3231.05 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 89.0 4.5 Rosebud 75 - 87 3243.0 3231.05 Hydrometrics during routine system monitoring semiannual  WRMP, table 2, list 1
12-04 57.0 4.5 Clinker 47 - 57 3247.0 3237.00 monthly semiannual  WRMP, table 2, list 1
12-04 77.0 4.5 Clinker 67 - 77 3248.3 3238.30 monthly semiannual  WRMP, table 2, list 1


01/05/2005 70.0 4.5 Rosebud 60 - 68 3240.6 3232.60 monthly semiannual  WRMP, table 2, list 1
01/05/2005 80.0 4.5 Rosebud burn 70 - 80 3249.5 3239.50 monthly semiannual  WRMP, table 2, list 1
12/15/2008 40.5 Womack & Assoc monitors semiannually not sampled


N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1


check monthly not sampled
12/14/2007 40.5 Mike monitors quarterly not sampled
11/24/2008 25.5 Mike monitors quarterly not sampled
11/24/2008 39.0 Mike monitors quarterly not sampled
11/25/2008 55.5 Mike monitors quarterly not sampled
11/25/2008 50.5 Mike monitors quarterly not sampled
11/26/2008 35.5 Mike monitors quarterly not sampled


monitored by Womack & Associates
monitored by Womack & Associates


03/29/2001 69.5 fly ash 67-69.5 3202.9 3200.40 monitored by Womack & Associates not sampled
03/29/2001 46.3 fill below divider dike 44-46.3 3227.4 3225.10 monitored by Womack & Associates not sampled
12/13/2007 19 Mike monitors quarterly not sampled
12/13/2007 19 Mike monitors quarterly not sampled
12/13/2007 24 Mike monitors quarterly not sampled
12/14/2008 40.5 Mike monitors quarterly not sampled


Mike monitors quarterly not sampled
Mike monitors quarterly not sampled


not routinely sampled
Talen monitors minimum of monthly semiannual WRMP, table 2, list 1


02/07/2000 19 4.5 Shallow sandstone 9 - 19 3231.0 3221.00 semiannual - May & October annual WRMP, table 2, list 1
02/05/2000 14 4.5 shallow alluvial 6 - 14 3206.1 3198.10 semiannual - May & October semiannual WRMP, table 2, list 1
02/05/2000 15.58 4.5 shallow alluvial 6 - 13 3174.1 3167.10 semiannual - May & October quarterly - Jan,Apr,Jul, Oct WRMP, table 2, list 1
02/08/2000 74 4.5 Shallow sandstone 36 - 74 3164.8 3126.80 semiannual - May & October annual WRMP, table 2, list 1


?-00 10 1.0 5 - 10 3200.0 3195.00 quarterly - Jan,Apr,Jul, Oct not sampled
?-00 10 1.0 5 - 10 3200.0 3195.00 quarterly - Jan,Apr,Jul, Oct not sampled
?-00 10 1.0 5 - 10 3198.9 3193.90 quarterly - Jan,Apr,Jul, Oct not sampled


Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
09/01/2000 13.5 1.0 shallow alluvial 3.5 - 13.5 3156.0 3146.00 quarterly - Jan,Apr,Jul, Oct not sampled
09/01/2000 15 1.0 shallow alluvial 5 - 15 3154.4 3144.40 quarterly - Jan,Apr,Jul, Oct not sampled
09/01/2000 20 1.0 shallow alluvial 10 - 20 3161.4 3151.40 quarterly - Jan,Apr,Jul, Oct not sampled
12/01/1981 177.0 2.0 Sub McKay SS 162-172 3119.9 3109.90 monthly every 2 years (2016) WRMP, table 2, list 1
11/01/1981 175.4 2.0 Sub McKay SS 165-170 3118.7 3113.70 monthly semiannual  WRMP, table 2, list 1
11/01/1981 171.5 2.0 Sub McKay SS 157-167 3147.2 3137.20 monthly semiannual  WRMP, table 2, list 1
12/01/1981 199.0 2.0 Overburden; Sub-McKay 85-90; 189-194 3223.3 3114.30 monthly every 2 years (2016) WRMP, table 2, list 1
10/01/1998 25 1.5 Shallow alluvial 20 - 25 3108.5 3103.50 semiannual - May & October not sampled
10/01/1998 22 2.0 Shallow alluvial 17 - 22 3113.2 3108.20 semiannual - May & October not sampled
10/01/1998 23 2.0 Shallow alluvial 18 - 23 3112.7 3107.70 semiannual - May & October not sampled
10/01/1998 23 ? 2.0 Shallow alluvial 19 - 24 3112.9 3107.90 semiannual - May & October not sampled
10/25/2009 132 Womack & Associates monitors annually not sampled
10/22/2009 132 Womack & Assoc monitors semiannually not sampled
11/04/2009 45 Womack & Assoc monitors semiannually not sampled
11/02/2009 127.5 Womack & Associates monitors annually not sampled
11/05/2009 48.5 Womack & Assoc monitors semiannually not sampled
11/06/2009 57.5 Womack & Assoc monitors semiannually not sampled
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Site Code
MD-09-3P
MD-09-4P
MD-09-5P
MD-09-6P


MD-09-637B
MD-10-P7
MD-10-P8
MD-10-P9
MD-10-P10


MDS-1
MDS-2
NP cut


P-DP5-10-1
PSW-1
PSW-2
PSW-3


PSW-4A
PSW-4 overflow pond


PSW-5
PSW-6
PSW-7
PSW-8
PSW-9


SD-00-IC02
SD-00-IC04
SD-00-IC05
SD-00-IC06
SD-00-IC08
SD-00-IC09
SD-00-IC10
SD-00-P1


SD-00-P10
SD-00-P11
SD-00-P12
SD-00-P13
SD-00-P14
SD-00-P15
SD-00-P16
SD-00-P17
SD-00-P18
SD-00-P19
SD-00-P2


SD-00-P20
SD-00-P21
SD-00-P4
SD-00-P5
SD-00-P6
SD-00-P7
SD-00-P8
SD-00-P9


SD-09-IC11
SD-09-IC12
SD-09-22P


SD-09-23SP
SD-09-24P
SD-09-25P
SD-09-26P


SD-09-27SP
SD-09-28SP
SD-09-29P


SD-09-30SP
SD-09-31P


SD-09-32SP
SD-09-33P
SD-09-34P
SD-09-35P
SD-09-36P
SD-09-37P
SD-09-38P
SD-09-39P
SD-09-40P


SFCC1
SFCC2
SFCC3


SFCCCG


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


10/24/2009 130.8 Womack & Assoc monitors semiannually not sampled
11/06/2009 50.7 Womack & Assoc monitors semiannually not sampled
11/10/2009 7.3 Womack & Assoc monitors semiannually not sampled
11/08/2009 14.9 Womack & Assoc monitors semiannually not sampled
10/21/2009 107.0 Womack & Assoc monitors semiannually not sampled
07/27/2010 21.5 monitored by Womack & Assoc not sampled
07/27/2010 16.6 monitored by Womack & Assoc not sampled
07/27/2010 32.5 monitored by Womack & Assoc not sampled
07/28/2010 26.5 monitored by Womack & Assoc not sampled
10/01/1998 19.0 1.5 Shallow alluvial 15 - 20 3123.9 3118.90 semiannual - May & October not sampled
10/01/1998 22.0 1.5 Shallow alluvial 17 - 22 3122.3 3117.30 semiannual - May & October not sampled


N/A semiannual WRMP, table 2, list 1


12/16/2010 6 4.0 monitored by Hydrometrics
re-drilled 7/22/04 300 4.5 Sub-McKay 250 - 300 3010.2 2960.20 semiannual or more often @ Talen's discretion annual WRMP, table 2, list 1


no well log semiannual or more often @ Talen's discretion semiannual WRMP, table 2, list 1
07/22/2004 170 4.5 Sub-McKay 120 - 170 3180.4 3130.40 semiannual or more often @ Talen's discretion annual WRMP, table 2, list 1
09/26/2007 30 4.5 14 - 23 3179.7 3170.70 Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1


N/A semiannual WRMP, table 2, list 1
380 no well log semiannual or more often @ Talen's discretion every 2 years (2016) WRMP, table 2, list 1


05/26/2005 178 5.0 sandstone 118 - 178 3092.9 3032.90 semiannual - May & October annual WRMP, table 2, list 1
07/27/2005 180 4.5 bedrock 150 - 180 3087.1 3057.08 semiannual or more often @ Talen's discretion annual WRMP, table 2, list 1


77.61 PVC 4.0 no well log not routinely monitored not routinely monitored
07/23/2009 160 4.5 Sandstone > 100 ft-bgs 100 - 160 2999.2 2939.20 semiannual or more often @ Talen's discretion annual
03/21/2000 64 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
03/19/2000 78 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
02/24/2000 82 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
02/22/2000 73 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
03/16/2000 76 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
03/06/2000 84 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
03/09/2000 82 2.75 Sub-Mckay SINCO casing Womack & Associates monitors annually not sampled
02/16/2000 46.5 2.0 Clinker 36.5 - 46.5 3226.6 3216.60 semiannual - May & October not sampled
03/17/2000 50 2.0 Clinker 40 - 50 3223.2 3213.20 semiannual - May & October not sampled
05/02/2000 49.4 2.0 Clinker 38 - 48 3225.6 3215.60 semiannual - May & October not sampled
05/03/2000 49.5 2.0 Clinker 39.5 - 49.5 3223.9 3213.90 semiannual - May & October not sampled
05/03/2000 53 2.0 Clinker 43 - 53 3220.1 3210.10 semiannual - May & October not sampled
05/03/2000 51.5 2.0 Clinker 40 - 50 3223.1 3213.10 semiannual - May & October not sampled
05/04/2000 48.6 2.0 Clinker 38 - 48 3225.6 3215.60 semiannual - May & October not sampled
05/04/2000 47.5 2.0 Clinker 36 - 46 3227.6 3217.60 semiannual - May & October not sampled
05/05/2000 47.5 2.0 Clinker 35 - 45 3228.1 3218.10 semiannual - May & October not sampled
05/08/2000 44.4 2.0 Clinker 33 - 43 3230.0 3220.00 semiannual - May & October not sampled
05/08/2000 43.5 2.0 Clinker 32 - 42 3231.2 3221.20 semiannual - May & October not sampled
02/17/2000 49 2.0 Clinker 39 - 49 3224.1 3214.10 semiannual - May & October not sampled
05/08/2000 51 2.0 Clinker 37 - 47 3226.1 3216.10 semiannual - May & October not sampled
05/09/2000 47 2.0 Clinker 42 - 52 3221.2 3211.20 semiannual - May & October not sampled
02/19/2000 49 2.0 Clinker 39 - 49 3224.3 3214.30 semiannual - May & October not sampled
02/19/2000 49.5 2.0 Clinker 39.5 - 49.5 3223.8 3213.80 semiannual - May & October not sampled
03/01/2000 49 2.0 Clinker 39 - 49 3224.1 3214.10 semiannual - May & October not sampled
03/03/2000 54 2.0 Clinker 44 - 54 3219.2 3209.20 semiannual - May & October not sampled
03/04/2000 48 2.0 Clinker 38 - 48 3225.4 3215.40 semiannual - May & October not sampled
03/16/2000 50 2.0 Clinker 40 - 50 3223.0 3213.00 semiannual - May & October not sampled
11/06/2009 50.2 Womack & Assoc monitors annually not sampled
11/05/2009 52.5 Womack & Assoc monitors annually not sampled
11/02/2009 35.3 Womack & Assoc monitors semiannually not sampled
11/03/2009 43.5 Womack & Assoc monitors semiannually not sampled
11/03/2009 40.3 Womack & Assoc monitors semiannually not sampled
11/04/2009 31.5 Womack & Assoc monitors semiannually not sampled
11/05/2009 20.3 Womack & Assoc monitors semiannually not sampled
11/04/2009 35.1 Womack & Assoc monitors semiannually not sampled
11/02/2009 35 Womack & Assoc monitors semiannually not sampled
11/08/2009 16.5 Womack & Assoc monitors semiannually not sampled
11/03/2009 40.2 Womack & Assoc monitors semiannually not sampled
11/08/2009 21.5 Womack & Assoc monitors semiannually not sampled
11/04/2009 35.1 Womack & Assoc monitors semiannually not sampled
11/07/2009 15.2 Womack & Assoc monitors semiannually not sampled
11/07/2009 10.6 Womack & Assoc monitors semiannually not sampled
11/17/2009 5.2 Womack & Assoc monitors semiannually not sampled
07/29/2010 26 monitored by Womack & Associates not sampled
07/29/2010 21.5 monitored by Womack & Associates not sampled
07/29/2010 26.5 monitored by Womack & Associates not sampled
07/28/2010 16.5 monitored by Womack & Associates not sampled
07/28/2010 10.2 monitored by Womack & Associates not sampled


N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1
N/A annual WRMP, table 2, list 1


check monthly not sampled
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Site Code
SFCC Diversion


SP-14
SP-15 North trench


SP-15 Northwest trench
SP-15 South trench


TP624-2
TR-P1
TR-P2


WA-133
WA-135
WA-136
WA-137
WA-142


WAI-TP-1
WAI-TP-2
WAI-TP-3
WAI-TP-4
WAI-TP-5
WAI-TP-6
WAI-TP-7
WAI-TP-8
WAI-TP-9


WI-108
WI-109
WM-124
WM-126
WM-127
WR-128
WR-129


West Seep Diversion
1088P
550D
553A
567D
571M
586M
589M
598D
602D
605A


606A-1
610-P
612-P


650M-R-PLUG
652M-R-PLUG


BH-1108D
BH-2008


BH Cell F 05-01
BH Cell F 05-02
BH Cell F 05-03


BH Plug 1
BH Plug 10
BH Plug 11
BH Plug 12
BH Plug 13
BH Plug 14
BH Plug 15
BH Plug 16
BH Plug 2
BH Plug 3
BH Plug 4
BH Plug 5
BH Plug 6
BH Plug 7
BH Plug 8
BH Plug 9


BH-NEHP-1


Total
Date Depth Interval top of bottom of


Installed Cased Casing ID Target Screened screen screen SWL Sampling Sample
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


N/A quarterly for 2008 - Hydrometrics WRMP, table 2, list 1
semiannual WRMP, table 2, list 1


Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1
Hydrometrics during routine system monitoring semiannual WRMP, table 2, list 1


09/09/2009 Monitored by Hydrometrics annual
12/15/2004 21.59 bmp 2.0 Alluvium 13.5 - 23.5 3128.7 3118.70 quarterly - Jan,Apr,Jul, Oct semiannual WRMP, table 2, list 1
12/16/2004 21.83 bmp 2.0 Alluvium 14 - 24 3135.0 3125.00 quarterly - Jan,Apr,Jul, Oct semiannual WRMP, table 2, list 1
04/01/1981 14.5 4.5 Cow Cr. alluvium 7-12 3115.4 3110.40 monthly semiannual WRMP, table 2, list 1
04/01/1981 15.0 4.5 Alluvium 8-12.5 3151.6 3147.10 monthly semiannual WRMP, table 2, list 1
04/01/1981 24.0 4.5 Alluvium 12-21 3153.7 3144.70 semiannual - May & October semiannual WRMP, table 2, list 1
04/01/1981 24.0 4.5 Alluvium 12-21 3196.3 3187.30 semiannual - May & October semiannual WRMP, table 2, list 1
11/01/1981 18.0 4.0 Alluvium 8-16 3173.7 3165.70 monthly semiannual WRMP, table 2, list 1
06/08/2010 12.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 14.75 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 17.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 17.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 16.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 16.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 12.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 15.0 monitored my Talen (Mike Holzwarth) not sampled
06/08/2010 13.0 monitored my Talen (Mike Holzwarth) not sampled
04/01/1981 51.0 4.5 Interburden 42-47 3228.6 3223.60 monthly semiannual WRMP, table 2, list 1
04/01/1981 68.0 4.5 Interburden 63-66 3225.8 3222.80 monthly semiannual WRMP, table 2, list 1
04/01/1981 66.0 4.5 McKay Coal 58-64 3212.7 3206.70 monthly semiannual WRMP, table 2, list 1
04/01/1981 81.0 4.5 McKay Coal 68.5-77.5 3220.6 3211.60 monthly semiannual WRMP, table 2, list 1
04/01/1981 96.0 4.5 McKay Coal 85-94 3226.2 3217.20 semiannual - May & October semiannual WRMP, table 2, list 1
04/01/1981 65.0 4.5 Rosebud Coal 38-62 3250.5 3226.50 monthly semiannual WRMP, table 2, list 1
04/01/1981 78.0 4.5 Rosebud 70-77 3241.2 3234.20 semiannual - May & October semiannual WRMP, table 2, list 1


semiannual WRMP, table 2, list 1
06/18/2009 11.5 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)


N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)


06/01/1982 96.0 McKay Coal 87-96 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
11/01/1983 101.0 McKay Coal 92-101 3214.6 3205.60 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
10/01/1985 99.0 McKay Coal 89-99 3208.6 3198.60 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
10/21/1987 60 Siltstone above coal @56' 30 - 50 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
10/21/1988 100.0 SS SLT below slurry wall 40 - 100 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
10/21/1988 40 Shallow bedrock 20 - 30 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
10/21/1988 30.0 Shallow bedrock N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)


N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
04/09/1998 N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)


N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)
N/A (abandoned and / or plugged) N/A (abandoned and / or plugged)


sandstone 40 - 45
not sampled


05/02/2005 60.5 5.75
05/03/2005 50 5.75
05/02/2005 45 5.75
10/29/2004 20 6.5 plugged
11/23/2004 16 6.5 plugged
12/15/2004 20.5 6.25 plugged
12/15/2004 9.5 6.25 plugged
12/15/2004 20.5 6.25 plugged
12/16/2004 20.5 6.25 plugged
12/16/2004 25.5 6.25 plugged
12/16/2004 30.5 6.25 plugged
10/29/2004 18 6.5 plugged
10/29/2004 11 7.9 plugged
10/29/2004 25 6.5 plugged
11/22/2004 6 6.5 plugged
11/22/2004 3.5 6.5 plugged
11/22/2004 11 6.5 plugged
11/22/2004 13 6.5 plugged
11/22/2004 18.5 6.5 plugged
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CSES EF Armells Creek
Site Inventory File


current through 2015 Site Measuring Measuring Date
Site Name status Point Ground Point Date of Installed


Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elevation Description last Survey (Mo-Yr)
AR-1 AR-1, EF Armells Creek Synoptic run site (AKA North Flume) surface site active East Fork Armells Creek 615312.10 2698846.07 3184.46            bottom throat
AR-2 AR-2, EF Armells Creek Synoptic run site (AKA South Flume) surface site active East Fork Armells Creek 611434.49 2700609.48 3210.93            bottom throat
AR-3 AR-3, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-4 AR-4, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-5 AR-5, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-6 AR-6, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-7 AR-7, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-8 AR-8, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-9 AR-9, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-10 AR-10, EF Armells Creek Synoptic run site (AKA PBR Flume) surface site active East Fork Armells Creek 621497.5721 2695668.971 3140.8 bottom throat
AR-11 AR-11, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek
AR-12 AR-12, EF Armells Creek Synoptic run site surface site active East Fork Armells Creek 606096.59 2699652.46 3238.90 invert CMP added in 2005


AR-2P-E AR-2P-E, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 611415.11 2700668.22 3213.73 3212.9 TOP PCV CASING 04/08/05 03-94
AR-2P-W AR-2P-W, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 611374.28 2700652.74 3217.56 3215.7 TOP PCV CASING 04/08/05 03-94
AR-3P-E AR-3P-E, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 03-94
AR-3P-W AR-3P-W, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 03-94
AR-4P-E AR-4P-E, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 03-94
AR-4P-W AR-4P-W, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 03-94
AR-5P-E AR-5P-E, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 03-94
AR-5P-W AR-5P-W, EF Armells Creek Synoptic run site monitoring well active East Fork Armells Creek 03-94
PBR flume Pine Butte Road Flume (also known as AR-10) stream gauging station active East Fork Armells Creek 621497.91 2695668.91 3140.82            flume bottom 02/16/05


North Flume North Flume (also known as AR-1) stream gauging station active East Fork Armells Creek 615312.10 2698846.07 3184.46            bottom throat 02/14/05
South Flume South Flume (also known as AR-2) stream gauging station active East Fork Armells Creek 611434.49 2700609.48 3210.93            bottom throat 02/14/05
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current through 2015


Site Code
AR-1
AR-2
AR-3
AR-4
AR-5
AR-6
AR-7
AR-8
AR-9
AR-10
AR-11
AR-12


AR-2P-E
AR-2P-W
AR-3P-E
AR-3P-W
AR-4P-E
AR-4P-W
AR-5P-E
AR-5P-W
PBR flume


North Flume
South Flume


Total Interval
Depth Perforated top of bottom of Review
Cased Casing ID Target or Screened screen screen SWL Sampling Sample Monitoring


(Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters Schedule
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics
synoptic run annually by Hydrometrics


Further data can be found in the EED library, WQ-1.037 synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics
Below the water table Further data can be found in the EED library, WQ-1.016, Appendix G. synoptic run annually by Hydrometrics


Monitored weekly during non-freezing periods semiannual WRMP, table 2, list 1
Monitored weekly during non-freezing periods semiannual WRMP, table 2, list 1
Monitored weekly during non-freezing periods semiannual WRMP, table 2, list 1


Monitoring schedule
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CSES Townsite
Well Inventory File


Updated 2015 Site Measuring Measuring
Site Name status Site Point Point Date of


Site Code Description Site Type (Talen) Location Legal Location Northing Easting Elev. Grd. Elev. Description last Survey
701 701 monitoring well active Town Site 02N41E33AACA 610331.01 2698420.47 3258.17 3256.1 top steel casing 03/07/05
702 702 monitoring well active Town Site 02N41E33AABD 610668.08 2698507.47 3251.2 3249.3 top inside PVC 03/07/05
703 703 monitoring well active Town Site 02N41E33AAAB 610990.95 2698581.58 3253.29 3251.2 top steel casing 03/07/05
704 704-C (third drilling) recovery well active Town Site 02N41E33AAAD 610759.69 2698734.49 3244.51 3244.5 rim MH 04/08/05


704-P 704-P monitoring well active Town Site 02N41E33AAAD 610748.41 2698757.26 3244.41 3244.4 top PVC casing 03/03/05
706 706 monitoring well active Town Site 02N41E33ABDD 610093.77 2697618.35 3270.44 3269 top steel casing 03/04/05
709 709 monitoring well active Town Site 02N41E33ABCA 610509.64 2697035.00 3292.66 3291.3 top steel casing 03/04/05
710 710 monitoring well active Town Site 02N41E33AACB 610382.23 2697995.69 3259.47 3258.2 top steel casing 03/04/05
711 711 monitoring well active Town Site 09N41E33AACD 610236.85 2698390.95 3259.67 3258.2 top steel casing 03/07/05
712 712 monitoring well active Town Site 09N41EEEAACA 616712.16 2696513.39 3253.95 3252.3 ground shot 03/07/05
713 713 monitoring well active Town Site 09N41E33AACA 610586.69 2698482.44 3251.52 3249.8 top inside PVC 03/07/05
714 714 monitoring well active Town Site 09N41E33AABD 610720.92 2698516.25 3251.30 3250 top steel casing 03/07/05
716 716 monitoring well active Town Site 09N41E33AAAB 611098.79 2698608.82 3252.57 3252.1 top inside PVC 02/11/09


717-P 717-P monitoring well active Town Site 02N41E33ADBA 609826.26 2698366.35 3266.52 3264.9 top steel casing 03/07/05
718-P 718-P monitoring well active Town Site 02N41E33AAAC 610869.35 2698774.76 3242.84 3242.3 top steel casing 04/08/05
719-P 719-P monitoring well active Town Site 02N41E33AADB 610546.24 2698561.87 3250.89 3251.2 top inside PVC 04/16/10
720-P 720-P monitoring well active Town Site 02N41E33AADC 610345.81 2698757.04 3251.54 3250.2 top steel casing 03/03/05
721-P 721-P monitoring well active Town Site 02N41E33AADB 610601.864 2698833.95 3245.41 3245.9 TOP INSIDE PVC 04/16/10
722-P 722-P monitoring well active Town Site 02N41E33AAAC 610932.37 2698810.69 3243.44 3242.7 top steel casing 03/03/05
723-P 723-P monitoring well active Town Site 02N41E33AADB 610681.39 2698614.74 3247.77 3246.3 top steel casing 03/07/05
725 725 recovery well active Town Site 02N41E33AAA 610503.40 2698625.98 3250.63 3250.7 rim MH 04/08/05


726-P 726-P monitoring well active Town Site 02N41E33AAAD 610768.68 2699056.83 3243.36 3242.1 top steel casing 03/07/05
727-P 727-P monitoring well active Town Site 02N41E33AAAD 610858.57 2699208.09 3239.37 3237.7 top steel casing 03/03/05
728-P 728-P monitoring well active Town Site 02N41E33AADD 610140.51 2698940.03 3251.87 3250.2 top steel casing 04/08/05
729 729 recovery well active Town Site 611010.70 2698768.90 3244.64 3244.6 rim MH 04/08/05
730 730 monitoring well active Town Site 610981.62 2698838.49 3242 3242 top inside PVC 04/08/05
731 731 monitoring well active Town Site 611098.14 2698870.71 3246.15 3244.2 top steel casing 03/07/05


CA-11 CA-11 monitoring well active Town Site 610827.73 2698089.76 3261.71 3260 top steel casing 03/04/05
CA-11A CA-11A monitoring well active Town Site 610825.65 2698083.47 3262.01 3260.2 top steel casing 03/04/05
CA-12 CA-12 monitoring well active Town Site 611811.55 2698050.43 3282.01 3280.6 top steel casing 03/04/05


CA-12B CA-12B monitoring well active Town Site 611806.38 2698050.08 3282.02 3280.6 top steel casing 03/04/05
CA-18 CA-18 monitoring well active Town Site 606847.44 2701001.63 3251.81 3252.2 top inside PVC 04/07/05


CA-19A CA-19A monitoring well active Town Site 608542.95 2700985.51 3240.38 3238 top inside PVC 03/03/05
CA-2 CA-2 monitoring well active Town Site 609295.06 2695549.67 3331.38 3329.6 top PVC @MP 03/04/05


CA-2A CA-2A monitoring well active Town Site 609283.57 2695548.85 3331.85 3329.8 top PVC @MP 03/04/05
CM-1B-2 CM-1B-2, replaced CM-1B monitoring well active Town Site 02N41E33SENW 609144.17 2696561.61 3309.27 3309.9 top inside PVC 08/23/07


CM-2 CM-2 monitoring well active Town Site 02N41E33BDD 608954.85 2696527.26 3315.05 3313.3 top steel casing 03/04/05
CM-3 CM-3 monitoring well active Town Site 02N41E33BDD 608989.34 2696361.66 3316.34 3315.3 top inside PVC 03/04/05
CM-4 CM-4 monitoring well active Town Site 02N41E33BDD 608955.93 2696143.94 3321.33 3319.9 top steel casing 03/04/05
CM-5 CM-5 monitoring well active Town Site 02N41E33BDC 608926.83 2695474.44 3336.01 3333.6 top steel casing 04/07/05
CM-6 CM-6 monitoring well active Town Site 02N41E33BDC 609165.98 2695793.81 3329.66 3327.9 top steel casing 03/04/05
CM-7 CM-7 monitoring well active Town Site 02N41E33BDD 609262.02 2696067.24 3317.68 3316.7 top steel casing 03/04/05
CM-8 CM-8 monitoring well active Town Site 02N41E33BDD 608759.89 2696497.05 3314.41 3314.6 top inside PVC 03/04/05
CM-9 CM-9 monitoring well active Town Site 02N41E33DBB 608616.60 2696618.89 3308.6 3306.3 top PVC @MP 03/04/05


CM-10 CM-10 monitoring well active Town Site 02N41E33ACC 609085.40 2696796.03 3307.57 3306.1 top steel casing 03/04/05
CM-11 CM-11 monitoring well active Town Site 02N41E33ACA 609900.12 2697487.60 3282.12 3280.3 top steel casing 03/04/05
CM-12 CM-12 monitoring well active Town Site 02N41E33BAD 610261.13 2696441.45 3295.08 3292.8 top steel casing 03/04/05
CM-13 CM-13 monitoring well active Town Site 02N41E33BAD 610158.64 2696264.37 3302.76 3301.6 top steel casing 03/04/05
CM-14 CM-14 monitoring well active Town Site 02N41E33BAD 610629.18 2695929.35 3294.1 3291.6 top steel casing 03/04/05
OT-1 OT-1 monitoring well active Town Site 02N41E27 612349.81 2699196.43 3218.02 3217.1 top inside PVC 03/03/05
OT-2 OT-2 monitoring well active Town Site 02N41E27 611419.02 2699488.02 3230.52 3230.8 top inside PVC 03/03/05


OT-2D 0T-2D monitoring well active Town Site 02N41E27 611420.50 2699490.04 3230.52 3230.6 top inside PVC 03/03/05
OT-3 OT-3 monitoring well active Town Site 02N41E28 611445.32 2698668.84 3249.08 3247.2 top inside PVC 03/07/05
OT-5 OT-5 monitoring well active Town Site 02N41E34 611044.67 2699535.96 3235.49 3233.7 top inside PVC 03/03/05


OT-6M OT-6M monitoring well active Town Site 02N41E34 609281.63 2699526.04 3259.05 3256.4 top PVC casing 03/03/05
OT-7 OT-7 monitoring well active Town Site 02N41E34 609968.39 2700510.21 3232.72 3230.6 top inside PVC 03/03/05
OT-8 OT-8 monitoring well active Town Site 2N41E34 608546.84 2699417.64 3260.46 3260.8 top inside PVC 03/07/05


OT-9M OT-9M monitoring well active Town Site 02N41E34 608556.44 2700306.08 3249.3 3247.9 top inside PVC 03/03/05
OT-10 OT-10 monitoring well active Town Site 02N41E34 608996.89 2700614.46 3235.34 3235.6 top inside PVC 03/03/05
OT-11 OT-11 monitoring well active Town Site 02N41E34 607829.75 2700629.87 3236.25 3235.16 top inside PVC 03/03/05
OT-12 OT-12 monitoring well active Town Site 02N41E34 606725.97 2700645.50 3239.46 3239.7 top inside PVC 03/03/05
OT-13 OT-13 monitoring well active Town Site 02N41E34 607067.01 2700198.21 3242.1 3240.1 top inside PVC 03/03/05
OT-14 OT-14 monitoring well active Town Site 02N41E34 607254.89 2699622.13 3260.03 3260.3 top inside PVC 03/03/05


OT-14-2 OT-14-2 monitoring well active Town Site 02N41E34 607256.49 2699622.12 3260.18 3260.3 top inside PVC 03/03/05
OT-16 OT-16 monitoring well active Town Site 02N41E34 608027.23 2699944.68 3252.37 3252.5 top inside PVC 03/03/05


OT-16-2 OT-16-2 monitoring well active Town Site 02N41E34 608028.93 2699944.62 3252.36 3252.5 top inside PVC 03/03/05
OT-17M OT-17M monitoring well active Town Site 02N41E33ABA 610948.63 2697541.94 3268.82 3266.1 MP in green box 03/04/05
OT-17S OT-17S monitoring well active Town Site 02N41E33ABA 610931.84 2697541.29 3269.15 3266.2 MP in green box 03/04/05
OT-18I OT-18I monitoring well active Town Site 02N41E33ABA 610701.52 2697613.47 3267.96 3266.1 top steel casing 03/04/05


OT-18M OT-18M monitoring well active Town Site 02N41E33ABA 610715.27 2697618.36 3268.01 3265.8 top steel casing 03/04/05
OT-18S OT-18S monitoring well active Town Site 02N41E33ABA 610688.03 2697609.08 3268.09 3265.9 top steel casing 03/04/05
OT-19M OT-19M monitoring well active Town Site 02N41E33AAB 610749.81 2697879.92 3260.82 3258.8 top steel casing 03/04/05
OT-19S OT-19S monitoring well active Town Site 02N41E33AAB 610762.28 2697879.90 3260.92 3259.3 top steel casing 03/04/05
OT-20M OT-20M monitoring well active Town Site 02N41E33ABD 610293.35 2697384.69 3277.61 3276.1 top steel casing 03/04/05
OT-20S OT-20S monitoring well active Town Site 02N41E33ABD 610282.51 2697387.45 3278.61 3276.3 top steel casing 03/04/05
OT-21M OT-21M monitoring well active Town Site 02N41E33DAB 608676.98 2698443.65 3276.36 3274.6 top steel casing 03/04/05
OT-21S OT-21S monitoring well active Town Site 02N41E33DAB 608669.20 2698443.70 3276.51 3274.8 top steel casing 03/04/05
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Well Inventory File
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Site Name status Site Point Point Date of


Site Code Description Site Type (Talen) Location Legal Location Northing Easting Elev. Grd. Elev. Description last Survey
OT-22M OT-22M monitoring well active Town Site 02N41E33ADC 609110.81 2698224.99 3271.67 3269.4 top steel casing 03/04/05
OT-22S OT-22S monitoring well active Town Site 02N41E33ADC 609103.97 2698226.38 3271.64 3269.9 top steel casing 03/04/05
OT-23S OT-23S monitoring well active Town Site 02N41E33DAA 608702.29 2698670.16 3276.58 3274.8 top steel casing 03/03/05
OT-24S OT-24S monitoring well active Town Site 02N41E33BCC 608968.69 2699408.12 3259.6 3259.8 top inside PVC 03/03/05
OT-25M OT-25M monitoring well active Town Site 02N41E34CBC 607717.59 2699426.99 3263.40 3263.4 top inside PVC 04/06/09
OT-25R OT-25R monitoring well active Town Site 02N41E34CBC 607721.51 2699425.35 3263.56 3263.4 top inside PVC 04/06/09
OT-25S OT-25S monitoring well active Town Site 02N41E34CBC 607717.37 2699426.63 3263.55 3263.4 top inside PVC 04/06/09
OT-26S OT-26S monitoring well active Town Site 02N41E33DAB 608464.36 2697998.84 3288.09 3286.3 top steel casing 03/04/05
OT-27S OT-27S monitoring well active Town Site 02N41E33ACA 609417.40 2697471.16 3290.8 3289 top steel casing 03/04/05
OT-28S OT-28S monitoring well active Town Site 02N41E33ADC 609295.88 2698164.93 3278.46 3276.6 top steel casing 03/04/05
P-02(A) P-02(A) WeCo monitoring well active Town Site 604713.86 2699253.31 3264.78 3263.4 top PVC casing 04/07/05
P-05(A) P-05(A) WeCo monitoring well active Town Site 605280.26 2698784.59 3255.1 3253.9 top PVC casing 04/07/05
P-06(M) P-06(M) WeCo monitoring well active Town Site 605525.03 2698542.87 3263.8 3262.1 top PVC casing 04/07/05
S-1 (B-1) S-1 (B-1) monitoring well active Town Site 609751.48 2698747.17 3259.1 3259.1 top PVC casing 04/08/05
S-5 (B-5) S-5 (B-5) monitoring well active Town Site 608932.25 2698933.45 3269.38 3269.4 top PVC casing 04/07/05


SD-1 SD-1 monitoring well active Town Site 610961.26 2697709.06 3267.19 3265.5 top steel casing 03/04/05
SD-2 SD-2 monitoring well active Town Site 610316.60 2697728.37 3265.37 3263.6 top steel casing 03/04/05
SD-6 SD-6 monitoring well active Town Site 611484.02 2698445.06 3255.86 3254.2 top steel casing 03/04/05


T-5B-P(S) T-5B-P(S) MSU monitoring well active Town Site 604106.67 2700558.27 3288.25 3286.8 top PVC casing 04/07/05
WA-113 WA-113 WeCo monitoring well active Town Site 608811.37 2697671.21 3288.46 3288.5 top of rim 03/07/05


WE-1 WE-1 WeCo monitoring well active Town Site 611818.44 2697804.71 3323.31 3321.5 top steel casing 03/07/05
WE-17 WE-17 WeCo monitoring well active Town Site 610879.14 2698274.92 3260.64 3258.5 top steel casing 03/04/05
WE-2 WE-2 WeCo monitoring well active Town Site 611492.70 2698439.78 3256.03 3254.3 top steel casing 03/04/05
WE-3 WE-3 WeCo monitoring well active Town Site 611479.76 2698436.45 3256.03 3254.2 top steel casing 03/04/05


WS-100 WS-100 WeCo monitoring well active Town Site 606555.10 2698254.49 3271.56 3270.3 top PVC casing 04/07/05
WS-101 WS-101 WeCo monitoring well active Town Site 607647.84 2697937.60 3319.18 3318.1 top PVC casing 04/07/05
WS-103 WS-103(WeCo previously mis-labeled as WS-102) WeCo monitoring well active Town Site 606880.62 2696655.18 3354.32 3353.6 top PVC casing 04/07/05
WS-115 WS-115 WeCo monitoring well active Town Site 604827.25 2697337.25 3272.45 3271 top PVC casing 04/07/05
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Site Code
701
702
703
704


704-P
706
709
710
711
712
713
714
716


717-P
718-P
719-P
720-P
721-P
722-P
723-P
725


726-P
727-P
728-P
729
730
731


CA-11
CA-11A
CA-12


CA-12B
CA-18


CA-19A
CA-2


CA-2A
CM-1B-2


CM-2
CM-3
CM-4
CM-5
CM-6
CM-7
CM-8
CM-9


CM-10
CM-11
CM-12
CM-13
CM-14
OT-1
OT-2


OT-2D
OT-3
OT-5


OT-6M
OT-7
OT-8


OT-9M
OT-10
OT-11
OT-12
OT-13
OT-14


OT-14-2
OT-16


OT-16-2
OT-17M
OT-17S
OT-18I


OT-18M
OT-18S
OT-19M
OT-19S
OT-20M
OT-20S
OT-21M
OT-21S


Total Interval
Date Depth Perforated top of bottom of


Installed Cased Casing ID Target or Screened screen screen SWL
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency
07-85 20 4.5 Alluvium 10 - 20 3246.1 3236.1 monthly
07-85 21 4.5 Sand, gravel above bedrock 10 - 20 3239.3 3229.3 every three years (2017)
07-85 20 4.5 Sand, gravel zone 8 - 20 3243.2 3231.2 monthly


originally 07-85, redrill 11-87 & 2-95 30 ? 6.0 McKay coal/overburden-fill 12 - 24 3232.5 3220.5 Hydrometrics does all oversight. SBI does monthly flows and routine PM every spring.
07-85 15 2.0 5 - 15 3239.4 3229.4 monthly
10-85 20 4.5 Base alluvium 7 - 20 3262.0 3249.0 monthly
10-85 50 4.5 Base alluvium 15 - 50 3276.3 3241.3 monthly
10-85 16 4.5 Alluvium, shallow bedrock 6 - 16 3252.2 3242.2 semiannual - May and October
02-86 13.5 4.0 8.5 - 13.5 3249.7 3244.7 monthly


12 4.0 7 - 12 3245.3 3240.3 semiannual - May and October
02-86 10 4.0 6 - 10 3243.8 3239.8 semiannual - May and October
02-86 12 4.0 7 - 12 3243.0 3238.0 monthly
02-86 13.5 4.0 8.5 - 13.5 3243.6 3238.6 every three years (2017)
02-86 20 2.0 15 - 20 3249.9 3244.9 monthly
02-86 10 2.0 5 - 10 3237.3 3232.3 semiannual - May and October
02-86 11.5 2.0 6.5 - 11.5 3244.7 3239.7 semiannual - May and October
02-86 12 2.0 7 - 12 3243.2 3238.2 monthly
02-86 12.5 2.0 7.5 - 12.5 3238.4 3233.4 monthly
02-86 12 2.0 7 - 12 3235.7 3230.7 monthly
02-86 12 2.0 7 - 12 3239.3 3234.3 semiannual - May and October
05-86 32 4.5 Qal. 12 - 32 3238.7 3218.7 Hydrometrics does all oversight. SBI does monthly flows and routine PM every spring.
02-86 14 2.0 9 - 14 3233.1 3228.1 monthly
02-86 12 2.0 7 - 12 3230.7 3225.7 semiannual - May and October
02-86 14.5 2.0 9.5 - 14.5 3240.7 3235.7 monthly
10-86 25 4.5 McKay coal 5 - 25 3239.6 3219.6 Hydrometrics does all oversight. SBI does monthly flows and routine PM every spring.
10-86 20 4.5 Fill 0 - 20 3242.0 3222.0 monthly
10-86 40 4.0 20 - 40 3224.2 3204.2 every three years (2017)
05-79 32.27 McKay semiannual - May and October
05-79 19.89 Overburden semiannual - May and October
05-79 46.1 McKay semiannual - May and October
05-79 32.01 Overburden semiannual - May and October
05-79 34 Alluvium semiannual - May and October
05-79 15 Alluvium monthly
06-79 86 McKay every three years (2017)
06-79 65 Overburden monthly


8/23/2007 40 2.0 25 - 40 3284.9 3269.9 monthly
10-92 18.5 2.0 8.5 - 18.5 3304.8 3294.8 every three years (2017)
10-92 23 2.0 13.5 - 23.5 3301.8 3291.8 every three years (2017)
10-92 18 2.0 10 - 20 3309.9 3299.9 every three years (2017)
10-92 18.5 2.0 10 - 20 3323.6 3313.6 every three years (2017)
10-92 25 2.0 15 - 25 3312.9 3302.9 every three years (2017)
10-92 23.5 2.0 8.5 - 23.5 3308.2 3293.2 every three years (2017)
10-92 25 2.0 15 - 25 3299.6 3289.6 every three years (2017)
10-92 29 2.0 10 - 30 3296.3 3276.3 monthly
10-92 25 2.0 15 - 25 3291.1 3281.1 semiannual - May and October
10-92 25 2.0 10 - 25 3270.3 3255.3 semiannual - May and October
10-92 15 2.0 10 - 15 3282.8 3277.8 monthly
10-92 30 2.0 15 - 30 3286.6 3271.6 monthly
10-92 15 2.0 5 - 15 3286.6 3276.6 monthly
06-93 18.5 2.0 8.5 - 18.5 3208.6 3198.6 monthly
06-93 20.6 2.0 10.6 - 20.6 3220.2 3210.2 monthly
06-93 50 2.0 27.5 - 50 ? 3203.1 3180.6 every three years (2017)
06-93 35 2.0 25 - 35 3222.2 3212.2 monthly
06-93 20 2.0 10 - 20 3223.7 3213.7 monthly
06-93 42.5 2.0 32.5 - 42.5 3223.9 3213.9 monthly
06-93 15 2.0 5 - 15 3225.6 3215.6 monthly
06-93 15 2.0 5 - 15 3255.8 3245.8 monthly
06-93 30 2.0 18 - 30 3229.9 3217.9 monthly
06-93 16.5 2.0 4.5 - 16.5 3231.1 3219.1 monthly
06-93 15 2.0 5 - 15 3230.2 3220.2 semiannual - May and October
06-93 11.4 2.0 4.4 - 11.4 3235.3 3228.3 semiannual - May and October
06-93 25 2.0 8 - 20 3232.1 3220.1 monthly
06-93 20.8 2.0 10.8 - 20.8 3249.5 3239.5 monthly
06-93 10 2.0 3 - 10 3257.3 3250.3 every three years (2017)
06-93 15 2.0 5 - 15 3247.5 3237.5 monthly
06-93 8 2.0 3 - 8 3249.5 3244.5 semiannual - May and October
05-94 45 McKay coal 35 - 45 3231.1 3221.1 monthly
05-94 33 Sandstone shale above coal 8 - 33 3258.2 3233.2 monthly
05-94 34 4.5 Shale/siltstone above coal 24 - 34 3242.1 3232.1 monthly
05-94 48 4.5 McKay coal 36 - 48 3229.8 3217.8 monthly
05-94 21 4.5 Colluvium/alluvium 4 - 21 3261.9 3244.9 monthly
05-94 35.5 4.5 McKay coal 26.5 - 35.5 3232.3 3223.3 semiannual - May and October
05-94 16 4.5 Surface alluvium/colluvium 4.5 - 16 3254.8 3243.3 semiannual - May and October
05-94 56 4.5 McKay coal 46 - 56 3230.1 3220.1 monthly
05-94 35 4.5 Alluvium/residual siltstone 15 - 35 3261.3 3241.3 monthly
05-94 58 4.5 Coal 49 - 58 3225.6 3216.6 monthly
05-94 45 4.5 First water colluvium; residual sandstone 10 - 45 3264.8 3229.8 monthly
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Site Code
701OT-22M


OT-22S
OT-23S
OT-24S
OT-25M
OT-25R
OT-25S
OT-26S
OT-27S
OT-28S
P-02(A)
P-05(A)
P-06(M)
S-1 (B-1)
S-5 (B-5)


SD-1
SD-2
SD-6


T-5B-P(S)
WA-113


WE-1
WE-17
WE-2
WE-3


WS-100
WS-101
WS-103
WS-115


Total Interval
Date Depth Perforated top of bottom of


Installed Cased Casing ID Target or Screened screen screen SWL
(Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency
05-94 47 2.0 McKay coal 37 - 47 3232.4 3222.4 monthly
05-94 27 2.0 Alluvium surface 7 - 27 3262.9 3242.9 monthly
05-94 34 2.0 First water, alluvium/bedrock 14 - 34 3260.8 3240.8 monthly
05-94 18.5 2.0 Alluvium 8.5 - 18.5 3251.3 3241.3 monthly
05-94 56 2.0 McKay 45 - 56 3218.4 3207.4 monthly
05-94 20 2.0 Rosebud coal 12 - 20 3251.4 3243.4 monthly
05-94 1.5 Surface alluvium 2 - 12 3261.4 3251.4 every three years (2017)
05-94 35 2.0 First water, alluvium weathered sandstone 10 - 35 3276.3 3251.3 monthly
05-94 20 2.0 Surface alluvium 5 - 20 3284.0 3269.0 monthly
05-94 31 2.0 First water, resistant sandstone 11 - 31 3265.6 3245.6 semiannual - May and October
12-74 40 4.0 30 - 35 3233.4 3228.4 semiannual - May and October
12-74 40 4.0 27 - 32 3226.9 3221.9 semiannual - May and October
12-74 50 4.0 39 - 46 3223.1 3216.1 semiannual - May and October


approximately 6-93 3259.1 3259.1 monthly
approximately 6-93 every three years (2017)


02-79 not available ? semiannual - May and October
02-79 11.22 semiannual - May and October
02-79 not available ? semiannual - May and October


every three years (2017)
07-79 15 2.0 McKay semiannual - May and October
03-79 82.15 Overburden 0 - 78 ? 3321.5 3243.5 semiannual - May and October
03-79 47.39 Overburden and McKay monthly
03-79 19.16 Overburden and McKay every three years (2017)
03-79 15.72 Overburden monthly
07-79 27 monthly
08-79 78 monthly


~65 below GS semiannual - May and October
07-80 38 8 - 38 3263.0 3233.0 every three years (2017)
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Site Code
701
702
703
704


704-P
706
709
710
711
712
713
714
716


717-P
718-P
719-P
720-P
721-P
722-P
723-P
725


726-P
727-P
728-P
729
730
731


CA-11
CA-11A
CA-12


CA-12B
CA-18


CA-19A
CA-2


CA-2A
CM-1B-2


CM-2
CM-3
CM-4
CM-5
CM-6
CM-7
CM-8
CM-9


CM-10
CM-11
CM-12
CM-13
CM-14
OT-1
OT-2


OT-2D
OT-3
OT-5


OT-6M
OT-7
OT-8


OT-9M
OT-10
OT-11
OT-12
OT-13
OT-14


OT-14-2
OT-16


OT-16-2
OT-17M
OT-17S
OT-18I


OT-18M
OT-18S
OT-19M
OT-19S
OT-20M
OT-20S
OT-21M
OT-21S


Sampling Sample
Frequency parameters


Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
semiannual WRMP, table 2, list 1
semiannual WRMP, table 2, list 1
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
semiannual WRMP, table 2, list 1
Not sampled
Not sampled
Not sampled


2008 WRMP, table 2, list 1
semiannual WRMP, table 2, list 1


2008 WRMP, table 2, list 1
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
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Site Code
701OT-22M


OT-22S
OT-23S
OT-24S
OT-25M
OT-25R
OT-25S
OT-26S
OT-27S
OT-28S
P-02(A)
P-05(A)
P-06(M)
S-1 (B-1)
S-5 (B-5)


SD-1
SD-2
SD-6


T-5B-P(S)
WA-113


WE-1
WE-17
WE-2
WE-3


WS-100
WS-101
WS-103
WS-115


Sampling Sample
Frequency parameters


Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
Not sampled
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Site Name status Site Point


Site Code Description Site Type (Talen) Location Legal Location Northing Easting Elev. Grd. Elev.
GW-1 GW-1 monitoring well active Surge Pond Area 612780.32 2697432.72 3244.17 3242.2
GW-10 GW-10 monitoring well active Surge Pond Area 613072.24 2697745.64 3225.56 3223.2
GW-11 GW-11 monitoring well active Surge Pond Area 613238.71 2697709.299 3226.58 3224.3
GW-12 GW-12 monitoring well active Surge Pond Area 613144.123 2698167.304 3221.88 3219.6
GW-13 GW-13 monitoring well active Surge Pond Area 613341.72 2698157.068 3222.07 3220.0
GW-14 GW-14 monitoring well active Surge Pond Area 613216.07 2698539.483 3218.66 3216.1
GW-15 GW-15 monitoring well active Surge Pond Area 613403.452 2698545.386 3216.69 3214.7
GW-16 GW-16 monitoring well active Surge Pond Area 614132.568 2697703.578 3244.01 3242.1
GW-2 GW-2 monitoring well active Surge Pond Area 613038.352 2697417.352 3232.96 3231.4
GW-3 GW-3 monitoring well active Surge Pond Area 613267.991 2697400.021 3232.14 3231.0
GW-4 GW-4 monitoring well active Surge Pond Area 613506.003 2697304.326 3254.2 3252.4
GW-5 GW-5 monitoring well active Surge Pond Area 613118.06 2697731.984 3225.65 3223.1
GW-6 GW-6 monitoring well active Surge Pond Area 612945.131 2697423.629 3234.57 3233.2
GW-7 GW-7 monitoring well active Surge Pond Area 613128.707 2697412.797 3230.05 3228.6
GW-9 GW-9 monitoring well active Surge Pond Area 613430.577 2697389.266 3252.14 3249.8
PZ1 PZ1 monitoring well active Surge Pond Area 612741.566 2697346.419 3267.79 3265.2


PZ10D PZ10D monitoring well active Surge Pond Area 612551.848 2697214.594 3294.80 3293.0
PZ10S PZ10S monitoring well active Surge Pond Area 612551.848 2697214.594 3294.80 3293.0
PZ11S PZ11S monitoring well active Surge Pond Area 612585.487 2697301.703 3295.78 3293.2
PZ12C PZ12C monitoring well active Surge Pond Area 612194.826 2697519.913 3294.02 3292.0
PZ12D PZ12D monitoring well active Surge Pond Area 612194.826 2697519.913 3294.02 3292.0
PZ12S PZ12S monitoring well active Surge Pond Area 612194.826 2697519.913 3294.02 3292.0
PZ13 PZ13 monitoring well active Surge Pond Area 612277.14 2697485.61 3293.05 3291.0
PZ14 PZ14 monitoring well active Surge Pond Area 612383.249 2697411.586 3295.26 3293.0
PZ17 PZ17 monitoring well active Surge Pond Area 612617.893 2697390.88 3269.82 3267.1
PZ18 PZ18 monitoring well active Surge Pond Area 612521.896 2697413.231 3269.32 3267.3
PZ19 PZ19 monitoring well active Surge Pond Area 612139.368 2697469.776 3293.9 3291.9
PZ2 PZ2 monitoring well active Surge Pond Area 612744.683 2697340.772 3267.7 3265.1


PZ20 PZ20 monitoring well active Surge Pond Area 612218.997 2697557.931 3291.61 3289.7
PZ21 PZ21 monitoring well active Surge Pond Area 612472.002 2697469.37 3261.4 3260.3
PZ24 PZ24 monitoring well active Surge Pond Area 612525.082 2697285.178 3295.28 3294.4
PZ27 PZ27  abandoned 04-20-2009 monitoring well abandoned Surge Pond Area 613754.694 2697096.394 3299.17 3297.2


PZ27A PZ27A monitoring well active Surge Pond Area 613764.759 2697098.26 3299.74 3296.8
PZ28 PZ28 monitoring well active Surge Pond Area 613653.367 2697221.029 3293.83 3292.0
PZ29 PZ29 monitoring well active Surge Pond Area 613289.487 2697332.554 3241.63 3239.2
PZ3 PZ3 monitoring well active Surge Pond Area 612747.97 2697335.068 3267.47 3264.5


PZ30 PZ30 monitoring well active Surge Pond Area 613278.479 2697327.171 3244.21 3242.0
PZ31 PZ31 monitoring well active Surge Pond Area 613267.602 2697276.444 3265.06 3262.7
PZ33 PZ33 monitoring well active Surge Pond Area 613947.969 2696786.39 3290.95 3288.2
PZ4 PZ4 monitoring well active Surge Pond Area 612414.833 2697351.791 3296.71 3294.8
PZ5 PZ5 monitoring well active Surge Pond Area 612522.243 2697124.614 3293.91 3291.4
PZ7 PZ7 monitoring well active Surge Pond Area 612225.674 2697407.433 3294.21 3292.0
PZ9 PZ9 monitoring well active Surge Pond Area 612440.975 2697253.131 3294.44 3292.7
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Site Code
GW-1
GW-10
GW-11
GW-12
GW-13
GW-14
GW-15
GW-16
GW-2
GW-3
GW-4
GW-5
GW-6
GW-7
GW-9
PZ1


PZ10D
PZ10S
PZ11S
PZ12C
PZ12D
PZ12S
PZ13
PZ14
PZ17
PZ18
PZ19
PZ2


PZ20
PZ21
PZ24
PZ27


PZ27A
PZ28
PZ29
PZ3


PZ30
PZ31
PZ33
PZ4
PZ5
PZ7
PZ9


Measuring Date Depth Perforated top of bottom of
Point Date of Installed Cased Casing ID Target or Screened screen screen SWL Sampling Sample


Description last Survey (Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters
top outside PVC 12/17/2007 10/09/1974 36.4 2.0 every three years (2017) not sampled


top steel casing-inclined well 07/01/2005 every three years (2017) not sampled
top steel casing-inclined well 04/12/2005 every three years (2017) not sampled
top steel casing-inclined well 04/12/2005 semiannual - May and October not sampled
top steel casing-inclined well 04/12/2005 every three years (2017) not sampled
top steel casing-inclined well 04/12/2005 semiannual - May and October not sampled
top steel casing-inclined well 04/12/2005 every three years (2017) not sampled


top inside PVC 04/12/2005 05/21/1976 35 4.0 Shallow 23.2-33.2 3218.9 3208.9 every three years (2017) not sampled
top steel casing 04/12/2005 10/11/1974 34.9 2.0 every three years (2017) not sampled
top inside PVC 04/12/2005 10/14/1974 31.8 2.0 every three years (2017) not sampled
top inside PVC 04/12/2005 10/15/1974 44.8 2.0 every three years (2017) not sampled
top steel casing 04/12/2005 10/10/1974 35.4 2.0 every three years (2017) not sampled
top steel casing 04/12/2005 every three years (2017) not sampled
top steel casing 04/12/2005 every three years (2017) not sampled


top steel casing-inclined well 04/12/2005 every three years (2017) not sampled
top steel casing 04/12/2005 every three years (2017) not sampled
top steel casing 04/12/2005 07/24/1975 73 1.25 66-71 3227.0 3222.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/26/1975 39 1.25 29-38 3264.0 3255.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/28/1975 36 1.25 26-36 3267.2 3257.2 every three years (2017) not sampled
top steel casing 04/12/2005 07/29/1975 62 2.0 59-62 3233.0 3230.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/26/1975 74.5 1.25 70-74.5 3222.0 3217.5 every three years (2017) not sampled
top steel casing 04/12/2005 07/30/1975 50 2.0 42-50 3250.0 3242.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/26/1975 52 1.25 41-51 3250.0 3240.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/26/1975 42 1.25 32-42 3261.0 3251.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/27/1975 42 1.25 39-42 3228.1 3225.1 every three years (2017) not sampled
top steel casing 04/12/2005 07/27/1975 32 1.25 22-32 3245.3 3235.3 every three years (2017) not sampled
top steel casing 04/12/2005 07/28/1975 52 1.25 42-52 3249.9 3239.9 every three years (2017) not sampled
top steel casing 04/12/2005 every three years (2017) not sampled
top steel casing 04/12/2005 07/28/1975 52 1.25 42-52 3247.7 3237.7 semiannual - May and October not sampled
top steel casing 04/12/2005 07/28/1975 32 1.25 22-32 3238.3 3228.3 every three years (2017) not sampled
top steel casing 04/12/2005 09/09/1976 70 1.5 55-70 3239.4 3224.4 every three years (2017) not sampled
top inside PVC 04/12/2005 09/13/1976 85 1.5 60-75 3237.2 3222.2 every three years (2011) not sampled
top steel casing 04/12/2005 10/31/1977 80 2.0 68-78 3228.8 3218.8 every three years (2017) not sampled
top steel casing 04/12/2005 09/10/1976 80 1.5 50-65 3242.0 3227.0 every three years (2017) not sampled
top steel casing 04/12/2005 09/16/1976 67 1.5 46-56.4 3193.2 3182.8 every three years (2017) not sampled
top steel casing 04/12/2005 every three years (2017) not sampled
top steel casing 04/12/2005 07/28/1977 10.3 1.5 8.3-10.3 3233.7 3231.7 every three years (2017) not sampled
top steel casing 04/12/2005 07/28/1977 29.4 1.5 28-29.4 3234.7 3233.3 every three years (2017) not sampled
top steel casing 04/12/2005 07/28/1977 65.3 2.0 54.3-63.3 3233.9 3224.9 every three years (2017) not sampled
top steel casing 04/12/2005 every three years (2017) not sampled
top steel casing 04/12/2005 07/21/1975 50 1.25 38-48 3253.4 3243.4 every three years (2017) not sampled
top steel casing 04/12/2005 07/22/1975 47 1.25 37-47 3255.0 3245.0 every three years (2017) not sampled
top steel casing 04/12/2005 07/23/1975 40 1.25 28-38 3264.7 3254.7 every three years (2017) not sampled
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CSES Surge Pond
Site Inventory File


Updated 2015


Site Code
GW-1
GW-10
GW-11
GW-12
GW-13
GW-14
GW-15
GW-16
GW-2
GW-3
GW-4
GW-5
GW-6
GW-7
GW-9
PZ1


PZ10D
PZ10S
PZ11S
PZ12C
PZ12D
PZ12S
PZ13
PZ14
PZ17
PZ18
PZ19
PZ2


PZ20
PZ21
PZ24
PZ27


PZ27A
PZ28
PZ29
PZ3


PZ30
PZ31
PZ33
PZ4
PZ5
PZ7
PZ9


Review
Monitoring
Schedule
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CSES Private Wells
 Inventory File
Updated 2015 Site


Site Name status
Site Code Description Site Type (Talen) Site Location Legal Location Northing
PW-702 PW-702    (David Clark, owner) domestic well inactive Units 1&2 Evap Pond 02N41E21D 616781.24
PW-704 PW-704    (Moose Lodge, old well) domestic well inactive Units 1&2 Evap Pond 02N41E21 617043.7971
PW-705 PW-705    (Childers Auto) domestic well active Units 1&2 Evap Pond 02N41E21 617237.04
PW-708 PW-708    (Alder/Ganser domestic) domestic well inactive Units 1&2 Evap Pond 02N41E21 618885.91
PW-709 PW-709    (Aberle/Johnson/Batey domestic) domestic well active Units 1&2 Evap Pond 02N41E21 618154.2621
PW-712 PW-712    (Church of Christ) domestic well inactive Units 1&2 Evap Pond 02N41E21 616712.16
PW-713 PW-713    (State Highway) domestic well active Units 1&2 Evap Pond 02N41E21CD 617605.3871
PW-715 PW-715    (Alder irrigation) irrigation well active Units 1&2 Evap Pond 02N41E21NWSWSE 618886.3466
PW-716 PW-716    (Ganser stock and irrigation) irrigation well inactive Units 1&2 Evap Pond 02N41E21 618631.8448
PW-717 PW-717    (Moose Lodge, new well) domestic well inactive Units 1&2 Evap Pond 02N41E21 617021.1752
PW-718 PW-718 (Sinclair) Abandoned 11-18-2009 domestic well abandoned Units 1&2 Evap Pond 02N41E21 616439.8333
PW-719 PW-719 (Childers # 2) domestic well inactive Units 1&2 Evap Pond 617492
PW-720 PW-720 (Childers Homestead) domestic well inactive Units 1&2 Evap Pond 02N41E21CDA 617606.0305
PW-721 PW-721 (Pontius #1) domestic well active Units 1&2 Evap Pond 616916.7562
PW-722 PW-722 (Pontius #2) domestic well active Units 1&2 Evap Pond 616908.88
PW-723 PW-723 (Pontius #3) domestic well active Units 1&2 Evap Pond 616234.0491
PW-724 PW-724 (Pontius #4) domestic well active Units 1&2 Evap Pond 616236.7178
PW-725 PW-725 (Clark #2) domestic well inactive Units 1&2 Evap Pond 616912.3769
PW-726 PW-726 (Soiseth / Ankney / Coats) domestic well inactive Units 1&2 Evap Pond 618498.6065
PW-727 PW-727 (B&R / Talen) domestic well active Units 1&2 Evap Pond 618270.63
PW-728 PW-728 (Beehler North) domestic well active Units 1&2 Evap Pond 619063.45
PW-729 PW-729 (Beehler South) domestic well active Units 1&2 Evap Pond 619056.11
PW-730 PW-730 (Burnett well @ 4 Cottonwood) monitoring well inactive townsite
PW-731 PW-731 (Burnett well @ 207 Currant) monitoring well inactive townsite
PW-732 PW-732 (Burnett well @ 147 Currant) monitoring well inactive townsite
PW-733 Burton well ~ 200 yds north of old B&R bar domestic well active Units 1&2 Evap Pond 02N41E21SENW
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CSES Private Wells
 Inventory File
Updated 2015


Site Code
PW-702
PW-704
PW-705
PW-708
PW-709
PW-712
PW-713
PW-715
PW-716
PW-717
PW-718
PW-719
PW-720
PW-721
PW-722
PW-723
PW-724
PW-725
PW-726
PW-727
PW-728
PW-729
PW-730
PW-731
PW-732
PW-733


Total
Measuring Measuring Date Depth


Point Ground Point Date of Installed Cased Casing ID
Easting Elev. (Ft) Elevation Description last Survey (Mo-Yr) (Ft) (inches)


2696758.64 3194.12 3191.6 top PVC @MP 02/14/05 04-80 180 4.0
2696318.324 3200.99 3200.1 top steel casing 04/07/05 70 sounded
2696506.37 3189.6 3188.3 top PW cap 02/16/05 10-81 380
2695668.69 3221.03 3219.8 top PVC well casing 02/16/05 No well log available. 
2695682.5 3219.39 3218.6 top CMP @MP 04/07/05 ??-78 No well log available. 4.0
2696513.39 3199.45 ground shot 02/16/05 02-85 810
2696170.029 3191.93 3190.5 top steel casing 04/07/05 09-78 204
2695346.502 3251.05 3249.2 top PVC casing 04/07/05 11-84 180
2695568.262 3253.69 3253.7 top of pipe elbow 04/07/05 No well log available.
2696281.237 3205.42 3203.3 pipe cap lip 04/07/05 09-98 420
2696870.841 3200.37 3197.4 top conc. pipe 04/07/05 11-84
2696399.31 3189.51 3187.7 top 4" PVC casing 02/16/05 04-78
2695919.241 3196.45 3194.2 pipe cap lip 04/07/05 08-94
2696724.231 3190.14 top PVC casing 04/07/05
2696727.36 3190.47 3189.3 top PW cap 02/16/05
2696817.992 3211.35 3210.2 top pipe cap 04/07/05
2696824.885 3210.29 3209.9 pipe cap lip 04/07/05
2696640.051 3191.8 grnd 5 ft offset south 04/07/05
2696068.954 3197.87 3197.9 TOP CMP 04/07/05
2696296.27 3188.71 3186.5 top steel casing 02/15/05
2695692.3 3224.17 3223.0 top PVC @MP 02/14/05 05-81 100
2695696.01 3225.5 3222.4 top PVC @MP 02/14/05 05-81 380


top of PVC approximately 06-07 24 1.0
top of PVC approximately 06-07 24 1.0
top of PVC approximately 06-07 24 1.0


04/23/08 60 4.5
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CSES Private Wells
 Inventory File
Updated 2015


Site Code
PW-702
PW-704
PW-705
PW-708
PW-709
PW-712
PW-713
PW-715
PW-716
PW-717
PW-718
PW-719
PW-720
PW-721
PW-722
PW-723
PW-724
PW-725
PW-726
PW-727
PW-728
PW-729
PW-730
PW-731
PW-732
PW-733


Interval
Perforated top of bottom of


Target or Screened screen screen SWL Sampling Sample
Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


120 - 180 3071.6 3011.6 when sampled not routinely sampled
No well log available. when sampled not routinely sampled


230 - 260, 270 - 290, 340 - 380 2958.3 2808.3 when sampled Hydrometrics June & Dec WRMP, table 2, list 4
when sampled not routinely sampled


260 - 300 2958.6 2918.6 when sampled Hydrometrics June & Dec WRMP, table 2, list 4
720 - 810 when sampled not routinely sampled
100 - 184 3090.5 3006.5 when sampled Hydrometrics June & Dec WRMP, table 2, list 4
150 - 180 3099.2 3069.2 when sampled Hydrometrics June & Dec WRMP, table 2, list 4


when sampled not routinely sampled
Deep 310 - 350 2893.3 2853.3 when sampled not routinely sampled


700 - 800 2497.4 2397.4 abandoned abandoned
55 - 220 3132.7 2967.7 when sampled not routinely sampled
260 - 320 2934.2 2874.2 when sampled not routinely sampled


when sampled Hydrometrics June & Dec WRMP, table 2, list 4
when sampled Hydrometrics June & Dec WRMP, table 2, list 4
when sampled Hydrometrics June & Dec WRMP, table 2, list 4
when sampled Hydrometrics June & Dec WRMP, table 2, list 4
when sampled not routinely sampled
when sampled not routinely sampled
when sampled Hydrometrics June & Dec WRMP, table 2, list 4


boh 3123 when sampled Hydrometrics June & Dec WRMP, table 2, list 4
boh 2842.4 when sampled Hydrometrics June & Dec WRMP, table 2, list 4


when sampled not routinely sampled
when sampled not routinely sampled
when sampled not routinely sampled


43 - 60 when sampled Hydrometrics June & Dec WRMP, table 2, list 4


Monitoring schedule
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Site Measuring
Site Name status Point Ground


Site Code Description Site Type (Talen) Site Location Legal Location Northing Easting Elev. (Ft) Elevation
NSEP North Sewage Effluent Pond lagoon settling pond inactive City of Colstrip lagoon
NSTP North Sewage Treatment Pond lagoon settling pond inactive City of Colstrip lagoon


NWSEP NW Sewage Effluent Pond lagoon settling pond inactive City of Colstrip lagoon
L1 L1 monitoring well inactive City of Colstrip lagoon 610577.3336 2700539.721 3229.07 3226.3
L2 L2 monitoring well inactive City of Colstrip lagoon 611749.2163 2700149.731 3215.87 3213.2
L3 L3 monitoring well inactive City of Colstrip lagoon 611458.4542 2700542.384 3217.06 3214.4
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Site Code
NSEP
NSTP


NWSEP
L1
L2
L3


Total Interval
Measuring Date Depth Perforated top of bottom of Review


Point Date of Installed Cased Casing ID Target or Screened screen screen SWL Sampling Sample Monitoring
Description last Survey (Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters Schedule


top inside PVC 04/08/05 11-97 24 9 - 24 3217.3 3202.3 inactive inactive
top inside PVC 04/08/05 11-97 10 5 - 10 3208.2 3203.2 inactive inactive
top inside PVC 04/08/05 11-97 10 5 - 10 3209.4 3204.4 inactive inactive


Monitoring schedule
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Kluver Site Inventory File
Current through 2015


Site
Site Name status


Site Code Description Site Type (Talen) Site Location LAT_DEGREE LONGITUDE Legal Location Northing Easting
GAS-1 GAS-1 Genie alternative supply well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8670830740 -106.4993513469 01N42E03BCD
GAS-2 GAS-2 Genie alternative supply well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8690518150 -106.4538771752 01N42E01BDD
GAS-3 GAS-3 Genie alternative supply well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8503460890 -106.4800662640 01N42E11CCA
GAS-4 GAS-4 Genie alternative supply well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8654201040 -106.4975274447 01N42E03CAB
GAS-6 GAS-6 Genie alternative supply well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8750814210 -106.5085942391 01N42E04AAB
GAS-7 GAS-7 Genie alternative supply well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8613163240 -106.4328057412 01N43E07BAA
GNW-1 GNW-1 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8720344310 -106.5091199521 605943.630 2729872.348
GNW-2 GNW-2 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8710420140 -106.4944750909 605715.881 2733613.835
GNW-3 GNW-3 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8689606200 -106.4814180974 605104.797 2736956.697
GNW-4 GNW-4 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8670938020 -106.4649225120 604565.396 2741194.548
GNW-5 GNW-5 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8653986460 -106.4592469577 604013.515 2742662.555
GNW-6 GNW-6 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8477872620 -106.4927799348
GNW-7 GNW-7 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8531141290 -106.4754635934
GNW-8 GNW-8 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8621746310 -106.4587963466
GNW-9 GNW-9 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8784931910 -106.4911491517
GNW-10 GNW-10 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.)
GNW-11 GNW-11 Genie new well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9070211660 -106.5394879226
GOW-1 GOW-1 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8660423760 -106.4677871112 604165.519 2740475.578
GOW-3 GOW-3 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9065437330 -106.5124512557
GOW-4 GOW-4 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9062218680 -106.4812035207
GOW-5 GOW-5 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8988082420 -106.4317811374
GOW-6 GOW-6 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8967053900 -106.5296871308
GOW-7 GOW-7 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.)
GOW-10 GOW-10 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.)
GOW-11 GOW-11 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8473044640 -106.4996678475
GOW-12 GOW-12 Genie old well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9010452040 -106.4497626666
GSP-1 GSP-1 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8711761250 -106.5045816544
GSP-2 GSP-2 (Stinking Spring) Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8665090810 -106.4615536574
GSP-3 GSP-3 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8531892310 -106.5174562577
GSP-4 GSP-4 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9080994140 -106.5609402303
GSP-5 GSP-5 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9076863540 -106.5486074332
GSP-6 GSP-6 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9103631980 -106.5280831698
GSP-7 GSP-7 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9027081740 -106.4610815886
GSP-8 GSP-8 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8951067930 -106.4046693686
GSP-9 GSP-9 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8964103470 -106.5431893710
GSP-10 GSP-10 Genie spring Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.9118276840 -106.4907629136
GSW-1 GSW-1 Genie surface water Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8723402030 -106.5114802960
GSW-2 GSW-2 Genie surface water Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8703017240 -106.5053541306
GSW-3 GSW-3 Genie surface water Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8708703530 -106.4929408673
GSW-4 GSW-4 Genie surface water Kluver 3&4 EHP stipulation Kluver (Genie Land Co.)
GSW-5 GSW-5 Genie surface water Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8676087870 -106.4665372018
GSW-6 GSW-6 Genie surface water Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8630865820 -106.4347047452
KP-1 KP-1 well (sand point?) Kluver (Genie Land Co.) 605860.306 2725945.425
KP-2 KP-2 well (sand point?) Kluver (Genie Land Co.) 605916.422 2725980.141
KP-3 KP-3 well (sand point?) Kluver (Genie Land Co.)


PW-734 PW-734 well Kluver (Genie Land Co.) 01N42E04BCC 606016.710 2726004.900
PW-735 PW-735 well Kluver (Genie Land Co.) 01N42E04BCC 606073.070 2726049.670
PW-736 PW-736 well Kluver (Genie Land Co.) 01N42E04BBC 606507.160 2726181.220
PW-737 PW-737 well Kluver (Genie Land Co.) 01N42E04SWNWSWNW 606025.967 2725941.409
PW-738 PW-738 monitoring well Kluver (Genie Land Co.) 01N42E04SWSWSWNW 605731.840 2725960.938


W-1 W-1 MSU-installed well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.) 45.8670455230 -106.4245069865
W-3 W-3 MSU-installed well Kluver 3&4 EHP stipulation Kluver (Genie Land Co.)


AWM 1 AWM 1 Abandoned windmill 45.9069675220 -106.5355772618
GAS-5 GAS-5 (abandoned 11-12-98) Genie alternative supply well abandoned Kluver (Genie Land Co.) 01N42E10CCDC


(Dowl HKM Data)(Battelle Data)
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Total Interval
Measuring Measuring Date Depth Perforated top of bottom of Monitoring schedule


Point Ground Point Date of Installed Cased Casing ID Target or Screened screen screen SWL Sampling Sample
Elev. (Ft) Elevation Description last Survey (Mo-Yr) (Ft) (inches) Aquifer(s) Below G.S. elevation elevation Frequency Frequency parameters


11-85 100 4.5 Tongue River sandstone 60 - 100 when monitored by Batelle NW semiannual monitored by Batelle NW
11-85 200 4.5 Tongue River sandstone 160 - 200 when monitored by Batelle NW semiannual monitored by Batelle NW
11-85 195 4.5 Tongue River sandstone 165 - 195 when monitored by Batelle NW semiannual monitored by Batelle NW
10-86 260 4.0 Sands above Lebo shale 220 - 260 when monitored by Batelle NW semiannual monitored by Batelle NW
06-89 280 4.5 sandstone 220 - 280 when monitored by Batelle NW semiannual monitored by Batelle NW
06-89 200 4.5 water zones in Lebo 160 - 200 when monitored by Batelle NW semiannual monitored by Batelle NW


3047.84 3045.02 top inside PVC 09/28/10 11-84 ~ 42.5 20 - 42.5 when monitored by Batelle NW semiannual monitored by Batelle NW
3015.99 3012.46 top inside PVC 09/28/10 11-84 ~ 33 ~12 - 33 when monitored by Batelle NW semiannual monitored by Batelle NW
2991.86 2989.05 top inside PVC 09/28/10 11-84 ~ 32.5 ~11 - 32.5 when monitored by Batelle NW semiannual monitored by Batelle NW
2957.19 2954.60 top inside PVC 09/28/10 11-84 30 ~9 - 31 when monitored by Batelle NW semiannual monitored by Batelle NW
2950.64 2947.60 top inside PVC 09/28/10 11-84 ~ 34.5 ~13 - 34.5 when monitored by Batelle NW semiannual monitored by Batelle NW


11-84 26 ~ 13 - 26 when monitored by Batelle NW semiannual monitored by Batelle NW
11-84 17 ~ 6 - 17 when monitored by Batelle NW semiannual monitored by Batelle NW
11-84 32 when monitored by Batelle NW semiannual monitored by Batelle NW


when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW


2972.38 2972.01 top inside PVC 09/28/10 when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW


when monitored by Batelle NW semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW
semiannual monitored by Batelle NW


3087.51 top steel casing 09/28/10
3085.04 top inside PVC 09/28/10


3083.65 3081.70 top inside PVC 06/17/09 06-09 13 4.5 alluvium 6-11 3075.70 3070.70
3086.21 3084.50 top inside PVC 06/17/09 06-09 80 4.5 first bedrock water 35-80 3049.50 3004.50
3075.55 3074.00 top inside PVC 06/17/09 06-09 37 4.5 alluvium 16-36 3058.00 3038.00
3089.97 3088.99 top inside PVC 09/28/10 04-10 55 4.0 35-55
3099.21 3097.91 top inside PVC 09/28/10 04-10 65 4.0 45-65


when monitored by Batelle NW semiannual monitored by Batelle NW
when monitored by Batelle NW semiannual monitored by Batelle NW


12-89 240 4.5 Lebo sands 190 - 240 abandoned abandoned





		1-4 Plant Site

		1&2 Evap Pond

		 3&4 EHP

		EF Armells Cr.

		Town Site

		Surge Pond

		Private wells

		Colstrip lagoon

		Kluver
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SOEP/STEP POND GRAPHS AND PIPER DIAGRAMS; PROCESS POND DATA 


  







APPENDIX C
SOEP/STEP POND GRAPHS


COLSTRIP STEAM ELECTRIC STATION
ADMINISTRATIVE ORDER ON CONSENT
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1&2 STAGE II Cell A
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UNITS 1&2 STAGE I FAEP 


WATER QUALITY DATA 
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UNITS 1&2 STAGE II FAEP CLEARWELL – NEW 


WATER QUALITY DATA 
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UNITS 1&2 STAGE II FAEP OLD CLEARWELL 


WATER QUALITY DATA 
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UNITS 1&2 STAGE II FAEP-E 


WATER QUALITY DATA 
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UNITS 1&2 STAGE II FAEP SUMP 


WATER QUALITY DATA 


  



















































H:\PROJECTS\TALEN\12072 STEP AOC\Feb2016 submittal\Appendix C Pond data cover pages.docx 2/12/2016 


UNITS 1&2 STAGE II FAEP-A 


WATER QUALITY DATA 
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UNITS 1&2 STAGE II FAEP-D 


WATER QUALITY DATA 













		SOEP/STEP Pond Graphs

		SOEP/STEP Piper Diagrams

		Units 1&2 Stage I FAEP WQ Data

		Units 1&2 Stage II FAEP Clearwell-New WQ Data

		Units 1&2 Stage II FAEP Old Clearwell WQ Data

		Units 1&2 Stage II FAEP-E WQ Data

		Units 1&2 Stage II FAEP Sump WQ Data

		Units 1&2 Stage II FAEP-A WQ Data

		Units 1&2 Stage II FAEP-D WQ Data
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APPENDIX D 


 


ANALYTICAL PARAMETERS WITH ASSOCIATED STANDARD METHOD 


DETECTION AND REPORTING LIMITS 


  







APPENDIX D - SOEP/STEP PARAMETERS AND REPORTING LIMITS
COLSTRIP STEAM ELECTRIC STATION
ADMINSTRATIVE ORDER ON CONSENT


Parameter/Year 1974-1979 mg/L 
unless noted


1985 EPA Method 1985 
Reporting 
Limit(3)


1990 EPA Method 1990 
Reporting 
Limit(3)


1992 Method 1992 
Reporting 
Limit(3)


1997 Method 1997 
Reporting 


Limit


2008 Method 2008 
Reporting 


Limit


Method Detection Limits 
200.7/200.8 (metals)


2011 Method 2011 
Reporting 


Limit


PHYSICAL PARAMETERS
Specific Conductivity (µmhos/cm) @25oC -- 120.1 1 umhos/cm 120.1 1 umhos/cm 120.1 1 umhos/cm A2510B 1 umhos/cm E120.1/A 2510 B 1 umhos/cm -- E120.1/A 2510 B 1 umhos/cm
pH (Lab) 0.1 s.u. 150.1 0.1 s.u. 150.1 0.1 s.u. 150.1 0.1 s.u. E150.1 0.1 s.u. E150.1/A 4500 H B 0.1 s.u. 0.01 (2014)(2) E150.1/A 4500 H B 0.1 s.u.
Total Dissolved Solids (TDS) Measured at 180oC NL 160.1 10 160.1 10 160.1 10 A2540C 10 E160.1/A 2540 C 10 10 (2014)(2) E160.1/A 2540 C 10
Total Suspended Solids (TSS) NL 160.2 10 160.2 10 160.2 10 E160.2 10 E160.2 10 -- E160.2 10
Sodium Adsorption Ratio (SAR) ratio Calculation ratio Calculation ratio Calculation ratio Calculation ratio Calculation ratio ratio Calculation ratio


COMMON IONS
Total Hardness as CaCO3 NL Calculation 1.0 Calculation 1.0 Calculation 1.0 A2340B 1.0 A2340B 1.0 -- A2340B 1.0
Alkalinity as CaCO3 NL 310.1 1.0 310.1 1.0 310.1 1.0 310.1 1.0 E310.1/A 2320B 1.0 -- E310.1/A 2320B 1.0
Bicarbonate (HCO3) 0 310.1 0.0 310.1 0.0 310.1 1.0 310.1 1.0 E310.1/A 2320B 1.0 4 (2014)(2) E310.1/A 2320B 1.0
Carbonate (CO3) 0 310.1 0.0 310.1 0.0 310.1 1.0 310.1 1.0 E310.1/A 2320B 1.0 4 (2014)(2) E310.1/A 2320B 1.0
Sulfate (SO4) 375.3/Dionex 1.0 375.3/Dionex 1.0 375.3/Dionex 1.0 375.3/Dionex 1.0 E300.0 1.0 0.18(2014) E300.0 1.0
Choride (Cl) 325.3/Dionex 1.0 325.3/Dionex 1.0 325.3/Dionex 1.0 325.3/Dionex 1.0 E300.0/A 4500 CL B 1.0 0.055)2014) E300.0/A 4500 CL B 1.0
Bromide NA NA NA NA NA NA NA NA NA E300.0 NA 0.011 (2014) E300.0 0.5
Calcium (Ca) NL 200.7/215.1 1.0 200.7/215.1 1.0 200.7/215.1 1.0 200.7/215.1 1.0 E200.7/E200.8/E215.1 1.0 0.02 (2014(2) E200.7/E200.8/E215.1 1.0
Magnesium (Mg) NL 200.7/242.1 1.0 200.7/242.1 1.0 200.7/242.1 1.0 200.7/242.1 1.0 E200.7/E200.8/E242.1 1.0 1 (2014(2) E200.7/E200.8/E242.1 1.0
Sodium (Na) NL 200.7/273.1 1.0 200.7/273.1 1.0 200.7/273.1 1.0 200.7/273.1 1.0 E200.7/E200.8/E273.1 1.0 1 (2014(2) E200.7/E200.8/E273.1 1.0
Potassium (K) NL 200.7/258.1 1.0 200.7/258.1 1.0 200.7/258.1 1.0 200.7/258.1 1.0 E200.7/E200.8/E258.1 1.0 1 (2014(2) E200.7/E200.8/E258.1 1.0
Fluoride (F) NL 340.2 0.1 340.2 0.1 340.2 0.1 340.2 0.1 A 4500 F-C/ Technicon 


380-7WE
0.1 0.02 (2014)(2) A 4500 F-C/ Technicon 


380-7WE
0.1


NUTRIENTS
Nitrogen, Nitrate + Nitrite as N, low level NA NA NL NA NL NA NL NA NL E353.2 0.01 0.004 (2014)(2) E353.2 0.01
Nitrate + Nitrite as N <0.01 353.2 0.05 353.2 0.05 353.2 0.05 353.2 0.05 NA 0.05 0.004 (2014)(2) NA 0.05
Ortho-Phosphate (PO4-P) <0.01 365.1 0.01 365.1 0.01 365.1 0.01 365.1 0.01 E365.1 0.01 0.004 E365.1 0.01


TRACE METALS
Aluminum (Al) <0.1 200.7/202.1 or 202.2 0.1 200.7/202.1 or 202.2 0.1 200.7/202.1 or 202.2 0.1 200.7/202.1 or 202.2 0.1 E200.7/E200.8/E200.9 0.01 0.02/0.000985 E200.7/E200.8/E200.9 0.01
Aluminum (Al), low level NA NA NA NA E200.7/E200.8/E200.9 0.05 0.02/0.000985 E200.7/E200.8/E200.9 0.05
Boron (B) 200.7 0.1 200.7 0.1 200.7 0.1 200.7 0.1 E200.7/E200.8 0.01 0.004/0.0016 E200.7/E200.8 0.01
Cadmium (Cd) <0.001 200.7/213.2 0.005 200.7/213.2 0.001 200.7/213.2 0.001 200.7/213.2 0.001 E200.7/E200.8/E200.9 0.001 0.0011/0.00007 E200.7/E200.8/E200.9 0.001
Cadmium (Cd), low level NA NA NA NA E200.8/E200.9 0.0001 0.0011/0.00007 E200.8/E200.9 0.0001
Copper (Cu) 200.7/220.1 or 220.2 0.02 200.7/220.1 or 220.2 0.01 200.7/220.1 or 220.2 0.01 200.7/220.1 or 220.2 0.01 E200.7/E200.8/E200.9 0.01 0.0052/0.000035 E200.7/E200.8/E200.9 0.01
Copper (Cu), low level NA NA NA NA E200.7/E200.8/E200.9 0.001 0.0052/0.000035 E200.7/E200.8/E200.9 0.001
Iron (Fe) <0.05 200.7/236.1 or 236.2 0.05 200.7/236.1 or 236.2 0.03 200.7/236.1 or 236.2 0.03 200.7/236.1 or 236.2 0.03 E200.7/E200.8/E200.9/ 


E236.1
0.03 0.0029/0.035 E200.7/E200.8/E200.9/ 


E236.1
0.03


Iron (Fe), low level NA NA NA NA E200.7/E200.8/E200.9 0.005 0.0029/0.035 E200.7/E200.8/E200.9 0.005
Lead (Pb) <0.02 200.7/239.2 0.02 200.7/239.2 0.01 200.7/239.2 0.01 200.7/239.2 0.01 E200.7/E200.8/E200.9 0.01 0.0267/0.000017 E200.7/E200.8/E200.9 0.01
Lead (Pb), low level NA NA NA NA E200.8/E200.9 0.002 0.0267/0.000017 E200.8/E200.9 0.002
Manganese (Mn) <0.02 200.7/243.1 or 243.2 0.02 200.7/243.1 or 243.2 0.02 200.7/243.1 or 243.2 0.02 200.7/243.1 or 243.2 0.02 E200.7/E200.8/E200.9 0.01 0.0004/0.000029 E200.7/E200.8/E200.9 0.01
Manganese (Mn), low level NA NA NA NA E200.8/E200.9 0.005 0.0004/0.000029 E200.8/E200.9 0.005
Mercury <0.001 245.1/245.2 0.001 245.1/245.2 0.001 245.1/245.2 0.001 245.1/245.2 0.001 E245.1 0.001 0.000021 E200.8/E245.1/E245.2/  


A 3112 B
0.001


Mercury, low level NA NA NA NA E200.8/E245.1/E245.2/  
A 3112 B


0.0001 0.000021 E200.8/E245.1/E245.2/  
A 3112 B


0.0001


Nickel (Ni) <0.01 200.7/249.1 or 249.2 0.02 200.7/249.1 or 249.2 0.03 200.7/249.1 or 249.2 0.03 200.7/249.1 or 249.2 0.03 E200.7/E200.8/E200.9 0.01 0.003/0.000022 E200.7/E200.8/E200.9 0.01
Nickel (Ni), low level NA NA NA NA E200.8/E200.9 0.005 0.003/0.000022 E200.8/E200.9 0.005
Selenium (Se) <0.001 270.2 or 270.3 0.005 270.2 or 270.3 0.005 270.2 or 270.3 0.005 270.2 or 270.3 0.005 E200.8/E200.9/A 3114 B 0.005 0.0194/0.00011 E200.8/E200.9/A 3114 B 0.005
Selenium (Se), low level NA NA NA NA E200.8/E200.9/A 3114 B 0.001 0.0194/0.00011 E200.8/E200.9/A 3114 B 0.001
Vanadium (V) <1.0 200.7/286.2 0.2 200.7/286.2 0.1 200.7/286.2 0.1 200.7/286.2 0.1 E200.7/E200.8/E286.2 0.1 0.0047/0.000034 E200.7/E200.8/E286.2 0.1
Vanadium (V), low level NA NA NA NA E200.7/E200.8 0.01 0.0047/0.000034 E200.7/E200.8 0.01
Zinc (Zn) <0.01 200.7/289.1 or 289.2 0.02 200.7/289.1 or 289.2 0.01 200.7/289.1 or 289.2 0.01 200.7/289.1 or 289.2 0.01 E200.7/E200.8/E200.9 0.01 0.0011/0.00026 E200.7/E200.8/E200.9 0.01
Zinc (Zn), low level NA NA NA NA E200.7/E200.8/E200.9 0.001 0.0011/0.00026 E200.7/E200.8/E200.9 0.001
NA = Not Analyzed  – Parameter was not included in the analytical suites in the monitoring plan
NAv - Not Available - Laboratory analytical forms were reviewed to identify the analytical method, reporting limit, and detection limit
NL - Not Listed - Laboratory analytical forms were reviewed to identify the analytical method, reporting limit, and detection limit
(1) - Based on method detection limits study at Energy Laboratories - 2007.8 (2005), 200.8 (2008, except aluminum, which was from the 2007 MDL study)
(2) - Based of actual sample and analytical instrument evaluation, MDL exceeding reporting limit indicates dilution effects
(3) - Derived from analytical reports - Reporting limits not listed in 1992 Water Resources Monitoring Plan.
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TECHNICAL MEMORANDUM 
 


 
 


 
DATE:  December 20, 2013 
 
TO:  Al Hilty, Hydrometrics, Inc. 
 
FROM: George Metzger 
  Bob Anderson 
 
SUBJECT: Stage One Evaporation Pond Soil Cover Hydrologic Evaluation 
 
 


1.0  INTRODUCTION 
 
The Stage One Evaporation Pond (SOEP) was constructed for the disposal of fly ash 
produced at the Colstrip power generating facility in Rosebud County, Montana (Figure 
1).  After closure of the SOEP, a soil cap was constructed over the pond area to support a 
vegetative cover over the former pond and reduce infiltration of moisture into the 
underlying ash.  The primary purpose of the soil cap was to reduce infiltration of incident 
precipitation and snowmelt into ash fill and ultimately to reduce recharge to the 
underlying groundwater system.  The cap is intended to function as a water balance or 
evapotranspiration cover through storage of incident precipitation and snowmelt water 
within the soil column, and subsequent release of the stored soil moisture to the 
atmosphere via evapotranspiration.   
 
This memorandum describes an evaluation of the SOEP soil cap performance in 
controlling infiltration into the fly ash and deep percolation recharge to the underlying 
groundwater system.  The evaluation included development of a numerical model of 
unsaturated flow, based in part on detailed monitoring over the past decade of moisture 
movement through the cap.  The evaluation procedures and results are described below.   
 


2.0  EVALUATION PROCEDURES 
 
Movement of water through the SOEP cover and underlying fly ash was modeled using 
the HYDRUS 2D/3D variably-saturated flow numerical model as described later in this 
memorandum (HYDRUS, 2012).  The evaluation approach involved utilizing available 
information to develop a representative base model of water flow through the soil cover 
and then performing a sensitivity analysis on various model parameters.  The model 
provided estimates of infiltration through the soil cap and deep percolation recharge to 
the underlying groundwater table.   


Hydrometrics, Inc. 
 consulting scientists and engineers  
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2.1 SOIL COVER MATERIAL CHARACTERIZATION 


The SOEP soil cover is comprised of three distinct material types or layers, including an 
upper topsoil layer about 15 cm (6 inches) thick, an underlying subsoil layer averaging 
about 45 cm (18 inches) thick, and a bottom layer of clinker or porcelanite (scoria) 
intended to act as a capillary break and ranging in thickness from 20 cm (8 inches) to 43 
cm (17 inches) where sampled by Hydrometrics.  Underlying the porcelanite layer is the 
fly ash fill material approaching 50 feet in thickness in central portions of the 
impoundment.  Because unsaturated flow behaves differently within each of these units 
due to differing hydrologic properties, proper characterization of each unit was necessary 
to support modeling of unsaturated flow.   
 
Hydrometrics collected samples from the topsoil, subsoil and porcelanite materials at 
three separate locations on September 7, 2012.  The three sampling locations were chosen 
to best represent possible variations on the cover properties through the Stage 1 pond area 
based on location and observed vegetative cover.  Backhoe test pits were excavated and 
soil samples collected at locations within Area 1, Area 4 and Area 5 of the SOEP.  At 
each site, test pits were excavated down to the ash surface and the cap soil stratigraphy 
recorded and key features, such as soil color, relative density and rooting depth noted.  
The test pit locations are shown in Figure 2 and test pit logs included in Attachment 1. 
 
Based on the 2013 test pit sampling, the soil cover thickness ranges from 32 inches (81 
cm) at site TP-1209-2 to 40 inches (101 cm) at TP-1209-1 (Figure 2).  Individual cap 
components included about 6 inches (15 cm) for the topsoil, 18 inches (45 cm) for the 
subsoil, and 8 to 17 inches (20 to 43 cm) for the scoria.  The material thicknesses and 
USDA classifications are included in Table 2-1.  Based on previous drilling, the fly ash 
fill material beneath the cap approaches 50 feet in thickness in central portions of the 
impoundment. 
 
 


 
TP 1209-1 showing fly ash (gray) at bottom   Test Pit 1209-3 
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In order to determine soil properties and support the HYDRUS modeling, the test pit soil 
samples were submitted to the Daniel B. Stevens laboratory in Albuquerque, New 
Mexico for testing.  Samples of each cap component from all three test pits (total 9 
samples) were tested for a full suite of hydrologic parameters, including saturated 
hydraulic conductivity (Ksat), gradation analyses, residual and saturated moisture content 
(ϴr and ϴs, respectively), and the van Genuchten parameters α and n (Table 2-1).  Ksat 
was determined for each sample by constant head or falling head rigid wall permeameter 
tests, depending on the specific soil properties.  In addition, soil water characteristic 
curves were developed for each sample equating moisture content to varying pressure 
head.  Hydrologic parameters for each sample are summarized in Table A2-1 in 
Attachment 2, and full analytical laboratory reports are included in Attachment 2. 
 
In addition to the soil cover samples, four samples of fly ash were also submitted to the 
D.B. Stevens lab for testing of the full suite of parameters described above.  The fly ash 
soil samples were intact cores collected during drilling of monitoring wells 2001A and 
2002A which had been archived by Reclamation Research Group.  The soil sample types 
are listed in Table 2-1 and sampling locations shown in Figure 2.     
 
2.2 AVAILABLE SOIL MOISTURE AND WATER BALANCE DATA 


Reclamation Research Group (RRG), a division of KC Harvey Environmental LLC, has 
collected year-round soil moisture data from the SOEP soil cover since October 2005, 
and published annual monitoring reports through 2012.  Soil moisture is measured using 
Time Domain Reflectometry (TDR) sensors located at various depths in the soil profile 
(Pokorny et al., 2012).  RRG pairs precipitation data and estimated evapotranspiration 
with soil moisture contents to calculate water flux through the soil cover using a mass 
balance analysis.  The soil moisture contents and calculated fluxes available in the RRG 
reports were compared to initial HYDRUS model results (presented in Section 3).  The 
comparison did not constitute a detailed calibration of the model, but did provide a 
valuable check of the simulated percolation rates and moisture contents and the estimated 
empirical flux rates. 
 







COLSTRIP SOIL CAP SOIL SAMPLE INVENTORY - COLLECTED BY HYDROMETRICS


Sample # Test Pit # Location N E


Sample Depth 


(inches) Cap Material


USDA


Classification


α


(cm
-1


)


n Ksat 
(cm/sec)


θr


(% vol)


θs


(% vol)


Dry Bulk 


Density 
(g/cm3)


Porosity 
(%)


PPL-1209-900 TP-1209-01 Area 4 45.901877 -106.663360 0 to 6 Topsoil Silt Loam x x x x x x x


PPL-1209-901 TP-1209-01 Area 4 45.901877 -106.663360 6 to 28 Subsoil Silty Clay Loam x x x x x x x


PPL-1209-902 TP-1209-01 Area 4 45.901877 -106.663360 28 to 40 Cap Break Sandy Loam x x x x x x x


PPL-1209-903 TP-1209-03 Area 1 45.899062 -106.655413 0 to 6 Topsoil Sandy Clay Loam x x x x x x x


PPL-1209-904 TP-1209-03 Area 1 45.899062 -106.655413 6 to 18 Subsoil Sandy Loam x x x x x x x


PPL-1209-905 TP-1209-03 Area 1 45.899062 -106.655413 18 to 35 Cap Break Loam x x x x x x x


PPL-1209-906 TP-1209-02 Area 5 45.901298 -106.660375 0 to 6 Topsoil Loam x x x x x x x


PPL-1209-907 TP-1209-02 Area 5 45.901298 -106.660375 6 to 24 Subsoil Silt Loam x x x x x x x


PPL-1209-908 TP-1209-02 Area 5 45.901298 -106.660375 24 to 32 Cap Break Loam x x x x x x x


COLSTRIP ASH SAMPLE INVENTORY - COLLECTED BY RECLAMATION RESEARCH GROUP


2001A 14.75-15.5 Well 2001A Area 5 45.900939 -106.657204 14.75 to 15.5 (feet) Fly ash Silt x x x x x x x


2001A 24.0-24.75 Well 2001A Area 5 45.900939 -106.657204 24.0 to 24.75 (feet) Fly ash Silt Loam x x x x x x x


2002A 14.0-14.75 Well 2002A Area 5 45.900816 -106.657227 14.0 to 14.75 (feet) Fly ash Silt x x x x x x x


2002A 24.0-24.75 Well 2002A Area 5 45.900816 -103.657227 24.0 to 24.75 (feet) Fly ash Silt x x x x x x x


TABLE 2-1.  SOIL SAMPLING AND TESTING SUMMARY
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3.0  HYDRUS MODELING 
 
HYDRUS 2D/3D modeling software was used to evaluate the hydrologic performance of 
the soil cover.  The model discretizes the cover into finite elements and numerically 
solves the Richards equation for variably saturated media.  Model output includes 
percolation or flux (soil water movement through the base of the soil cap), soil water 
content, evaporation, and root water uptake (transpiration), as well as several other 
parameters.  Mesh lines are inserted into the model during model setup to observe 
moisture flux and other parameters at specified locations (i.e., at the base of the cap).  
Model output also includes the water budget error as a check on model validity.  For this 
analysis a simple 2D model with a flat ground surface was constructed to predict vertical 
water movement through a defined soil profile.  Use of a flat ground surface (0% slope) 
is considered conservative since it excludes potential storm water runoff that would 
reduce infiltration through the soil cover.  
 
3.1 BASE MODEL PARAMETERS 


HYDRUS model inputs include geometric properties, time and iteration criteria, soil 
hydraulic parameters, root water uptake parameters, initial and boundary conditions, and 
climate data.  The HYDRUS base model was developed through a series of trials, with 
results compared to RRG calculations.  The iterative model development resulted in a 
base model that provided the most representative results as compared to the RRG 
empirical data.  The base model inputs and rationale used in their development is 
discussed this section.  Units of centimeters (for length) and seconds (for time) were used 
throughout the model setup and iteration process. 
 
3.1.1 Soil Cover Geometry 


The Stage 1 ash pond soil cover consists of topsoil, subsoil, and porcelanite layers.  The 
topsoil is intended to promote vegetative growth and store water, the subsoil acts as the 
primary water storage layer, and the porcelanite is intended to provide a capillary barrier, 
or break, that limits downward water transport from the soil layer into the ash, and 
upward wicking of pore water from the ash into the soil cover.  Soil cover layers vary in 
thickness across the site, and a representative cover thickness of 20 cm of topsoil, 50 cm 
of subsoil, and 26 cm of porcelanite was used based on information from the RRG 2009 
annual report (Castiglione & Jennings, 2010).  Figure 3 depicts the layers comprising the 
soil cover. 
 
Initially the model was constructed to a total depth of 152 cm (5 feet) below ground 
surface (BGS), which coincides with the depth of soil moisture data collected by RRG.  
However, it was determined that during dry periods an upward flux of soil moisture was 
occurring at shallower depths in the ash layer.  Since the main objective of the model was 
to estimate groundwater recharge, and the model does not account for upward soil 
moisture migration across the bottom boundary, the modeled depth was extended to 610 
cm (20 feet) BGS to obtain the correct net soil moisture flux.  It is assumed that any 
water reaching that point continues downward to recharge the underlying groundwater 
system (approximately 25 to 30 feet below ground surface).  A unit width (1 cm) was 
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used for the model domain.  Finite element nodes were spaced on a 1 cm grid for the 
entire profile, resulting in 1220 elements.  A screenshot of the finite element mesh in 
HYDRUS is shown in Figure 4. 
 
3.1.2 Time and Iteration Criteria  


A ten year period was modeled to reasonably account for annual variations in weather 
and vegetation conditions and return representative values for annual percolation and 
groundwater recharge.  The period of 2003 to 2012 was selected because it coincides 
with the annual water balance reports (and soil moisture and percolation data) provided 
by RRG, thus providing empirical data for comparison to the HYDRUS modeling results.  
Complete climate data were also available for the designated time period.  HYDRUS 
default and recommended values were used for time step and iteration criteria, including 
an initial time step of about one second, minimum time step of 10 milliseconds, a 
maximum of 20 iterations, and water content tolerance of 0.001%. 
 
3.1.3 Soil Hydraulic Parameters 


Soil hydraulic characteristics were modeled using the van Genuchten-Mualem model in 
the HYDRUS software package.  Soil parameters required for model input include: 
residual water content (θr), saturated water content (θs), saturated hydraulic conductivity 
(Ksat), pore-connectivity parameter (λ), and two empirical coefficients that define the 
shape of soil hydraulic functions (α, n).   
 
As noted in Section 2, soil samples from three test pit locations were submitted to the lab 
for analyses to determine spatial variability in the cap properties.  Because the 
unsaturated flow soil properties are all interdependent, averaging sample results from the 
different locations is not appropriate and would lead to erroneous model results.  Instead, 
the analytical data were reviewed and the data from test pit TP-1209-02 selected as being 
“most representative” of overall cap conditions.  As a check, initial model simulations 
were run using each of the three test pit sample results.  Groundwater recharge rates from 
initial models using soil parameters from test pits TP-1209-02 and TP-1209-03 differed 
by less than 1%, while soil parameters from TP-1209-01 resulted in approximately 11% 
less recharge.  These results indicate that the TP-1209-02 data provide a good 
approximation of the overall soil cap properties, and represent a conservative approach to 
the soil cap evaluation since they resulted in a higher percolation rate than the TP-1209-
01 sample results.  
 
Table 3-1 includes the base model soil parameters.  θr and θs, residual and saturated soil 
moisture content respectively, approximate the soil wilting point and field capacity.  
Together, these 2 properties define the soil water holding capacity which determines the 
soils ability to store water for subsequent evapotranspiration.  The larger the soil water 
holding capacity, the better the soil performs as a water balance cover.  The empirical 
parameters α and n are defined by the shape of the soil’s soil water characteristic curve.  
Together, they allow the model to adjust soil water movement for varying matric 
potential.  λ represents the soil pore connectivity and flow path tortuosity.  Although near 
impossible to measure in-place, a value between -1.0 and -3.0 is recommended for fine 
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textured soils and 0.5 for clean coarse soils (Benson, 2008).  A value of -2.0 was used for 
each layer in the model based on the significant amount of fines identified through soil 
grain size analysis.  The saturated hydraulic conductivity values (Ksat) included in Table 
3-1 and utilized in the model are modified from those reported by the laboratory 
permeameter tests.  The Ksat values were increased by an order of magnitude to better 
correlate with the soil moisture flux rates measured and reported by RRG (Pokorny et al., 
2012).  By increasing Ksat an order of magnitude in each layer, the model indicated more 
rapid movement of water within the soil cover, better reflecting the RRG mass balance 
results.  Increasing the laboratory-determined Ksat values is also consistent with detailed 
studies conducted under the Alternative Cover Assessment Program (ACAP) that show 
laboratory-measured Ksat values are typically lower than Ksat under field conditions due 
to fissures, burrows and other micro/macro conduits that develop in soil profiles 
(Albright et al. (2010).  Therefore, the increased laboratory values are expected to better 
represent the actual conditions within the soil cap.    
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TABLE 3-1. BASE MODEL SOIL PARAMETERS 


 
Material Thickness (cm) θr θs α (cm-1) n Ksat (cm/sec) λ 


Topsoil 20 0.0198 0.5153 0.0219 1.358 1.10E-02 -2.0 
Subsoil 50 0 0.4026 0.0030 1.315 7.40E-05 -2.0 


Porcelanite 26 0.0157 0.3051 0.0013 1.543 9.70E-05 -2.0 
Fly Ash 514 0 0.6129 0.0014 1.346 4.65E-05 -2.0 


 


3.1.4 Root Water Uptake 


Root water uptake parameters define the range of suction pressure heads at which 
transpiration can occur.  Parameters include the pressure below which plants begin to 
extract water (anaerobiosis point, P0), the pressure below which water is extracted at the 
maximum possible rate (Popt), the pressures below which roots can no longer extract 
water at the maximum rate (P2) and corresponding potential transpiration rates (r2), and 
the wilting point pressure below which root water uptake ceases (P3).  The vertical root 
distribution is defined by a depth of maximum root intensity, maximum rooting depth, 
and root distribution function parameter (Pz).  These parameters determine actual root 
water uptake (transpiration) in the soil cover. 
 
HYDRUS recommended root water uptake values for pasture plant communities were 
used in the base model, as shown in Table 3-2.  Vertical root distribution was defined 
with the maximum root intensity extending 20 cm to the bottom of the topsoil, a 
maximum root depth of 70 cm at the bottom of the subsoil, and the default Pz value of 1.  
Maximum rooting depths observed at the site range from 56 cm to more than 114 cm, 
with an average depth of 82 cm (Munshower, 2004). 
 


TABLE 3-2. ROOT WATER UPTAKE PARAMETERS 


 
P0 (cm) Popt (cm) P2H (cm) P2L (cm) P3 (cm) r2H (cm) r2L (cm) 


-10 -25 -200 -800 -8000 0.5 0.1 
 


3.1.5 Initial Conditions 


HYDRUS allows either soil water content or pressure head to be specified for initial 
conditions.  Water content was selected because of the availability of soil moisture data 
from the RRG reports.  Initial conditions were determined with a three year model run 
using initial soil water contents based on RRG data and climate data from 2003.  Climate 
data from 2003 are representative of a typical year in the 2003 to 2012 period; 
precipitation was 102% of average and potential evapotranspiration (PET) was 94% of 
average.  New initial conditions were determined for each significant change in model 
input parameters.  For the base model, the approximate moisture contents at the end of 
the three year run were 14% in the topsoil, a linear distribution from 21% to 19% in the 
subsoil, 14% in the porcelanite, and 33% in the ash. 
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3.1.6 Boundary Conditions 


HYDRUS requires user-specified boundary conditions at the top, bottom and sides of the 
model domain.  For the Colstrip model, an atmospheric boundary condition was used at 
the ground surface allowing for upward and downward water flux across the boundary.  
Time variable boundary conditions consisting of daily precipitation and PET were 
applied to the atmospheric boundary.  A free draining boundary condition was applied at 
the bottom of the model domain to allow downward percolation out of the ash if 
hydraulic conditions dictate.  The free draining condition specifies a zero pressure head 
gradient at the boundary and is appropriate when the water table is below the bottom of 
the model domain.  Zero flux boundaries were specified along the vertical edges of the 
model domain precluding lateral seepage into or out of the model domain.  The lack of 
lateral flow is considered to be conservative (i.e., increasing modeled percolation rates) 
since it precludes lateral flow through the soil cover.  
 
3.1.7 Climate Data 


The HYDRUS model requires precipitation, potential evaporation, and potential 
transpiration input data.  This climate information was developed from multiple sources.  
Daily precipitation and Hargreaves PET at the Colstrip weather station were downloaded 
for 2003 to 2012 from the Utah Climate Center (Utah, 2013). 
 
Precipitation during the 10-year simulation period averaged 42.0 cm (16.5 inches) per 
year.  For comparison, average annual precipitation at Colstrip since 1928 is 37.5 cm, and 
the 30-year average from 1980 through 2010 is 36.1 cm.  The wettest and second wettest 
years on record were 2011 and 2005.   
 
A correction factor was developed to adjust the available Hargreaves PET to the more 
accurate Modified Penman PET.  Both Penman and Hargreaves PET were available for 
Terry, Montana, which is located about 90 miles northeast of Colstrip.  Modified Penman 
PET data were downloaded from the Terry AgriMet station (US DoI, 2013), and 
Hargreaves PET at Terry was downloaded from the Utah Climate Center.  Monthly 
correction factors were calculated as the ratio of Penman to Hargreaves PET and applied 
to the Colstrip Hargreaves PET to estimate Penman PET for the Colstrip site.  The results 
are comparable to, and somewhat less than, Penman PET values from other locations in 
the region, as shown in Table 3-3. 
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TABLE 3-3. REGIONAL PENMAN PET VALUES 


 


Location Distance 
(mi) 


PET* 
(cm) 


Precipitation* 
(cm) Source 


Colstrip, MT - 121.8 42.0 Described in Section 3.1.7 
Badger Peak, MT 19 125.9 33.5 Desert Research Institute WRCC 
Terry, MT 89 128.3 32.1 AgriMet 
Melstone, MT 91 133.4 35.7 AgriMet 
Glendive, MT 116 127.0 31.8 AgriMet 
Beach, ND 142 156.4 32.7 NDAWN 
Bowman, ND 154 155.8 32.7 NDAWN 
Harlowton, MT 161 149.0 29.5 AgriMet 


 


*Average annual values 2003-2012. 
 


Penman PET from AgriMet stations uses alfalfa as a reference crop, so a daily crop 
coefficient for pasture grass was applied to generate potential actual ET values for the 
soil cover.  The crop coefficient has a maximum value of 0.68 (during peak growing 
season) and minimum value of 0.25 (during non-growing season).  Applying the pasture 
grass crop coefficient reduced PET from 121.8 cm to 70.2 cm of potential actual ET 
annually. 
 
Potential actual ET was partitioned into potential evaporation and potential transpiration 
using the Ankeny function (PT=0.52*PET*LAI0.5; Albright et al, 2010).  Leaf Area Index 
(LAI) was set to zero from November 1st through April 1st, increased linearly to one on 
May 15th, remained at one until September 18th, and decreased linearly to zero on 
October 31st. 
 
3.2 SENSITIVITY ANALYSIS 


After establishing a base model of the soil cover, a sensitivity analysis was performed to 
determine the effect of modifying various model input parameters on simulated deep 
percolation (i.e., groundwater recharge).  Each parameter comes with some level of 
uncertainty, and a sensitivity analysis addresses the potential effects of that uncertainty 
on model results.  The sensitivity analysis addressed soil layer thickness, soil hydraulic 
properties, and PET since these parameters are known to significantly affect unsaturated 
flow and inherently have a relatively high level of uncertainty.  Results from the 
sensitivity analysis are used to establish a realistic range of potential percolation and 
groundwater recharge rates. 
 
3.2.1 Cover Thickness Sensitivity 


The soil cover thickness varies across the Stage 1 Ash Pond area.  Additional models 
were run with the subsoil depth increased by 15 cm, 30 cm, and 61 cm.  The fly ash layer 
thickness remained the same for these cases, increasing total model depths to 625 cm, 
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640 cm, and 671 cm.  Further analyses were performed on the 30 cm increase case.  In 
one trial the root depth of maximum intensity was increased from 20 cm to 30 cm.  In 
another model a pore-connectivity parameter of 0.5 was used for the porcelanite layer.  
Although grain size analysis indicated -2.0 was an appropriate value due to significant 
fines in the porcelanite layer, a typical capillary barrier would be constructed of coarse 
material that would warrant a value of 0.5.  A third case replaced the porcelanite and fly 
ash layers with subsoil properties.  This model did not have physical significance, but 
was run in order to examine the effect of the lower layers on water movement below the 
subsoil. 
 
3.2.2 Soil Properties Sensitivity 


Laboratory determined values of saturated hydraulic conductivity do not precisely match 
in situ conditions, and changes in soil structure over time can affect Ksat values.  An 
analysis of model sensitivity to this parameter was therefore conducted.  As previously 
discussed, Ksat was increased an order of magnitude above lab values in the base model 
to better correlate with flux responses documented by RRG.  The sensitivity analysis 
examined 25% and 50% increases and decreases from the values used in the base model.  
An additional case decreased topsoil Ksat to the lab reported value.  A model run was 
also completed with a pore-connectivity parameter of -1.0 for all layers, which is the 
upper value recommended for fine textured soils (Benson, 2008). 
 
3.2.3 ET Sensitivity 


Potential evapotranspiration inputs to the model were calculated from weather data and 
then modified to represent the soil cover vegetation.  Sensitivity models were developed 
for 25% and 50% increases and decreases in PET.  Effects from changes to the root water 
uptake parameter P3, P0, and Popt were also analyzed. P3 represents the wilting point of 
the soil, P0 is the pressure at which root water uptake begins, and Popt is the pressure at 
which maximum root water uptake begins.  The HYDRUS recommended P3 value of -
8000 cm for pasture plant communities was used in the base model.  A common value for 
wilting point in humid regions is around -15,000 cm, and values below -80,000 cm can 
occur in arid climates (Benson, 2008).  Models were run with P3 values of -15,000 cm 
and -30,000 cm.  HcritA, which specifies the absolute value of the minimum allowed 
pressure at the soil surface, was also changed in each case to be lower than the value of 
P3.  An additional case with P3 of -8000 cm and HcritA of 30,500 cm was run to 
investigate the effect of changing HcritA independently.  HYDRUS recommended P0 
and Popt values for pasture grasses are -10 cm and -25 cm, respectively.  However, site-
specific P0 and Popt values of -25 cm and -48 cm were determined from the sample PPL-
0912-906 soil water characteristic curve (Attachment 2) and included in the sensitivity 
analysis.  A maximum leaf area index of 1.0 was used in the base model, and models with 
maximum LAI of 0.5 and 1.5 were included in the sensitivity analysis. 
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4.0 RESULTS 
 
Results from the base model and sensitivity analysis are presented and briefly discussed 
in this section.  Water fluxes at the bottom of the porcelanite, 152 cm (5 ft) BGS, 457 cm 
(15 ft) BGS, and 610 cm (20 feet, close to the bottom of the ash) BGS are presented.  The 
term percolation is used to describe water movement from the soil cover into the ash, and 
groundwater recharge is assumed to be the water flux at the bottom of the model domain, 
or 20 feet BGS. 
 
4.1 BASE MODEL RESULTS 


The base model provides an estimate of the water flux and actual evapotranspiration in 
the soil cover.  Figure 5 shows cumulative precipitation, evaporation, root water uptake, 
and groundwater recharge over the ten year simulation period. 
 
Total precipitation over the ten year period was 420.0 cm, and all precipitation was 
infiltrated.1  Groundwater recharge totaled 36.5 cm over the 10 year period, or 8.7% of 
precipitation.  Actual evaporation and root water uptake (transpiration) accounted for 
278.8 cm (66.3% of precipitation) and 107.1 cm (25.5%), respectively.  Combined actual 
evapotranspiration is 386 cm, which is 55% of potential actual evapotranspiration. 
 
Figure 6 shows net cumulative water fluxes at various depths during the simulation 
period.  A positive flux represents downward movement of water.  Figure 6 shows that 
water responds much more quickly at shallower depths to individual precipitation events 
and varying evapotranspiration rates.  The peaks and valleys observed in cumulative 
percolation (net flux at bottom of porcelanite) are almost entirely attenuated at a depth of 
610 centimeters (20 feet) as shown by the green line representing groundwater recharge.  
Net flux at the bottom of the subsoil and porcelanite is nearly identical.  Total percolation 
through the porcelanite layer was 36.1 cm, and groundwater recharge totaled 36.5 cm.  
These values indicate net water storage in the ash layer differed by only 4 mm from the 
beginning of the simulation to the end.  At other times in the 10-year model period the 
difference between the percolation and groundwater recharge indicate changes in water 
storage within the ash layer.  This is particularly evident in 2011, the wettest year on 
record. 
 
Soil water content can also be output as HYDRUS model results.  Figure 7 shows the 
HYDRUS determined average monthly moisture contents for the period from November 
2010 through October 2012.  The moisture data was determined by averaging water 
content from three to five nodes spaced throughout each depth range shown.  The depth 
ranges represent the topsoil (0-20 cm), upper subsoil (20-37 cm), lower subsoil (38-62 
cm), porcelanite (75-95 cm), and upper ash layer (100-135 cm).  The water contents 
determined by RRG during the same period are shown in Figure 8 for comparison 
(Pokorny et al., 2012). 


                                                
1 Infiltration of all precipitation (and corresponding lack of surface evaporation) is believed to be due to 
HYDRUS’ averaging of all daily precipitation amounts over a 24 hour period, thereby reducing 
precipitation intensity and increasing infiltration. 
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Reasonable agreement is seen between the two figures, although water contents from the 
HYDRUS model show less extreme changes than those reported by RRG.  Figure 8 
shows increases in water content in March of each year that are not exhibited in Figure 7.  
This may be due to an influx of moisture during spring thaw, or it may be related to the 
TDR sensors’ inability to measure frozen moisture.  The apparent increase in water 
content in the porcelanite and ash around November 2011 (Figure 8) stems from a change 
in the calibration curves used with the TDR sensors and are not believed to represent 
actual changes in moisture content (Pokorny at al., 2012). 
 
4.2 SENSITIVITY ANALYSIS RESULTS 


Results of the sensitivity analysis provide insight into the uncertainty included in the 
HYDRUS results due to inherent variability in certain model input parameters.  Model 
sensitivity is addressed in terms of changes in simulated total groundwater recharge 
(percolation at a depth of 20 feet) in response to changes in specific input parameter 
values.  A summary of the sensitivity analysis results is given in Table 4-1.  Table A3-1 
in Attachment 3 contains more detailed sensitivity analysis results.   
 
4.2.1 Cover Thickness Sensitivity Results 


An increase in subsoil thickness was expected to provide additional water storage and 
evapotranspiration ability from the soil cover; however, the results showed little 
difference from the base model for subsoil depth increases of 15 cm, 30 cm, and 61 cm.  
Increasing subsoil resulted in increased root water uptake, but evaporation decreased and 
total recharge increased slightly in each case.   
 
In order to further evaluate model sensitivity to soil cover thickness, separate model runs 
were made with varying values for soil thickness-related parameters. For instance, 
increasing the root depth of maximum intensity to 30 cm also resulted in increased root 
water uptake, decreased evaporation, and a slight increase in recharge.  The model was 
relatively insensitive to changes in subsoil depth and root depth of maximum intensity for 
the values investigated. 
 
4.2.2 Soil Parameter Sensitivity Results 


Analyses involving Ksat generally resulted in the expected response.  Increasing Ksat 
25% and 50% resulted in increased groundwater recharge of 10% and 21%, respectively, 
while 25% and 50% decreases in Ksat resulted in decreased recharge of 15% and 32%.  
Decreasing Ksat an order of magnitude in the topsoil layer resulted in a 24% increase in 
recharge.  Root water uptake increased for that simulation while evaporation decreased, 
indicating that water was infiltrating to the subsoil and then could not migrate upward as 
easily to evaporate.  Changing λ (pore interconnectivity) to -1.0 resulted in an 8% 
increase in recharge.  The model was fairly sensitive to changes in Ksat and less sensitive 
to λ. 
 
 
 
 







K sat 
Total Cover 


Thickness
PET


Actual 


ET


Water Budget 


Error


cm/sec cm cm/yr cm/yr cm/yr % of Precip % change from Base %


- Base Case 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 38.6 3.65 8.7% 0% 0.02%


1 Cover Thickness Sensitivity


1a additional 6" of subsoil 1.1E-2/7.4E-5/9.7E-5/4.65E-5 111 70.2 38.4 3.73 8.9% 2% 0.01%


1b additional 12" of subsoil 1.1E-2/7.4E-5/9.7E-5/4.65E-5 126 70.2 38.3 3.77 9.0% 3% 0.01%


1c additional 12", porcelanite λ=0.5 1.1E-2/7.4E-5/9.7E-5/4.65E-5 126 70.2 38.2 3.95 9.4% 8% 0.00%


1d additional 12", max root int 30 cm 1.1E-2/7.4E-5/9.7E-5/4.65E-5 126 70.2 38.4 3.74 8.9% 2% 0.00%


1e additional 12", all subsoil below 20 cm 1.1E-2/7.4E-5 126 70.2 41.2 2.08 5.0% -43% 0.03%


1f additional 24" of subsoil 1.1E-2/7.4E-5/9.7E-5/4.65E-5 157 70.2 38.4 3.74 8.9% 2% 0.01%


2 Soil Parameters Sensitivity


2a increase Ksat 25% all layers 1.38E-2/9.25E-5/1.21E-4/5.81E-5 96 70.2 38.5 4.01 9.5% 10% 0.02%


2c increase Ksat 50% all layers 1.65E-2/1.11E-4/1.46E-4/6.98E-5 96 70.2 38.4 4.40 10.5% 21% 0.04%


2b decrease Ksat 25% all layers 8.25E-3/5.55E-5/7.28E-5/3.49E-5 96 70.2 38.5 3.12 7.4% -15% 0.01%


2d decrease Ksat 50% all layers 5.5E-3/3.7E-5/4.85E-5/2.33E-5 96 70.2 38.4 2.49 5.9% -32% 0.00%


2e decrease topsoil Ksat 10 fold 1.1E-3/7.4E-5/9.7E-5/4.65E-5 96 70.2 37.6 4.54 10.8% 24% 0.01%


2f λ = -1.0 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 38.3 3.94 9.4% 8% 0.00%


3 ET Sensitivity


3a increase PET 25% 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 87.8 39.7 2.79 6.6% -24% 0.03%


3c increase PET 50% 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 105.3 40.4 2.35 5.6% -36% 0.04%


3b decrease PET 25% 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 52.7 36.4 5.25 12.5% 44% 0.04%


3d decrease PET 50% 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 35.1 30.4 10.27 24.5% 181% 0.02%


3e P3=-15000 & HcritA=15050 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 40.4 2.23 5.3% -39% 0.00%


3f P3=-30000 & HcritA=30500 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 41.7 1.51 3.6% -59% 0.00%


3g P3=-8000 & HcritA=30500 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 40.1 2.39 5.7% -35% 0.09%


3h P0=-25 & Popt=-48 from SWCC 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 38.6 3.66 8.7% 0% 0.02%


3i Max LAI=0.5 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 38.8 3.57 8.5% -2% 0.00%


3j Max LAI=1.5 1.1E-2/7.4E-5/9.7E-5/4.65E-5 96 70.2 38.5 3.77 9.0% 3% 0.02%


Sensitivity 


Run
Description


Groundwater Recharge


TABLE 4-1.  SENSITIVITY ANALYSIS SUMMARY
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4.2.3 Evapotranspiration Sensitivity Results 


As expected, the HYDRUS model results show a relatively high level of sensitivity to 
evapotranspiration (ET).  Coincidentally, potential evapotranspiration (PET) is one of the 
most difficult input parameters to accurately quantify resulting in a relatively high level 
of uncertainty.  Increasing PET 25% and 50% resulted in 24% and 36% decreases in 
groundwater recharge, while 25% and 50% decreases in PET resulted in 44% and 181% 
increases in recharge. 
 
Similar to the soil properties sensitivity analysis, a number of PET-related parameters 
were also evaluated through separate model runs.  For instance, changing P3 (soil matric 
potential) from the base case of -8000 cm to -15,000 cm and -30,000 cm resulted in 39% 
and 59% decreases in groundwater recharge, respectively.  Changing P0 (anearobiosis 
point or matric potential below which root water uptake begins) from -10 cm to -25 cm 
and Popt (matric potential below which maximum root water uptake occurs) from -25 cm 
to -48 cm resulted in negligible changes in recharge.  Finally, reducing maximum LAI 
from 1.0 to 0.5 decreased recharge by 2% while increasing maximum LAI to 1.5 
increased recharge by 3% over the base case.  Reducing LAI had the effect of decreasing 
root water uptake and increasing evaporation.  As expected, the model shows a relatively 
high sensitivity to changes in PET and P3, but is not as sensitive to changes in P0, Popt, 
and LAI for the ranges explored. 
 


5.0  DISCUSSION AND CONCLUSIONS 
 
The base case HYDRUS model described in this memorandum is believed to provide a 
reasonable representation of hydrologic processes within the Colstrip SOEP soil cover.  
Although there is always a level of uncertainty inherent to the data required for 
unsaturated flow modeling, the model input parameters are believed to be relatively well 
constrained, with soil hydraulic parameters based on detailed sampling and testing of the 
actual cover soils (including soil water characteristics curves), and a relatively robust 
climatic dataset.  A detailed sensitivity analysis was used to quantify a reasonable range 
of possible results based on sensible ranges in model parameter values.  The base model 
indicated average groundwater recharge of 3.65 cm per year, or 8.7% of total 
precipitation.  The sensitivity analysis revealed that saturated hydraulic conductivity, 
potential evapotranspiration, and soil wilting point each have a significant effect on 
model results.  Considering the full range of uncertainty in these parameters would result 
in a range of groundwater recharge rates of 1.5 cm to 5.2 cm per year.  The sensitivity 
models used to generate this range are highlighted in Table 4-1. 
 
The results presented are based on assumptions and limitations of the soil cover model.  
In general these assumptions lead to conservative estimates, or over-prediction, of 
groundwater recharge.  For instance: 
 


• Ksat values were increased an order of magnitude above lab reported values to 
better correlate with groundwater flux response with values calculated by RRG.  
Benson (2008) recommends Ksat values of 10-4 to 10-3 cm/sec for surface layers 
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and 10-6 to 10-4 for soil storage layers.  Lab data fell into these ranges, and the 
tenfold increase potentially overestimates the actual value.  As shown in the 
sensitivity analysis, a 50% decrease in Ksat resulted in a 32% decrease in 
recharge.  Ksat values for that model were still five times higher than lab reported 
values.   


• Infiltration of daily precipitation provides another potential source of error.  
Precipitation events in eastern Montana are typically composed of short periods of 
high intensity rainfall, but the HYDRUS 2D model does not account for 
variations in precipitation intensity.  While several centimeters of precipitation in 
a short period of time would likely exceed the infiltrative capacity of the soil, the 
same amount distributed over an entire day does not.  Thus, the model calculated 
that all precipitation in the ten year period was infiltrated and no runoff or surface 
evaporation occurred.   


• Precipitation during the model period was 16% higher than the 30 year average 
and included the exceptionally wet years of 2011 (69% above 30 year average) 
and 2005 (66% above 30 year average). 


• Potential evapotranspiration is difficult to accurately estimate, but the value 
developed for the base model is at the lower end of the regional range given in 
Table 3-3.  Furthermore, a pasture grass crop factor was applied to reduce PET, so 
it is unlikely that PET was significantly overestimated. 


• Uncertainty was also involved in selecting a value for the parameter P3 (wilting 
point).  The HYDRUS recommended value of -8000 cm was used in the base case 
simulation, although several examples from the literature state that values of         
-15,000 cm or more can occur in semi-arid areas (Benson, 2008).   


 
These factors could all contribute to an over-prediction of average groundwater recharge 
through the soil cover and fly ash.  For these reasons, a best estimate of groundwater 
recharge based on the modeling results would be 1.5 to 3.7 cm (0.6 to 1.5 inches) per 
year, or 3.6% to 8.8% of average annual precipitation.  
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FIGURE 3.  SOIL COVER DIAGRAM 


 
 


FIGURE 4.  HYDRUS FINITE ELEMENT MODEL SCREENSHOT 
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FIGURE 5.  BASE MODEL CUMULATIVE PRECIPITATION, 
EVAPOTRANSPIRATION, AND GROUNDWATER RECHARGE 


 
 
 


FIGURE 6.  BASE MODEL NET CUMULATIVE WATER FLUX RESULTS 
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FIGURE 7.  BASE MODEL WATER CONTENTS 


 
 


 


FIGURE 8.  RECLAMATION RESEARCH GROUP REPORTED 
WATER CONTENTS 


 
Source: Pokorny et al, 2012 
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ATTACHMENT 1 


 
TEST PIT LOGS 
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0.0 - 0.5' 1 gallon ziploc (2)


Project:


GEOLOGICAL DESCRIPTION


SH


0.5 - 2.3' 1 gallon ziploc (2)


2.3 - 3.3' gravel, 1 gallon ziploc (2)


PPL-1209-900


PPL-1209-901


PPL-1209-902


SH


0.0 - 0.5' Silt
Topsoil, some clay; dry, pale yellow brown to moderate yellow brown;
moderately compacted, some clinker gravel fragments; rooting depth to
6", roots sparse; average soil to 10"


0.5 - 2.3' Silty clay
Dry, moderate yellow brown to dark yellow orange and light olive gray;
moderately dense, very few roots; fragments of bedrock throughtout;
silty clayey texture


2.3 - 3.3' Gravel
Dry, moderate red and light brown clinker gravels from pea to cobble
size; siltstone origin; matrix of fine sand/moderate sand sediment; large
woody debris in gravel matrix; no roots


Ash
Dry, yellowish gray & light greenish gray, soft, loose


Descriptive Location:


Client:  PPL Montana, LLC


Billings, MontanaBillings, Montana


Hydrometrics, Inc.
Consulting Scientists and Engineers
Hydrometrics, Inc.
Consulting Scientists and Engineers


Property Owner:  PPL Montana, LLC


Equipment Owner:   Oftedal
Equipment Operator:   Zach
Excavation Method:   Backhoe
Excavation Dimensions:


Recorded By:   RJL


County:  Rosebud


Legal Description:


Remarks:   Test Pit (TP) in Area 4 of reclaimed SOEP near RRG station on barren area.  Sand fraction of Area 4 is void of vegetation (barren).  TP is
representation


State:   Montana


Date Hole Finished: 9/7/12


Sheet  1  of  1


1


2


3


4


Hole Name: TP-1209-01
Date Hole Started: 9/7/12


1


2


3


4
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0.0 - 0.5' 1 gallon ziploc (2)


Project:


GEOLOGICAL DESCRIPTION


SH


0.5 - 2.0' 1 gallon ziploc (2)


2.0 - 2.6' 1 gallon ziploc (2)


PPL-1209-906


PPL-1209-907


PPL-1209-908


Descriptive Location:


SH


0.0 - 0.5' Silt, some Clay,  trace fine Sand
Dry, pale yellowish brown, silt, some clay, trace fine sand,_ area with
only 3" topsoil, 80% of roots in top 6"


0.5 - 2.0' Silt
Subsoil, silt, of siltstone or_, lots of bedrock fragments,
non-calcareous, very hard, compacted, dry, color yellowish gray [5y 7/2]


2.0 - 2.6' Gravel
Barrier, clinker of shale origin, dry, grayish pink to pale red, [10R 6/2],
subsoil, ash mixed with gravel content grades from 0-50% with depth,
gravel barrier only 8", thick in this pit


Client:  PPL Montana, LLC


Billings, MontanaBillings, Montana


Hydrometrics, Inc.
Consulting Scientists and Engineers
Hydrometrics, Inc.
Consulting Scientists and Engineers


Property Owner:  PPL Montana, LLC


Equipment Owner:   Oftedal
Equipment Operator:   Zach
Excavation Method:   Backhoe
Excavation Dimensions:


Recorded By:   RJL


County:  Rosebud


Legal Description:


Remarks:   Area 5 test pit sampled with 2" spit spoon and PVC "Shelby" tubes


State:   Montana


Date Hole Finished: 9/7/12


Sheet  1  of  1


1


2


3


Hole Name: TP-1209-02
Date Hole Started: 9/7/12


1
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SH


0.5 - 1.5' 1 gallon ziploc (2)


1.5 - 2.9' 1 gallon plastic bag (2)


PPL-1209-903


PPL-1209-904


PPL-1209-905


Client:  PPL Montana, LLC


SH


0.0 - 0.5' Sandy Clayey Silt
Topsoil, pale yellowish brown, lose to moderately firm, dry, transition
from topsoil to subsoil, gravelly sandstone, not well defined, no
noticeable salt precipitates, calcareous


0.5 - 1.5' Sand
Subsoil, moderate yellowish brown, slightly moist, loose, dry, root depth
to top of gravel barrier, 75% top 6",  20% to 18", 5% to_


1.5 - 2.9' Gravel
Slightly moist to dry, light brown and grayish red, gravels of thermally
altered sandstone and shale, gravel_ ranges from 12-17" at this test pit,
sand size to rubbles, poorly sorted


2.9 - 3.2' Ash
Slightly moist, light greenish gray


G
R


A
P


H
IC


S


Billings, MontanaBillings, Montana


Hydrometrics, Inc.
Consulting Scientists and Engineers
Hydrometrics, Inc.


Project:


Consulting Scientists and Engineers


Descriptive Location:


Property Owner:  PPL Montana, LLC


Equipment Owner:   Oftedal
Equipment Operator:   Zach
Excavation Method:   Backhoe
Excavation Dimensions:


Recorded By:   RJL


County:  Rosebud


Legal Description:


Remarks:   Area 1 test pit, _______ bunch (?) grasses and fac. wet species, some green grass in a micro depression.  Per Neumiller Area 1 has best topsoil
borrow avg/_______ quallity topsoil.  Sampled with 2" split spoon and 6" PVC "Shelby" tubes


State:   Montana


Date Hole Finished: 9/7/12


Sheet  1  of  1


1
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3


Hole Name: TP-1209-03
Date Hole Started: 9/7/12
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COLSTRIP SOIL CAP SOIL SAMPLE INVENTORY - COLLECTED BY HYDROMETRICS


Sample # Test Pit # Location


Sample Depth 


(inches) Cap Material


USDA


Classification


α


(cm
-1


)


n Ksat 
(cm/sec)


θr


(% vol)


θs


(% vol)


Dry Bulk 


Density 
(g/cm3) Porosity (%)


PPL-1209-900 TP-1209-01 Area 4 0 to 6 Topsoil Silt Loam 0.0131 1.3289 2.8E-04 0 49.32 1.26 52.6


PPL-1209-901 TP-1209-01 Area 4 6 to 28 Subsoil Silty Clay Loam 0.0017 1.3883 1.1E-05 0 43.52 1.60 39.7


PPL-1209-902 TP-1209-01 Area 4 28 to 40 Cap Break Sandy Loam 0.0079 1.4232 3.3E-05 0.36 22.26 1.79 32.4


PPL-1209-903 TP-1209-03 Area 1 0 to 6 Topsoil Sandy Clay Loam 0.0235 1.3267 5.5E-04 0.68 50.60 1.38 48.0


PPL-1209-904 TP-1209-03 Area 1 6 to 18 Subsoil Sandy Loam 0.0092 1.4896 2.6E-04 0.64 42.90 1.47 44.6


PPL-1209-905 TP-1209-03 Area 1 18 to 35 Cap Break Loam 0.0007 1.4057 1.7E-07 0 26.80 1.84 30.7


PPL-1209-906 TP-1209-02 Area 5 0 to 6 Topsoil Loam 0.0219 1.3575 1.1E-03 1.98 51.53 1.30 50.8


PPL-1209-907 TP-1209-02 Area 5 6 to 24 Subsoil Silt Loam 0.0030 1.3152 7.4E-06 0.00 40.26 1.59 40.2


PPL-1209-908 TP-1209-02 Area 5 24 to 32 Cap Break Loam 0.0013 1.5428 9.7E-06 1.57 30.51 1.62 38.8


COLSTRIP ASH SAMPLE INVENTORY - COLLECTED BY RECLAMATION RESEARCH GROUP


2001A 14.75-15.5 Well 2001A Area 5 14.75 to 15.5 (feet) Fly ash Silt 0.0013 1.3079 8.8E-06 0 61.03 1.04 59.5


2001A 24.0-24.75 Well 2001A Area 5 24.0 to 24.75 (feet) Fly ash Silt Loam 0.0014 1.3458 4.6E-06 0 61.29 0.96 62.7


2002A 14.0-14.75 Well 2002A Area 5 14.0 to 14.75 (feet) Fly ash Silt 0.0018 1.3543 7.8E-06 0 64.30 1.24 51.7


2002A 24.0-24.75 Well 2002A Area 5 24.0 to 24.75 (feet) Fly ash Silt 0.0010 1.5222 2.9E-06 6.13 60.16 1.00 61.2


TABLE A2-1.  SOIL HYDROLOGIC PARAMETER SUMMARY







 


 Daniel B. Stephens & Associates, Inc.
 5840 Osuna Road NE • Albuquerque, New Mexico 87109


Laboratory Report for 
KC Harvey Environmental, LLC       


PPL Soil Water Characteristics 2012 


 


  


  


October 19, 2012   


 







 


October 19, 2012 


 


                                                                                                               Daniel B. Stephens & Associates, Inc. 


                                                                                                              Soil Testing & Research Laboratory 
 5 8 4 0  O s u n a  R d .  N E  5 0 5 - 8 8 9 - 7 7 5 2  


 A l b u q u e r q u e ,  N M  8 7 1 0 9  F A X  5 0 5 - 8 8 9 - 0 2 5 8  


Stuart Jennings 
KC Harvey Environmental, LLC 
376 Gallatin Park Drive 
Bozeman, MT 59715-7909 
(406) 579-7412 
 
Re: DBS&A Laboratory Report for KC Harvey Environmental, LLC; PPL Soil Water Characteristics 
2012 
 
Dear Mr. Jennings: 


Enclosed is the final report for the KC Harvey Environmental, LLC; PPL Soil Water Characteristics 
2012 samples.  Please review this report and provide any comments as samples will be held for a 
maximum of 30 days.  After 30 days samples will be returned or disposed of in an appropriate 
manner.  


All testing results were evaluated subjectively for consistency and reasonableness, and the results 
appear to be reasonably representative of the material tested.  However, DBS&A does not assume 
any responsibility for interpretations or analyses based on the data enclosed, nor can we guarantee 
that these data are fully representative of the undisturbed materials at the field site.  We recommend 
that careful evaluation of these laboratory results be made for your particular application. 


The testing utilized to generate the enclosed final report employs methods that are standard for the 
industry.  The results do not constitute a professional opinion by DBS&A, nor can the results affect 
any professional or expert opinions rendered with respect thereto by DBS&A.  You have 
acknowledged that all the testing undertaken by us, and the final report provided, constitutes mere 
test results using standardized methods, and cannot be used to disqualify DBS&A from rendering 
any professional or expert opinion, having waived any claim of conflict of interest by DBS&A.  


We are pleased to provide this service to KC Harvey Environmental, LLC and look forward to 
future laboratory testing on other projects.  If you have any questions about the enclosed data, 
please do not hesitate to call. 


Sincerely, 


DANIEL B. STEPHENS & ASSOCIATES, INC. 
SOIL TESTING & RESEARCH LABORATORY 


 
Celina Sessa 
Assistant Laboratory Manager 
Enclosure 
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Summary of Tests Performed


Saturated
Initial Soil Hydraulic Moisture Particle Specific Air


Laboratory Properties1 Conductivity2 Characteristics3 Size4 Gravity5 Perm- Atterberg Proctor
Sample Number G VM VD CH FH FW HC PP FP DPP RH EP WHC Kunsat DS WS H F C eability Limits Compaction


2001A 14.75-15.5 X X X X X X X X X X


2001A 24.0-24.75 X X X X X X X X X X


2002A 14.0-14.75 X X X X X X X X X X


2002A 24.0-24.75 X X X X X X X X X X


1  G = Gravimetric Moisture Content, VM = Volume Measurement Method, VD = Volume Displacement Method
2  CH = Constant Head Rigid Wall, FH = Falling Head Rigid Wall, FW = Falling Head Rising Tail Flexible Wall
3  HC = Hanging Column, PP = Pressure Plate, FP = Filter Paper, DPP = Dew Point Potentiometer, RH = Relative Humidity Box, 
   EP = Effective Porosity, WHC = Water Holding Capacity, Kunsat = Calculated Unsaturated Hydraulic Conductivity
4  DS = Dry Sieve, WS = Wet Sieve, H = Hydrometer
5  F = Fine (<4.75mm), C = Coarse (>4.75mm)


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Notes


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &  A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .


Sample Receipt:
Four samples arrived on September 10, 2012, each as a core wrapped in a plastic bag and stapled closed along 
the open edge.  Samples '2001A 24.0‐24.75' and '2002A 24.0‐24.75' arrived as intact cores; sample '2001A 
14.75‐15.5' arrived as one core split into two intact pieces; and sample '2002A 24.0‐24.75' arrived as one core 
split into three intact pieces.  The sample sizes ranged from 2" to 2.5" in diameter and 8" to 10" in length.


Sample Preparation and Testing:
Two intact sub‐samples were obtained from each main sample by pushing testing rings (~1.5” diameter by ~2.5” 
length) into the original intact sample cores.  One of these sub‐samples was used for the hanging column and 
pressure chamber testing.  The other sub‐sample was used for the flexible wall saturated hydraulic conductivity 
analysis. 


Remaining adjacent bulk sample material was used for dewpoint potentiometer, relative humidity chamber, and 
particle size analysis testing.  


General Notes:
Volume changes (settling) occurred for three samples during the hanging column and pressure chamber 
portions of the hydraulic properties testing.  Due to the irregularities formed on the sample surfaces during 
settling, volume measurements obtained after the initial reading should be considered estimates.


Total porosity calculations in this report are based on the use of an assumed specific gravity value of 2.56.  And, 
particle diameter calculations in the hydrometer portion of the particle size analysis are based on the use of an 
assumed specific gravity value of 2.56. 
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Moisture 
Content


Dry Bulk 
Density


Dry Bulk 
Density


% Volume 
Change 


% of Initial 
Density


Dry Bulk 
Density


% Volume 
Change 


% of Initial 
Density


Sample Number (%, g/g) (g/cm3) (g/cm3) (%) (%) (g/cm3) (%) (%)


2001A 14.75-15.5 60.0 1.01 1.01 --- 100.0% 1.03 -1.8% 101.8%


2001A 24.0-24.75 67.0 0.93 0.93 --- 100.0% 0.97 -4.3% 104.5%


2002A 14.0-14.75 66.0 0.89 0.89 --- 100.0% 0.93 -3.9% 104.1%


2002A 24.0-24.75 60.1 1.01 1.01 --- 100.0% 1.01 --- 100.0%


3Volume Change Post Drying Curve:  Volume change measurements were obtained throughout hanging column and pressure plate testing.  
The 'Volume Change Post Drying Curve' values represent the final sample dimensions after the last pressure plate point.  


Notes:
     "+" indicates sample swelling, "-" indicates sample settling, and "---" indicates no volume change occurred.


Summary of Sample Preparation/Volume Changes


Initial Sample Data1 Volume Change Post Saturation2
 Volume Change Post Drying 


Curve3


1Initial Sample Data: The 'as received' dry bulk density and moisture content.
2Volume Change Post Saturation: Volume change measurements were obtained after saturated hydraulic conductivity testing.


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity


Moisture Content
As Received Remolded Dry Bulk Wet Bulk Calculated 


Gravimetric Volumetric Gravimetric Volumetric Density Density Porosity
Sample Number (%, g/g) (%, cm3/cm3) (%, g/g) (%, cm3/cm3) (g/cm3) (g/cm3) (%)


2001A 14.75-15.5 Rigid Wall 60.0 60.7 --- --- 1.01 1.62 60.6


2001A 14.75-15.5 Flexible Wall 58.2 60.4 --- --- 1.04 1.64 59.5


2001A 24.0-24.75 Rigid Wall 67.0 62.5 --- --- 0.93 1.56 63.6


2001A 24.0-24.75 Flexible Wall 62.8 60.1 --- --- 0.96 1.56 62.7


2002A 14.0-14.75 Rigid Wall 66.0 58.8 --- --- 0.89 1.48 65.3


2002A 14.0-14.75 Flexible Wall 42.3 52.4 --- --- 1.24 1.76 51.7


2002A 24.0-24.75 Rigid Wall 60.1 60.7 --- --- 1.01 1.62 60.6


2002A 24.0-24.75 Flexible Wall 58.4 58.1 --- --- 1.00 1.58 61.2


NA  =  Not analyzed
---  =  This sample was not remolded


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Saturated Hydraulic Conductivity Tests


Oversize 
Corrected Method of Analysis


Sample Number
Ksat


(cm/sec)
Ksat


(cm/sec)
Constant Head
Flexible Wall


Falling Head 
Flexible Wall


2001A (14.75-15.5) 8.78E-06 NA X


2001A (24-24.75) 4.65E-06 NA X


2002A (14-14.75) 7.82E-06 NA X


2002A (24-24.75) 2.87E-06 NA X


---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Moisture Characteristics
of the Initial Drainage Curve


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)


2001A 14.75-15.5 0 62.7
16 59.7
52 59.5


126 58.8
337 59.4 ‡‡


22742 18.9 ‡‡


84439 15.0 ‡‡


389972 12.0 ‡‡


858458 6.7 ‡‡


2001A 24.0-24.75 0 61.8
16 61.1 ‡‡


52 59.7 ‡‡


126 59.0 ‡‡


337 58.9 ‡‡


15297 19.3 ‡‡


48848 14.0 ‡‡


217421 10.6 ‡‡


858458 6.4 ‡‡


2002A 14.0-14.75 0 63.8
16 63.9 ‡‡


52 62.9 ‡‡


126 62.3 ‡‡


337 60.0 ‡‡


9280 20.6 ‡‡


50072 12.7 ‡‡


380691 9.6 ‡‡


858458 6.2 ‡‡


2002A 24.0-24.75 0 61.8
16 60.1
52 58.9


126 58.3
337 57.5


17643 17.6
58435 13.1


278915 9.1
858458 7.4


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Calculated Unsaturated Hydraulic Properties


Oversize Corrected


Sample Number



(cm-1)
N


(dimensionless)
r


(% vol)
s


(% vol)
r


(% vol)
s


(% vol)


2001A 14.75-15.5 0.0013 1.3079 0.00 61.03 NA NA


2001A 24.0-24.75 0.0014 1.3458 0.00 61.29 NA NA


2002A 14.0-14.75 0.0018 1.3543 0.00 64.30 NA NA


2002A 24.0-24.75 0.0010 1.5222 6.13 60.16 NA NA


 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Particle Size Characteristics


Sample Number
d10


(mm)
d50


(mm)
d60


(mm) Cu Cc Method
ASTM


Classification
USDA


Classification


2001A 14.75-15.5 0.011 0.016 0.018 1.6 0.99 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt


2001A 24.0-24.75 0.0016 0.0050 0.0063 3.9 0.95 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt Loam


2002A 14.0-14.75 0.0056 0.013 0.015 2.7 1.2 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt


2002A 24.0-24.75 0.0031 0.0082 0.010 3.2 0.98 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt


d50  =  Median particle diameter d60 DS   =  Dry sieve † Greater than 10% of sample is coarse material


Est  =  
d10


H      =  Hydrometer


   (d30)
2 WS  =  Wet sieve


(d10)(d60)


Cu =


Cc =


Reported values for d10, Cu, Cc, and soil 
classification are estimates, since extrapolation 
was required to obtain the d10 diameter


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Percent Gravel, Sand, Silt and Clay*


% Gravel % Sand % Silt % Clay
Sample Number (>4.75mm) (<4.75mm, >0.075mm) (<0.075mm, >0.002mm) (<0.002mm)


2001A 14.75-15.5 0.0 0.3 96.5 3.1


2001A 24.0-24.75 0.0 0.1 82.7 17.1


2002A 14.0-14.75 0.0 0.4 95.0 4.6


2002A 24.0-24.75 0.0 0.6 93.6 5.7


*USCS classification does not classify clay fraction based on particle size.  USDA definition of clay (<0.002mm) used in this table. 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .


12







Initial Properties  
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Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity


Moisture Content
As Received Remolded Dry Bulk Wet Bulk Calculated 


Gravimetric Volumetric Gravimetric Volumetric Density Density Porosity
Sample Number (%, g/g) (%, cm3/cm3) (%, g/g) (%, cm3/cm3) (g/cm3) (g/cm3) (%)


2001A 14.75-15.5 Rigid Wall 60.0 60.7 --- --- 1.01 1.62 60.6


2001A 14.75-15.5 Flexible Wall 58.2 60.4 --- --- 1.04 1.64 59.5


2001A 24.0-24.75 Rigid Wall 67.0 62.5 --- --- 0.93 1.56 63.6


2001A 24.0-24.75 Flexible Wall 62.8 60.1 --- --- 0.96 1.56 62.7


2002A 14.0-14.75 Rigid Wall 66.0 58.8 --- --- 0.89 1.48 65.3


2002A 14.0-14.75 Flexible Wall 42.3 52.4 --- --- 1.24 1.76 51.7


2002A 24.0-24.75 Rigid Wall 60.1 60.7 --- --- 1.01 1.62 60.6


2002A 24.0-24.75 Flexible Wall 58.4 58.1 --- --- 1.00 1.58 61.2


NA  =  Not analyzed
---  =  This sample was not remolded


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Data for Initial Moisture Content,


Bulk Density, Porosity, and Percent Saturation


                Job Name: KC Harvey Environmental, LLC
              Job Number: LB12.0181.00


Sample Number: 2001A 14.75-15.5
Project Name: PPL Soil Water Characteristics 2012


Depth: 14.75-15.5


As Received Remolded


Test Date: 11-Sep-12 ---


Field weight* of sample (g): 206.89
Tare weight, ring (g): 59.30


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 92.26
Sample volume (cm3): 91.22


Assumed particle density (g/cm3): 2.56


Gravimetric Moisture Content (% g/g): 60.0


Volumetric Moisture Content (% vol): 60.7


Dry bulk density (g/cm3): 1.01


Wet bulk density (g/cm3): 1.62


Calculated Porosity (% vol): 60.6


Percent Saturation: 100.2


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,


Bulk Density, Porosity, and Percent Saturation


                Job Name: KC Harvey Environmental, LLC
              Job Number: LB12.0181.00


Sample Number: 2001A 24.0-24.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 24.0-24.75


As Received Remolded


Test Date: 11-Sep-12 ---


Field weight* of sample (g): 221.29
Tare weight, ring (g): 64.74


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 93.73
Sample volume (cm3): 100.43


Assumed particle density (g/cm3): 2.56


Gravimetric Moisture Content (% g/g): 67.0


Volumetric Moisture Content (% vol): 62.5


Dry bulk density (g/cm3): 0.93


Wet bulk density (g/cm3): 1.56


Calculated Porosity (% vol): 63.6


Percent Saturation: 98.3


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,


Bulk Density, Porosity, and Percent Saturation


                Job Name: KC Harvey Environmental, LLC
              Job Number: LB12.0181.00


Sample Number: 2002A 14.0-14.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 14.0-14.75


As Received Remolded


Test Date: 11-Sep-12 ---


Field weight* of sample (g): 212.50
Tare weight, ring (g): 65.03


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 88.85
Sample volume (cm3): 99.73


Assumed particle density (g/cm3): 2.56


Gravimetric Moisture Content (% g/g): 66.0


Volumetric Moisture Content (% vol): 58.8


Dry bulk density (g/cm3): 0.89


Wet bulk density (g/cm3): 1.48


Calculated Porosity (% vol): 65.3


Percent Saturation: 90.1


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,


Bulk Density, Porosity, and Percent Saturation


                Job Name: KC Harvey Environmental, LLC
              Job Number: LB12.0181.00


Sample Number: 2002A 24.0-24.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 24.0-24.75


As Received Remolded


Test Date: 11-Sep-12 ---


Field weight* of sample (g): 200.10
Tare weight, ring (g): 57.39


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 89.15
Sample volume (cm3): 88.30


Assumed particle density (g/cm3): 2.56


Gravimetric Moisture Content (% g/g): 60.1


Volumetric Moisture Content (% vol): 60.7


Dry bulk density (g/cm3): 1.01


Wet bulk density (g/cm3): 1.62


Calculated Porosity (% vol): 60.6


Percent Saturation: 100.1


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Summary of Saturated Hydraulic Conductivity Tests


Oversize 
Corrected Method of Analysis


Sample Number
Ksat


(cm/sec)
Ksat


(cm/sec)
Constant Head
Flexible Wall


Falling Head 
Flexible Wall


2001A (14.75-15.5) 8.78E-06 NA X


2001A (24-24.75) 4.65E-06 NA X


2002A (14-14.75) 7.82E-06 NA X


2002A (24-24.75) 2.87E-06 NA X


---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2001A 14.75-15.5
Project Name: PPL Soil Water Characteristics 2012


Depth: 14.75-15.5


 Initial Mass (g): 126.04 Saturated Mass (g): 124.92 Permeant liquid used: Tap Water
Diameter (cm): 3.601 Dry Mass (g): 79.68 Sample Preparation:


Length (cm): 7.535 Diameter (cm): 3.630
Area (cm


2
): 10.18 Length (cm): 7.535 Number of Lifts: NA


Volume (cm
3
): 76.74 Deformation (%)**: 0.00 Split: NA


Dry Density (g/cm
3
): 1.04 Area (cm


2
): 10.35 Percent Coarse Material (%): NA


Dry Density (pcf): 64.82 Volume (cm
3
): 77.98 Particle Density(g/cm


3
): 2.56


Water Content (%, g/g): 58.2 Dry Density (g/cm
3
): 1.02 Cell pressure (PSI): 61.0


Water Content (%, vol): 60.4 Dry Density (pcf): 63.79 Influent pressure (PSI): 60.0
Void Ratio (e): 1.47 Water Content (%, g/g): 56.8 Effluent pressure (PSI): 60.0


Porosity (%, vol): 59.5 Water Content (%, vol): 58.0 Panel Used:


Saturation (%): 101.5 Void Ratio(e): 1.51 Reading:


Porosity (%, vol): 60.2 Date/Time
Saturation (%)*: 96.4 B-Value (% saturation) prior to test*: 0.95 10/5/12  813


B-Value (% saturation) post to test: 0.95 10/5/12  948
* Per ASTM D5084 percent saturation is ensured (B-Value ≥ 95%) prior to testing, as post test saturation values may be exaggerated during depressurizing and sample removal.
**Percent Deformation: based on initial sample length and post permeation sample length.


Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd


Checked by: J. Hines


Post Permeation


Sample Properties


Remolded or Initial


Sample Properties


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


Test and Sample Conditions


D E F 


Annulus Pipette 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


In situ sample, extruded 


Remolded Sample 


Assumed Measured 
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2001A 14.75-15.5
Project Name: PPL Soil Water Characteristics 2012


Depth: 14.75-15.5


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Date Time 
Temp 
(°C)


Influent 
Pipette 


Reading


Effluent 
Pipette 


Reading
Gradient 
(DH/DL)


Average 
Flow 
(cm3)


Elapsed 
Time (s)


Ratio 
(outflow to 


inflow)


Change in 
Head (Not to 
exceed 25%)


ksat   T°C     
(cm/s)


ksat   Corrected     


(cm/s)


Test # 1:
05-Oct-12 08:17:30 22.90 7.30 21.90 2.24
05-Oct-12 08:37:47 22.95 7.60 21.65 2.15


Test # 2:
05-Oct-12 08:37:47 22.95 7.60 21.65 2.15
05-Oct-12 09:02:30 23.00 7.90 21.40 2.07


Test # 3:
05-Oct-12 09:02:30 23.00 7.90 21.40 2.07
05-Oct-12 09:25:00 23.00 8.20 21.15 1.98


Test # 4:
05-Oct-12 09:25:00 23.00 8.20 21.15 1.98
05-Oct-12 09:42:30 23.05 8.40 20.95 1.92


Average Ksat (cm/sec): 8.78E-06


Calculated Gravel Corrected Average Ksat (cm/sec): NA


ASTM Required Range (+/- 25%)


Ksat (-25%) (cm/s): 6.59E-06


Ksat (+25%) (cm/s): 1.10E-05


0.24 1217 0.83 4% 9.98E-06 9.31E-06


0.24 1350


0.24 1483 0.83 4%


0.83 4% 9.75E-06 9.08E-06


9.45E-06 8.80E-06


8.52E-06 7.94E-06


1.00 3%0.17 1050


6.00E-06


7.00E-06


8.00E-06


9.00E-06


1.00E-05


1.10E-05


1.20E-05


1000 1500 2000 2500 3000 3500 4000 4500 5000
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Time (s) 22







Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2001A 24.0-24.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 24.0-24.75


 Initial Mass (g): 122.29 Saturated Mass (g): 118.26 Permeant liquid used: Tap Water
Diameter (cm): 3.626 Dry Mass (g): 75.1 Sample Preparation:


Length (cm): 7.602 Diameter (cm): 3.553
Area (cm


2
): 10.33 Length (cm): 7.607 Number of Lifts: NA


Volume (cm
3
): 78.50 Deformation (%)**: 0.06 Split: NA


Dry Density (g/cm
3
): 0.96 Area (cm


2
): 9.91 Percent Coarse Material (%): NA


Dry Density (pcf): 59.72 Volume (cm
3
): 75.42 Particle Density(g/cm


3
): 2.56


Water Content (%, g/g): 62.8 Dry Density (g/cm
3
): 1.00 Cell pressure (PSI): 61.0


Water Content (%, vol): 60.1 Dry Density (pcf): 62.17 Influent pressure (PSI): 60.5
Void Ratio (e): 1.68 Water Content (%, g/g): 57.5 Effluent pressure (PSI): 60.0


Porosity (%, vol): 62.7 Water Content (%, vol): 57.2 Panel Used:


Saturation (%): 95.9 Void Ratio(e): 1.58 Reading:


Porosity (%, vol): 61.2 Date/Time
Saturation (%)*: 93.6 B-Value (% saturation) prior to test*: 0.95 10/5/12  818


B-Value (% saturation) post to test: 0.95 10/5/12  1015
* Per ASTM D5084 percent saturation is ensured (B-Value ≥ 95%) prior to testing, as post test saturation values may be exaggerated during depressurizing and sample removal.
**Percent Deformation: based on initial sample length and post permeation sample length.


Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd


Checked by: J. Hines


Post Permeation


Sample Properties


Remolded or Initial


Sample Properties


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


Test and Sample Conditions


D E F 


Annulus Pipette 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


In situ sample, extruded 


Remolded Sample 


Assumed Measured 
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2001A 24.0-24.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 24.0-24.75


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Date Time 
Temp 
(°C)


Influent 
Pipette 


Reading


Effluent 
Pipette 


Reading
Gradient 
(DH/DL)


Average 
Flow 
(cm3)


Elapsed 
Time (s)


Ratio 
(outflow to 


inflow)


Change in 
Head (Not to 
exceed 25%)


ksat   T°C     
(cm/s)


ksat   Corrected     


(cm/s)


Test # 1:
05-Oct-12 09:30:30 23.00 7.40 19.00 6.38
05-Oct-12 09:40:55 23.05 7.60 18.80 6.32


Test # 2:
05-Oct-12 09:40:55 23.05 7.60 18.80 6.32
05-Oct-12 09:51:05 23.10 7.80 18.60 6.26


Test # 3:
05-Oct-12 09:51:05 23.10 7.80 18.60 6.26
05-Oct-12 10:02:15 23.10 8.00 18.40 6.20


Test # 4:
05-Oct-12 10:02:15 23.10 8.00 18.40 6.20
05-Oct-12 10:13:40 23.10 8.20 18.20 6.14


Average Ksat (cm/sec): 4.65E-06


Calculated Gravel Corrected Average Ksat (cm/sec): NA


ASTM Required Range (+/- 25%)


Ksat (-25%) (cm/s): 3.49E-06


Ksat (+25%) (cm/s): 5.81E-06


4.85E-06 4.50E-06


4.79E-06 4.45E-060.17 685 1.00 1%


5.27E-06 4.90E-06


0.17 670


0.17 610 1.00 1%


1.00 1%


0.17 625 1.00 1% 5.10E-06 4.74E-06


3.00E-06


3.50E-06


4.00E-06


4.50E-06


5.00E-06


5.50E-06


6.00E-06


200 700 1200 1700 2200 2700
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2002A 14.0-14.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 14.0-14.75


 Initial Mass (g): 136.84 Saturated Mass (g): 136.65 Permeant liquid used: Tap Water
Diameter (cm): 3.610 Dry Mass (g): 96.16 Sample Preparation:


Length (cm): 7.586 Diameter (cm): 3.584
Area (cm


2
): 10.24 Length (cm): 7.583 Number of Lifts: NA


Volume (cm
3
): 77.65 Deformation (%)**: 0.03 Split: NA


Dry Density (g/cm
3
): 1.24 Area (cm


2
): 10.09 Percent Coarse Material (%): NA


Dry Density (pcf): 77.31 Volume (cm
3
): 76.51 Particle Density(g/cm


3
): 2.56


Water Content (%, g/g): 42.3 Dry Density (g/cm
3
): 1.26 Cell pressure (PSI): 61.0


Water Content (%, vol): 52.4 Dry Density (pcf): 78.47 Influent pressure (PSI): 60.5
Void Ratio (e): 1.07 Water Content (%, g/g): 42.1 Effluent pressure (PSI): 60.0


Porosity (%, vol): 51.7 Water Content (%, vol): 52.9 Panel Used:


Saturation (%): 101.3 Void Ratio(e): 1.04 Reading:


Porosity (%, vol): 51.0 Date/Time
Saturation (%)*: 103.8 B-Value (% saturation) prior to test*: 0.98 10/8/12  1400


B-Value (% saturation) post to test: 0.98 10/18/12  1443
* Per ASTM D5084 percent saturation is ensured (B-Value ≥ 95%) prior to testing, as post test saturation values may be exaggerated during depressurizing and sample removal.
**Percent Deformation: based on initial sample length and post permeation sample length.


Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd


Checked by: J. Hines


Post Permeation


Sample Properties


Remolded or Initial


Sample Properties


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


Test and Sample Conditions


D E F 


Annulus Pipette 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


In situ sample, extruded 


Remolded Sample 


Assumed Measured 
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2002A 14.0-14.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 14.0-14.75


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Date Time 
Temp 
(°C)


Influent 
Pipette 


Reading


Effluent 
Pipette 


Reading
Gradient 
(DH/DL)


Average 
Flow 
(cm3)


Elapsed 
Time (s)


Ratio 
(outflow to 


inflow)


Change in 
Head (Not to 
exceed 25%)


ksat   T°C     
(cm/s)


ksat   Corrected     


(cm/s)


Test # 1:
08-Oct-12 14:14:50 23.45 5.40 19.70 6.82
08-Oct-12 14:20:28 23.50 5.60 19.50 6.75


Test # 2:
08-Oct-12 14:20:28 23.50 5.60 19.50 6.75
08-Oct-12 14:26:13 23.55 5.80 19.30 6.69


Test # 3:
08-Oct-12 14:26:13 23.55 5.80 19.30 6.69
08-Oct-12 14:32:08 23.60 6.00 19.10 6.63


Test # 4:
08-Oct-12 14:32:08 23.60 6.00 19.10 6.63
08-Oct-12 14:38:09 23.60 6.20 18.90 6.57


Average Ksat (cm/sec): 7.82E-06


Calculated Gravel Corrected Average Ksat (cm/sec): NA


ASTM Required Range (+/- 25%)


Ksat (-25%) (cm/s): 5.86E-06


Ksat (+25%) (cm/s): 9.77E-06


0.17 338 1.00 1% 8.67E-06 7.99E-06


0.17 355


0.17 345 1.00 1%


1.00 1% 8.41E-06 7.73E-06


8.35E-06 7.66E-06


8.58E-06 7.89E-06


1.00 1%0.17 361


5.00E-06


6.00E-06


7.00E-06


8.00E-06


9.00E-06


1.00E-05


200 400 600 800 1000 1200 1400 1600
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2002A 24.0-24.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 24.0-24.75


 Initial Mass (g): 122.08 Saturated Mass (g): 119.37 Permeant liquid used: Tap Water
Diameter (cm): 3.613 Dry Mass (g): 77.08 Sample Preparation:


Length (cm): 7.549 Diameter (cm): 3.584
Area (cm


2
): 10.25 Length (cm): 7.549 Number of Lifts: NA


Volume (cm
3
): 77.40 Deformation (%)**: 0.00 Split: NA


Dry Density (g/cm
3
): 1.00 Area (cm


2
): 10.09 Percent Coarse Material (%): NA


Dry Density (pcf): 62.17 Volume (cm
3
): 76.16 Particle Density(g/cm


3
): 2.56


Water Content (%, g/g): 58.4 Dry Density (g/cm
3
): 1.01 Cell pressure (PSI): 61.0


Water Content (%, vol): 58.1 Dry Density (pcf): 63.18 Influent pressure (PSI): 60.5
Void Ratio (e): 1.57 Water Content (%, g/g): 54.9 Effluent pressure (PSI): 60.0


Porosity (%, vol): 61.2 Water Content (%, vol): 55.5 Panel Used:


Saturation (%): 95.1 Void Ratio(e): 1.53 Reading:


Porosity (%, vol): 60.5 Date/Time
Saturation (%)*: 91.7 B-Value (% saturation) prior to test*: 0.95 10/5/12  808


B-Value (% saturation) post to test: 0.95 10/5/12  1030
* Per ASTM D5084 percent saturation is ensured (B-Value ≥ 95%) prior to testing, as post test saturation values may be exaggerated or skewed during depressurizing and sample removal.
**Percent Deformation: based on initial sample length and post permeation sample length.


Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd


Checked by: J. Hines


Post Permeation


Sample Properties


Remolded or Initial


Sample Properties


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


Test and Sample Conditions


A B C 


Annulus Pipette 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


In situ sample, extruded 


Remolded Sample 


Assumed Measured 
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Job name: KC Harvey Environmental, LLC
   Job number: LB12.0181.00


Sample number: 2002A 24.0-24.75
Project Name: PPL Soil Water Characteristics 2012


Depth: 24.0-24.75


Saturated Hydraulic Conductivity 


Flexible Wall Falling Head-Rising Tail Method


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Date Time 
Temp 
(°C)


Influent 
Pipette 


Reading


Effluent 
Pipette 


Reading
Gradient 
(DH/DL)


Average 
Flow 
(cm3)


Elapsed 
Time (s)


Ratio 
(outflow to 


inflow)


Change in 
Head (Not to 
exceed 25%)


ksat   T°C     
(cm/s)


ksat   Corrected     


(cm/s)


Test # 1:
05-Oct-12 08:12:30 22.90 6.00 20.20 6.83
05-Oct-12 08:36:40 22.95 6.30 19.90 6.74


Test # 2:
05-Oct-12 08:36:40 22.95 6.30 19.90 6.74
05-Oct-12 09:02:45 23.00 6.65 19.55 6.63


Test # 3:
05-Oct-12 09:02:45 23.00 6.65 19.55 6.63
05-Oct-12 09:23:30 23.00 6.90 19.30 6.56


Test # 4:
05-Oct-12 09:23:30 23.00 6.90 19.30 6.56
05-Oct-12 09:40:35 23.05 7.10 19.10 6.49


Average Ksat (cm/sec): 2.87E-06


Calculated Gravel Corrected Average Ksat (cm/sec): NA


ASTM Required Range (+/- 25%)


Ksat (-25%) (cm/s): 2.15E-06


Ksat (+25%) (cm/s): 3.59E-06


3.02E-06 2.81E-06


2.96E-06 2.76E-060.17 1025 1.00 1%


3.32E-06 3.09E-06


0.22 1245


0.30 1565 1.00 2%


1.00 1%


0.26 1450 1.00 1% 3.02E-06 2.82E-06


2.00E-06


2.50E-06


3.00E-06


3.50E-06
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Summary of Moisture Characteristics
of the Initial Drainage Curve


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)


2001A 14.75-15.5 0 62.7
16 59.7
52 59.5


126 58.8
337 59.4 ‡‡


22742 18.9 ‡‡


84439 15.0 ‡‡


389972 12.0 ‡‡


858458 6.7 ‡‡


2001A 24.0-24.75 0 61.8
16 61.1 ‡‡


52 59.7 ‡‡


126 59.0 ‡‡


337 58.9 ‡‡


15297 19.3 ‡‡


48848 14.0 ‡‡


217421 10.6 ‡‡


858458 6.4 ‡‡


2002A 14.0-14.75 0 63.8
16 63.9 ‡‡


52 62.9 ‡‡


126 62.3 ‡‡


337 60.0 ‡‡


9280 20.6 ‡‡


50072 12.7 ‡‡


380691 9.6 ‡‡


858458 6.2 ‡‡


2002A 24.0-24.75 0 61.8
16 60.1
52 58.9


126 58.3
337 57.5


17643 17.6
58435 13.1


278915 9.1
858458 7.4


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Calculated Unsaturated Hydraulic Properties


Oversize Corrected


Sample Number



(cm-1)
N


(dimensionless)
r


(% vol)
s


(% vol)
r


(% vol)
s


(% vol)


2001A 14.75-15.5 0.0013 1.3079 0.00 61.03 NA NA


2001A 24.0-24.75 0.0014 1.3458 0.00 61.29 NA NA


2002A 14.0-14.75 0.0018 1.3543 0.00 64.30 NA NA


2002A 24.0-24.75 0.0010 1.5222 6.13 60.16 NA NA


 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Moisture Retention Data
Hanging Column / Pressure Plate


(Soil-Water Characteristic Curve)


     Job Name: KC Harvey Environmental, LLC Dry wt. of sample (g): 92.26
     Job Number: LB12.0181.00 Tare wt., ring (g): 59.30


Sample Number: 2001A 14.75-15.5 Tare wt., screen & clamp (g): 20.07
Project Name: PPL Soil Water Characteristics 2012 Initial sample volume (cm3): 91.22


Depth: 14.75-15.5 Initial dry bulk density (g/cm3): 1.01
Assumed particle density (g/cm3): 2.56


Initial calculated total porosity (% ): 60.56


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 14-Sep-12 14:40 228.78 0 62.65


21-Sep-12 15:20 226.08 16.0 59.69
28-Sep-12 13:10 225.87 52.0 59.46
5-Oct-12 7:35 225.25 126.0 58.78


Pressure plate: 15-Oct-12 8:20 224.88 337 59.43 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
16.0 --- --- --- ---
52.0 --- --- --- ---
126.0 --- --- --- ---


Pressure plate: 337 89.61 -1.76% 1.03 59.85


Comments:


1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: 2001A 14.75-15.5


Initial sample bulk density (g/cm3): 1.01
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 151.58
Tare weight, jar (g): 117.34


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 1-Oct-12 9:56 157.86 22742 18.88 ‡‡


28-Sep-12 10:05 156.57 84439 15.01 ‡‡


26-Sep-12 10:25 155.56 389972 11.97 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 22742 89.61 -1.76% 1.03 59.85


84439 89.61 -1.76% 1.03 59.85
389972 89.61 -1.76% 1.03 59.85


Dry weight* of relative humidity box sample (g): 57.90
Tare weight (g): 31.75


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 20-Sep-12 10:00 59.59 858458 6.66 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 858458 89.61 -1.76% 1.03 59.85


Comments:


1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd/K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points


Sample Number:  2001A 14.75-15.5
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D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .
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Predicted Water Retention Curve and Data Points


Sample Number:  2001A 14.75-15.5
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Plot of Relative Hydraulic Conductivity vs Moisture Content


Sample Number:  2001A 14.75-15.5
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Plot of Hydraulic Conductivity vs Moisture Content


Sample Number:  2001A 14.75-15.5
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Plot of Relative Hydraulic Conductivity vs Pressure Head


Sample Number:  2001A 14.75-15.5
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Plot of Hydraulic Conductivity vs Pressure Head


Sample Number:  2001A 14.75-15.5
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Moisture Retention Data
Hanging Column / Pressure Plate


(Soil-Water Characteristic Curve)


     Job Name: KC Harvey Environmental, LLC Dry wt. of sample (g): 93.73
     Job Number: LB12.0181.00 Tare wt., ring (g): 64.74


Sample Number: 2001A 24.0-24.75 Tare wt., screen & clamp (g): 24.73
Project Name: PPL Soil Water Characteristics 2012 Initial sample volume (cm3): 100.43


Depth: 24.0-24.75 Initial dry bulk density (g/cm3): 0.93
Assumed particle density (g/cm3): 2.56


Initial calculated total porosity (% ): 63.61


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 14-Sep-12 14:30 245.26 0 61.79


21-Sep-12 15:10 242.53 16.0 61.12 ‡‡


28-Sep-12 13:00 240.91 52.0 59.73 ‡‡


5-Oct-12 7:45 240.17 126.0 59.05 ‡‡


Pressure plate: 15-Oct-12 8:25 239.78 337 58.85 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
16.0 97.07 -3.34% 0.97 62.35
52.0 96.61 -3.80% 0.97 62.17
126.0 96.49 -3.93% 0.97 62.12


Pressure plate: 337 96.14 -4.27% 0.97 61.98


Comments:


1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: 2001A 24.0-24.75


Initial sample bulk density (g/cm3): 0.93
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 146.17
Tare weight, jar (g): 112.35


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 1-Oct-12 9:30 152.87 15297 19.31 ‡‡


27-Sep-12 14:30 151.03 48848 14.01 ‡‡


26-Sep-12 10:55 149.85 217421 10.61 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 15297 96.14 -4.27% 0.97 61.98


48848 96.14 -4.27% 0.97 61.98
217421 96.14 -4.27% 0.97 61.98


Dry weight* of relative humidity box sample (g): 59.07
Tare weight (g): 41.90


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 20-Sep-12 10:00 60.20 858458 6.43 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 858458 96.14 -4.27% 0.97 61.98


Comments:


1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd/K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points


Sample Number:  2001A 24.0-24.75
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Predicted Water Retention Curve and Data Points


Sample Number:  2001A 24.0-24.75
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Plot of Relative Hydraulic Conductivity vs Moisture Content


Sample Number:  2001A 24.0-24.75
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Plot of Hydraulic Conductivity vs Moisture Content


Sample Number:  2001A 24.0-24.75


1.E-12


1.E-11


1.E-10


1.E-09


1.E-08


1.E-07


1.E-06


1.E-05


1.E-04


1.E-03


1.E-02


1.E-01


1.E+00


0 10 20 30 40 50 60 70


H
y
d


ra
u


li
c


 C
o


n
d


u
c
ti


v
it


y
 (


c
m


/s
) 


Moisture Content (%,cm3/cm3) 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


45







Plot of Relative Hydraulic Conductivity vs Pressure Head


Sample Number:  2001A 24.0-24.75
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Plot of Hydraulic Conductivity vs Pressure Head


Sample Number:  2001A 24.0-24.75
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Moisture Retention Data
Hanging Column / Pressure Plate


(Soil-Water Characteristic Curve)


     Job Name: KC Harvey Environmental, LLC Dry wt. of sample (g): 88.85
     Job Number: LB12.0181.00 Tare wt., ring (g): 65.03


Sample Number: 2002A 14.0-14.75 Tare wt., screen & clamp (g): 21.85
Project Name: PPL Soil Water Characteristics 2012 Initial sample volume (cm3): 99.73


Depth: 14.0-14.75 Initial dry bulk density (g/cm3): 0.89
Assumed particle density (g/cm3): 2.56


Initial calculated total porosity (% ): 65.26


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 14-Sep-12 14:50 239.36 0 63.80


21-Sep-12 15:15 237.55 16.0 63.88 ‡‡


28-Sep-12 13:05 236.46 52.0 62.95 ‡‡


5-Oct-12 7:40 235.74 126.0 62.30 ‡‡


Pressure plate: 15-Oct-12 8:30 233.22 337 59.98 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
16.0 96.78 -2.96% 0.92 64.20
52.0 96.48 -3.26% 0.92 64.09
126.0 96.32 -3.42% 0.92 64.03


Pressure plate: 337 95.85 -3.89% 0.93 63.85


Comments:


1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: 2002A 14.0-14.75


Initial sample bulk density (g/cm3): 0.89
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 153.97
Tare weight, jar (g): 112.75


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 1-Oct-12 12:47 163.11 9280 20.56 ‡‡


26-Sep-12 13:19 159.63 50072 12.73 ‡‡


26-Sep-12 10:12 158.26 380691 9.65 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 9280 95.85 -3.89% 0.93 63.85


50072 95.85 -3.89% 0.93 63.85
380691 95.85 -3.89% 0.93 63.85


Dry weight* of relative humidity box sample (g): 68.05
Tare weight (g): 42.91


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 20-Sep-12 10:00 69.75 858458 6.24 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 858458 95.85 -3.89% 0.93 63.85


Comments:


1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd/K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points


Sample Number:  2002A 14.0-14.75
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Predicted Water Retention Curve and Data Points


Sample Number:  2002A 14.0-14.75
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Plot of Relative Hydraulic Conductivity vs Moisture Content


Sample Number:  2002A 14.0-14.75
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Plot of Hydraulic Conductivity vs Moisture Content


Sample Number:  2002A 14.0-14.75
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Plot of Relative Hydraulic Conductivity vs Pressure Head


Sample Number:  2002A 14.0-14.75
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Plot of Hydraulic Conductivity vs Pressure Head


Sample Number:  2002A 14.0-14.75
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Moisture Retention Data
Hanging Column / Pressure Plate


(Soil-Water Characteristic Curve)


     Job Name: KC Harvey Environmental, LLC Dry wt. of sample (g): 89.15
     Job Number: LB12.0181.00 Tare wt., ring (g): 57.39


Sample Number: 2002A 24.0-24.75 Tare wt., screen & clamp (g): 21.92
Project Name: PPL Soil Water Characteristics 2012 Initial sample volume (cm3): 88.30


Depth: 24.0-24.75 Initial dry bulk density (g/cm3): 1.01
Assumed particle density (g/cm3): 2.56


Initial calculated total porosity (% ): 60.63


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 14-Sep-12 15:00 223.06 0 61.84


21-Sep-12 15:25 221.52 16.0 60.09
28-Sep-12 13:15 220.44 52.0 58.87
5-Oct-12 7:30 219.91 126.0 58.27


Pressure plate: 15-Oct-12 8:15 219.25 337 57.52


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
16.0 --- --- --- ---
52.0 --- --- --- ---
126.0 --- --- --- ---


Pressure plate: 337 --- --- --- ---


Comments:


1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: 2002A 24.0-24.75


Initial sample bulk density (g/cm3): 1.01
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 161.14
Tare weight, jar (g): 119.39


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 28-Sep-12 10:45 168.43 17643 17.63


27-Sep-12 12:30 166.54 58435 13.06
26-Sep-12 9:57 164.91 278915 9.12


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 17643 --- --- --- ---


58435 --- --- --- ---
278915 --- --- --- ---


Dry weight* of relative humidity box sample (g): 58.75
Tare weight (g): 38.34


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 20-Sep-12 10:00 60.25 858458 7.40


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 858458 --- --- --- ---


Comments:


1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd/K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points


Sample Number:  2002A 24.0-24.75


1.E+00


1.E+01


1.E+02


1.E+03


1.E+04


1.E+05


1.E+06


0 10 20 30 40 50 60 70


P
re


s
s


u
re


 H
e
a


d
 (


-c
m


 w
a


te
r)


 


Moisture Content (%,cm3/cm3) 


Hanging column


Pressure plate


Dew point potentiometer


Rh box


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


58







Predicted Water Retention Curve and Data Points


Sample Number:  2002A 24.0-24.75
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Plot of Relative Hydraulic Conductivity vs Moisture Content


Sample Number:  2002A 24.0-24.75
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Plot of Hydraulic Conductivity vs Moisture Content


Sample Number:  2002A 24.0-24.75
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Plot of Relative Hydraulic Conductivity vs Pressure Head


Sample Number:  2002A 24.0-24.75
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Plot of Hydraulic Conductivity vs Pressure Head


Sample Number:  2002A 24.0-24.75
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Particle Size Analysis  
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Summary of Particle Size Characteristics


Sample Number
d10


(mm)
d50


(mm)
d60


(mm) Cu Cc Method
ASTM


Classification
USDA


Classification


2001A 14.75-15.5 0.011 0.016 0.018 1.6 0.99 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt


2001A 24.0-24.75 0.0016 0.0050 0.0063 3.9 0.95 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt Loam


2002A 14.0-14.75 0.0056 0.013 0.015 2.7 1.2 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt


2002A 24.0-24.75 0.0031 0.0082 0.010 3.2 0.98 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt


d50  =  Median particle diameter d60 DS   =  Dry sieve † Greater than 10% of sample is coarse material


Est  =  
d10


H      =  Hydrometer


   (d30)
2 WS  =  Wet sieve


(d10)(d60)


Cu =


Cc =


Reported values for d10, Cu, Cc, and soil 
classification are estimates, since extrapolation 
was required to obtain the d10 diameter


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Percent Gravel, Sand, Silt and Clay*


% Gravel % Sand % Silt % Clay
Sample Number (>4.75mm) (<4.75mm, >0.075mm) (<0.075mm, >0.002mm) (<0.002mm)


2001A 14.75-15.5 0.0 0.3 96.5 3.1


2001A 24.0-24.75 0.0 0.1 82.7 17.1


2002A 14.0-14.75 0.0 0.4 95.0 4.6


2002A 24.0-24.75 0.0 0.6 93.6 5.7


*USCS classification does not classify clay fraction based on particle size.  USDA definition of clay (<0.002mm) used in this table. 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: KC Harvey Environmental, LLC Initial Dry Weight of Sample (g): 175.96
Job Number: LB12.0181.00 Weight Passing #10 (g): 175.96


Sample Number: 2001A 14.75-15.5 Weight Retained #10 (g): 0.00
Project Name: PPL Soil Water Characteristics 2012 Weight of Hydrometer Sample (g): 48.92


Depth: 14.75-15.5 Calculated Weight of Sieve Sample (g): 48.92
Test Date: 20-Sep-12 Shape: Angular


Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 175.96 100.00
2" 50 0.00 0.00 175.96 100.00


1.5" 38.1 0.00 0.00 175.96 100.00
1" 25 0.00 0.00 175.96 100.00


3/4" 19.0 0.00 0.00 175.96 100.00
3/8" 9.5 0.00 0.00 175.96 100.00


4 4.75 0.00 0.00 175.96 100.00
10 2.00 0.00 0.00 175.96 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.05 0.05 48.87 99.90
40 0.425 0.02 0.07 48.85 99.86
60 0.250 0.02 0.09 48.83 99.82
140 0.106 0.07 0.16 48.76 99.67
200 0.075 0.01 0.17 48.75 99.65


dry pan 0.01 0.18 48.74
wet pan 48.74 0.00


d10 (mm): 0.011 d50 (mm): 0.016
d16 (mm): 0.012 d60 (mm): 0.018
d30 (mm): 0.014 d84 (mm): 0.024


Median Particle Diameter --d50 (mm): 0.016
Uniformity Coefficient, Cu --[d60/d10] (mm): 1.6


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.99


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.017


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silt


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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Particle Size Analysis
Hydrometer Data


Job Name: KC Harvey Environmental, LLC Type of Water Used: DISTILLED
Job Number: LB12.0181.00 Reaction with H2O2: NA


Sample Number: 2001A 14.75-15.5 Dispersant*: (NaPO3)6


Project Name: PPL Soil Water Characteristics 2012 Assumed particle density: 2.56
Depth: 14.75-15.5


Initial Wt. (g): 48.92
Test Date: 13-Sep-12 Total Sample Wt. (g): 175.96
Start Time: 9:18 Wt. Passing #10 (g): 175.96


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


13-Sep-12 1 21.7 54.0** 6.0 48.0 7.4 0.03740 100.1 100.1
2 21.7 50.0 6.0 44.0 8.1 0.02759 91.7 91.7
5 21.7 40.5 6.0 34.5 9.7 0.01905 71.9 71.9


15 21.7 15.0 6.0 9.0 13.8 0.01316 18.8 18.8
30 21.7 9.0 6.0 3.0 14.8 0.00963 6.3 6.3
60 21.7 8.5 6.0 2.5 14.9 0.00683 5.2 5.2
120 21.6 8.0 6.0 2.0 15.0 0.00485 4.2 4.2
250 21.5 7.5 6.0 1.5 15.1 0.00337 3.1 3.1
405 21.5 7.5 6.0 1.5 15.1 0.00265 3.1 3.1


14-Sep-12 1365 21.6 7.5 6.0 1.5 15.1 0.00144 3.1 3.1


Comments:


* Dispersion device: mechanically operated stirring device
** Discontinuity in initial data points due to sample characteristics.


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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d10 = 0.011 d30 = 0.014 d50 = 0.016 d60 = 0.018 Cu = 1.6 Cc = 0.99


SAMPLE NUMBER DEPTH ASTM CLASSIFICATION USDA CLASSIFICATION


2001A 14.75-15.5 14.75-15.5
Classification by ASTM 2487 requires 


Atterberg test
Silt


0


10


20


30


40


50


60


70


80


90


100 0


10


20


30


40


50


60


70


80


90


100
0.0010.010.11101001000


P
E


R
C


E
N


T 
FI


N
E


R
 B


Y 
W


E
IG


H
T 


P
E


R
C


E
N


T C
O


A
R


S
ER


 B
Y W


E
IG


H
T 


PARTICLE DIAMETER (mm) 


Hydrometer 


UNIFIED 


USDA 


Wet Sieve 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND
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Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: KC Harvey Environmental, LLC Initial Dry Weight of Sample (g): 135.98
Job Number: LB12.0181.00 Weight Passing #10 (g): 135.98


Sample Number: 2001A 24.0-24.75 Weight Retained #10 (g): 0.00
Project Name: PPL Soil Water Characteristics 2012 Weight of Hydrometer Sample (g): 46.93


Depth: 24.0-24.75 Calculated Weight of Sieve Sample (g): 46.93
Test Date: 20-Sep-12 Shape: Angular


Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 135.98 100.00
2" 50 0.00 0.00 135.98 100.00


1.5" 38.1 0.00 0.00 135.98 100.00
1" 25 0.00 0.00 135.98 100.00


3/4" 19.0 0.00 0.00 135.98 100.00
3/8" 9.5 0.00 0.00 135.98 100.00


4 4.75 0.00 0.00 135.98 100.00
10 2.00 0.00 0.00 135.98 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.02 0.02 46.91 99.96
40 0.425 0.01 0.03 46.90 99.94
60 0.250 0.01 0.04 46.89 99.91
140 0.106 0.02 0.06 46.87 99.87
200 0.075 0.01 0.07 46.86 99.85


dry pan 0.00 0.07 46.86
wet pan 46.86 0.00


d10 (mm): 0.0016 d50 (mm): 0.0050
d16 (mm): 0.0019 d60 (mm): 0.0063
d30 (mm): 0.0031 d84 (mm): 0.014


Median Particle Diameter --d50 (mm): 0.0050
Uniformity Coefficient, Cu --[d60/d10] (mm): 3.9


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.95


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.0070


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silt Loam


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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Particle Size Analysis
Hydrometer Data


Job Name: KC Harvey Environmental, LLC Type of Water Used: DISTILLED
Job Number: LB12.0181.00 Reaction with H2O2: NA


Sample Number: 2001A 24.0-24.75 Dispersant*: (NaPO3)6


Project Name: PPL Soil Water Characteristics 2012 Assumed particle density: 2.56
Depth: 24.0-24.75


Initial Wt. (g): 46.93
Test Date: 13-Sep-12 Total Sample Wt. (g): 135.98
Start Time: 9:30 Wt. Passing #10 (g): 135.98


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


13-Sep-12 1 21.7 51.0 6.0 45.0 7.9 0.03862 97.8 97.8
2 21.7 50.0 6.0 44.0 8.1 0.02759 95.6 95.6
5 21.7 47.5 6.0 41.5 8.5 0.01788 90.2 90.2


15 21.7 42.0 6.0 36.0 9.4 0.01086 78.2 78.2
30 21.7 37.0 6.0 31.0 10.2 0.00800 67.4 67.4
60 21.7 32.5 6.0 26.5 11.0 0.00586 57.6 57.6
120 21.6 26.0 6.0 20.0 12.0 0.00435 43.5 43.5
250 21.5 20.0 6.0 14.0 13.0 0.00314 30.4 30.4
395 21.5 17.0 6.0 11.0 13.5 0.00254 23.9 23.9


14-Sep-12 1355 21.6 9.5 6.0 3.5 14.7 0.00143 7.6 7.6


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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d10 = 0.0016 d30 = 0.0031 d50 = 0.0050 d60 = 0.0063 Cu = 3.9 Cc = 0.95


SAMPLE NUMBER DEPTH ASTM CLASSIFICATION USDA CLASSIFICATION


2001A 24.0-24.75 24.0-24.75
Classification by ASTM 2487 requires 


Atterberg test
Silt Loam
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Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: KC Harvey Environmental, LLC Initial Dry Weight of Sample (g): 150.37
Job Number: LB12.0181.00 Weight Passing #10 (g): 150.37


Sample Number: 2002A 14.0-14.75 Weight Retained #10 (g): 0.00
Project Name: PPL Soil Water Characteristics 2012 Weight of Hydrometer Sample (g): 44.47


Depth: 14.0-14.75 Calculated Weight of Sieve Sample (g): 44.47
Test Date: 20-Sep-12 Shape: Angular


Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 150.37 100.00
2" 50 0.00 0.00 150.37 100.00


1.5" 38.1 0.00 0.00 150.37 100.00
1" 25 0.00 0.00 150.37 100.00


3/4" 19.0 0.00 0.00 150.37 100.00
3/8" 9.5 0.00 0.00 150.37 100.00


4 4.75 0.00 0.00 150.37 100.00
10 2.00 0.00 0.00 150.37 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.04 0.04 44.43 99.91
40 0.425 0.02 0.06 44.41 99.87
60 0.250 0.02 0.08 44.39 99.82
140 0.106 0.06 0.14 44.33 99.69
200 0.075 0.04 0.18 44.29 99.60


dry pan 0.01 0.19 44.28
wet pan 44.28 0.00


d10 (mm): 0.0056 d50 (mm): 0.013
d16 (mm): 0.0076 d60 (mm): 0.015
d30 (mm): 0.010 d84 (mm): 0.022


Median Particle Diameter --d50 (mm): 0.013
Uniformity Coefficient, Cu --[d60/d10] (mm): 2.7


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 1.2


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.014


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silt


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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Particle Size Analysis
Hydrometer Data


Job Name: KC Harvey Environmental, LLC Type of Water Used: DISTILLED
Job Number: LB12.0181.00 Reaction with H2O2: NA


Sample Number: 2002A 14.0-14.75 Dispersant*: (NaPO3)6


Project Name: PPL Soil Water Characteristics 2012 Assumed particle density: 2.56
Depth: 14.0-14.75


Initial Wt. (g): 44.47
Test Date: 13-Sep-12 Total Sample Wt. (g): 150.37
Start Time: 9:24 Wt. Passing #10 (g): 150.37


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


13-Sep-12 1 21.7 49.5** 6.0 43.5 8.2 0.03921 99.8 99.8
2 21.7 46.5 6.0 40.5 8.7 0.02855 92.9 92.9
5 21.7 40.0 6.0 34.0 9.7 0.01913 78.0 78.0


15 21.7 25.5 6.0 19.5 12.1 0.01232 44.7 44.7
30 21.7 15.5 6.0 9.5 13.8 0.00928 21.8 21.8
60 21.7 11.5 6.0 5.5 14.4 0.00672 12.6 12.6
120 21.6 9.5 6.0 3.5 14.7 0.00481 8.0 8.0
250 21.5 8.5 6.0 2.5 14.9 0.00335 5.7 5.7
400 21.5 8.0 6.0 2.0 15.0 0.00266 4.6 4.6


14-Sep-12 1360 21.6 8.0 6.0 2.0 15.0 0.00144 4.6 4.6


Comments:


* Dispersion device: mechanically operated stirring device
** Discontinuity in initial data points due to sample characteristics.


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines


74







d10 = 0.0056 d30 = 0.010 d50 = 0.013 d60 = 0.015 Cu = 2.7 Cc = 1.2


SAMPLE NUMBER DEPTH ASTM CLASSIFICATION USDA CLASSIFICATION


2002A 14.0-14.75 14.0-14.75
Classification by ASTM 2487 requires 


Atterberg test
Silt
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Very coarse Coarse Medium Fine Very fine
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: KC Harvey Environmental, LLC Initial Dry Weight of Sample (g): 199.04
Job Number: LB12.0181.00 Weight Passing #10 (g): 199.04


Sample Number: 2002A 24.0-24.75 Weight Retained #10 (g): 0.00
Project Name: PPL Soil Water Characteristics 2012 Weight of Hydrometer Sample (g): 45.32


Depth: 24.0-24.75 Calculated Weight of Sieve Sample (g): 45.32
Test Date: 20-Sep-12 Shape: Angular


Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 199.04 100.00
2" 50 0.00 0.00 199.04 100.00


1.5" 38.1 0.00 0.00 199.04 100.00
1" 25 0.00 0.00 199.04 100.00


3/4" 19.0 0.00 0.00 199.04 100.00
3/8" 9.5 0.00 0.00 199.04 100.00


4 4.75 0.00 0.00 199.04 100.00
10 2.00 0.00 0.00 199.04 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.13 0.13 45.19 99.71
40 0.425 0.06 0.19 45.13 99.58
60 0.250 0.02 0.21 45.11 99.54
140 0.106 0.06 0.27 45.05 99.40
200 0.075 0.01 0.28 45.04 99.38


dry pan 0.02 0.30 45.02
wet pan 45.02 0.00


d10 (mm): 0.0031 d50 (mm): 0.0082
d16 (mm): 0.0038 d60 (mm): 0.010
d30 (mm): 0.0055 d84 (mm): 0.017


Median Particle Diameter --d50 (mm): 0.0082
Uniformity Coefficient, Cu --[d60/d10] (mm): 3.2


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.98


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.0097


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silt


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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Particle Size Analysis
Hydrometer Data


Job Name: KC Harvey Environmental, LLC Type of Water Used: DISTILLED
Job Number: LB12.0181.00 Reaction with H2O2: NA


Sample Number: 2002A 24.0-24.75 Dispersant*: (NaPO3)6


Project Name: PPL Soil Water Characteristics 2012 Assumed particle density: 2.56
Depth: 24.0-24.75


Initial Wt. (g): 45.32
Test Date: 13-Sep-12 Total Sample Wt. (g): 199.04
Start Time: 9:12 Wt. Passing #10 (g): 199.04


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


13-Sep-12 1 21.7 50.0 6.0 44.0 8.1 0.03901 99.0 99.0
2 21.7 48.5 6.0 42.5 8.3 0.02800 95.7 95.7
5 21.7 45.0 6.0 39.0 8.9 0.01831 87.8 87.8


15 21.7 35.0 6.0 29.0 10.6 0.01150 65.3 65.3
30 21.7 29.0 6.0 23.0 11.5 0.00850 51.8 51.8
60 21.7 22.0 6.0 16.0 12.7 0.00630 36.0 36.0
120 21.6 16.0 6.0 10.0 13.7 0.00463 22.5 22.5
250 21.5 11.0 6.0 5.0 14.5 0.00331 11.3 11.3
410 21.5 9.0 6.0 3.0 14.8 0.00261 6.8 6.8


14-Sep-12 1370 21.6 8.0 6.0 2.0 15.0 0.00144 4.5 4.5


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Sessa


Checked by: J. Hines
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d10 = 0.0031 d30 = 0.0055 d50 = 0.0082 d60 = 0.010 Cu = 3.2 Cc = 0.98


SAMPLE NUMBER DEPTH ASTM CLASSIFICATION USDA CLASSIFICATION


2002A 24.0-24.75 24.0-24.75
Classification by ASTM 2487 requires 


Atterberg test
Silt
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D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 


78







 
Laboratory Tests 


and Methods 


79







Dry Bulk Density: ASTM D7263


Moisture Content: ASTM D7263


Calculated Porosity: ASTM D7263


Saturated Hydraulic Conductivity:
Constant Head:


(Rigid Wall)
ASTM D 2434 (modified apparatus)


Falling Head:
(Rigid Wall)


Klute, A. and C. Dirkson. 1986. Hydraulic Conductivity and Diffusivity: Laboratory 
Methods.Chp. 28, pp. 700-703, in A. Klute (ed.), Methods of Soil Analysis, Part 1, 
American Society of Agronomy, Madison, WI


Falling Head Rising Tail: 
(Flexible Wall)


ASTM D5084


Hanging Column Method: ASTM D6836 (modified apparatus)


Pressure Plate Method: ASTM D6836 (modified apparatus)


Water Potential (Dewpoint 
Potentiometer) Method:


ASTM D6836


Relative Humidity (Box) 
Method:


Campbell, G. and G. Gee. 1986. Water Potential: Miscellaneous Methods.  Chp. 25, pp. 
631-632, in A. Klute (ed.), Methods of Soil Analysis. Part 1. American Society of 
Agronomy, Madison, WI; Karathanasis & Hajek. 1982. Quantitative Evaluation of Water 
Adsorption on Soil Clays.  SSA Journal 46:1321-1325


Moisture Retention 
Characteristics & 
Calculated Unsaturated 
Hydraulic Conductivity:


ASTM D6836; van Genuchten, M.T. 1980. A closed-form equation for predicting the 
hydraulic conductivity of unsaturated soils. SSSAJ 44:892-898; van Genuchten, M.T., F.J. 
Leij, and S.R. Yates. 1991. The RETC code for quantifying the hydraulic functions of 
unsaturated soils. Robert S. Kerr Environmental Research Laboratory, Office of Research 
and Development, U.S. Environmental Protection Agency, Ada, Oklahoma. 
EPA/600/2091/065. December 1991


Particle Size Analysis: ASTM D422 


USDA Classification: ASTM D422, USDA Soil Textural Triangle


Tests and Methods 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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                                                                                                               Daniel B. Stephens & Associates, Inc. 


                                                                                                              Soil Testing & Research Laboratory 
 5 8 4 0  O s u n a  R d .  N E  5 0 5 - 8 8 9 - 7 7 5 2  


 A l b u q u e r q u e ,  N M  8 7 1 0 9  F A X  5 0 5 - 8 8 9 - 0 2 5 8  


Bob Anderson 
Hydrometrics, Inc. 
3020 Bozeman Ave. 
Helena, MT 59601 
(406) 443-4150 
 
Re: DBS&A Laboratory Report for Hydrometrics, Inc. PPLMT, SOEP 12032 / PO: HLN 10210 
 
Dear Mr. Anderson: 


Enclosed is the final report for the Hydrometrics, Inc. PPLMT, SOEP 12032 / PO: HLN 10210 
samples.  Please review this report and provide any comments as samples will be held for a 
maximum of 30 days.  After 30 days samples will be returned or disposed of in an appropriate 
manner.  


All testing results were evaluated subjectively for consistency and reasonableness, and the results 
appear to be reasonably representative of the material tested.  However, DBS&A does not assume 
any responsibility for interpretations or analyses based on the data enclosed, nor can we guarantee 
that these data are fully representative of the undisturbed materials at the field site.  We recommend 
that careful evaluation of these laboratory results be made for your particular application. 


The testing utilized to generate the enclosed report employs methods that are standard for the 
industry.  The results do not constitute a professional opinion by DBS&A, nor can the results affect 
any professional or expert opinions rendered with respect thereto by DBS&A.  You have 
acknowledged that all the testing undertaken by us, and the report provided, constitutes mere test 
results using standardized methods, and cannot be used to disqualify DBS&A from rendering any 
professional or expert opinion, having waived any claim of conflict of interest by DBS&A.  


We are pleased to provide this service to Hydrometrics, Inc. and look forward to future laboratory 
testing on other projects.  If you have any questions about the enclosed data, please do not hesitate 
to call. 


Sincerely, 


DANIEL B. STEPHENS & ASSOCIATES, INC. 
SOIL TESTING & RESEARCH LABORATORY 


 
Celina Sessa 
Assistant Laboratory Manager 
Enclosure 
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Summary of Tests Performed


Saturated
Initial Soil Hydraulic Moisture Particle Specific Air


Laboratory Properties1 Conductivity2 Characteristics3 Size4 Gravity5 Perm- Atterberg Proctor
Sample Number G VM VD CH FH FW HC PP FP DPP RH EP WHC Kunsat DS WS H F C eability Limits Compaction


PPL-0912-900 X X X X X X X X X X


PPL-0912-901 X X X X X X X X X X


PPL-0912-902 X X X X X X X X X X


PPL-0912-903 X X X X X X X X X X


PPL-0912-904 X X X X X X X X X X


PPL-0912-905 X X X X X X X X X X


PPL-0912-906 X X X X X X X X X X


PPL-0912-907 X X X X X X X X X X


PPL-0912-908 X X X X X X X X X X


1  G = Gravimetric Moisture Content, VM = Volume Measurement Method, VD = Volume Displacement Method
2  CH = Constant Head Rigid Wall, FH = Falling Head Rigid Wall, FW = Falling Head Rising Tail Flexible Wall
3  HC = Hanging Column, PP = Pressure Plate, FP = Filter Paper, DPP = Dew Point Potentiometer, RH = Relative Humidity Box, 
   EP = Effective Porosity, WHC = Water Holding Capacity, Kunsat = Calculated Unsaturated Hydraulic Conductivity
4  DS = Dry Sieve, WS = Wet Sieve, H = Hydrometer
5  F = Fine (<4.75mm), C = Coarse (>4.75mm)


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Notes


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &  A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .


Sample Receipt:


Nine samples arrived in two 5-gallon buckets with lids.  One bucket contained loose material for each sample, each in 
a 1/2-full 1-gallon Ziploc bag.  The second bucket contained packing material and additional material for samples 
'PPL-0912-900’, 'PPL-0912-901’, 'PPL-0912-903’, 'PPL-0912-904’, 'PPL-0912-906' and 'PPL-0912-907' each in a 2" x 
6" acetate sleeve with end caps sealed with duct tape.


Testing Notes:


Acetate Sleeve Samples:


Intact material from samples 'PPL-0912-900’, 'PPL-0912-901’, 'PPL-0912-903’, 'PPL-0912-904’, 'PPL-0912-906' and 
'PPL-0912-907' was obtained by sub-sampling between the arrows drawn on the sleeves by the client indicating the 
section to be tested.  These intact sub-samples were obtained by using a table saw to cut approximately 1.5” to 2” 
length sections.  The sub-samples were then subjected to initial properties, saturated hydraulic conductivity, hanging 
column, and pressure chamber  testing.  


After the moisture retention testing, the intact sub-sample material was oven dried and then used for the particle size 
analysis testing.


Adjacent sample material from the sleeves was used for the dewpoint potentiometer and relative humidity chamber 
portions of the moisture retention testing. 


Loose Samples:


Representative loose sub-samples were obtained from samples ‘PPL-0912-902’, ‘PPL-0912-905’and ‘PPL-0912-908'.  
Due to limited available testing material, all material larger than 3/8” was removed, and the material finer than 3/8” 
was remolded into a 2.5” diameter testing ring to a target density between 110 pcf (1.76 g/cm3) and 115 pcf (1.84 
g/cm3) at the ‘as received’ moisture contents. 


The target density was not able to be reached for sample ‘PPL-0912-908’.  This sample was remolded to target an 
‘extra firm’ compactive effort, resulting in a bulk density of 101 pcf (1.62 g/cm3).  


The remolded samples were then subjected to initial properties, saturated hydraulic conductivity, hanging column, 
pressure chamber testing.  Remaining bulk sample material was used for the particle size analysis testing.


Oversize correction calculations are provided for the remolded samples since the fractions removed were greater 
than 5% of the composite mass.


General Notes:


Total porosity calculations in this report are based on the use of an assumed specific gravity value of 2.65.  And, 
particle diameter calculations in the hydrometer portion of the particle size analysis are based on the use of an 
assumed specific gravity value of 2.65.


Volume changes (settling) occurred for 'PPL-0912-900’, 'PPL-0912-901’, 'PPL-0912-903’, 'PPL-0912-904’, 'PPL-
0912-906' and 'PPL-0912-907' during the hanging column and pressure chamber portion of the analysis.  Volume 
changes (swelling) occurred for 'PPL-0912-902’ during the hanging column and pressure chamber portion of the 
analysis.  The reported volumetric moisture contents are adjusted for volume changes where applicable.  Due to the 
irregularities formed on the sample surfaces during settling, volume measurements obtained after the initial reading 
should be considered estimates.  


Seven samples were calculated to be greater than 105% saturated at the saturated stage of testing, and one sample 
was calculated to be less than 95% saturated at the saturated stage.  Potential causes for high or low saturation 
values can include: underestimating or overestimating the saturated sample volume.  Other potential causes for 
under saturation can include: the loss of some water prior to measuring the saturated sample mass, and/or the loss of 
some sample mass during the saturated hydraulic conductivity test. 5
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Density


Sample Number (%, g/g) (g/cm3) (pcf) (%, g/g) (g/cm3) (pcf) (%) (g/cm3) (pcf) (%) (%) (g/cm3) (pcf) (%) (%)


PPL-0912-902 6.9 1.84 114.9 9.8 1.79 111.9 97.4% 1.63 101.5 +10.2% 90.7% 1.65 102.7 +8.9% 91.8%


PPL-0912-905 13.6 1.84 114.9 13.8 1.84 114.7 99.8% 1.84 114.7 --- 100.0% 1.84 114.7 --- 100.0%


PPL-0912-908 6.9
Extra 
Firm NA 7.1 1.62 101.2 NA 1.62 101.2 --- 100.0% 1.62 101.2 --- 100.0%


2Volume Change Post Saturation: Volume change measurements were obtained after saturated hydraulic conductivity testing.


3Volume Change Post Drying Curve:  Volume change measurements were obtained throughout hanging column and pressure plate testing.  The 
'Volume Change Post Drying Curve' values represent the final sample dimensions after the last pressure plate point.  


Notes:
     "+" indicates sample swelling, "-" indicates sample settling, and "---" indicates no volume change occurred.


Summary of Sample Preparation/Volume Changes


Target Remold Parameters1 Actual Remold Data Volume Change Post Saturation2  Volume Change Post Drying Curve3


1Target Remold Parameters: Remold to between 110 pcf to 115 pcf at the as received moisture content.  Sample PPL-0912-908 could not be remolded 
into the ring at the requested density therefore it was remolded to extra firm.


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .
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Sample 
Moisture 
Content


Dry Bulk 
Density


Dry Bulk 
Density


Dry Bulk 
Density


Dry Bulk 
Density


% Volume 
Change 


% of 
Initital 


Density
Dry Bulk 
Density


Dry Bulk 
Density


% Volume 
Change 


% of 
Initital 


Density
Number (%, g/g) (g/cm3) (pcf) (g/cm3) (pcf) (%) (%) (g/cm3) (pcf) (%) (%)


PPL-0912-900 2.7 1.26 78.4 1.38 85.9 -8.8% 109.6% 1.53 95.8 -18.2% 122.2%


PPL-0912-901 13.4 1.60 99.8 1.60 99.8 --- 100.0% 1.63 101.6 -2.6% 101.8%


PPL-0912-903 2.9 1.38 85.9 1.48 92.3 -6.9% 107.4% 1.63 101.6 -8.8% 118.2%


PPL-0912-904 3.7 1.47 91.7 1.65 103.3 -11.2% 112.6% 1.73 107.8 -14.9% 117.6%


PPL-0912-906 2.5 1.30 81.3 1.37 85.3 -4.7% 105.0% 1.44 89.9 -9.5% 110.5%


PPL-0912-907 5.5 1.59 99.0 1.59 99.0 --- 100.0% 1.63 101.6 -2.6% 102.6%


2Volume Change Post Drying Curve:  Volume change measurements were obtained throughout hanging column and pressure plate testing.  The 'Volume Change 
Post Drying Curve' values represent the final sample dimensions after the last pressure plate point.  


Notes:
     "+"  indicates sample swelling, "-" indicates sample settling, and "---" indicates no volume change occurred.


Summary of Sample Preparation/Volume Changes


Initial Properties Volume Change Post Saturation1  Volume Change Post Drying Curve2


Initial Sample Data: The 'as received' dry bulk density and moisture content.
1Volume Change Post Saturation: Volume change measurements were obtained after saturated hydraulic conductivity testing.


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .
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Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity


Moisture Content
As Received Remolded Dry Bulk Wet Bulk Calculated 


Gravimetric Volumetric Gravimetric Volumetric Density Density Porosity
Sample Number (%, g/g) (%, cm3/cm3) (%, g/g) (%, cm3/cm3) (g/cm3) (g/cm3) (%)


PPL-0912-900 2.7 3.4 --- --- 1.26 1.29 52.6


PPL-0912-901 13.4 21.5 --- --- 1.60 1.81 39.7


PPL-0912-902 6.9 NA 9.8 17.5 1.79 1.97 32.4


PPL-0912-903 2.9 4.0 --- --- 1.38 1.42 48.0


PPL-0912-904 3.7 5.4 --- --- 1.47 1.52 44.6


PPL-0912-905 13.6 NA 13.8 25.3 1.84 2.09 30.7


PPL-0912-906 2.5 3.3 --- --- 1.30 1.34 50.8


PPL-0912-907 5.5 8.7 --- --- 1.59 1.67 40.2


PPL-0912-908 6.9 NA 7.1 11.5 1.62 1.74 38.8


NA  =  Not analyzed
---  =  This sample was not remolded


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Saturated Hydraulic Conductivity Tests


Oversize 
Corrected


Ksat Ksat Method of Analysis
Sample Number (cm/sec) (cm/sec) Constant Head Falling Head


PPL-0912-900 2.8E-04 NA X


PPL-0912-901 1.1E-05 NA X


PPL-0912-902 6.6E-05 3.3E-05 X


PPL-0912-903 5.5E-04 NA X


PPL-0912-904 2.6E-04 NA X


PPL-0912-905 2.2E-07 1.7E-07 X


PPL-0912-906 1.1E-03 NA X


PPL-0912-907 7.4E-06 NA X


PPL-0912-908 1.5E-05 9.7E-06 X


---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Moisture Characteristics
of the Initial Drainage Curve


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)
PPL-0912-900 0 51.0 ‡‡


13 47.3 ‡‡


33 44.9 ‡‡


101 38.8 ‡‡


337 31.0 ‡‡


4385 12.0 ‡‡


31818 7.0 ‡‡


165208 3.8 ‡‡


851293 1.8 ‡‡


PPL-0912-901 0 44.9
52 42.4


130 41.7 ‡‡


337 38.6 ‡‡


5813 18.8 ‡‡


54661 6.9 ‡‡


344692 3.6 ‡‡


851293 2.0 ‡‡


PPL-0912-902 0 35.2 ‡‡


16 34.7 ‡‡


51 33.6 ‡‡


130 30.0 ‡‡


337 20.9 ‡‡


17439 6.1 ‡‡


99227 2.4 ‡‡


393439 1.5 ‡‡


851293 1.1 ‡‡


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Moisture Characteristics
of the Initial Drainage Curve (Continued)


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)
PPL-0912-903 0 50.3 ‡‡


11 48.6 ‡‡


32 45.7 ‡‡


103 35.0 ‡‡


337 25.4 ‡‡


8158 10.3 ‡‡


50480 5.6 ‡‡


370493 3.4 ‡‡


851293 2.2 ‡‡


PPL-0912-904 0 44.2 ‡‡


12 41.5 ‡‡


31 40.1 ‡‡


102 35.6 ‡‡


337 23.3 ‡‡


5813 6.5 ‡‡


33959 3.5 ‡‡


128699 2.1 ‡‡


851293 0.9 ‡‡


PPL-0912-905 0 32.4
51 32.2


152 32.0
337 30.4


1275 27.5
8668 15.5


97595 5.7
422911 3.4
851293 2.7


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Moisture Characteristics
of the Initial Drainage Curve (Continued)


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)
PPL-0912-906 0 51.3 ‡‡


7 50.2 ‡‡


20 48.7 ‡‡


77 39.2 ‡‡


337 25.0 ‡‡


17643 9.0 ‡‡


102898 5.4 ‡‡


522546 3.6 ‡‡


851293 2.7 ‡‡


PPL-0912-907 0 41.4
20 40.3
73 38.3


152 35.8
337 34.9 ‡‡


16419 12.5 ‡‡


45687 8.7 ‡‡


323685 4.1 ‡‡


851293 2.4 ‡‡


PPL-0912-908 0 41.1
16 41.1
52 40.8


128 40.4
337 38.3


7445 13.0
44463 7.6


182034 3.7
851293 2.8


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Calculated Unsaturated Hydraulic Properties


Oversize Corrected


Sample Number



(cm-1)
N


(dimensionless)
r


(% vol)
s


(% vol)
r


(% vol)
s


(% vol)


PPL-0912-900 0.0131 1.3289 0.00 49.32 NA NA


PPL-0912-901 0.0017 1.3883 0.00 43.52 NA NA


PPL-0912-902 0.0079 1.4232 0.59 35.55 0.36 22.26


PPL-0912-903 0.0235 1.3267 0.68 50.60 NA NA


PPL-0912-904 0.0092 1.4896 0.64 42.90 NA NA


PPL-0912-905 0.0007 1.4057 0.00 32.18 0.00 26.80


PPL-0912-906 0.0219 1.3575 1.98 51.53 NA NA


PPL-0912-907 0.0030 1.3152 0.00 40.26 NA NA


PPL-0912-908 0.0013 1.5428 2.12 41.17 1.57 30.51


 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Particle Size Characteristics


Sample Number
d10


(mm)
d50


(mm)
d60


(mm) Cu Cc Method
ASTM


Classification
USDA


Classification


PPL-0912-900 0.00028 0.022 0.034 121 2.6 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt Loam (Est)


PPL-0912-901 0.00040 0.0040 0.0062 16 0.79 WS/H Classification by ASTM 2487 
requires Atterberg test


Silty Clay Loam (Est)


PPL-0912-902 0.030 9.0 16 533 0.73 WS/H Classification by ASTM 2487 
requires Atterberg test


Sandy Loam †


PPL-0912-903 0.00011 0.074 0.11 1000 6.7 WS/H Classification by ASTM 2487 
requires Atterberg test


Sandy Clay Loam (Est)


PPL-0912-904 0.0036 0.13 0.15 42 13 WS/H Classification by ASTM 2487 
requires Atterberg test


Sandy Loam


PPL-0912-905 0.0028 0.47 2.3 821 0.29 WS/H Classification by ASTM 2487 
requires Atterberg test


Loam †


PPL-0912-906 0.00017 0.037 0.054 318 4.9 WS/H Classification by ASTM 2487 
requires Atterberg test


Loam (Est)


PPL-0912-907 0.00039 0.0071 0.011 28 1.8 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt Loam (Est)


PPL-0912-908 0.0079 2.8 7.1 899 0.082 WS/H Classification by ASTM 2487 
requires Atterberg test


Loam †


d50  =  Median particle diameter d60 DS   =  Dry sieve † Greater than 10% of sample is coarse material


Est  =  
d10


H      =  Hydrometer


   (d30)
2 WS  =  Wet sieve


(d10)(d60)


Cu =


Cc =


Reported values for d10, Cu, Cc, and soil 
classification are estimates, since extrapolation 
was required to obtain the d10 diameter


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Percent Gravel, Sand, Silt and Clay*


% Gravel % Sand % Silt % Clay
Sample Number (>4.75mm) (<4.75mm, >0.075mm) (<0.075mm, >0.002mm) (<0.002mm)


PPL-0912-900 1.0 16.0 62.6 20.4


PPL-0912-901 0.0 2.9 61.9 35.2


PPL-0912-902 57.7 27.5 12.1 2.7


PPL-0912-903 1.2 48.6 30.6 19.6


PPL-0912-904 0.0 72.1 21.0 6.9


PPL-0912-905 31.7 31.7 28.1 8.6


PPL-0912-906 0.2 30.2 47.8 21.8


PPL-0912-907 0.0 2.2 72.3 25.5


PPL-0912-908 44.9 24.3 26.6 4.2


*USCS classification does not classify clay fraction based on particle size.  USDA definition of clay (<0.002mm) used in this table. 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Initial Properties  
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Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity


Moisture Content
As Received Remolded Dry Bulk Wet Bulk Calculated 


Gravimetric Volumetric Gravimetric Volumetric Density Density Porosity
Sample Number (%, g/g) (%, cm3/cm3) (%, g/g) (%, cm3/cm3) (g/cm3) (g/cm3) (%)


PPL-0912-900 2.7 3.4 --- --- 1.26 1.29 52.6


PPL-0912-901 13.4 21.5 --- --- 1.60 1.81 39.7


PPL-0912-902 6.9 NA 9.8 17.5 1.79 1.97 32.4


PPL-0912-903 2.9 4.0 --- --- 1.38 1.42 48.0


PPL-0912-904 3.7 5.4 --- --- 1.47 1.52 44.6


PPL-0912-905 13.6 NA 13.8 25.3 1.84 2.09 30.7


PPL-0912-906 2.5 3.3 --- --- 1.30 1.34 50.8


PPL-0912-907 5.5 8.7 --- --- 1.59 1.67 40.2


PPL-0912-908 6.9 NA 7.1 11.5 1.62 1.74 38.8


NA  =  Not analyzed
---  =  This sample was not remolded


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-900
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 17-Oct-12 ---


Field weight* of sample (g): 126.44
Tare weight, ring (g): 16.15


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 107.41
Sample volume (cm3): 85.54


Assumed particle density (g/cm3): 2.65


Gravimetric Moisture Content (% g/g): 2.7


Volumetric Moisture Content (% vol): 3.4


Dry bulk density (g/cm3): 1.26


Wet bulk density (g/cm3): 1.29


Calculated Porosity (% vol): 52.6


Percent Saturation: 6.4


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded


18







Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-901
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 17-Oct-12 ---


Field weight* of sample (g): 141.94
Tare weight, ring (g): 13.01


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 113.67
Sample volume (cm3): 71.13


Assumed particle density (g/cm3): 2.65


Gravimetric Moisture Content (% g/g): 13.4


Volumetric Moisture Content (% vol): 21.5


Dry bulk density (g/cm3): 1.60


Wet bulk density (g/cm3): 1.81


Calculated Porosity (% vol): 39.7


Percent Saturation: 54.0


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-902
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 12-Oct-12 22-Oct-12


Field weight* of sample (g): 2049.20 313.26
Tare weight, ring (g): 0.00 68.98


Tare weight, pan/plate (g): 407.68 0.00
Tare weight, other (g): 0.00 0.00


Dry weight of sample (g): 1535.82 222.57
Sample volume (cm3): NA 124.20


Assumed particle density (g/cm3): 2.65 2.65


Gravimetric Moisture Content (% g/g): 6.9 9.8


Volumetric Moisture Content (% vol): NA 17.5


Dry bulk density (g/cm3): NA 1.79


Wet bulk density (g/cm3): NA 1.97


Calculated Porosity (% vol): NA 32.4


Percent Saturation: NA 54.0


Laboratory analysis by: K. Wright K. Wright
Data entered by: C. Krous C. Krous


Checked by: J. Hines J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-903
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 17-Oct-12 ---


Field weight* of sample (g): 120.07
Tare weight, ring (g): 13.59


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 103.51
Sample volume (cm3): 75.19


Assumed particle density (g/cm3): 2.65


Gravimetric Moisture Content (% g/g): 2.9


Volumetric Moisture Content (% vol): 4.0


Dry bulk density (g/cm3): 1.38


Wet bulk density (g/cm3): 1.42


Calculated Porosity (% vol): 48.0


Percent Saturation: 8.2


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-904
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 17-Oct-12 ---


Field weight* of sample (g): 110.15
Tare weight, ring (g): 11.65


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 95.03
Sample volume (cm3): 64.70


Assumed particle density (g/cm3): 2.65


Gravimetric Moisture Content (% g/g): 3.7


Volumetric Moisture Content (% vol): 5.4


Dry bulk density (g/cm3): 1.47


Wet bulk density (g/cm3): 1.52


Calculated Porosity (% vol): 44.6


Percent Saturation: 12.0


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-905
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 12-Oct-12 23-Oct-12


Field weight* of sample (g): 2270.00 596.51
Tare weight, ring (g): 0.00 132.41


Tare weight, pan/plate (g): 387.73 0.00
Tare weight, other (g): 0.00 0.00


Dry weight of sample (g): 1656.27 407.91
Sample volume (cm3): NA 222.03


Assumed particle density (g/cm3): 2.65 2.65


Gravimetric Moisture Content (% g/g): 13.6 13.8


Volumetric Moisture Content (% vol): NA 25.3


Dry bulk density (g/cm3): NA 1.84


Wet bulk density (g/cm3): NA 2.09


Calculated Porosity (% vol): NA 30.7


Percent Saturation: NA 82.5


Laboratory analysis by: K. Wright K. Wright
Data entered by: C. Krous C. Krous


Checked by: J. Hines J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-906
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 17-Oct-12 ---


Field weight* of sample (g): 140.40
Tare weight, ring (g): 16.45


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 120.87
Sample volume (cm3): 92.79


Assumed particle density (g/cm3): 2.65


Gravimetric Moisture Content (% g/g): 2.5


Volumetric Moisture Content (% vol): 3.3


Dry bulk density (g/cm3): 1.30


Wet bulk density (g/cm3): 1.34


Calculated Porosity (% vol): 50.8


Percent Saturation: 6.5


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-907
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 17-Oct-12 ---


Field weight* of sample (g): 162.81
Tare weight, ring (g): 16.10


Tare weight, pan/plate (g): 0.00
Tare weight, other (g): 0.00


Dry weight of sample (g): 139.11
Sample volume (cm3): 87.75


Assumed particle density (g/cm3): 2.65


Gravimetric Moisture Content (% g/g): 5.5


Volumetric Moisture Content (% vol): 8.7


Dry bulk density (g/cm3): 1.59


Wet bulk density (g/cm3): 1.67


Calculated Porosity (% vol): 40.2


Percent Saturation: 21.6


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded


25







Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation


                Job Name: Hydrometrics, Inc.
              Job Number: LB12.0195.00


Sample Number: PPL-0912-908
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


As Received Remolded


Test Date: 12-Oct-12 23-Oct-12


Field weight* of sample (g): 2122.10 520.01
Tare weight, ring (g): 0.00 133.44


Tare weight, pan/plate (g): 407.48 0.00
Tare weight, other (g): 0.00 0.00


Dry weight of sample (g): 1604.22 360.87
Sample volume (cm3): NA 222.67


Assumed particle density (g/cm3): 2.65 2.65


Gravimetric Moisture Content (% g/g): 6.9 7.1


Volumetric Moisture Content (% vol): NA 11.5


Dry bulk density (g/cm3): NA 1.62


Wet bulk density (g/cm3): NA 1.74


Calculated Porosity (% vol): NA 38.8


Percent Saturation: NA 29.7


Laboratory analysis by: K. Wright K. Wright
Data entered by: C. Krous C. Krous


Checked by: J. Hines J. Hines


Comments:


     *  Weight including tares
     NA  =  Not analyzed
     ---  =  This sample was not remolded
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Summary of Saturated Hydraulic Conductivity Tests


Oversize 
Corrected


Ksat Ksat Method of Analysis
Sample Number (cm/sec) (cm/sec) Constant Head Falling Head


PPL-0912-900 2.8E-04 NA X


PPL-0912-901 1.1E-05 NA X


PPL-0912-902 6.6E-05 3.3E-05 X


PPL-0912-903 5.5E-04 NA X


PPL-0912-904 2.6E-04 NA X


PPL-0912-905 2.2E-07 1.7E-07 X


PPL-0912-906 1.1E-03 NA X


PPL-0912-907 7.4E-06 NA X


PPL-0912-908 1.5E-05 9.7E-06 X


---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Saturated Hydraulic Conductivity
Constant Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Collection vessel tare (g): 10.95


Sample number: PPL-0912-900 Sample length (cm): 4.73
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample diameter (cm): 4.80
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 18.10


Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (cm) (g) (cm3) time (sec) (cm/sec) (cm/sec)


Test # 1:
19-Oct-12 9:32:54 21.0 4.3 13.14 2.2 470 2.8E-04 2.8E-04
19-Oct-12 9:40:44


Test # 2:
19-Oct-12 9:58:48 21.0 4 12.97 2.0 462 2.9E-04 2.8E-04
19-Oct-12 10:06:30


Test # 3:
19-Oct-12 11:57:51 21.0 3.7 12.94 2.0 488 2.9E-04 2.8E-04
19-Oct-12 12:05:59


Average Ksat (cm/sec): 2.8E-04
Oversize Corrected Ksat (cm/sec): NA        


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NA =  Not applicable


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Saturated Hydraulic Conductivity
Falling Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Backpressure (psi): 0.0


Sample number: PPL-0912-901 Offset (cm): 3.7
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample length (cm): 3.93
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 18.10


Reservoir x-sectional area (cm2): 0.70


Temp Reservoir Corrected Elapsed Ksat Ksat @ 20°C
Date Time (°C) head (cm) head (cm) time (sec) (cm/sec) (cm/sec)


Test # 1:
19-Oct-12 8:04:00 21.0 29.75 26.1 2580 1.2E-05 1.2E-05
19-Oct-12 8:47:00 21.0 25 21.3


Test # 2:
19-Oct-12 8:47:00 21.0 25 21.3 1990 1.1E-05 1.1E-05
19-Oct-12 9:20:10 21.0 22.05 18.4


 
Test # 3:
19-Oct-12 9:20:10 21.0 22.05 18.4 1940 1.1E-05 1.1E-05
19-Oct-12 9:52:30 21.0 19.55 15.9


Average Ksat (cm/sec): 1.1E-05
Oversize Corrected Ksat (cm/sec): NA        


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NA =  Not applicable


 


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Saturated Hydraulic Conductivity
Constant Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Collection vessel tare (g): 10.94


Sample number: PPL-0912-902 Sample length (cm): 4.18
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample diameter (cm): 6.15
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 29.73


Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (cm) (g) (cm3) time (sec) (cm/sec) (cm/sec)


Test # 1:
25-Oct-12 9:07:57 21.0 6.5 12.46 1.5 483 6.8E-05 6.7E-05
25-Oct-12 9:16:00


Test # 2:
25-Oct-12 9:55:03 21.0 6.3 12.63 1.7 564 6.7E-05 6.5E-05
25-Oct-12 10:04:27


Test # 3:
25-Oct-12 10:43:56 21.0 6.1 12.66 1.7 598 6.6E-05 6.5E-05
25-Oct-12 10:53:54


Average Ksat (cm/sec): 6.6E-05
Oversize Corrected Ksat (cm/sec): 3.3E-05


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Oversize Correction Data Sheet


Job Name: Hydrometrics, Inc.
Job Number: LB12.0195.00


Sample Number: PPL-0912-902
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


Split (3/4", 3/8", #4): 3/8
Calculated Porosity of Fines (% vol): 32.4


Coarse Fraction* Fines Fraction Composite


Subsample Mass (g): 757.49        778.33        1535.82        
Bulk Density (g/cm3): 2.65        1.79        2.13        


Volume of Solids (cm3): 285.85        293.71        579.55        
Volume of Voids (cm3): 0.00        140.63        140.63        


Total Volume (cm3): 285.85        434.34        720.18        


Volumetric Fraction (%): 39.69        60.31        100.00        
Mass Fraction (%): 49.32        50.68        100.00        


Ksat (cm/sec): NM        6.6E-05        3.3E-05        


*  =  Porosity and moisture content of coarse fraction assumed to be zero.
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NM  =  Not measured


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Saturated Hydraulic Conductivity
Constant Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Collection vessel tare (g): 10.96


Sample number: PPL-0912-903 Sample length (cm): 4.15
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample diameter (cm): 4.80
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 18.13


Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (cm) (g) (cm3) time (sec) (cm/sec) (cm/sec)


Test # 1:
19-Oct-12 9:08:34 21.0 4.3 15.46 4.5 433 5.5E-04 5.4E-04
19-Oct-12 9:15:47


Test # 2:
19-Oct-12 9:33:20 21.0 4.1 14.68 3.7 375 5.5E-04 5.4E-04
19-Oct-12 9:39:35


Test # 3:
19-Oct-12 9:59:08 21.0 3.8 14.01 3.1 326 5.6E-04 5.5E-04
19-Oct-12 10:04:34


Average Ksat (cm/sec): 5.5E-04
Oversize Corrected Ksat (cm/sec): NA        


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NA =  Not applicable


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Saturated Hydraulic Conductivity
Constant Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Collection vessel tare (g): 10.97


Sample number: PPL-0912-904 Sample length (cm): 3.57
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample diameter (cm): 4.80
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 18.10


Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (cm) (g) (cm3) time (sec) (cm/sec) (cm/sec)


Test # 1:
19-Oct-12 9:33:07 21.0 3.5 13.04 2.1 423 2.8E-04 2.7E-04
19-Oct-12 9:40:10


Test # 2:
19-Oct-12 9:58:59 21.0 3.3 12.62 1.7 373 2.6E-04 2.6E-04
19-Oct-12 10:05:12


Test # 3:
19-Oct-12 11:57:50 21.0 3.1 12.62 1.7 407 2.6E-04 2.5E-04
19-Oct-12 12:04:37


Average Ksat (cm/sec): 2.6E-04
Oversize Corrected Ksat (cm/sec): NA        


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NA =  Not applicable


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Saturated Hydraulic Conductivity
Falling Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Backpressure (psi): 0.0


Sample number: PPL-0912-905 Offset (cm): 3.0
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample length (cm): 7.57
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 29.35


Reservoir x-sectional area (cm2): 0.70


Temp Reservoir Corrected Elapsed Ksat Ksat @ 20°C
Date Time (°C) head (cm) head (cm) time (sec) (cm/sec) (cm/sec)


Test # 1:
31-Oct-12 7:53:00 21.0 60.35 57.4 25260 2.1E-07 2.1E-07
31-Oct-12 14:54:00 21.0 58.65 55.7


Test # 2:
31-Oct-12 14:54:00 21.0 58.65 55.7 59200 2.3E-07 2.2E-07
1-Nov-12 7:20:40 21.0 54.65 51.7


 
Test # 3:
1-Nov-12 7:20:40 21.0 54.65 51.7 27560 2.3E-07 2.3E-07
1-Nov-12 15:00:00 21.0 52.85 49.9


Average Ksat (cm/sec): 2.2E-07
Oversize Corrected Ksat (cm/sec): 1.7E-07


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass


 


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Oversize Correction Data Sheet


Job Name: Hydrometrics, Inc.
Job Number: LB12.0195.00


Sample Number: PPL-0912-905
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


Split (3/4", 3/8", #4): 3/8
Calculated Porosity of Fines (% vol): 30.7


Coarse Fraction* Fines Fraction Composite


Subsample Mass (g): 371.85        1284.42        1656.27        
Bulk Density (g/cm3): 2.65        1.84        1.97        


Volume of Solids (cm3): 140.32        484.69        625.01        
Volume of Voids (cm3): 0.00        214.43        214.43        


Total Volume (cm3): 140.32        699.12        839.44        


Volumetric Fraction (%): 16.72        83.28        100.00        
Mass Fraction (%): 22.45        77.55        100.00        


Ksat (cm/sec): NM        2.2E-07        1.7E-07        


*  =  Porosity and moisture content of coarse fraction assumed to be zero.
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NM  =  Not measured


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Saturated Hydraulic Conductivity
Constant Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Collection vessel tare (g): 10.93


Sample number: PPL-0912-906 Sample length (cm): 5.13
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample diameter (cm): 4.80
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 18.09


Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (cm) (g) (cm3) time (sec) (cm/sec) (cm/sec)


Test # 1:
19-Oct-12 9:08:20 21.0 3.9 17.29 6.4 414 1.1E-03 1.1E-03
19-Oct-12 9:15:14


Test # 2:
19-Oct-12 9:33:27 21.0 3.6 15.63 4.7 322 1.1E-03 1.1E-03
19-Oct-12 9:38:49


Test # 3:
19-Oct-12 9:59:18 21.0 3.3 14.66 3.7 277 1.2E-03 1.1E-03
19-Oct-12 10:03:55


Average Ksat (cm/sec): 1.1E-03
Oversize Corrected Ksat (cm/sec): NA        


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NA =  Not applicable


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines


0.00068


0.00072


0.00076


0.00080


0.00084


0.00088


0.58 0.62 0.66 0.70 0.74 0.78 0.82


Ve
lo


ci
ty


 (c
m


/s
) 


Hydraulic Gradient (cm/cm) 


Velocity vs. Hydraulic Gradient 


37







Saturated Hydraulic Conductivity
Falling Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Backpressure (psi): 0.0


Sample number: PPL-0912-907 Offset (cm): 0.8
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample length (cm): 4.85
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 18.10


Reservoir x-sectional area (cm2): 0.70


Temp Reservoir Corrected Elapsed Ksat Ksat @ 20°C
Date Time (°C) head (cm) head (cm) time (sec) (cm/sec) (cm/sec)


Test # 1:
19-Oct-12 8:46:40 21.0 27.15 26.4 1990 7.6E-06 7.5E-06
19-Oct-12 9:19:50 21.0 25.1 24.3


Test # 2:
19-Oct-12 9:19:50 21.0 25.1 24.3 1940 7.7E-06 7.5E-06
19-Oct-12 9:52:10 21.0 23.25 22.5


 
Test # 3:
19-Oct-12 11:59:30 21.0 17.35 16.6 3600 7.4E-06 7.2E-06
19-Oct-12 12:59:30 21.5 15.15 14.4


Average Ksat (cm/sec): 7.4E-06
Oversize Corrected Ksat (cm/sec): NA        


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NA =  Not applicable


 


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines


0.000020


0.000024


0.000028


0.000032


0.000036


0.000040


3.0 3.4 3.8 4.2 4.6 5.0 5.4


Ve
lo


ci
ty


 (c
m


/s
) 


Hydraulic Gradient (cm/cm) 


Velocity vs. Hydraulic Gradient 


38







Saturated Hydraulic Conductivity
Falling Head Method


Job name: Hydrometrics, Inc. Type of water used: TAP
   Job number: LB12.0195.00 Backpressure (psi): 0.0


Sample number: PPL-0912-908 Offset (cm): 2.7
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Sample length (cm): 7.57
Date Sampled: 9/7/2012 Sample x-sectional area (cm2): 29.41


Reservoir x-sectional area (cm2): 0.70


Temp Reservoir Corrected Elapsed Ksat Ksat @ 20°C
Date Time (°C) head (cm) head (cm) time (sec) (cm/sec) (cm/sec)


Test # 1:
25-Oct-12 9:00:00 21.0 20.25 17.6 2830 1.6E-05 1.5E-05
25-Oct-12 9:47:10 21.0 16.4 13.7


Test # 2:
25-Oct-12 9:47:10 21.0 16.4 13.7 3110 1.5E-05 1.5E-05
25-Oct-12 10:39:00 21.0 13.2 10.5


 
Test # 3:
25-Oct-12 10:39:00 21.0 13.2 10.5 4380 1.6E-05 1.5E-05
25-Oct-12 11:52:00 21.0 9.9 7.2


Average Ksat (cm/sec): 1.5E-05
Oversize Corrected Ksat (cm/sec): 9.7E-06


Comments:  
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass


 


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Oversize Correction Data Sheet


Job Name: Hydrometrics, Inc.
Job Number: LB12.0195.00


Sample Number: PPL-0912-908
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


Split (3/4", 3/8", #4): 3/8
Calculated Porosity of Fines (% vol): 38.8


Coarse Fraction* Fines Fraction Composite


Subsample Mass (g): 583.41        1020.81        1604.22        
Bulk Density (g/cm3): 2.65        1.62        1.89        


Volume of Solids (cm3): 220.15        385.21        605.37        
Volume of Voids (cm3): 0.00        244.67        244.67        


Total Volume (cm3): 220.15        629.88        850.03        


Volumetric Fraction (%): 25.90        74.10        100.00        
Mass Fraction (%): 36.37        63.63        100.00        


Ksat (cm/sec): NM        1.5E-05        9.7E-06        


*  =  Porosity and moisture content of coarse fraction assumed to be zero.
 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NM  =  Not measured


Laboratory analysis by: K. Wright
Data entered by: K. Wright


Checked by: J. Hines
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Summary of Moisture Characteristics
of the Initial Drainage Curve


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)
PPL-0912-900 0 51.0 ‡‡


13 47.3 ‡‡


33 44.9 ‡‡


101 38.8 ‡‡


337 31.0 ‡‡


4385 12.0 ‡‡


31818 7.0 ‡‡


165208 3.8 ‡‡


851293 1.8 ‡‡


PPL-0912-901 0 44.9
52 42.4


130 41.7 ‡‡


337 38.6 ‡‡


5813 18.8 ‡‡


54661 6.9 ‡‡


344692 3.6 ‡‡


851293 2.0 ‡‡


PPL-0912-902 0 35.2 ‡‡


16 34.7 ‡‡


51 33.6 ‡‡


130 30.0 ‡‡


337 20.9 ‡‡


17439 6.1 ‡‡


99227 2.4 ‡‡


393439 1.5 ‡‡


851293 1.1 ‡‡


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Moisture Characteristics
of the Initial Drainage Curve (Continued)


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)
PPL-0912-903 0 50.3 ‡‡


11 48.6 ‡‡


32 45.7 ‡‡


103 35.0 ‡‡


337 25.4 ‡‡


8158 10.3 ‡‡


50480 5.6 ‡‡


370493 3.4 ‡‡


851293 2.2 ‡‡


PPL-0912-904 0 44.2 ‡‡


12 41.5 ‡‡


31 40.1 ‡‡


102 35.6 ‡‡


337 23.3 ‡‡


5813 6.5 ‡‡


33959 3.5 ‡‡


128699 2.1 ‡‡


851293 0.9 ‡‡


PPL-0912-905 0 32.4
51 32.2


152 32.0
337 30.4


1275 27.5
8668 15.5


97595 5.7
422911 3.4
851293 2.7


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Moisture Characteristics
of the Initial Drainage Curve (Continued)


Pressure Head Moisture Content
Sample Number (-cm water) (%, cm3/cm3)
PPL-0912-906 0 51.3 ‡‡


7 50.2 ‡‡


20 48.7 ‡‡


77 39.2 ‡‡


337 25.0 ‡‡


17643 9.0 ‡‡


102898 5.4 ‡‡


522546 3.6 ‡‡


851293 2.7 ‡‡


PPL-0912-907 0 41.4
20 40.3
73 38.3


152 35.8
337 34.9 ‡‡


16419 12.5 ‡‡


45687 8.7 ‡‡


323685 4.1 ‡‡


851293 2.4 ‡‡


PPL-0912-908 0 41.1
16 41.1
52 40.8


128 40.4
337 38.3


7445 13.0
44463 7.6


182034 3.7
851293 2.8


‡‡ Volume adjustments are applicable at this matric potential (see data sheet for this sample).


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Summary of Calculated Unsaturated Hydraulic Properties


Oversize Corrected


Sample Number



(cm-1)
N


(dimensionless)
r


(% vol)
s


(% vol)
r


(% vol)
s


(% vol)


PPL-0912-900 0.0131 1.3289 0.00 49.32 NA NA


PPL-0912-901 0.0017 1.3883 0.00 43.52 NA NA


PPL-0912-902 0.0079 1.4232 0.59 35.55 0.36 22.26


PPL-0912-903 0.0235 1.3267 0.68 50.60 NA NA


PPL-0912-904 0.0092 1.4896 0.64 42.90 NA NA


PPL-0912-905 0.0007 1.4057 0.00 32.18 0.00 26.80


PPL-0912-906 0.0219 1.3575 1.98 51.53 NA NA


PPL-0912-907 0.0030 1.3152 0.00 40.26 NA NA


PPL-0912-908 0.0013 1.5428 2.12 41.17 1.57 30.51


 ---  =  Oversize correction is unnecessary since coarse fraction < 5% of composite mass
NR  =  Not requested
NA  =  Not applicable


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 107.41
     Job Number: LB12.0195.00 Tare wt., ring (g): 16.15


Sample Number: PPL-0912-900 Tare wt., screen & clamp (g): 25.03
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 85.54
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.26


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 52.62


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 23-Oct-12 14:00 188.38 0 50.99 ‡‡


31-Oct-12 7:35 183.40 13.0 47.29 ‡‡


8-Nov-12 7:55 181.35 33.0 44.89 ‡‡


15-Nov-12 12:10 175.88 101.0 38.85 ‡‡


Pressure plate: 26-Nov-12 8:50 170.29 337 31.00 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 78.03 -8.78% 1.38 48.05
13.0 73.61 -13.94% 1.46 44.94
33.0 72.98 -14.68% 1.47 44.46
101.0 70.25 -17.88% 1.53 42.30


Pressure plate: 337 69.99 -18.17% 1.53 42.09


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-900


Initial sample bulk density (g/cm3): 1.26
Fraction of bulk sample used (<2.00mm fraction) (%): 97.77


Dry weight* of dew point potentiometer sample (g): 149.40
Tare weight, jar (g): 117.86


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 26-Oct-12 14:40 151.93 4385 12.03 ‡‡


25-Oct-12 14:30 150.87 31818 6.99 ‡‡


24-Oct-12 16:10 150.20 165208 3.81 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 4385 69.99 -18.17% 1.53 42.09


31818 69.99 -18.17% 1.53 42.09
165208 69.99 -18.17% 1.53 42.09


Dry weight* of relative humidity box sample (g): 82.71
Tare weight (g): 47.61


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 30-Oct-12 9:27 83.14 851293 1.84 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 69.99 -18.17% 1.53 42.09


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-900
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-900
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-900
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-900
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-900
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-900
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 113.67
     Job Number: LB12.0195.00 Tare wt., ring (g): 13.01


Sample Number: PPL-0912-901 Tare wt., screen & clamp (g): 26.82
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 71.13
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.60


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 39.70


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 23-Oct-12 14:15 185.46 0 44.93


8-Nov-12 8:10 183.67 52.0 42.41
15-Nov-12 12:20 182.21 130.0 41.72 ‡‡


Pressure plate: 26-Nov-12 8:40 179.92 337 38.63 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
52.0 --- --- --- ---
130.0 68.82 -3.26% 1.65 37.67


Pressure plate: 337 68.40 -3.84% 1.66 37.29


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-901


Initial sample bulk density (g/cm3): 1.60
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 152.43
Tare weight, jar (g): 112.71


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 30-Oct-12 10:36 156.93 5813 18.83 ‡‡


25-Oct-12 8:30 154.07 54661 6.86 ‡‡


25-Oct-12 10:58 153.28 344692 3.56 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 5813 68.40 -3.84% 1.66 37.29


54661 68.40 -3.84% 1.66 37.29
344692 68.40 -3.84% 1.66 37.29


Dry weight* of relative humidity box sample (g): 65.55
Tare weight (g): 40.79


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 30-Oct-12 9:27 65.85 851293 1.97 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 68.40 -3.84% 1.66 37.29


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-901
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-901
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-901
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-901
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-901
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-901
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 222.57
     Job Number: LB12.0195.00 Tare wt., ring (g): 68.98


Sample Number: PPL-0912-902 Tare wt., screen & clamp (g): 24.18
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 124.20
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.79


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 32.38


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 25-Oct-12 14:10 363.96 0 35.23 ‡‡


2-Nov-12 8:40 362.93 16.0 34.66 ‡‡


9-Nov-12 8:30 361.43 51.0 33.65 ‡‡


16-Nov-12 12:00 356.43 130.0 29.96 ‡‡


Pressure plate: 26-Nov-12 9:15 343.94 337 20.86 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 136.90 +10.22% 1.63 38.65
16.0 136.18 +9.65% 1.63 38.33
51.0 135.83 +9.36% 1.64 38.17
130.0 135.83 +9.36% 1.64 38.17


Pressure plate: 337 135.23 +8.88% 1.65 37.89


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-902


Initial sample bulk density (g/cm3): 1.79
Fraction of test sample used (<2.00mm fraction) (%): 69.95


Dry weight* of dew point potentiometer sample (g): 180.63
Tare weight, jar (g): 117.47


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 28-Nov-12 16:20 184.00 17439 6.14 ‡‡


13-Nov-12 13:00 181.95 99227 2.41 ‡‡


13-Nov-12 11:00 181.44 393439 1.48 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 17439 135.23 +8.88% 1.65 37.89


99227 135.23 +8.88% 1.65 37.89
393439 135.23 +8.88% 1.65 37.89


Dry weight* of relative humidity box sample (g): 90.37
Tare weight (g): 36.82


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 15-Nov-12 11:40 90.90 851293 1.12 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 135.23 +8.88% 1.65 37.89


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-902
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-902
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-902
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-902
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-902
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-902
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Oversize Correction Data Sheet


Job Name: Hydrometrics, Inc.
Job Number: LB12.0195.00


Sample Number: PPL-0912-902
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


Split (3/4", 3/8", #4): 3/8


Coarse Fraction* Fines Fraction** Composite


Subsample Mass (g): 757.49 778.33 1535.82
Mass Fraction (%): 49.32 50.68 100.00


Initial Sample θ i


Bulk Density (g/cm3): 2.65 1.79 2.13
Calculated Porosity (% vol): 0.00 32.38 19.53


Volume of Solids (cm3): 285.85 293.71 579.55
Volume of Voids (cm3): 0.00 140.63 140.63


Total Volume (cm3): 285.85 434.34 720.18
Volumetric Fraction (%): 39.69 60.31 100.00


Initial Moisture Content (% vol): 0.00 17.48 10.54


Saturated Sample θ s


Bulk Density (g/cm3): 2.65 1.63 2.01
Calculated Porosity (% vol): 0.00 38.65 24.20


Volume of Solids (cm3): 285.85 293.71 579.55
Volume of Voids (cm3): 0.00 185.03 185.03


Total Volume (cm3): 285.85 478.74 764.58
Volumetric Fraction (%): 37.39 62.61 100.00


Saturated Moisture Content (% vol): 0.00 35.55 22.26


Residual Sample θ r


Bulk Density (g/cm3): 2.65 1.65 2.02
Calculated Porosity (% vol): 0.00 37.89 23.62


Volume of Solids (cm3): 285.85 293.71 579.55
Volume of Voids (cm3): 0.00 179.20 179.20


Total Volume (cm3): 285.85 472.91 758.76
Volumetric Fraction (%): 37.67 62.33 100.00


Residual Moisture Content (% vol): 0.00 0.59 0.36


Ksat (cm/sec): NM 6.6E-05 3.3E-05


*  =  Porosity and moisture content of coarse fraction assumed to be zero.
**  =  Volume adjusted, if applicable.  See notes on Moisture Retention Data pages.


NM  =  Not measured


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 103.51
     Job Number: LB12.0195.00 Tare wt., ring (g): 13.59


Sample Number: PPL-0912-903 Tare wt., screen & clamp (g): 28.02
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 75.19
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.38


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 48.05


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 23-Oct-12 14:20 180.30 0 50.27 ‡‡


31-Oct-12 7:50 178.86 11.0 48.56 ‡‡


8-Nov-12 9:30 176.69 32.0 45.73 ‡‡


15-Nov-12 12:25 169.16 103.0 34.99 ‡‡


Pressure plate: 26-Nov-12 8:30 162.52 337 25.38 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 69.98 -6.92% 1.48 44.19
11.0 69.48 -7.59% 1.49 43.78
32.0 69.04 -8.17% 1.50 43.42
103.0 68.71 -8.61% 1.51 43.16


Pressure plate: 337 68.55 -8.82% 1.51 43.02


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-903


Initial sample bulk density (g/cm3): 1.38
Fraction of bulk sample used (<2.00mm fraction) (%): 97.80


Dry weight* of dew point potentiometer sample (g): 169.64
Tare weight, jar (g): 114.22


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 30-Oct-12 9:15 173.51 8158 10.31 ‡‡


25-Oct-12 15:10 171.74 50480 5.60 ‡‡


25-Oct-12 10:03 170.91 370493 3.38 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 8158 68.55 -8.82% 1.51 43.02


50480 68.55 -8.82% 1.51 43.02
370493 68.55 -8.82% 1.51 43.02


Dry weight* of relative humidity box sample (g): 74.59
Tare weight (g): 41.90


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 30-Oct-12 9:27 75.08 851293 2.18 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 68.55 -8.82% 1.51 43.02


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-903
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-903
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-903
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-903
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-903
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-903
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 95.03
     Job Number: LB12.0195.00 Tare wt., ring (g): 11.65


Sample Number: PPL-0912-904 Tare wt., screen & clamp (g): 24.80
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 64.70
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.47


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 44.57


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 23-Oct-12 13:50 156.85 0 44.17 ‡‡


31-Oct-12 7:30 154.75 12.0 41.51 ‡‡


8-Nov-12 7:50 153.54 31.0 40.08 ‡‡


15-Nov-12 12:00 151.08 102.0 35.61 ‡‡


Pressure plate: 26-Nov-12 8:55 144.32 337 23.33 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 57.44 -11.22% 1.65 37.57
12.0 56.07 -13.35% 1.69 36.04
31.0 55.03 -14.94% 1.73 34.84
102.0 55.03 -14.94% 1.73 34.84


Pressure plate: 337 55.03 -14.94% 1.73 34.84


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-904


Initial sample bulk density (g/cm3): 1.47
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 162.94
Tare weight, jar (g): 117.61


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 25-Oct-12 15:00 164.65 5813 6.51 ‡‡


25-Oct-12 15:25 163.87 33959 3.54 ‡‡


25-Oct-12 14:00 163.49 128699 2.10 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 5813 55.03 -14.94% 1.73 34.84


33959 55.03 -14.94% 1.73 34.84
128699 55.03 -14.94% 1.73 34.84


Dry weight* of relative humidity box sample (g): 60.27
Tare weight (g): 41.74


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 30-Oct-12 9:27 60.36 851293 0.89 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 55.03 -14.94% 1.73 34.84


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-904
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-904
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-904
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-904
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-904
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-904
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 407.91
     Job Number: LB12.0195.00 Tare wt., ring (g): 132.41


Sample Number: PPL-0912-905 Tare wt., screen & clamp (g): 28.03
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 222.03
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.84


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 30.67


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 2-Nov-12 11:25 640.37 0 32.44


9-Nov-12 8:35 639.91 51.0 32.23
16-Nov-12 12:00 639.31 152.0 31.96


Pressure plate: 30-Nov-12 15:00 635.83 337 30.39
13-Dec-12 8:30 629.33 1275 27.47


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
51.0 --- --- --- ---
152.0 --- --- --- ---


Pressure plate: 337 --- --- --- ---
1275 --- --- --- ---


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-905


Initial sample bulk density (g/cm3): 1.84
Fraction of test sample used (<2.00mm fraction) (%): 75.59


Dry weight* of dew point potentiometer sample (g): 161.23
Tare weight, jar (g): 113.33


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 28-Nov-12 14:40 166.56 8668 15.45


13-Nov-12 10:55 163.18 97595 5.65
12-Nov-12 15:40 162.39 422911 3.36


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 8668 --- --- --- ---


97595 --- --- --- ---
422911 --- --- --- ---


Dry weight* of relative humidity box sample (g): 82.24
Tare weight (g): 39.38


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 15-Nov-12 11:40 83.08 851293 2.70


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 --- --- --- ---


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-905


1.E+00


1.E+01


1.E+02


1.E+03


1.E+04


1.E+05


1.E+06


0 10 20 30 40 50 60


Pr
es


su
re


 H
ea


d 
(-c


m
 w


at
er


) 


Moisture Content (%,cm3/cm3) 


Hanging column


Pressure plate


Dew point potentiometer


Rh box


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


89







Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-905


1.E+00


1.E+01


1.E+02


1.E+03


1.E+04


1.E+05


1.E+06


0 10 20 30 40 50 60


Pr
es


su
re


 H
ea


d 
(-c


m
 w


at
er


) 


Moisture Content (%,cm3/cm3) 


Hanging column
Pressure plate
Dew point potentiometer
Rh box
Predicted curve
Oversize corrected


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


90







Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-905
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-905
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-905
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-905
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Oversize Correction Data Sheet


Job Name: Hydrometrics, Inc.
Job Number: LB12.0195.00


Sample Number: PPL-0912-905
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


Split (3/4", 3/8", #4): 3/8


Coarse Fraction* Fines Fraction** Composite


Subsample Mass (g): 371.85 1284.42 1656.27
Mass Fraction (%): 22.45 77.55 100.00


Initial Sample θ i


Bulk Density (g/cm3): 2.65 1.84 1.97
Calculated Porosity (% vol): 0.00 30.67 25.54


Volume of Solids (cm3): 140.32 484.69 625.01
Volume of Voids (cm3): 0.00 214.43 214.43


Total Volume (cm3): 140.32 699.12 839.44
Volumetric Fraction (%): 16.72 83.28 100.00


Initial Moisture Content (% vol): 0.00 25.31 21.08


Saturated Sample θ s


Bulk Density (g/cm3): 2.65 1.84 1.97
Calculated Porosity (% vol): 0.00 30.67 25.54


Volume of Solids (cm3): 140.32 484.69 625.01
Volume of Voids (cm3): 0.00 214.43 214.43


Total Volume (cm3): 140.32 699.12 839.44
Volumetric Fraction (%): 16.72 83.28 100.00


Saturated Moisture Content (% vol): 0.00 32.18 26.80


Residual Sample θ r


Bulk Density (g/cm3): 2.65 1.84 1.97
Calculated Porosity (% vol): 0.00 30.67 25.54


Volume of Solids (cm3): 140.32 484.69 625.01
Volume of Voids (cm3): 0.00 214.43 214.43


Total Volume (cm3): 140.32 699.12 839.44
Volumetric Fraction (%): 16.72 83.28 100.00


Residual Moisture Content (% vol): 0.00 0.00 0.00


Ksat (cm/sec): NM 2.2E-07 1.7E-07


*  =  Porosity and moisture content of coarse fraction assumed to be zero.
**  =  Volume adjusted, if applicable.  See notes on Moisture Retention Data pages.


NM  =  Not measured


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
95







Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 120.87
     Job Number: LB12.0195.00 Tare wt., ring (g): 16.45


Sample Number: PPL-0912-906 Tare wt., screen & clamp (g): 25.30
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 92.79
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.30


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 50.85


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 23-Oct-12 14:10 207.95 0 51.27 ‡‡


31-Oct-12 7:40 206.32 7.0 50.25 ‡‡


8-Nov-12 8:00 204.53 20.0 48.71 ‡‡


15-Nov-12 12:15 195.78 77.0 39.24 ‡‡


Pressure plate: 26-Nov-12 8:45 183.61 337 25.00 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 88.41 -4.72% 1.37 48.41
7.0 86.97 -6.28% 1.39 47.55
20.0 86.04 -7.27% 1.40 46.99
77.0 84.51 -8.93% 1.43 46.03


Pressure plate: 337 83.95 -9.53% 1.44 45.67


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-906


Initial sample bulk density (g/cm3): 1.30
Fraction of bulk sample used (<2.00mm fraction) (%): 99.70


Dry weight* of dew point potentiometer sample (g): 155.21
Tare weight, jar (g): 113.36


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 29-Oct-12 12:11 157.82 17643 8.95 ‡‡


25-Oct-12 14:04 156.78 102898 5.39 ‡‡


25-Oct-12 10:25 156.25 522546 3.57 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 17643 83.95 -9.53% 1.44 45.67


102898 83.95 -9.53% 1.44 45.67
522546 83.95 -9.53% 1.44 45.67


Dry weight* of relative humidity box sample (g): 74.52
Tare weight (g): 38.06


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 30-Oct-12 9:27 75.21 851293 2.73 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 83.95 -9.53% 1.44 45.67


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-906
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-906
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-906
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-906
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-906
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-906
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 139.11
     Job Number: LB12.0195.00 Tare wt., ring (g): 16.10


Sample Number: PPL-0912-907 Tare wt., screen & clamp (g): 24.15
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 87.75
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.59


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 40.17


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 23-Oct-12 14:25 215.65 0 41.36


31-Oct-12 7:55 214.71 20.0 40.29
8-Nov-12 8:15 212.99 73.0 38.33
15-Nov-12 12:30 210.75 152.0 35.77


Pressure plate: 26-Nov-12 8:20 209.23 337 34.94 ‡‡


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
20.0 --- --- --- ---
73.0 --- --- --- ---
152.0 --- --- --- ---


Pressure plate: 337 85.50 -2.56% 1.63 38.60


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-907


Initial sample bulk density (g/cm3): 1.59
Fraction of bulk sample used (<2.00mm fraction) (%): 100.00


Dry weight* of dew point potentiometer sample (g): 151.21
Tare weight, jar (g): 112.70


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 30-Oct-12 10:23 154.16 16419 12.46 ‡‡


26-Oct-12 14:20 153.26 45687 8.66 ‡‡


25-Oct-12 12:50 152.19 323685 4.14 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 16419 85.50 -2.56% 1.63 38.60


45687 85.50 -2.56% 1.63 38.60
323685 85.50 -2.56% 1.63 38.60


Dry weight* of relative humidity box sample (g): 73.96
Tare weight (g): 42.10


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 30-Oct-12 9:27 74.42 851293 2.38 ‡‡


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 85.50 -2.56% 1.63 38.60


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-907
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-907
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-907
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-907
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-907
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Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-907
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Moisture Retention Data
Hanging Column / Pressure Plate
(Soil-Water Characteristic Curve)


     Job Name: Hydrometrics, Inc. Dry wt. of sample (g): 360.87
     Job Number: LB12.0195.00 Tare wt., ring (g): 133.44


Sample Number: PPL-0912-908 Tare wt., screen & clamp (g): 27.12
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Initial sample volume (cm3): 222.67
Date Sampled: 9/7/2012 Initial dry bulk density (g/cm3): 1.62


Assumed particle density (g/cm3): 2.65
Initial calculated total porosity (% ): 38.84


Matric Moisture
Weight* Potential Content †


Date Time (g) (-cm water) (% vol)
Hanging column: 25-Oct-12 14:00 612.99 0 41.12


2-Nov-12 8:30 612.87 16.0 41.07
9-Nov-12 8:20 612.39 52.0 40.85
16-Nov-12 11:45 611.42 128.0 40.41


Pressure plate: 26-Nov-12 9:20 606.73 337 38.31


Volume Adjusted Data 1


Adjusted
Matric Adjusted % Volume Adjusted Calculated


Potential Volume Change 2 Density Porosity
(-cm water) (cm3) (%) (g/cm3) (%)


Hanging column: 0.0 --- --- --- ---
16.0 --- --- --- ---
52.0 --- --- --- ---
128.0 --- --- --- ---


Pressure plate: 337 --- --- --- ---


Comments:
1


2


* Weight including tares
† Assumed density of water is 1.0 g/cm3


‡‡


Technician Notes:


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent each of the volume change 
measurements obtained after saturated hydraulic conductivity testing and throughout hanging column/pressure plate testing.  "---" indicates 
no volume changes occurred.


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.
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Moisture Retention Data
Dew Point Potentiometer / Relative Humidity Box


(Soil-Water Characteristic Curve)


Sample Number: PPL-0912-908


Initial sample bulk density (g/cm3): 1.62
Fraction of test sample used (<2.00mm fraction) (%): 73.79


Dry weight* of dew point potentiometer sample (g): 165.49
Tare weight, jar (g): 117.88


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Dew point potentiometer: 29-Nov-12 10:25 170.67 7445 13.01


26-Nov-12 16:00 168.52 44463 7.61
13-Nov-12 15:20 166.95 182034 3.67


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Dew point potentiometer: 7445 --- --- --- ---


44463 --- --- --- ---
182034 --- --- --- ---


Dry weight* of relative humidity box sample (g): 84.39
Tare weight (g): 39.93


Weight* Water Potential Moisture Content †


Date Time (g) (-cm water) (% vol)
Relative humidity box: 15-Nov-12 11:40 85.44 851293 2.82


Volume Adjusted Data 1


Water Adjusted % Volume Adjusted Adjusted
Potential Volume Change 2 Density Calc. Porosity


(-cm water) (cm3) (%) (g/cm3) (%)
Relative humidity box: 851293 --- --- --- ---


Comments:
1


2


* Weight including tares
†


‡‡


Laboratory analysis by: D. O'Dowd
Data entered by: C. Krous


Checked by: J. Hines


Volume adjustments are applicable at this matric potential (see comment #1).  Changes in volume, if applicable, are estimated based on 
obtainable measurements of changes in sample length and diameter.


Applicable if the sample experienced volume changes during testing.  ‘Volume Adjusted’ values represent the volume change measurements 
obtained after the last hanging column or pressure plate point.  "---" indicates no volume changes occurred.
Represents percent volume change from original sample volume.  A '+' denotes measured sample swelling, a '-' denotes measured sample 
settling, and '---' denotes no volume change occurred.


Adjusted for >2.00mm (#10 sieve) material not used in DPP/RH testing.  Assumed moisture content of material >2.00mm is zero, and 
assumed density of water is 1.0 g/cm3.
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Water Retention Data Points
Sample Number:  PPL-0912-908
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Predicted Water Retention Curve and Data Points
Sample Number:  PPL-0912-908
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-908
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Plot of Hydraulic Conductivity vs Moisture Content
Sample Number:  PPL-0912-908
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-908


1.E-09


1.E-08


1.E-07


1.E-06


1.E-05


1.E-04


1.E-03


1.E-02


1.E-01


1.E+00


1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06


R
el


at
iv


e 
H


yd
ra


ul
ic


 C
on


du
ct


iv
ity


 


Pressure Head (-cm water) 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


118







Plot of Hydraulic Conductivity vs Pressure Head
Sample Number:  PPL-0912-908
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Oversize Correction Data Sheet


Job Name: Hydrometrics, Inc.
Job Number: LB12.0195.00


Sample Number: PPL-0912-908
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210
Date Sampled: 9/7/2012


Split (3/4", 3/8", #4): 3/8


Coarse Fraction* Fines Fraction** Composite


Subsample Mass (g): 583.41 1020.81 1604.22
Mass Fraction (%): 36.37 63.63 100.00


Initial Sample θ i


Bulk Density (g/cm3): 2.65 1.62 1.89
Calculated Porosity (% vol): 0.00 38.84 28.78


Volume of Solids (cm3): 220.15 385.21 605.37
Volume of Voids (cm3): 0.00 244.67 244.67


Total Volume (cm3): 220.15 629.88 850.03
Volumetric Fraction (%): 25.90 74.10 100.00


Initial Moisture Content (% vol): 0.00 11.54 8.55


Saturated Sample θ s


Bulk Density (g/cm3): 2.65 1.62 1.89
Calculated Porosity (% vol): 0.00 38.84 28.78


Volume of Solids (cm3): 220.15 385.21 605.37
Volume of Voids (cm3): 0.00 244.67 244.67


Total Volume (cm3): 220.15 629.88 850.03
Volumetric Fraction (%): 25.90 74.10 100.00


Saturated Moisture Content (% vol): 0.00 41.17 30.51


Residual Sample θ r


Bulk Density (g/cm3): 2.65 1.62 1.89
Calculated Porosity (% vol): 0.00 38.84 28.78


Volume of Solids (cm3): 220.15 385.21 605.37
Volume of Voids (cm3): 0.00 244.67 244.67


Total Volume (cm3): 220.15 629.88 850.03
Volumetric Fraction (%): 25.90 74.10 100.00


Residual Moisture Content (% vol): 0.00 2.12 1.57


Ksat (cm/sec): NM 1.5E-05 9.7E-06


*  =  Porosity and moisture content of coarse fraction assumed to be zero.
**  =  Volume adjusted, if applicable.  See notes on Moisture Retention Data pages.


NM  =  Not measured


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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Summary of Particle Size Characteristics


Sample Number
d10


(mm)
d50


(mm)
d60


(mm) Cu Cc Method
ASTM


Classification
USDA


Classification


PPL-0912-900 0.00028 0.022 0.034 121 2.6 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt Loam (Est)


PPL-0912-901 0.00040 0.0040 0.0062 16 0.79 WS/H Classification by ASTM 2487 
requires Atterberg test


Silty Clay Loam (Est)


PPL-0912-902 0.030 9.0 16 533 0.73 WS/H Classification by ASTM 2487 
requires Atterberg test


Sandy Loam †


PPL-0912-903 0.00011 0.074 0.11 1000 6.7 WS/H Classification by ASTM 2487 
requires Atterberg test


Sandy Clay Loam (Est)


PPL-0912-904 0.0036 0.13 0.15 42 13 WS/H Classification by ASTM 2487 
requires Atterberg test


Sandy Loam


PPL-0912-905 0.0028 0.47 2.3 821 0.29 WS/H Classification by ASTM 2487 
requires Atterberg test


Loam †


PPL-0912-906 0.00017 0.037 0.054 318 4.9 WS/H Classification by ASTM 2487 
requires Atterberg test


Loam (Est)


PPL-0912-907 0.00039 0.0071 0.011 28 1.8 WS/H Classification by ASTM 2487 
requires Atterberg test


Silt Loam (Est)


PPL-0912-908 0.0079 2.8 7.1 899 0.082 WS/H Classification by ASTM 2487 
requires Atterberg test


Loam †


d50  =  Median particle diameter d60 DS   =  Dry sieve † Greater than 10% of sample is coarse material


Est  =  
d10


H      =  Hydrometer


   (d30)
2 WS  =  Wet sieve


(d10)(d60)


Cu =


Cc =


Reported values for d10, Cu, Cc, and soil 
classification are estimates, since extrapolation 
was required to obtain the d10 diameter


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Percent Gravel, Sand, Silt and Clay*


% Gravel % Sand % Silt % Clay
Sample Number (>4.75mm) (<4.75mm, >0.075mm) (<0.075mm, >0.002mm) (<0.002mm)


PPL-0912-900 1.0 16.0 62.6 20.4


PPL-0912-901 0.0 2.9 61.9 35.2


PPL-0912-902 57.7 27.5 12.1 2.7


PPL-0912-903 1.2 48.6 30.6 19.6


PPL-0912-904 0.0 72.1 21.0 6.9


PPL-0912-905 31.7 31.7 28.1 8.6


PPL-0912-906 0.2 30.2 47.8 21.8


PPL-0912-907 0.0 2.2 72.3 25.5


PPL-0912-908 44.9 24.3 26.6 4.2


*USCS classification does not classify clay fraction based on particle size.  USDA definition of clay (<0.002mm) used in this table. 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 107.41
Job Number: LB12.0195.00 Weight Passing #10 (g): 105.01


Sample Number: PPL-0912-900 Weight Retained #10 (g): 2.40
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 48.11
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 49.21


Test Date: 3-Dec-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 107.41 100.00
2" 50 0.00 0.00 107.41 100.00


1.5" 38.1 0.00 0.00 107.41 100.00
1" 25 0.00 0.00 107.41 100.00


3/4" 19.0 0.00 0.00 107.41 100.00
3/8" 9.5 0.00 0.00 107.41 100.00


4 4.75 1.10 1.10 106.31 98.98
10 2.00 1.30 2.40 105.01 97.77


 
-10 (Based on calculated sieve wt.)


20 0.85 0.58 1.68 47.53 96.59
40 0.425 0.37 2.05 47.16 95.84
60 0.250 0.30 2.35 46.86 95.23
140 0.106 3.14 5.49 43.72 88.84
200 0.075 2.89 8.38 40.83 82.97


dry pan 0.50 8.88 40.33
wet pan 40.33 0.00


d10 (mm): 0.00028 d50 (mm): 0.022
d16 (mm): 0.00087 d60 (mm): 0.034
d30 (mm): 0.0050 d84 (mm): 0.080


Median Particle Diameter --d50 (mm): 0.022
Uniformity Coefficient, Cu --[d60/d10] (mm): 121


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 2.6


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.034


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silt Loam


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Note:  Reported values for d10, Cu, Cc, 
and soil classification are estimates, 
since extrapolation was required to 
obtain the d10 diameter 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-900 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 48.11
Test Date: 29-Nov-12 Total Sample Wt. (g): 107.41
Start Time: 9:00 Wt. Passing #10 (g): 105.01


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


29-Nov-12 1 20.5 39.0 6.5 32.5 9.9 0.04261 67.6 66.0
2 20.5 35.0 6.5 28.5 10.6 0.03111 59.2 57.9
5 20.5 30.0 6.5 23.5 11.4 0.02043 48.8 47.8


15 20.5 26.5 6.5 20.0 12.0 0.01209 41.6 40.6
30 20.5 24.0 6.5 17.5 12.4 0.00869 36.4 35.6
60 20.6 22.5 6.5 16.0 12.6 0.00620 33.3 32.5
120 20.7 20.5 6.5 14.0 12.9 0.00443 29.1 28.4
250 21.2 19.5 6.5 13.0 13.1 0.00307 27.0 26.4
420 21.0 17.0 6.5 10.5 13.5 0.00241 21.8 21.3


30-Nov-12 1380 20.6 15.5 6.5 9.0 13.8 0.00135 18.7 18.3


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.00028 d30 = 0.0050 d50 = 0.022 d60 = 0.034 Cu = 121 Cc = 2.6
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-900 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Silt Loam
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USDA 


Wet Sieve 


Note:  Reported values for d10, Cu, Cc, and ASTM classification are estimates,  since extrapolation was required to obtain the d10 diameter 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 


126







Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 113.67
Job Number: LB12.0195.00 Weight Passing #10 (g): 113.67


Sample Number: PPL-0912-901 Weight Retained #10 (g): 0.00
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 50.75
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 50.75


Test Date: 3-Dec-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 113.67 100.00
2" 50 0.00 0.00 113.67 100.00


1.5" 38.1 0.00 0.00 113.67 100.00
1" 25 0.00 0.00 113.67 100.00


3/4" 19.0 0.00 0.00 113.67 100.00
3/8" 9.5 0.00 0.00 113.67 100.00


4 4.75 0.00 0.00 113.67 100.00
10 2.00 0.00 0.00 113.67 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.10 0.10 50.65 99.80
40 0.425 0.12 0.22 50.53 99.57
60 0.250 0.09 0.31 50.44 99.39
140 0.106 0.52 0.83 49.92 98.36
200 0.075 0.62 1.45 49.30 97.14


dry pan 0.11 1.56 49.19
wet pan 49.19 0.00


d10 (mm): 0.00040 d50 (mm): 0.0040
d16 (mm): 0.00059 d60 (mm): 0.0062
d30 (mm): 0.0014 d84 (mm): 0.029


Median Particle Diameter --d50 (mm): 0.0040
Uniformity Coefficient, Cu --[d60/d10] (mm): 16


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.79


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.011


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silty Clay Loam


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Note:  Reported values for d10, Cu, Cc, 
and soil classification are estimates, 
since extrapolation was required to 
obtain the d10 diameter 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-901 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 50.75
Test Date: 29-Nov-12 Total Sample Wt. (g): 113.67
Start Time: 9:06 Wt. Passing #10 (g): 113.67


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


29-Nov-12 1 20.5 52.0 6.5 45.5 7.8 0.03775 89.7 89.7
2 20.5 48.5 6.5 42.0 8.3 0.02766 82.8 82.8
5 20.5 45.5 6.5 39.0 8.8 0.01800 76.8 76.8


15 20.5 42.0 6.5 35.5 9.4 0.01073 70.0 70.0
30 20.5 39.0 6.5 32.5 9.9 0.00778 64.0 64.0
60 20.6 36.0 6.5 29.5 10.4 0.00563 58.1 58.1
120 20.7 32.0 6.5 25.5 11.1 0.00410 50.2 50.2
250 21.2 28.5 6.5 22.0 11.6 0.00290 43.3 43.3
415 21.0 25.5 6.5 19.0 12.1 0.00230 37.4 37.4


30-Nov-12 1375 20.6 21.0 6.5 14.5 12.9 0.00131 28.6 28.6


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.00040 d30 = 0.0014 d50 = 0.0040 d60 = 0.0062 Cu = 16 Cc = 0.79
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-901 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Silty Clay Loam
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Note:  Reported values for d10, Cu, Cc, and ASTM classification are estimates,  since extrapolation was required to obtain the d10 diameter 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 1535.82
Job Number: LB12.0195.00 Weight Passing #10 (g): 544.43


Sample Number: PPL-0912-902 Weight Retained #10 (g): 991.39
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 54.04
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 152.45


Test Date: 18-Oct-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 1535.82 100.00
2" 50 0.00 0.00 1535.82 100.00


1.5" 38.1 215.81 215.81 1320.01 85.95
1" 25 225.97 441.78 1094.04 71.23


3/4" 19.0 133.00 574.78 961.04 62.58
3/8" 9.5 182.71 757.49 778.33 50.68


4 4.75 127.95 885.44 650.38 42.35
10 2.00 105.95 991.39 544.43 35.45


 
-10 (Based on calculated sieve wt.)


20 0.85 5.64 104.05 48.40 31.75
40 0.425 5.01 109.06 43.39 28.46
60 0.250 5.23 114.29 38.16 25.03
140 0.106 12.49 126.78 25.67 16.84
200 0.075 3.06 129.84 22.61 14.83


dry pan 0.36 130.20 22.25
wet pan 22.25 0.00


d10 (mm): 0.030 d50 (mm): 9.0
d16 (mm): 0.092 d60 (mm): 16
d30 (mm): 0.59 d84 (mm): 36


Median Particle Diameter --d50 (mm): 9.0
Uniformity Coefficient, Cu --[d60/d10] (mm): 533


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.73


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 15


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Sandy Loam †


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


 † Greater than 10% of sample is coarse material 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-902 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 54.04
Test Date: 16-Oct-12 Total Sample Wt. (g): 1535.82
Start Time: 9:00 Wt. Passing #10 (g): 544.43


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


16-Oct-12 1 20.9 26.0 6.5 19.5 12.0 0.04675 36.1 12.8
2 20.9 22.5 6.5 16.0 12.6 0.03383 29.6 10.5
5 20.9 19.5 6.5 13.0 13.1 0.02181 24.1 8.5


15 20.9 16.5 6.5 10.0 13.6 0.01283 18.5 6.6
30 21.0 15.5 6.5 9.0 13.8 0.00911 16.7 5.9
60 21.0 14.5 6.5 8.0 13.9 0.00648 14.8 5.2
120 21.1 13.0 6.5 6.5 14.2 0.00462 12.0 4.3
250 21.2 11.5 6.5 5.0 14.4 0.00322 9.3 3.3
420 21.4 10.5 6.0 4.5 14.6 0.00250 8.3 3.0


17-Oct-12 1380 21.1 10.0 6.5 3.5 14.7 0.00139 6.5 2.3


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.030 d30 = 0.59 d50 = 9.0 d60 = 16 Cu = 533 Cc = 0.73
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-902 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Sandy Loam †
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D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


† Greater than 10% of sample is coarse material 


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 103.51
Job Number: LB12.0195.00 Weight Passing #10 (g): 101.23


Sample Number: PPL-0912-903 Weight Retained #10 (g): 2.28
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 50.73
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 51.87


Test Date: 3-Dec-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 103.51 100.00
2" 50 0.00 0.00 103.51 100.00


1.5" 38.1 0.00 0.00 103.51 100.00
1" 25 0.00 0.00 103.51 100.00


3/4" 19.0 0.00 0.00 103.51 100.00
3/8" 9.5 1.29 1.29 102.22 98.75


4 4.75 0.00 1.29 102.22 98.75
10 2.00 0.99 2.28 101.23 97.80


 
-10 (Based on calculated sieve wt.)


20 0.85 0.47 1.61 50.26 96.89
40 0.425 0.29 1.90 49.97 96.33
60 0.250 1.46 3.36 48.51 93.52
140 0.106 18.94 22.30 29.57 57.01
200 0.075 3.56 25.86 26.01 50.14


dry pan 0.32 26.18 25.69
wet pan 25.69 0.00


d10 (mm): 0.00011 d50 (mm): 0.074
d16 (mm): 0.00066 d60 (mm): 0.11
d30 (mm): 0.0090 d84 (mm): 0.20


Median Particle Diameter --d50 (mm): 0.074
Uniformity Coefficient, Cu --[d60/d10] (mm): 1000


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 6.7


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.092


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Sandy Clay Loam


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Note:  Reported values for d10, Cu, Cc, 
and soil classification are estimates, 
since extrapolation was required to 
obtain the d10 diameter 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-903 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 50.73
Test Date: 29-Nov-12 Total Sample Wt. (g): 103.51
Start Time: 9:12 Wt. Passing #10 (g): 101.23


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


29-Nov-12 1 20.5 29.0 6.5 22.5 11.5 0.04600 44.4 43.4
2 20.5 27.0 6.5 20.5 11.9 0.03299 40.4 39.5
5 20.5 25.5 6.5 19.0 12.1 0.02108 37.5 36.6


15 20.5 23.0 6.5 16.5 12.5 0.01237 32.5 31.8
30 20.5 22.0 6.5 15.5 12.7 0.00881 30.6 29.9
60 20.6 21.0 6.5 14.5 12.9 0.00626 28.6 28.0
120 20.7 20.0 6.5 13.5 13.0 0.00445 26.6 26.0
250 21.2 18.0 6.5 11.5 13.3 0.00310 22.7 22.2
410 21.0 17.0 6.5 10.5 13.5 0.00244 20.7 20.2


30-Nov-12 1370 20.6 16.0 6.5 9.5 13.7 0.00135 18.7 18.3


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


134







d10 = 0.00011 d30 = 0.0090 d50 = 0.074 d60 = 0.11 Cu = 1000 Cc = 6.7
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-903 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Sandy Clay Loam
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Wet Sieve 


Note:  Reported values for d10, Cu, Cc, and ASTM classification are estimates,  since extrapolation was required to obtain the d10 diameter 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 95.03
Job Number: LB12.0195.00 Weight Passing #10 (g): 95.03


Sample Number: PPL-0912-904 Weight Retained #10 (g): 0.00
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 55.05
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 55.05


Test Date: 3-Dec-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 95.03 100.00
2" 50 0.00 0.00 95.03 100.00


1.5" 38.1 0.00 0.00 95.03 100.00
1" 25 0.00 0.00 95.03 100.00


3/4" 19.0 0.00 0.00 95.03 100.00
3/8" 9.5 0.00 0.00 95.03 100.00


4 4.75 0.00 0.00 95.03 100.00
10 2.00 0.00 0.00 95.03 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.12 0.12 54.93 99.78
40 0.425 0.19 0.31 54.74 99.44
60 0.250 2.30 2.61 52.44 95.26
140 0.106 33.26 35.87 19.18 34.84
200 0.075 3.82 39.69 15.36 27.90


dry pan 0.32 40.01 15.04
wet pan 15.04 0.00


d10 (mm): 0.0036 d50 (mm): 0.13
d16 (mm): 0.011 d60 (mm): 0.15
d30 (mm): 0.083 d84 (mm): 0.21


Median Particle Diameter --d50 (mm): 0.13
Uniformity Coefficient, Cu --[d60/d10] (mm): 42


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 13


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.12


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Sandy Loam


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-904 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 55.05
Test Date: 28-Nov-12 Total Sample Wt. (g): 95.03
Start Time: 9:18 Wt. Passing #10 (g): 95.03


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


29-Nov-12 1 20.5 20.0 6.5 13.5 13.0 0.04885 24.5 24.5
2 20.5 18.5 6.5 12.0 13.3 0.03487 21.8 21.8
5 20.5 16.5 6.5 10.0 13.6 0.02232 18.2 18.2


15 20.5 15.5 6.5 9.0 13.8 0.01297 16.3 16.3
30 20.5 15.0 6.5 8.5 13.8 0.00920 15.4 15.4
60 20.6 13.5 6.5 7.0 14.1 0.00655 12.7 12.7
120 20.7 13.0 6.5 6.5 14.2 0.00464 11.8 11.8
250 21.2 11.5 6.5 5.0 14.4 0.00322 9.1 9.1
405 21.0 10.5 6.5 4.0 14.6 0.00255 7.3 7.3


30-Nov-12 1365 20.6 10.0 6.5 3.5 14.7 0.00140 6.4 6.4


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


137







d10 = 0.0036 d30 = 0.083 d50 = 0.13 d60 = 0.15 Cu = 42 Cc = 13
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-904 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Sandy Loam
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USDA 


Wet Sieve 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 


138







Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 1656.27
Job Number: LB12.0195.00 Weight Passing #10 (g): 970.83


Sample Number: PPL-0912-905 Weight Retained #10 (g): 685.44
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 49.92
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 85.17


Test Date: 18-Oct-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 1656.27 100.00
2" 50 0.00 0.00 1656.27 100.00


1.5" 38.1 0.00 0.00 1656.27 100.00
1" 25 211.43 211.43 1444.84 87.23


3/4" 19.0 12.21 223.64 1432.63 86.50
3/8" 9.5 148.21 371.85 1284.42 77.55


4 4.75 152.40 524.25 1132.02 68.35
10 2.00 161.19 685.44 970.83 58.62


 
-10 (Based on calculated sieve wt.)


20 0.85 4.85 40.10 45.07 52.92
40 0.425 2.96 43.06 42.11 49.45
60 0.250 1.77 44.83 40.34 47.37
140 0.106 6.75 51.58 33.59 39.44
200 0.075 2.34 53.92 31.25 36.69


dry pan 0.22 54.14 31.03
wet pan 31.03 0.00


d10 (mm): 0.0028 d50 (mm): 0.47
d16 (mm): 0.0076 d60 (mm): 2.3
d30 (mm): 0.043 d84 (mm): 16


Median Particle Diameter --d50 (mm): 0.47
Uniformity Coefficient, Cu --[d60/d10] (mm): 821


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.29


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 5.5


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Loam †


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


 † Greater than 10% of sample is coarse material 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-905 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 49.92
Test Date: 16-Oct-12 Total Sample Wt. (g): 1656.27
Start Time: 9:06 Wt. Passing #10 (g): 970.83


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


16-Oct-12 1 20.9 32.5 6.5 26.0 11.0 0.04463 52.1 30.5
2 20.9 29.5 6.5 23.0 11.5 0.03226 46.1 27.0
5 20.9 26.0 6.5 19.5 12.0 0.02091 39.1 22.9


15 20.9 22.5 6.5 16.0 12.6 0.01235 32.1 18.8
30 21.0 21.0 6.5 14.5 12.9 0.00881 29.0 17.0
60 21.0 19.0 6.5 12.5 13.2 0.00631 25.0 14.7
120 21.1 17.5 6.5 11.0 13.4 0.00450 22.0 12.9
250 21.2 15.5 6.5 9.0 13.8 0.00315 18.0 10.6
415 21.4 14.0 6.0 8.0 14.0 0.00246 16.0 9.4


17-Oct-12 1375 21.1 12.5 6.5 6.0 14.3 0.00137 12.0 7.0


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.0028 d30 = 0.043 d50 = 0.47 d60 = 2.3 Cu = 821 Cc = 0.29
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-905 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Loam †
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USDA 


Wet Sieve 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


† Greater than 10% of sample is coarse material 


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 120.87
Job Number: LB12.0195.00 Weight Passing #10 (g): 120.51


Sample Number: PPL-0912-906 Weight Retained #10 (g): 0.36
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 52.63
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 52.79


Test Date: 3-Dec-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 120.87 100.00
2" 50 0.00 0.00 120.87 100.00


1.5" 38.1 0.00 0.00 120.87 100.00
1" 25 0.00 0.00 120.87 100.00


3/4" 19.0 0.00 0.00 120.87 100.00
3/8" 9.5 0.00 0.00 120.87 100.00


4 4.75 0.23 0.23 120.64 99.81
10 2.00 0.13 0.36 120.51 99.70


 
-10 (Based on calculated sieve wt.)


20 0.85 0.08 0.24 52.55 99.55
40 0.425 0.18 0.42 52.37 99.21
60 0.250 0.41 0.83 51.96 98.43
140 0.106 9.10 9.93 42.86 81.19
200 0.075 6.13 16.06 36.73 69.58


dry pan 1.16 17.22 35.57
wet pan 35.57 0.00


d10 (mm): 0.00017 d50 (mm): 0.037
d16 (mm): 0.00059 d60 (mm): 0.054
d30 (mm): 0.0067 d84 (mm): 0.12


Median Particle Diameter --d50 (mm): 0.037
Uniformity Coefficient, Cu --[d60/d10] (mm): 318


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 4.9


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.053


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Loam


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Note:  Reported values for d10, Cu, Cc, 
and soil classification are estimates, 
since extrapolation was required to 
obtain the d10 diameter 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-906 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 52.63
Test Date: 29-Nov-12 Total Sample Wt. (g): 120.87
Start Time: 9:24 Wt. Passing #10 (g): 120.51


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


29-Nov-12 1 20.5 35.0 6.5 28.5 10.6 0.04400 54.2 54.0
2 20.5 31.0 6.5 24.5 11.2 0.03206 46.6 46.4
5 20.5 27.5 6.5 21.0 11.8 0.02079 39.9 39.8


15 20.5 25.5 6.5 19.0 12.1 0.01217 36.1 36.0
30 20.5 23.5 6.5 17.0 12.4 0.00872 32.3 32.2
60 20.6 22.0 6.5 15.5 12.7 0.00622 29.5 29.4
120 20.7 21.0 6.5 14.5 12.9 0.00442 27.6 27.5
250 21.1 20.0 6.5 13.5 13.0 0.00307 25.7 25.6
400 21.0 18.5 6.5 12.0 13.3 0.00245 22.8 22.7


30-Nov-12 1360 20.6 17.0 6.5 10.5 13.5 0.00135 20.0 19.9


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.00017 d30 = 0.0067 d50 = 0.037 d60 = 0.054 Cu = 318 Cc = 4.9
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-906 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Loam
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USDA 


Wet Sieve 


Note:  Reported values for d10, Cu, Cc, and ASTM classification are estimates,  since extrapolation was required to obtain the d10 diameter 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 139.11
Job Number: LB12.0195.00 Weight Passing #10 (g): 139.11


Sample Number: PPL-0912-907 Weight Retained #10 (g): 0.00
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 52.92
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 52.92


Test Date: 3-Dec-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 139.11 100.00
2" 50 0.00 0.00 139.11 100.00


1.5" 38.1 0.00 0.00 139.11 100.00
1" 25 0.00 0.00 139.11 100.00


3/4" 19.0 0.00 0.00 139.11 100.00
3/8" 9.5 0.00 0.00 139.11 100.00


4 4.75 0.00 0.00 139.11 100.00
10 2.00 0.00 0.00 139.11 100.00


 
-10 (Based on calculated sieve wt.)


20 0.85 0.06 0.06 52.86 99.89
40 0.425 0.03 0.09 52.83 99.83
60 0.250 0.05 0.14 52.78 99.74
140 0.106 0.43 0.57 52.35 98.92
200 0.075 0.58 1.15 51.77 97.83


dry pan 0.14 1.29 51.63
wet pan 51.63 0.00


d10 (mm): 0.00039 d50 (mm): 0.0071
d16 (mm): 0.00074 d60 (mm): 0.011
d30 (mm): 0.0028 d84 (mm): 0.031


Median Particle Diameter --d50 (mm): 0.0071
Uniformity Coefficient, Cu --[d60/d10] (mm): 28


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 1.8


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 0.013


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Silt Loam


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


Note:  Reported values for d10, Cu, Cc, 
and soil classification are estimates, 
since extrapolation was required to 
obtain the d10 diameter 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-907 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 52.92
Test Date: 29-Nov-12 Total Sample Wt. (g): 139.11
Start Time: 9:30 Wt. Passing #10 (g): 139.11


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


29-Nov-12 1 20.5 53.5 6.5 47.0 7.5 0.03715 88.8 88.8
2 20.5 49.5 6.5 43.0 8.2 0.02739 81.3 81.3
5 20.5 44.0 6.5 37.5 9.1 0.01825 70.9 70.9


15 20.5 38.0 6.5 31.5 10.1 0.01109 59.5 59.5
30 20.6 34.5 6.5 28.0 10.6 0.00805 52.9 52.9
60 20.6 30.5 6.5 24.0 11.3 0.00587 45.4 45.4
120 20.7 27.0 6.5 20.5 11.9 0.00425 38.7 38.7
250 21.1 23.0 6.5 16.5 12.5 0.00301 31.2 31.2
395 21.0 21.0 6.5 14.5 12.9 0.00243 27.4 27.4


30-Nov-12 1355 20.6 18.0 6.5 11.5 13.3 0.00134 21.7 21.7


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.00039 d30 = 0.0028 d50 = 0.0071 d60 = 0.011 Cu = 28 Cc = 1.8
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-907 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Silt Loam
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Note:  Reported values for d10, Cu, Cc, and ASTM classification are estimates,  since extrapolation was required to obtain the d10 diameter 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Particle Size Analysis
Wet Sieve Data (#10 Split)


Job Name: Hydrometrics, Inc. Initial Dry Weight of Sample (g): 1604.22
Job Number: LB12.0195.00 Weight Passing #10 (g): 753.24


Sample Number: PPL-0912-908 Weight Retained #10 (g): 850.98
Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Weight of Hydrometer Sample (g): 50.34
Date Sampled: 9/7/2012 Calculated Weight of Sieve Sample (g): 107.21


Test Date: 18-Oct-12 Shape: Angular
Hardness: Soft


Test Sieve Diameter Wt. Cum Wt. Wt.
Fraction Number (mm) Retained Retained Passing % Passing


+10
3" 75 0.00 0.00 1604.22 100.00
2" 50 0.00 0.00 1604.22 100.00


1.5" 38.1 140.94 140.94 1463.28 91.21
1" 25 204.76 345.70 1258.52 78.45


3/4" 19.0 64.41 410.11 1194.11 74.44
3/8" 9.5 173.30 583.41 1020.81 63.63


4 4.75 137.52 720.93 883.29 55.06
10 2.00 130.05 850.98 753.24 46.95


 
-10 (Based on calculated sieve wt.)


20 0.85 4.80 61.67 45.54 42.48
40 0.425 3.54 65.21 42.00 39.17
60 0.250 2.34 67.55 39.66 36.99
140 0.106 4.59 72.14 35.07 32.71
200 0.075 2.05 74.19 33.02 30.80


dry pan 0.31 74.50 32.71
wet pan 32.71 0.00


d10 (mm): 0.0079 d50 (mm): 2.8
d16 (mm): 0.016 d60 (mm): 7.1
d30 (mm): 0.068 d84 (mm): 30


Median Particle Diameter --d50 (mm): 2.8
Uniformity Coefficient, Cu --[d60/d10] (mm): 899


Coefficient of Curvature, Cc --[(d30)
2/(d10*d60)] (mm): 0.082


Mean Particle Diameter --[(d16+d50+d84)/3] (mm): 11


ASTM Soil Classification: Classification by ASTM 2487 requires Atterberg test
USDA Soil Classification: Loam †


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines


 † Greater than 10% of sample is coarse material 
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Particle Size Analysis
Hydrometer Data


Job Name: Hydrometrics, Inc. Type of Water Used: DISTILLED
Job Number: LB12.0195.00 Reaction with H2O2: NA


Sample Number: PPL-0912-908 Dispersant*: (NaPO3)6


Project Name: PPLMT, SOEP 12032 / PO: HLN 10210 Assumed particle density: 2.65
Date Sampled: 9/7/2012


Initial Wt. (g): 50.34
Test Date: 16-Oct-12 Total Sample Wt. (g): 1604.22
Start Time: 9:12 Wt. Passing #10 (g): 753.24


Time Temp R RL Rcorr L D P
Date (min) (°C) (g/L) (g/L) (g/L) (cm) (mm) (%) % Finer


16-Oct-12 1 20.9 35.0 6.5 28.5 10.6 0.04379 56.6 26.6
2 20.9 31.5 6.5 25.0 11.1 0.03179 49.7 23.3
5 20.9 26.0 6.5 19.5 12.0 0.02091 38.7 18.2


15 21.0 21.5 6.5 15.0 12.8 0.01242 29.8 14.0
30 21.0 18.0 6.5 11.5 13.3 0.00898 22.8 10.7
60 21.0 16.0 6.5 9.5 13.7 0.00642 18.9 8.9
120 21.1 14.5 6.5 8.0 13.9 0.00458 15.9 7.5
250 21.2 12.5 6.5 6.0 14.3 0.00321 11.9 5.6
410 21.4 11.5 6.0 5.5 14.4 0.00251 10.9 5.1


17-Oct-12 1370 21.1 9.5 6.5 3.0 14.7 0.00139 6.0 2.8


Comments:


* Dispersion device: mechanically operated stirring device


Laboratory analysis by: K. Wright
Data entered by: C. Krous


Checked by: J. Hines
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d10 = 0.0079 d30 = 0.068 d50 = 2.8 d60 = 7.1 Cu = 899 Cc = 0.082
SAMPLE NUMBER DATE SAMPLED ASTM CLASSIFICATION USDA CLASSIFICATION


PPL-0912-908 9/7/2012 Classification by ASTM 2487 requires 
Atterberg test Loam †
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PARTICLE DIAMETER (mm) 


Hydrometer 


UNIFIED 


USDA 


Wet Sieve 


Coarse Fine Coarse Medium Fine


GRAVELCOBBLES SILT OR CLAYSAND


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,   I  n  c  .


Very coarse Coarse Medium Fine Very fine
COBBLES CLAYGRAVEL SAND SILT


† Greater than 10% of sample is coarse material 


3 1.5 3/4 3/8 #4 #10 #20 #40 #60 #140 #200 HYDROMETER 
U.S. STANDARD SIEVE NUMBERS 


2 1 
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Laboratory Tests 


and Methods 
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Dry Bulk Density: ASTM D7263


Moisture Content: ASTM D7263


Calculated Porosity: ASTM D7263


Saturated Hydraulic Conductivity:
Constant Head:


(Rigid Wall)
ASTM D 2434 (modified apparatus)


Falling Head:
(Rigid Wall)


Klute, A. and C. Dirkson. 1986. Hydraulic Conductivity and Diffusivity: Laboratory 
Methods.Chp. 28, pp. 700-703, in A. Klute (ed.), Methods of Soil Analysis, Part 1, 
American Society of Agronomy, Madison, WI


Hanging Column Method: ASTM D6836 (modified apparatus)


Pressure Plate Method: ASTM D6836 (modified apparatus)


Water Potential (Dewpoint 
Potentiometer) Method:


ASTM D6836


Relative Humidity (Box) 
Method:


Campbell, G. and G. Gee. 1986. Water Potential: Miscellaneous Methods.  Chp. 25, pp. 
631-632, in A. Klute (ed.), Methods of Soil Analysis. Part 1. American Society of 
Agronomy, Madison, WI; Karathanasis & Hajek. 1982. Quantitative Evaluation of Water 
Adsorption on Soil Clays.  SSA Journal 46:1321-1325


Moisture Retention 
Characteristics & 
Calculated Unsaturated 
Hydraulic Conductivity:


ASTM D6836; van Genuchten, M.T. 1980. A closed-form equation for predicting the 
hydraulic conductivity of unsaturated soils. SSSAJ 44:892-898; van Genuchten, M.T., F.J. 
Leij, and S.R. Yates. 1991. The RETC code for quantifying the hydraulic functions of 
unsaturated soils. Robert S. Kerr Environmental Research Laboratory, Office of Research 
and Development, U.S. Environmental Protection Agency, Ada, Oklahoma. 
EPA/600/2091/065. December 1991


Particle Size Analysis: ASTM D422 


USDA Classification: ASTM D422, USDA Soil Textural Triangle


Coarse Fraction (Gravel) 
Correction (calc):


ASTM D4718; Bouwer, H. and Rice, R.C. 1984. Hydraulic Properties of Stony Vadose 
Zones. Groundwater Vol. 22, No. 6


Tests and Methods 


D  a  n  i  e  l  B  .   S  t  e  p  h  e  n  s   &   A  s  s  o  c  i  a  t  e  s  ,  I  n  c  .
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ATTACHMENT 3 


 
DETAILED SENSITIVITY ANALYSIS  


PARAMETERS AND RESULTS 


 


 







α n λ ϴr ϴs K sat 


cm
-1


--- --- --- --- cm/sec


- base model 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


1 Cover Thickness Sensitivity


1a additional 6" of subsoil 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


1b additional 12" of subsoil 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


1c additional 12", porcelanite λ=0.5 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/0.5/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


1d additional 12", max root int 30cm 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


1e additional 12", all subsoil below 20cm 0.0219/0.003 1.3575/1.3152 -2/-2 0.0198/0 0.5153/0.4026 1.1E-2/7.4E-5


1f additional 24" of subsoil 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


2 Ksat Sensitivity


2a increase Ksat 25% all layers 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.38E-2/9.25E-5/1.21E-4/5.81E-5


2c increase Ksat 50% all layers 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.65E-2/1.11E-4/1.46E-4/6.98E-5


2b decrease Ksat 25% all layers 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 8.25E-3/5.55E-5/7.28E-5/3.49E-5


2d decrease Ksat 50% all layers 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 5.5E-3/3.7E-5/4.85E-5/2.33E-5


2e decrease topsoil Ksat 10 fold 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-3/7.4E-5/9.7E-5/4.65E-5


2f λ=-1.0 all layers 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -1/-1/-1/-1 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3 ET Sensitivity


3a increase PET 25% 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3c increase PET 50% 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3b decrease PET 25% 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3d decrease PET 50% 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3e P3=-15000 & HcritA=15050 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3f P3=-30000 & HcritA=30500 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3g P3=-8000 & HcritA=30500 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3h P0=-25 & Popt=-48 from SWCC 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3i Max LAI=0.5 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


3j Max LAI=1.5 0.0219/0.003/0.0013/0.0014 1.3575/1.3152/1.5428/1.3458 -2/-2/-2/-2 0.0198/0/0.0157/0 0.5153/0.4026/0.3051/0.6129 1.1E-2/7.4E-5/9.7E-5/4.65E-5


TABLE A3-1.  COLSTRIP STAGE 1 ASH DISPOSAL POND SOIL COVER HYDRUS MODEL SENSITIVITY ANALYSIS


Soil Parameters (Topsoil/Subsoil/Porcelanite/Fly Ash)


Sensitivity 


Run
Description







Topsoil 


Layer


Subsoil 


Layer


Porcelanite 


Layer


Total Cover 


Thickness PET


Max 


LAI


Max Crop 


Coefficient P0 Popt P2H P2L P3 r2H r2L Hcrita


Root Water 


Uptake 
Evap


Water Budget 


Error


cm cm cm cm cm cm/yr --- --- cm cm cm cm cm cm/day cm/day cm cm/yr cm/yr % Precip cm/yr cm/yr %


- 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.65 8.7% 10.71 27.87 0.02% 0.0%


1


1a 20 65 26 111 85 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.73 8.9% 11.16 27.25 0.01% 2.2%


1b 20 80 26 126 100 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.77 9.0% 11.55 26.79 0.01% 3.3%


1c 20 80 26 126 100 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.95 9.4% 11.54 26.64 0.00% 8.2%


1d 20 80 26 126 100* 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.74 8.9% 11.71 26.69 0.00% 2.5%


1e 20 106 - 126 100 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 2.08 5.0% 13.15 28.01 0.03% -43.0%


1f 20 111 26 157 131 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.74 8.9% 12.18 26.23 0.01% 2.5%


2


2a 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 4.01 9.5% 10.07 28.38 0.02% 9.9%


2c 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 4.40 10.5% 9.57 28.83 0.04% 20.5%


2b 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.12 7.4% 11.45 27.08 0.01% -14.5%


2d 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 2.49 5.9% 12.44 25.96 0.00% -31.8%


2e 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 4.54 10.8% 14.37 23.21 0.01% 24.4%


2f 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.94 9.4% 14.07 24.25 0.01% 7.9%


3


3a 20 50 26 96 70 87.8 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 2.79 6.6% 10.42 29.29 0.03% -23.6%


3c 20 50 26 96 70 105.3 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 2.35 5.6% 10.17 30.24 0.04% -35.6%


3b 20 50 26 96 70 52.7 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 5.25 12.5% 11.00 25.38 0.04% 43.8%


3d 20 50 26 96 70 35.1 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 10.27 24.5% 11.47 18.92 0.02% 181.4%


3e 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -15000 0.5 0.1 15050 42.0 2.23 5.3% 13.07 27.29 0.00% -38.9%


3f 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -30000 0.5 0.1 30500 42.0 1.51 3.6% 15.40 26.31 0.00% -58.6%


3g 20 50 26 96 70 70.2 1 0.68 -10 -25 -200 -800 -8000 0.5 0.1 30500 42.0 2.39 5.7% 6.84 33.27 0.09% -34.5%


3h 20 50 26 96 70 70.2 1 0.68 -25 -48 -200 -800 -8000 0.5 0.1 8050 42.0 3.66 8.7% 10.71 27.87 0.02% 0.3%


3i 20 50 26 96 70 70.2 0.5 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.57 8.5% 7.27 31.48 0.00% -2.2%


3j 20 50 26 96 70 70.2 1.5 0.68 -10 -25 -200 -800 -8000 0.5 0.1 8050 42.0 3.77 9.0% 13.71 24.75 0.02% 3.3%


*Depth of max root intensity increased to 30 cm (20 cm in all other cases)


ResultsSoil Cover Thickness


Root 


Depth 


PET


Precip - 


itation


Groundwater 


Recharge
Sensitivity 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Billings, Montana 


 
Monitor Well Log 


Hole Name: 2018D 
Date Hole Started: 7/21/2011 Date Hole Finished: 7/21/2011 


 
Client: PPL Montana LLC 
Project: STEP Cell D (11078) 
County: Rosebud 


 
 
 
State:  Montana 


 
WELL COMPLETION 


 
Y/N 


 
DESCRIPTION 


 
INTERVAL 


Legal Description:  T2N, R41E, Sec. 28, 1/4 NW, 
1/4 NW 
Property Owner: PPL Montana LLC 


 
Descriptive Location:  West of STEP cell D, 
replace 956D 


Surface Casing Used?      Y 
Screen/Perforations? Y 
Sand Pack?                     Y 
Annular Seal?                  Y 
Surface Seal?                  Y 


8" steel 
0.025-inch slot, Sch 40 PVC 
10/20 silica sand 
Bentonite Chips 
Concrete Pad 


+2-36 
90-100 
85-100 
+1-85 


 
Recorded By:  RJL DEVELOPMENT/SAMPLING 


Drilling Company:  Askin Drilling 
Driller:  Doug Askin 
Drilling Method:  Air Rotary 
Drilling Fluids Used:  Water 


Well Developed? Y 
Water Samples Taken? Y 
Boring Samples Taken? N 


Bailer 
Yes 


Purpose of Hole:  Install Monitor Well 
Target Aquifer:  First Water 
Hole Diameter (in):  11"(0-40) 8"(40-100) 
Total Depth Drilled (ft):  100 


Static Water Level Below MP:  55.56 
Date:  7/22/2011 
MP Description:  Top PVC 
MP Height Above or Below Ground (ft):  1.23 


Surface Casing Height (ft):  1.65 
Riser Height (ft):  1.23 
Ground Surface Elevation (ft): 
MP Elevation (ft): 


 
Remarks:  Drilled with 7 7/8" bit to 40'. Poor returns; reamed out with 11" bit. Set 38' of 8" steel. Developed with bailer; yields approximately 1-2 gpm. Water 
Quality; SC=4,030 µmhos/cm, pH=7.95, T=15.6° C. after development. 


 
 


WELL CONSTRUCTION  
 
GEOLOGICAL DESCRIPTION 


 
2.0 


8" steel 
 
  Bentonite Chips 1.0 0.0 - 2.5'  Sand and Silt - Dry, pale yellowish brown [10YR 6/2], loose, roots, medium fine 


grained sand. [Colluvium/Weathered Bedrock] 
2.5 - 4.0'  Sandstone - Dry, dark yellowish orange [10YR 6/6], soft to medium firm. 
[Bedrock] 
4.0 - 35.0'  Sandstone - Slightly moist, pale [10YR 6/2] to moderate yellow brown [10YR 
5/4], very soft, very loose from 17'-19', medium fine grained. Some interbedded cohesive 
siltstone 24'-25'. Color to dark yellowish brown [10YR 4/2] at 29'. Grain size increases slightly. 
Very moist at 34', color to moderate brown [5YR 4/4], and some interbedded claystone. 
Injected water at 35'. [Bedrock] 


 
 
 
 
 
    35.0 - 36.0'  Sandstone/Interlayered Claystone - Moderate reddish brown [10R 4/6] and 
    moderate brown [5YR 4/4], very hard sandstone to very soft claystone, (has appearance of 
    thermal alteration/oxidation), poor return on cuttings, poor circulate from 20'-40'. 


36.0 - 42.0'  Siltstone - Light olive gray [5Y 6/1], soft to medium firm, very hard cemented 
    fine sandstone stringer, medium dark gray at 39', then interbedded fine sandstone in siltstone 
    at 40'-42'. 
    42.0 - 45.0'  Sandstone - Very fine, light olive gray [5Y 6/1] to brownish gray [5YR 4/1], 
    cemented stiff to hard, minor coal stringer at 44'. 
    45.0 - 57.0'  Siltstone - Light olive gray [5Y 6/1] and medium gray [N5], firm to stiff, grades 


to all medium gray at 50'. 
    57.0 - 59.0'  Sandstone - Medium gray [N5], or medium light gray [N6], medium firm to soft. 
    59.0 - 68.0'  Siltstone - Medium dark gray [N4], possibly mildly carbonaceous, medium firm 
    carbonaceous shale at 60', non-carbonaceous shale at 61', color to medium bluish gray [5B 
    5/1] at 65'. 
 


68.0 - 72.0'  Sandstone - Fine grained, medium light gray [N6] to pale olive gray [10Y 6/2] at 
72'. 
72.0 - 82.0'  Interbedded Siltstone/Sandstone - Medium light gray [N6], sandstone is fine to 
very fine, medium thick beds roughly 2' thick. Cohesive, medium firm to firm, cemented hard 
coal stringer at 82'. (silt at 72'-74'), (sand at 74'-76'), (silt at 80'-82'). 


 
 


85.0    
10/20 Silica Sand 


 
 
  90.0 


0.025-inch Slot 
Screen 


 
Bottom of Hole  100.0 


82.0 - 89.0'  Siltstone/Claystone - Medium gray [N5], moderately carbonaceous 82'-83', very 
thin coal stringer at 88'. 
 
89.0 - 96.0'  Sandstone - Medium gray [N5], medium firm to hard at 95', wet, make 
approximately 1-2 gpm. Open borehole. 
 
96.0 - 100.0'  Siltstone - Medium gray [N5], dry, firm. 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Billings, Montana 


 
Monitor Well Log 


Hole Name: 2019D 
Date Hole Started: 11/10/11   Date Hole Finished: 11/10/11 


 
Client: PPL Montana LLC 
Project: STEP Cell D (11078) 
County: Rosebud 


 
 
 
State:  Montana 


 
WELL COMPLETION 
Well Installed? 


 
Y/N 
Y 


 
DESCRIPTION 
4.5" Sch 40, PVC 


 
INTERVAL 
+2-71 


Legal Description:  T2N, R41E, Sec. 21, SW1/4; 
N 616515.89 E 2694609.52 
Property Owner: PPL Montana LLC 


 
Descriptive Location:  Well 955D replacement in 
dam between Cell D and STEP Clear Well 


Surface Casing Used?      Y 
Screen/Perforations? Y 
Sand Pack?                     Y 
Annular Seal?                  Y 
Surface Seal?                  N 


8" steel 
0.025-inch slot, Sch 40 PVC 
10/20 silica sand 
Bentonite Chips 


+3-20 
61-71 
58-71 
+1-58 


 
Recorded By:  RJL DEVELOPMENT/SAMPLING 


Drilling Company:  Askin Drilling 
Driller:  Ron and Doug Askin 
Drilling Method:  Air Rotary 
Drilling Fluids Used:  Water 


Well Developed? Y 
Water Samples Taken? N 
Boring Samples Taken? N 


Rig bailer 


Purpose of Hole:  Install Monitor Well 
Target Aquifer:  First groundwater 
Hole Diameter (in):  8" 
Total Depth Drilled (ft):  71 


Static Water Level Below MP:  58.00 
Date:  11/11/11 
MP Description:  Top PVC 
MP Height Above or Below Ground (ft):  2.32 


Surface Casing Height (ft):  3.57 
Riser Height (ft):  2.32 
Ground Surface Elevation (ft): 3275.8 
MP Elevation (ft): 3278.25 


 
Remarks:  Deveoped with rig bailer; SC= 6,450 µmhos/cm, pH= 7.4, temp= 11.3°C. 


 
 
 


WELL CONSTRUCTION  
 
GEOLOGICAL DESCRIPTION 


 
 


3.0 
 
 
8" steel 


 
  Bentonite Chips 1.0 0.0 - 23.0'  Sand, trace gravel <2% - Dry to slightly moist, gravel medium-fine grain, 


moderate yellowish brown (10YR 5/4); well compacted, drills solid, drilled through liner in 
anchor trench at 3'; some clay/shale fragments (to 2%) at 14' [Fill] 
 
 
 
 
 
 
 
 
 
23.0 - 37.0'  Silt and clay, some sand and gravel - Dry to slightly moist, light olive gray to 
dark yellowish orange (10YR 6/6); redeposited material from a soft bedrock source [Fill] 
 
 
 
 
 
37.0 - 40.0'  Sand and gravel, clayey - Moderate yellowish brown (10YR 5/4) to olive gray 
(5Y 4/1); Clinker gravel at 39.5'-40', possibly old road surface? [Fill] 
40.0 - 46.0'  Silty clay bedrock fragments with some clinker gravel - Dry, loose, light olive 
gray and light brown [Fill/Colluvium] 


 
 
 
 
 
 


58.0    
10/20 Silica Sand 


 
 
 
 
 
 
 
  61.0 


0.025-inch Slot 
Screen 


 
 
Bottom of Hole  71.0 


46.0 - 48.0'  Silty clay - Slightly moist, pale yellowish brown (10YR 6/2), loose [Colluvium] 
48.0 - 50.0'  Sand and gravel - Very moist, light brownish gray (5YR 6/1) with pale yellowish 
brown (10YR 6/2) fines, flat gravel to 2"; inject water at 50', blew rig air; yield too low to test 
conductivity [Alluvium] 
50.0 - 55.0'  Siltstone - Dry, light olive gray to light brown (5YR 6/4), soft to moderately firm 
[Bedrock] 
55.0 - 61.0'  Shale - Dry, firm, light olive gray to medium gray (N5) with light brown 
interbeds, non-plastic [Bedrock] 
 
61.0 - 70.0'  Siltstone/interbedded sandstone - Wet, colors change from pale yellowish 
brown (10YR 6/2) to light brown (5YR 6/4); very sandy at 62'-64'; very sandy at 66'-69'; yield 
1-2 gpm 
 
 
70.0 - 71.0'  Shale - Dry, light olive gray and pale yellowish brown (10YR 6/2), moderately 
firm [Bedrock] 
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APPENDIX G 


 


FINAL REPORT ON UPDATED BACKGROUND SCREENING LEVELS, PLANT 


SITE, 1&2 SOEP AND STEP, AND 3&4 EHP 


 


Hard copy submitted January 2016; Revised May 2017 


Electronic Copy of Report and Electronic Data Excel file included on DVD 
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APPENDIX I 


 


WATER QUALITY TREND GRAPHS 
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Examples of aquifer test data or pumping data used to evaluate hydraulic properties of 


various units. 


Example Aquifer Test – Long-term test conducted at 922A while observing 921A.  Tests 


conducted using pressure transducers with data recorders.  Log cycle followed by linear 


recording.  Raw data for the observation well, 922A are contained on the following 72 pages.  


Note that hundreds of aquifer tests have been conducted at the site between the early 1970s and 


current.  Testing includes slug-in, slug-out, bail-down, single well, and multiple well tests have 


been conducted.  Hydraulic properties have also been calculated using startup data from capture 


systems.  Hydraulic parameters have been calculated using manual and computer aided methods.  


Raw data would involve hundreds of computer files as well as hard copies of manual solutions. 


 


  







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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Report from file: 


C:\Win-
Situ\data\SN14115 
2010-02-04 
133121 921A.bin     


DataMgr Version 3.71     
        
Serial number: 14115     
Firmware Version 3.09     
Unit name:  miniTROLL     
        
Test name:   921A   
        
Test defined on: 2/4/2010 13:31:18   
Test started on: 2/4/2010 13:31:21   
Test stopped on: 4/13/2010 9:26:27   
Test extracted on:   N/A       
        
Data gathered using Linear testing       
   Time between data points:      
30.0000 Minutes.     
   Number of data samples: 3256     
        
        
TOTAL DATA SAMPLES 3256     
        
Channel number [1]       
  Measurement type: Temperature     
  Channel name: OnBoard Temp     
        
Channel number [2]       
  Measurement type: Pressure     
  Channel name: OnBoard Pressure     
  Sensor Range:  30 PSI.     
  Specific gravity: 1     
        
        
             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 
--------  -------- ------------ --------------- --------------- 
2/4/2010 13:31 0 11.87 31.923 
2/4/2010 14:01 30 11.93 31.943 
2/4/2010 14:31 60 11.93 31.957 
2/4/2010 15:01 90 11.93 31.965 
2/4/2010 15:31 120 11.93 31.972 
2/4/2010 16:01 150 11.93 31.969 
2/4/2010 16:31 180 11.93 31.962 
2/4/2010 17:01 210 11.93 31.957 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/4/2010 17:31 240 11.93 31.948 
2/4/2010 18:01 270 11.93 31.938 
2/4/2010 18:31 300 11.93 31.931 
2/4/2010 19:01 330 11.93 31.931 
2/4/2010 19:31 360 11.93 31.922 
2/4/2010 20:01 390 11.93 31.924 
2/4/2010 20:31 420 11.93 31.929 
2/4/2010 21:01 450 11.93 31.926 
2/4/2010 21:31 480 11.92 31.92 
2/4/2010 22:01 510 11.93 31.919 
2/4/2010 22:31 540 11.93 31.919 
2/4/2010 23:01 570 11.93 31.917 
2/4/2010 23:31 600 11.93 31.917 
2/5/2010 0:01 630 11.93 31.912 
2/5/2010 0:31 660 11.93 31.91 
2/5/2010 1:01 690 11.93 31.903 
2/5/2010 1:31 720 11.93 31.903 
2/5/2010 2:01 750 11.93 31.895 
2/5/2010 2:31 780 11.93 31.893 
2/5/2010 3:01 810 11.93 31.891 
2/5/2010 3:31 840 11.93 31.893 
2/5/2010 4:01 870 11.92 31.893 
2/5/2010 4:31 900 11.93 31.891 
2/5/2010 5:01 930 11.93 31.888 
2/5/2010 5:31 960 11.93 31.886 
2/5/2010 6:01 990 11.93 31.881 
2/5/2010 6:31 1020 11.93 31.879 
2/5/2010 7:01 1050 11.93 31.879 
2/5/2010 7:31 1080 11.93 31.876 
2/5/2010 8:01 1110 11.93 31.872 
2/5/2010 8:31 1140 11.92 31.872 
2/5/2010 9:01 1170 11.93 31.872 
2/5/2010 9:31 1200 11.93 31.867 
2/5/2010 10:01 1230 11.93 31.864 
2/5/2010 10:31 1260 11.93 31.867 
2/5/2010 11:01 1290 11.93 31.872 
2/5/2010 11:31 1320 11.93 31.874 
2/5/2010 12:01 1350 11.93 31.881 
2/5/2010 12:31 1380 11.93 31.891 
2/5/2010 13:01 1410 11.93 31.898 
2/5/2010 13:31 1440 11.93 31.9 
2/5/2010 14:01 1470 11.93 31.9 
2/5/2010 14:31 1500 11.93 31.898 
2/5/2010 15:01 1530 11.93 31.893 
2/5/2010 15:31 1560 11.93 31.903 
2/5/2010 16:01 1590 11.93 31.907 
2/5/2010 16:31 1620 11.93 31.907 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/5/2010 17:01 1650 11.92 31.903 
2/5/2010 17:31 1680 11.93 31.898 
2/5/2010 18:01 1710 11.93 31.9 
    
2/5/2010 18:31 1740 11.93 31.905 
2/5/2010 19:01 1770 11.93 31.907 
2/5/2010 19:31 1800 11.93 31.905 
2/5/2010 20:01 1830 11.93 31.907 
2/5/2010 20:31 1860 11.93 31.91 
2/5/2010 21:01 1890 11.93 31.91 
2/5/2010 21:31 1920 11.93 31.91 
2/5/2010 22:01 1950 11.93 31.912 
2/5/2010 22:31 1980 11.93 31.912 
2/5/2010 23:01 2010 11.93 31.912 
2/5/2010 23:31 2040 11.93 31.915 
2/6/2010 0:01 2070 11.93 31.915 
2/6/2010 0:31 2100 11.93 31.919 
2/6/2010 1:01 2130 11.92 31.931 
2/6/2010 1:31 2160 11.93 31.934 
2/6/2010 2:01 2190 11.93 31.936 
2/6/2010 2:31 2220 11.93 31.938 
2/6/2010 3:01 2250 11.93 31.941 
2/6/2010 3:31 2280 11.93 31.943 
2/6/2010 4:01 2310 11.93 31.943 
2/6/2010 4:31 2340 11.93 31.948 
2/6/2010 5:01 2370 11.93 31.946 
2/6/2010 5:31 2400 11.93 31.943 
2/6/2010 6:01 2430 11.93 31.943 
2/6/2010 6:31 2460 11.93 31.941 
2/6/2010 7:01 2490 11.93 31.941 
2/6/2010 7:31 2520 11.93 31.941 
2/6/2010 8:01 2550 11.92 31.941 
2/6/2010 8:31 2580 11.93 31.938 
2/6/2010 9:01 2610 11.93 31.936 
2/6/2010 9:31 2640 11.93 31.931 
2/6/2010 10:01 2670 11.92 31.929 
2/6/2010 10:31 2700 11.93 31.926 
2/6/2010 11:01 2730 11.93 31.931 
2/6/2010 11:31 2760 11.93 31.936 
2/6/2010 12:01 2790 11.93 31.941 
2/6/2010 12:31 2820 11.93 31.946 
2/6/2010 13:01 2850 11.93 31.946 
2/6/2010 13:31 2880 11.93 31.948 
2/6/2010 14:01 2910 11.93 31.948 
2/6/2010 14:31 2940 11.93 31.943 
2/6/2010 15:01 2970 11.93 31.938 
2/6/2010 15:31 3000 11.92 31.936 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/6/2010 16:01 3030 11.93 31.936 
2/6/2010 16:31 3060 11.93 31.934 
2/6/2010 17:01 3090 11.93 31.931 
2/6/2010 17:31 3120 11.93 31.926 
2/6/2010 18:01 3150 11.93 31.917 
2/6/2010 18:31 3180 11.93 31.917 
2/6/2010 19:01 3210 11.93 31.905 
2/6/2010 19:31 3240 11.93 31.907 
2/6/2010 20:01 3270 11.93 31.907 
2/6/2010 20:31 3300 11.93 31.907 
2/6/2010 21:01 3330 11.92 31.908 
2/6/2010 21:31 3360 11.93 31.907 
2/6/2010 22:01 3390 11.93 31.903 
2/6/2010 22:31 3420 11.92 31.905 
2/6/2010 23:01 3450 11.93 31.905 
2/6/2010 23:31 3480 11.93 31.9 
2/7/2010 0:01 3510 11.93 31.9 
2/7/2010 0:31 3540 11.93 31.905 
2/7/2010 1:01 3570 11.93 31.912 
2/7/2010 1:31 3600 11.93 31.912 
2/7/2010 2:01 3630 11.93 31.912 
2/7/2010 2:31 3660 11.93 31.912 
2/7/2010 3:01 3690 11.93 31.912 
2/7/2010 3:31 3720 11.93 31.91 
2/7/2010 4:01 3750 11.93 31.91 
2/7/2010 4:31 3780 11.93 31.907 
2/7/2010 5:01 3810 11.93 31.907 
2/7/2010 5:31 3840 11.93 31.905 
2/7/2010 6:01 3870 11.93 31.907 
2/7/2010 6:31 3900 11.93 31.907 
2/7/2010 7:01 3930 11.93 31.907 
2/7/2010 7:31 3960 11.93 31.905 
2/7/2010 8:01 3990 11.93 31.903 
2/7/2010 8:31 4020 11.93 31.9 
2/7/2010 9:01 4050 11.93 31.898 
2/7/2010 9:31 4080 11.93 31.9 
2/7/2010 10:01 4110 11.93 31.905 
2/7/2010 10:31 4140 11.93 31.907 
2/7/2010 11:01 4170 11.93 31.907 
2/7/2010 11:31 4200 11.93 31.915 
2/7/2010 12:01 4230 11.93 31.922 
2/7/2010 12:31 4260 11.93 31.926 
2/7/2010 13:01 4290 11.92 31.936 
2/7/2010 13:31 4320 11.93 31.943 
2/7/2010 14:01 4350 11.93 31.946 
2/7/2010 14:31 4380 11.93 31.943 
2/7/2010 15:01 4410 11.93 31.938 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/7/2010 15:31 4440 11.93 31.936 
2/7/2010 16:01 4470 11.93 31.926 
2/7/2010 16:31 4500 11.93 31.919 
2/7/2010 17:01 4530 11.93 31.912 
2/7/2010 17:31 4560 11.93 31.905 
2/7/2010 18:01 4590 11.93 31.895 
2/7/2010 18:31 4620 11.93 31.884 
2/7/2010 19:01 4650 11.93 31.864 
2/7/2010 19:31 4680 11.93 31.85 
2/7/2010 20:01 4710 11.93 31.843 
2/7/2010 20:31 4740 11.93 31.841 
2/7/2010 21:01 4770 11.93 31.841 
2/7/2010 21:31 4800 11.93 31.833 
2/7/2010 22:01 4830 11.93 31.826 
2/7/2010 22:31 4860 11.93 31.824 
2/7/2010 23:01 4890 11.93 31.822 
2/7/2010 23:31 4920 11.92 31.815 
2/8/2010 0:01 4950 11.93 31.81 
2/8/2010 0:31 4980 11.93 31.805 
2/8/2010 1:01 5010 11.93 31.802 
2/8/2010 1:31 5040 11.93 31.8 
2/8/2010 2:01 5070 11.93 31.793 
2/8/2010 2:31 5100 11.93 31.788 
2/8/2010 3:01 5130 11.93 31.786 
2/8/2010 3:31 5160 11.93 31.781 
2/8/2010 4:01 5190 11.93 31.774 
2/8/2010 4:31 5220 11.93 31.771 
2/8/2010 5:01 5250 11.93 31.767 
2/8/2010 5:31 5280 11.92 31.757 
2/8/2010 6:01 5310 11.93 31.76 
2/8/2010 6:31 5340 11.93 31.75 
2/8/2010 7:01 5370 11.93 31.745 
2/8/2010 7:31 5400 11.93 31.736 
2/8/2010 8:01 5430 11.93 31.729 
2/8/2010 8:31 5460 11.93 31.729 
2/8/2010 9:01 5490 11.93 31.724 
2/8/2010 9:31 5520 11.93 31.724 
2/8/2010 10:01 5550 11.93 31.726 
2/8/2010 10:31 5580 11.93 31.726 
2/8/2010 11:01 5610 11.92 31.731 
2/8/2010 11:31 5640 11.93 31.74 
2/8/2010 12:01 5670 11.93 31.75 
2/8/2010 12:31 5700 11.93 31.76 
2/8/2010 13:01 5730 11.92 31.772 
2/8/2010 13:31 5760 11.93 31.783 
2/8/2010 14:01 5790 11.92 31.788 
2/8/2010 14:31 5820 11.93 31.798 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/8/2010 15:01 5850 11.93 31.802 
2/8/2010 15:31 5880 11.93 31.805 
2/8/2010 16:01 5910 11.93 31.805 
2/8/2010 16:31 5940 11.93 31.807 
2/8/2010 17:01 5970 11.93 31.805 
2/8/2010 17:31 6000 11.93 31.805 
2/8/2010 18:01 6030 11.93 31.805 
2/8/2010 18:31 6060 11.93 31.805 
2/8/2010 19:01 6090 11.93 31.802 
2/8/2010 19:31 6120 11.93 31.805 
2/8/2010 20:01 6150 11.93 31.81 
2/8/2010 20:31 6180 11.93 31.81 
2/8/2010 21:01 6210 11.93 31.812 
2/8/2010 21:31 6240 11.93 31.819 
2/8/2010 22:01 6270 11.93 31.829 
2/8/2010 22:31 6300 11.93 31.836 
2/8/2010 23:01 6330 11.93 31.845 
2/8/2010 23:31 6360 11.93 31.848 
2/9/2010 0:01 6390 11.93 31.857 
2/9/2010 0:31 6420 11.93 31.869 
2/9/2010 1:01 6450 11.93 31.879 
2/9/2010 1:31 6480 11.93 31.879 
2/9/2010 2:01 6510 11.93 31.886 
2/9/2010 2:31 6540 11.93 31.9 
2/9/2010 3:01 6570 11.93 31.91 
2/9/2010 3:31 6600 11.93 31.919 
2/9/2010 4:01 6630 11.92 31.924 
2/9/2010 4:31 6660 11.93 31.926 
2/9/2010 5:01 6690 11.93 31.931 
2/9/2010 5:31 6720 11.93 31.938 
2/9/2010 6:01 6750 11.93 31.943 
2/9/2010 6:31 6780 11.93 31.946 
2/9/2010 7:01 6810 11.93 31.948 
2/9/2010 7:31 6840 11.93 31.953 
2/9/2010 8:01 6870 11.92 31.953 
2/9/2010 8:31 6900 11.93 31.96 
2/9/2010 9:01 6930 11.93 31.965 
2/9/2010 9:31 6960 11.93 31.967 
2/9/2010 10:01 6990 11.93 31.972 
2/9/2010 10:31 7020 11.93 31.977 
2/9/2010 11:01 7050 11.92 31.984 
2/9/2010 11:31 7080 11.93 31.993 
2/9/2010 12:01 7110 11.93 32.003 
2/9/2010 12:31 7140 11.93 32.017 
2/9/2010 13:01 7170 11.93 32.034 
2/9/2010 13:31 7200 11.93 32.039 
2/9/2010 14:01 7230 11.93 32.043 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/9/2010 14:31 7260 11.93 32.048 
2/9/2010 15:01 7290 11.92 32.055 
2/9/2010 15:31 7320 11.92 32.058 
2/9/2010 16:01 7350 11.93 32.06 
2/9/2010 16:31 7380 11.92 32.065 
2/9/2010 17:01 7410 11.92 32.065 
2/9/2010 17:31 7440 11.92 32.072 
2/9/2010 18:01 7470 11.92 32.065 
2/9/2010 18:31 7500 11.93 32.074 
2/9/2010 19:01 7530 11.93 32.072 
2/9/2010 19:31 7560 11.93 32.077 
2/9/2010 20:01 7590 11.93 32.077 
2/9/2010 20:31 7620 11.93 32.084 
2/9/2010 21:01 7650 11.93 32.089 
2/9/2010 21:31 7680 11.92 32.094 
2/9/2010 22:01 7710 11.93 32.096 
2/9/2010 22:31 7740 11.93 32.096 
2/9/2010 23:01 7770 11.92 32.096 
2/9/2010 23:31 7800 11.93 32.101 
2/10/2010 0:01 7830 11.93 32.105 
2/10/2010 0:31 7860 11.93 32.108 
2/10/2010 1:01 7890 11.93 32.112 
2/10/2010 1:31 7920 11.93 32.11 
2/10/2010 2:01 7950 11.93 32.11 
2/10/2010 2:31 7980 11.93 32.112 
2/10/2010 3:01 8010 11.93 32.122 
2/10/2010 3:31 8040 11.92 32.132 
2/10/2010 4:01 8070 11.93 32.139 
2/10/2010 4:31 8100 11.92 32.137 
2/10/2010 5:01 8130 11.93 32.139 
2/10/2010 5:31 8160 11.93 32.141 
2/10/2010 6:01 8190 11.93 32.141 
2/10/2010 6:31 8220 11.93 32.139 
2/10/2010 7:01 8250 11.93 32.132 
2/10/2010 7:31 8280 11.93 32.132 
2/10/2010 8:01 8310 11.93 32.129 
2/10/2010 8:31 8340 11.92 32.125 
2/10/2010 9:01 8370 11.93 32.124 
2/10/2010 9:31 8400 11.93 32.12 
2/10/2010 10:01 8430 11.93 32.122 
2/10/2010 10:31 8460 11.93 32.124 
2/10/2010 11:01 8490 11.93 32.124 
2/10/2010 11:31 8520 11.93 32.129 
2/10/2010 12:01 8550 11.93 32.139 
2/10/2010 12:31 8580 11.93 32.153 
2/10/2010 13:01 8610 11.93 32.16 
2/10/2010 13:31 8640 11.93 32.165 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/10/2010 14:01 8670 11.93 32.172 
2/10/2010 14:31 8700 11.93 32.177 
2/10/2010 15:01 8730 11.92 32.177 
2/10/2010 15:31 8760 11.92 32.179 
2/10/2010 16:01 8790 11.92 32.184 
2/10/2010 16:31 8820 11.93 32.184 
2/10/2010 17:01 8850 11.93 32.184 
2/10/2010 17:31 8880 11.93 32.184 
2/10/2010 18:01 8910 11.92 32.179 
2/10/2010 18:31 8940 11.93 32.172 
2/10/2010 19:01 8970 11.93 32.172 
2/10/2010 19:31 9000 11.93 32.17 
2/10/2010 20:01 9030 11.93 32.17 
2/10/2010 20:31 9060 11.93 32.174 
2/10/2010 21:01 9090 11.93 32.177 
2/10/2010 21:31 9120 11.93 32.179 
2/10/2010 22:01 9150 11.93 32.184 
2/10/2010 22:31 9180 11.92 32.187 
2/10/2010 23:01 9210 11.93 32.186 
2/10/2010 23:31 9240 11.93 32.184 
2/11/2010 0:01 9270 11.93 32.182 
2/11/2010 0:31 9300 11.93 32.189 
2/11/2010 1:01 9330 11.93 32.191 
2/11/2010 1:31 9360 11.93 32.196 
2/11/2010 2:01 9390 11.93 32.186 
2/11/2010 2:31 9420 11.93 32.182 
2/11/2010 3:01 9450 11.93 32.182 
2/11/2010 3:31 9480 11.92 32.182 
2/11/2010 4:01 9510 11.93 32.179 
2/11/2010 4:31 9540 11.93 32.17 
2/11/2010 5:01 9570 11.93 32.17 
2/11/2010 5:31 9600 11.93 32.165 
2/11/2010 6:01 9630 11.93 32.155 
2/11/2010 6:31 9660 11.93 32.148 
2/11/2010 7:01 9690 11.93 32.139 
2/11/2010 7:31 9720 11.93 32.134 
2/11/2010 8:01 9750 11.93 32.127 
2/11/2010 8:31 9780 11.93 32.112 
2/11/2010 9:01 9810 11.93 32.105 
2/11/2010 9:31 9840 11.92 32.096 
2/11/2010 10:01 9870 11.93 32.093 
2/11/2010 10:31 9900 11.92 32.094 
2/11/2010 11:01 9930 11.93 32.089 
2/11/2010 11:31 9960 11.93 32.091 
2/11/2010 12:01 9990 11.93 32.091 
2/11/2010 12:31 10020 11.92 32.091 
2/11/2010 13:01 10050 11.93 32.093 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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2/11/2010 13:31 10080 11.92 32.094 
2/11/2010 14:01 10110 11.92 32.094 
2/11/2010 14:31 10140 11.92 32.094 
2/11/2010 15:01 10170 11.92 32.089 
2/11/2010 15:31 10200 11.93 32.084 
2/11/2010 16:01 10230 11.92 32.079 
2/11/2010 16:31 10260 11.93 32.079 
2/11/2010 17:01 10290 11.93 32.077 
2/11/2010 17:31 10320 11.93 32.07 
2/11/2010 18:01 10350 11.92 32.067 
2/11/2010 18:31 10380 11.92 32.067 
2/11/2010 19:01 10410 11.93 32.07 
2/11/2010 19:31 10440 11.93 32.07 
2/11/2010 20:01 10470 11.93 32.077 
2/11/2010 20:31 10500 11.92 32.075 
2/11/2010 21:01 10530 11.93 32.074 
2/11/2010 21:31 10560 11.92 32.077 
2/11/2010 22:01 10590 11.93 32.084 
2/11/2010 22:31 10620 11.93 32.091 
2/11/2010 23:01 10650 11.93 32.096 
2/11/2010 23:31 10680 11.93 32.103 
2/12/2010 0:01 10710 11.93 32.11 
2/12/2010 0:31 10740 11.93 32.124 
2/12/2010 1:01 10770 11.93 32.132 
2/12/2010 1:31 10800 11.93 32.139 
2/12/2010 2:01 10830 11.93 32.141 
2/12/2010 2:31 10860 11.92 32.146 
2/12/2010 3:01 10890 11.92 32.156 
2/12/2010 3:31 10920 11.93 32.165 
2/12/2010 4:01 10950 11.93 32.174 
2/12/2010 4:31 10980 11.93 32.179 
2/12/2010 5:01 11010 11.93 32.179 
2/12/2010 5:31 11040 11.93 32.182 
2/12/2010 6:01 11070 11.93 32.189 
2/12/2010 6:31 11100 11.93 32.196 
2/12/2010 7:01 11130 11.93 32.196 
2/12/2010 7:31 11160 11.93 32.196 
2/12/2010 8:01 11190 11.93 32.198 
2/12/2010 8:31 11220 11.93 32.198 
2/12/2010 9:01 11250 11.93 32.198 
2/12/2010 9:31 11280 11.93 32.198 
2/12/2010 10:01 11310 11.93 32.198 
2/12/2010 10:31 11340 11.93 32.201 
2/12/2010 11:01 11370 11.93 32.198 
2/12/2010 11:31 11400 11.92 32.203 
2/12/2010 12:01 11430 11.92 32.203 
2/12/2010 12:31 11460 11.92 32.21 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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2/12/2010 13:01 11490 11.93 32.21 
2/12/2010 13:31 11520 11.92 32.21 
2/12/2010 14:01 11550 11.92 32.213 
2/12/2010 14:31 11580 11.93 32.215 
2/12/2010 15:01 11610 11.93 32.213 
2/12/2010 15:31 11640 11.93 32.213 
2/12/2010 16:01 11670 11.93 32.208 
2/12/2010 16:31 11700 11.93 32.208 
2/12/2010 17:01 11730 11.92 32.203 
2/12/2010 17:31 11760 11.93 32.201 
2/12/2010 18:01 11790 11.93 32.196 
2/12/2010 18:31 11820 11.92 32.196 
2/12/2010 19:01 11850 11.92 32.194 
2/12/2010 19:31 11880 11.93 32.194 
2/12/2010 20:01 11910 11.93 32.191 
2/12/2010 20:31 11940 11.92 32.187 
2/12/2010 21:01 11970 11.93 32.182 
2/12/2010 21:31 12000 11.92 32.187 
2/12/2010 22:01 12030 11.93 32.184 
2/12/2010 22:31 12060 11.93 32.182 
2/12/2010 23:01 12090 11.93 32.179 
2/12/2010 23:31 12120 11.92 32.175 
2/13/2010 0:01 12150 11.93 32.172 
2/13/2010 0:31 12180 11.92 32.172 
2/13/2010 1:01 12210 11.93 32.17 
2/13/2010 1:31 12240 11.93 32.17 
2/13/2010 2:01 12270 11.93 32.167 
2/13/2010 2:31 12300 11.92 32.158 
2/13/2010 3:01 12330 11.92 32.158 
2/13/2010 3:31 12360 11.93 32.158 
2/13/2010 4:01 12390 11.93 32.163 
2/13/2010 4:31 12420 11.93 32.153 
2/13/2010 5:01 12450 11.93 32.146 
2/13/2010 5:31 12480 11.93 32.129 
2/13/2010 6:01 12510 11.92 32.115 
2/13/2010 6:31 12540 11.93 32.101 
2/13/2010 7:01 12570 11.93 32.086 
2/13/2010 7:31 12600 11.92 32.067 
2/13/2010 8:01 12630 11.93 32.053 
2/13/2010 8:31 12660 11.93 32.036 
2/13/2010 9:01 12690 11.93 32.012 
2/13/2010 9:31 12720 11.93 31.996 
2/13/2010 10:01 12750 11.92 31.982 
2/13/2010 10:31 12780 11.93 31.969 
2/13/2010 11:01 12810 11.93 31.955 
2/13/2010 11:31 12840 11.92 31.934 
2/13/2010 12:01 12870 11.92 31.927 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/13/2010 12:31 12900 11.93 31.915 
2/13/2010 13:01 12930 11.92 31.905 
2/13/2010 13:31 12960 11.92 31.896 
2/13/2010 14:01 12990 11.92 31.879 
2/13/2010 14:31 13020 11.93 31.862 
2/13/2010 15:01 13050 11.93 31.843 
2/13/2010 15:31 13080 11.92 31.822 
2/13/2010 16:01 13110 11.92 31.808 
2/13/2010 16:31 13140 11.92 31.791 
2/13/2010 17:01 13170 11.92 31.772 
2/13/2010 17:31 13200 11.92 31.753 
2/13/2010 18:01 13230 11.93 31.731 
2/13/2010 18:31 13260 11.92 31.712 
2/13/2010 19:01 13290 11.92 31.695 
2/13/2010 19:31 13320 11.93 31.683 
2/13/2010 20:01 13350 11.93 31.671 
2/13/2010 20:31 13380 11.93 31.662 
2/13/2010 21:01 13410 11.92 31.65 
2/13/2010 21:31 13440 11.93 31.636 
2/13/2010 22:01 13470 11.93 31.628 
2/13/2010 22:31 13500 11.93 31.616 
2/13/2010 23:01 13530 11.93 31.609 
2/13/2010 23:31 13560 11.93 31.597 
2/14/2010 0:01 13590 11.93 31.597 
2/14/2010 0:31 13620 11.93 31.595 
2/14/2010 1:01 13650 11.93 31.593 
2/14/2010 1:31 13680 11.93 31.59 
2/14/2010 2:01 13710 11.93 31.588 
2/14/2010 2:31 13740 11.93 31.585 
2/14/2010 3:01 13770 11.93 31.588 
2/14/2010 3:31 13800 11.92 31.591 
2/14/2010 4:01 13830 11.92 31.588 
2/14/2010 4:31 13860 11.93 31.588 
2/14/2010 5:01 13890 11.93 31.583 
2/14/2010 5:31 13920 11.93 31.583 
2/14/2010 6:01 13950 11.93 31.583 
2/14/2010 6:31 13980 11.92 31.586 
2/14/2010 7:01 14010 11.92 31.586 
2/14/2010 7:31 14040 11.93 31.588 
2/14/2010 8:01 14070 11.93 31.585 
2/14/2010 8:31 14100 11.92 31.586 
2/14/2010 9:01 14130 11.92 31.583 
2/14/2010 9:31 14160 11.93 31.59 
2/14/2010 10:01 14190 11.93 31.595 
2/14/2010 10:31 14220 11.93 31.597 
2/14/2010 11:01 14250 11.92 31.6 
2/14/2010 11:31 14280 11.92 31.61 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/14/2010 12:01 14310 11.93 31.626 
2/14/2010 12:31 14340 11.93 31.636 
2/14/2010 13:01 14370 11.93 31.652 
2/14/2010 13:31 14400 11.92 31.664 
2/14/2010 14:01 14430 11.92 31.672 
2/14/2010 14:31 14460 11.92 31.676 
2/14/2010 15:01 14490 11.92 31.681 
2/14/2010 15:31 14520 11.93 31.695 
2/14/2010 16:01 14550 11.93 31.702 
2/14/2010 16:31 14580 11.92 31.707 
2/14/2010 17:01 14610 11.92 31.717 
2/14/2010 17:31 14640 11.92 31.722 
2/14/2010 18:01 14670 11.92 31.724 
2/14/2010 18:31 14700 11.93 31.729 
2/14/2010 19:01 14730 11.93 31.733 
2/14/2010 19:31 14760 11.93 31.74 
2/14/2010 20:01 14790 11.93 31.748 
2/14/2010 20:31 14820 11.92 31.753 
2/14/2010 21:01 14850 11.92 31.753 
2/14/2010 21:31 14880 11.92 31.757 
2/14/2010 22:01 14910 11.92 31.76 
2/14/2010 22:31 14940 11.93 31.764 
2/14/2010 23:01 14970 11.92 31.769 
2/14/2010 23:31 15000 11.92 31.772 
2/15/2010 0:01 15030 11.92 31.779 
2/15/2010 0:31 15060 11.92 31.781 
2/15/2010 1:01 15090 11.92 31.788 
2/15/2010 1:31 15120 11.92 31.793 
2/15/2010 2:01 15150 11.93 31.798 
2/15/2010 2:31 15180 11.92 31.808 
2/15/2010 3:01 15210 11.93 31.817 
2/15/2010 3:31 15240 11.93 31.826 
2/15/2010 4:01 15270 11.93 31.826 
2/15/2010 4:31 15300 11.92 31.827 
2/15/2010 5:01 15330 11.93 31.826 
2/15/2010 5:31 15360 11.92 31.827 
2/15/2010 6:01 15390 11.92 31.831 
2/15/2010 6:31 15420 11.92 31.831 
2/15/2010 7:01 15450 11.93 31.831 
2/15/2010 7:31 15480 11.92 31.829 
2/15/2010 8:01 15510 11.93 31.824 
2/15/2010 8:31 15540 11.92 31.824 
2/15/2010 9:01 15570 11.92 31.822 
2/15/2010 9:31 15600 11.93 31.819 
2/15/2010 10:01 15630 11.92 31.822 
2/15/2010 10:31 15660 11.92 31.824 
2/15/2010 11:01 15690 11.92 31.822 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/15/2010 11:31 15720 11.92 31.829 
2/15/2010 12:01 15750 11.93 31.836 
2/15/2010 12:31 15780 11.93 31.841 
2/15/2010 13:01 15810 11.92 31.846 
2/15/2010 13:31 15840 11.93 31.855 
2/15/2010 14:01 15870 11.92 31.862 
2/15/2010 14:31 15900 11.92 31.867 
2/15/2010 15:01 15930 11.93 31.864 
2/15/2010 15:31 15960 11.92 31.862 
2/15/2010 16:01 15990 11.92 31.862 
2/15/2010 16:31 16020 11.92 31.865 
2/15/2010 17:01 16050 11.92 31.867 
2/15/2010 17:31 16080 11.92 31.862 
2/15/2010 18:01 16110 11.92 31.862 
2/15/2010 18:31 16140 11.92 31.858 
2/15/2010 19:01 16170 11.92 31.86 
2/15/2010 19:31 16200 11.92 31.862 
2/15/2010 20:01 16230 11.92 31.862 
2/15/2010 20:31 16260 11.93 31.862 
2/15/2010 21:01 16290 11.92 31.862 
2/15/2010 21:31 16320 11.92 31.862 
2/15/2010 22:01 16350 11.92 31.862 
2/15/2010 22:31 16380 11.92 31.862 
2/15/2010 23:01 16410 11.92 31.862 
2/15/2010 23:31 16440 11.92 31.86 
2/16/2010 0:01 16470 11.93 31.862 
2/16/2010 0:31 16500 11.92 31.869 
2/16/2010 1:01 16530 11.92 31.879 
2/16/2010 1:31 16560 11.93 31.881 
2/16/2010 2:01 16590 11.92 31.886 
2/16/2010 2:31 16620 11.92 31.893 
2/16/2010 3:01 16650 11.93 31.9 
2/16/2010 3:31 16680 11.93 31.903 
2/16/2010 4:01 16710 11.93 31.907 
2/16/2010 4:31 16740 11.92 31.91 
2/16/2010 5:01 16770 11.92 31.915 
2/16/2010 5:31 16800 11.92 31.917 
2/16/2010 6:01 16830 11.92 31.927 
2/16/2010 6:31 16860 11.92 31.934 
2/16/2010 7:01 16890 11.93 31.934 
2/16/2010 7:31 16920 11.92 31.936 
2/16/2010 8:01 16950 11.93 31.936 
2/16/2010 8:31 16980 11.92 31.943 
2/16/2010 9:01 17010 11.93 31.948 
2/16/2010 9:31 17040 11.92 31.951 
2/16/2010 10:01 17070 11.92 31.958 
2/16/2010 10:31 17100 11.92 31.962 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/16/2010 11:01 17130 11.92 31.97 
2/16/2010 11:31 17160 11.92 31.974 
2/16/2010 12:01 17190 11.92 31.993 
2/16/2010 12:31 17220 11.92 32.005 
2/16/2010 13:01 17250 11.92 32.017 
2/16/2010 13:31 17280 11.93 32.029 
2/16/2010 14:01 17310 11.92 32.034 
2/16/2010 14:31 17340 11.92 32.041 
2/16/2010 15:01 17370 11.92 32.046 
2/16/2010 15:31 17400 11.92 32.048 
2/16/2010 16:01 17430 11.92 32.055 
2/16/2010 16:31 17460 11.92 32.06 
2/16/2010 17:01 17490 11.92 32.063 
2/16/2010 17:31 17520 11.92 32.058 
2/16/2010 18:01 17550 11.93 32.058 
2/16/2010 18:31 17580 11.92 32.063 
2/16/2010 19:01 17610 11.92 32.063 
2/16/2010 19:31 17640 11.92 32.06 
2/16/2010 20:01 17670 11.92 32.065 
2/16/2010 20:31 17700 11.93 32.065 
2/16/2010 21:01 17730 11.92 32.065 
2/16/2010 21:31 17760 11.93 32.065 
2/16/2010 22:01 17790 11.93 32.065 
2/16/2010 22:31 17820 11.92 32.063 
2/16/2010 23:01 17850 11.93 32.062 
2/16/2010 23:31 17880 11.93 32.06 
2/17/2010 0:01 17910 11.93 32.055 
2/17/2010 0:31 17940 11.92 32.058 
2/17/2010 1:01 17970 11.92 32.058 
2/17/2010 1:31 18000 11.92 32.06 
2/17/2010 2:01 18030 11.92 32.063 
2/17/2010 2:31 18060 11.93 32.065 
2/17/2010 3:01 18090 11.93 32.072 
2/17/2010 3:31 18120 11.92 32.077 
2/17/2010 4:01 18150 11.93 32.072 
2/17/2010 4:31 18180 11.93 32.072 
2/17/2010 5:01 18210 11.93 32.072 
2/17/2010 5:31 18240 11.92 32.079 
2/17/2010 6:01 18270 11.92 32.082 
2/17/2010 6:31 18300 11.92 32.082 
2/17/2010 7:01 18330 11.92 32.079 
2/17/2010 7:31 18360 11.92 32.077 
2/17/2010 8:01 18390 11.93 32.072 
2/17/2010 8:31 18420 11.92 32.072 
2/17/2010 9:01 18450 11.92 32.067 
2/17/2010 9:31 18480 11.92 32.063 
2/17/2010 10:01 18510 11.93 32.058 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/17/2010 10:31 18540 11.92 32.06 
2/17/2010 11:01 18570 11.92 32.055 
2/17/2010 11:31 18600 11.92 32.091 
2/17/2010 12:01 18630 11.92 32.089 
2/17/2010 12:31 18660 11.92 32.089 
2/17/2010 13:01 18690 11.92 32.086 
2/17/2010 13:31 18720 11.93 32.086 
2/17/2010 14:01 18750 11.92 32.086 
2/17/2010 14:31 18780 11.92 32.082 
2/17/2010 15:01 18810 11.92 32.077 
2/17/2010 15:31 18840 11.92 32.072 
2/17/2010 16:01 18870 11.92 32.067 
2/17/2010 16:31 18900 11.92 32.065 
2/17/2010 17:01 18930 11.92 32.055 
2/17/2010 17:31 18960 11.92 32.051 
2/17/2010 18:01 18990 11.92 32.046 
2/17/2010 18:31 19020 11.92 32.036 
2/17/2010 19:01 19050 11.92 32.032 
2/17/2010 19:31 19080 11.92 32.02 
2/17/2010 20:01 19110 11.93 32.015 
2/17/2010 20:31 19140 11.92 32.003 
2/17/2010 21:01 19170 11.92 32.001 
2/17/2010 21:31 19200 11.92 31.996 
2/17/2010 22:01 19230 11.92 31.989 
2/17/2010 22:31 19260 11.93 31.984 
2/17/2010 23:01 19290 11.92 31.977 
2/17/2010 23:31 19320 11.92 31.979 
2/18/2010 0:01 19350 11.93 31.974 
2/18/2010 0:31 19380 11.92 31.974 
2/18/2010 1:01 19410 11.92 31.977 
2/18/2010 1:31 19440 11.92 31.979 
2/18/2010 2:01 19470 11.92 31.972 
2/18/2010 2:31 19500 11.92 31.972 
2/18/2010 3:01 19530 11.92 31.972 
2/18/2010 3:31 19560 11.92 31.977 
2/18/2010 4:01 19590 11.92 31.982 
2/18/2010 4:31 19620 11.92 31.982 
2/18/2010 5:01 19650 11.92 31.979 
2/18/2010 5:31 19680 11.93 31.977 
2/18/2010 6:01 19710 11.92 31.972 
2/18/2010 6:31 19740 11.92 31.972 
2/18/2010 7:01 19770 11.92 31.967 
2/18/2010 7:31 19800 11.92 31.962 
2/18/2010 8:01 19830 11.93 31.962 
2/18/2010 8:31 19860 11.93 31.962 
2/18/2010 9:01 19890 11.92 31.962 
2/18/2010 9:31 19920 11.92 31.962 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/18/2010 10:01 19950 11.92 31.965 
2/18/2010 10:31 19980 11.92 31.972 
2/18/2010 11:01 20010 11.92 31.977 
2/18/2010 11:31 20040 11.92 31.984 
2/18/2010 12:01 20070 11.92 32.001 
2/18/2010 12:31 20100 11.93 32.015 
2/18/2010 13:01 20130 11.92 32.024 
2/18/2010 13:31 20160 11.92 32.036 
2/18/2010 14:01 20190 11.92 32.044 
2/18/2010 14:31 20220 11.92 32.048 
2/18/2010 15:01 20250 11.92 32.051 
2/18/2010 15:31 20280 11.92 32.053 
2/18/2010 16:01 20310 11.92 32.055 
2/18/2010 16:31 20340 11.92 32.053 
2/18/2010 17:01 20370 11.92 32.055 
2/18/2010 17:31 20400 11.93 32.065 
2/18/2010 18:01 20430 11.92 32.063 
2/18/2010 18:31 20460 11.92 32.07 
2/18/2010 19:01 20490 11.92 32.072 
2/18/2010 19:31 20520 11.92 32.07 
2/18/2010 20:01 20550 11.93 32.067 
2/18/2010 20:31 20580 11.93 32.065 
2/18/2010 21:01 20610 11.93 32.07 
2/18/2010 21:31 20640 11.92 32.072 
2/18/2010 22:01 20670 11.92 32.075 
2/18/2010 22:31 20700 11.92 32.077 
2/18/2010 23:01 20730 11.92 32.084 
2/18/2010 23:31 20760 11.92 32.084 
2/19/2010 0:01 20790 11.92 32.089 
2/19/2010 0:31 20820 11.92 32.089 
2/19/2010 1:01 20850 11.92 32.098 
2/19/2010 1:31 20880 11.92 32.101 
2/19/2010 2:01 20910 11.92 32.106 
2/19/2010 2:31 20940 11.92 32.115 
2/19/2010 3:01 20970 11.92 32.125 
2/19/2010 3:31 21000 11.92 32.129 
2/19/2010 4:01 21030 11.92 32.132 
2/19/2010 4:31 21060 11.92 32.132 
2/19/2010 5:01 21090 11.92 32.132 
2/19/2010 5:31 21120 11.92 32.132 
2/19/2010 6:01 21150 11.92 32.129 
2/19/2010 6:31 21180 11.92 32.129 
2/19/2010 7:01 21210 11.92 32.129 
2/19/2010 7:31 21240 11.92 32.127 
2/19/2010 8:01 21270 11.92 32.117 
2/19/2010 8:31 21300 11.93 32.115 
2/19/2010 9:01 21330 11.92 32.108 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/19/2010 9:31 21360 11.93 32.108 
2/19/2010 10:01 21390 11.92 32.108 
2/19/2010 10:31 21420 11.92 32.11 
2/19/2010 11:01 21450 11.92 32.11 
2/19/2010 11:31 21480 11.92 32.11 
2/19/2010 12:01 21510 11.92 32.115 
2/19/2010 12:31 21540 11.92 32.115 
2/19/2010 13:01 21570 11.92 32.125 
2/19/2010 13:31 21600 11.92 32.125 
2/19/2010 14:01 21630 11.92 32.127 
2/19/2010 14:31 21660 11.93 32.129 
2/19/2010 15:01 21690 11.92 32.127 
2/19/2010 15:31 21720 11.92 32.12 
2/19/2010 16:01 21750 11.92 32.115 
2/19/2010 16:31 21780 11.92 32.113 
2/19/2010 17:01 21810 11.92 32.106 
2/19/2010 17:31 21840 11.92 32.101 
2/19/2010 18:01 21870 11.92 32.094 
2/19/2010 18:31 21900 11.92 32.086 
2/19/2010 19:01 21930 11.92 32.086 
2/19/2010 19:31 21960 11.92 32.082 
2/19/2010 20:01 21990 11.92 32.079 
2/19/2010 20:31 22020 11.92 32.082 
2/19/2010 21:01 22050 11.93 32.081 
2/19/2010 21:31 22080 11.92 32.086 
2/19/2010 22:01 22110 11.92 32.082 
2/19/2010 22:31 22140 11.92 32.079 
2/19/2010 23:01 22170 11.92 32.077 
2/19/2010 23:31 22200 11.92 32.075 
2/20/2010 0:01 22230 11.92 32.077 
2/20/2010 0:31 22260 11.92 32.072 
2/20/2010 1:01 22290 11.92 32.072 
2/20/2010 1:31 22320 11.92 32.07 
2/20/2010 2:01 22350 11.92 32.067 
2/20/2010 2:31 22380 11.92 32.067 
2/20/2010 3:01 22410 11.92 32.072 
2/20/2010 3:31 22440 11.92 32.072 
2/20/2010 4:01 22470 11.92 32.075 
2/20/2010 4:31 22500 11.92 32.072 
2/20/2010 5:01 22530 11.92 32.07 
2/20/2010 5:31 22560 11.92 32.067 
2/20/2010 6:01 22590 11.92 32.07 
2/20/2010 6:31 22620 11.92 32.07 
2/20/2010 7:01 22650 11.92 32.07 
2/20/2010 7:31 22680 11.92 32.065 
2/20/2010 8:01 22710 11.92 32.063 
2/20/2010 8:31 22740 11.92 32.06 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/20/2010 9:01 22770 11.92 32.055 
2/20/2010 9:31 22800 11.92 32.053 
2/20/2010 10:01 22830 11.92 32.051 
2/20/2010 10:31 22860 11.92 32.053 
2/20/2010 11:01 22890 11.92 32.053 
2/20/2010 11:31 22920 11.93 32.058 
2/20/2010 12:01 22950 11.92 32.06 
2/20/2010 12:31 22980 11.92 32.067 
2/20/2010 13:01 23010 11.92 32.072 
2/20/2010 13:31 23040 11.92 32.077 
2/20/2010 14:01 23070 11.93 32.077 
2/20/2010 14:31 23100 11.92 32.075 
2/20/2010 15:01 23130 11.92 32.07 
2/20/2010 15:31 23160 11.92 32.07 
2/20/2010 16:01 23190 11.92 32.063 
2/20/2010 16:31 23220 11.92 32.06 
2/20/2010 17:01 23250 11.92 32.051 
2/20/2010 17:31 23280 11.93 32.043 
2/20/2010 18:01 23310 11.93 32.034 
2/20/2010 18:31 23340 11.92 32.022 
2/20/2010 19:01 23370 11.92 32.015 
2/20/2010 19:31 23400 11.92 32.013 
2/20/2010 20:01 23430 11.92 32.01 
2/20/2010 20:31 23460 11.93 32.01 
2/20/2010 21:01 23490 11.92 32.005 
2/20/2010 21:31 23520 11.92 32.008 
2/20/2010 22:01 23550 11.93 32.005 
2/20/2010 22:31 23580 11.92 32.008 
2/20/2010 23:01 23610 11.92 32.01 
2/20/2010 23:31 23640 11.92 32.015 
2/21/2010 0:01 23670 11.92 32.015 
2/21/2010 0:31 23700 11.92 32.015 
2/21/2010 1:01 23730 11.92 32.015 
2/21/2010 1:31 23760 11.92 32.013 
2/21/2010 2:01 23790 11.92 32.013 
2/21/2010 2:31 23820 11.92 32.015 
2/21/2010 3:01 23850 11.92 32.015 
2/21/2010 3:31 23880 11.92 32.015 
2/21/2010 4:01 23910 11.92 32.013 
2/21/2010 4:31 23940 11.92 32.01 
2/21/2010 5:01 23970 11.92 32.008 
2/21/2010 5:31 24000 11.92 32.013 
2/21/2010 6:01 24030 11.92 32.015 
2/21/2010 6:31 24060 11.92 32.017 
2/21/2010 7:01 24090 11.92 32.02 
2/21/2010 7:31 24120 11.92 32.02 
2/21/2010 8:01 24150 11.93 32.022 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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- --------------- 
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2/21/2010 8:31 24180 11.92 32.02 
2/21/2010 9:01 24210 11.92 32.022 
2/21/2010 9:31 24240 11.92 32.024 
2/21/2010 10:01 24270 11.92 32.024 
2/21/2010 10:31 24300 11.92 32.027 
2/21/2010 11:01 24330 11.92 32.034 
2/21/2010 11:31 24360 11.92 32.034 
2/21/2010 12:01 24390 11.92 32.039 
2/21/2010 12:31 24420 11.92 32.051 
2/21/2010 13:01 24450 11.92 32.065 
2/21/2010 13:31 24480 11.92 32.072 
2/21/2010 14:01 24510 11.93 32.086 
2/21/2010 14:31 24540 11.92 32.096 
2/21/2010 15:01 24570 11.92 32.101 
2/21/2010 15:31 24600 11.92 32.101 
2/21/2010 16:01 24630 11.92 32.106 
2/21/2010 16:31 24660 11.92 32.103 
2/21/2010 17:01 24690 11.93 32.108 
2/21/2010 17:31 24720 11.92 32.11 
2/21/2010 18:01 24750 11.92 32.106 
2/21/2010 18:31 24780 11.92 32.101 
2/21/2010 19:01 24810 11.92 32.098 
2/21/2010 19:31 24840 11.92 32.103 
2/21/2010 20:01 24870 11.92 32.106 
2/21/2010 20:31 24900 11.92 32.106 
2/21/2010 21:01 24930 11.92 32.106 
2/21/2010 21:31 24960 11.92 32.113 
2/21/2010 22:01 24990 11.93 32.12 
2/21/2010 22:31 25020 11.92 32.12 
2/21/2010 23:01 25050 11.92 32.117 
2/21/2010 23:31 25080 11.92 32.122 
2/22/2010 0:01 25110 11.92 32.137 
2/22/2010 0:31 25140 11.92 32.141 
2/22/2010 1:01 25170 11.92 32.141 
2/22/2010 1:31 25200 11.92 32.144 
2/22/2010 2:01 25230 11.92 32.148 
2/22/2010 2:31 25260 11.92 32.153 
2/22/2010 3:01 25290 11.92 32.165 
2/22/2010 3:31 25320 11.92 32.165 
2/22/2010 4:01 25350 11.92 32.168 
2/22/2010 4:31 25380 11.92 32.172 
2/22/2010 5:01 25410 11.92 32.172 
2/22/2010 5:31 25440 11.92 32.175 
2/22/2010 6:01 25470 11.92 32.175 
2/22/2010 6:31 25500 11.92 32.177 
2/22/2010 7:01 25530 11.93 32.174 
2/22/2010 7:31 25560 11.92 32.175 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/22/2010 8:01 25590 11.92 32.168 
2/22/2010 8:31 25620 11.92 32.165 
2/22/2010 9:01 25650 11.92 32.165 
2/22/2010 9:31 25680 11.92 32.16 
2/22/2010 10:01 25710 11.92 32.151 
2/22/2010 10:31 25740 11.92 32.146 
2/22/2010 11:01 25770 11.92 32.139 
2/22/2010 11:31 25800 11.92 32.137 
2/22/2010 12:01 25830 11.92 32.134 
2/22/2010 12:31 25860 11.92 32.137 
2/22/2010 13:01 25890 11.92 32.141 
2/22/2010 13:31 25920 11.92 32.144 
2/22/2010 14:01 25950 11.92 32.134 
2/22/2010 14:31 25980 11.92 32.129 
2/22/2010 15:01 26010 11.92 32.12 
2/22/2010 15:31 26040 11.92 32.113 
2/22/2010 16:01 26070 11.92 32.098 
2/22/2010 16:31 26100 11.92 32.086 
2/22/2010 17:01 26130 11.92 32.077 
2/22/2010 17:31 26160 11.92 32.065 
2/22/2010 18:01 26190 11.92 32.053 
2/22/2010 18:31 26220 11.92 32.046 
2/22/2010 19:01 26250 11.92 32.034 
2/22/2010 19:31 26280 11.92 32.034 
2/22/2010 20:01 26310 11.92 32.034 
2/22/2010 20:31 26340 11.92 32.034 
2/22/2010 21:01 26370 11.92 32.032 
2/22/2010 21:31 26400 11.93 32.031 
2/22/2010 22:01 26430 11.92 32.029 
2/22/2010 22:31 26460 11.92 32.024 
2/22/2010 23:01 26490 11.92 32.027 
2/22/2010 23:31 26520 11.92 32.027 
2/23/2010 0:01 26550 11.92 32.029 
2/23/2010 0:31 26580 11.92 32.029 
2/23/2010 1:01 26610 11.92 32.032 
2/23/2010 1:31 26640 11.92 32.036 
2/23/2010 2:01 26670 11.92 32.044 
2/23/2010 2:31 26700 11.92 32.046 
2/23/2010 3:01 26730 11.92 32.055 
2/23/2010 3:31 26760 11.92 32.06 
2/23/2010 4:01 26790 11.92 32.063 
2/23/2010 4:31 26820 11.92 32.06 
2/23/2010 5:01 26850 11.92 32.063 
2/23/2010 5:31 26880 11.92 32.063 
2/23/2010 6:01 26910 11.92 32.067 
2/23/2010 6:31 26940 11.92 32.072 
2/23/2010 7:01 26970 11.92 32.07 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/23/2010 7:31 27000 11.92 32.072 
2/23/2010 8:01 27030 11.92 32.075 
2/23/2010 8:31 27060 11.92 32.077 
2/23/2010 9:01 27090 11.92 32.082 
2/23/2010 9:31 27120 11.92 32.086 
2/23/2010 10:01 27150 11.92 32.086 
2/23/2010 10:31 27180 11.92 32.089 
2/23/2010 11:01 27210 11.92 32.096 
2/23/2010 11:31 27240 11.92 32.101 
2/23/2010 12:01 27270 11.92 32.108 
2/23/2010 12:31 27300 11.92 32.117 
2/23/2010 13:01 27330 11.92 32.129 
2/23/2010 13:31 27360 11.92 32.137 
2/23/2010 14:01 27390 11.92 32.146 
2/23/2010 14:31 27420 11.92 32.151 
2/23/2010 15:01 27450 11.92 32.151 
2/23/2010 15:31 27480 11.92 32.156 
2/23/2010 16:01 27510 11.92 32.158 
2/23/2010 16:31 27540 11.92 32.16 
2/23/2010 17:01 27570 11.92 32.168 
2/23/2010 17:31 27600 11.92 32.17 
2/23/2010 18:01 27630 11.92 32.172 
2/23/2010 18:31 27660 11.92 32.172 
2/23/2010 19:01 27690 11.92 32.172 
2/23/2010 19:31 27720 11.92 32.179 
2/23/2010 20:01 27750 11.92 32.189 
2/23/2010 20:31 27780 11.92 32.194 
2/23/2010 21:01 27810 11.92 32.196 
2/23/2010 21:31 27840 11.92 32.201 
2/23/2010 22:01 27870 11.92 32.206 
2/23/2010 22:31 27900 11.92 32.21 
2/23/2010 23:01 27930 11.92 32.215 
2/23/2010 23:31 27960 11.92 32.22 
2/24/2010 0:01 27990 11.92 32.225 
2/24/2010 0:31 28020 11.92 32.232 
2/24/2010 1:01 28050 11.92 32.239 
2/24/2010 1:31 28080 11.92 32.244 
2/24/2010 2:01 28110 11.92 32.251 
2/24/2010 2:31 28140 11.92 32.263 
2/24/2010 3:01 28170 11.92 32.27 
2/24/2010 3:31 28200 11.93 32.279 
2/24/2010 4:01 28230 11.92 32.292 
2/24/2010 4:31 28260 11.92 32.296 
2/24/2010 5:01 28290 11.92 32.299 
2/24/2010 5:31 28320 11.93 32.301 
2/24/2010 6:01 28350 11.92 32.306 
2/24/2010 6:31 28380 11.92 32.315 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/24/2010 7:01 28410 11.92 32.327 
2/24/2010 7:31 28440 11.93 32.329 
2/24/2010 8:01 28470 11.92 32.334 
2/24/2010 8:31 28500 11.92 32.337 
2/24/2010 9:01 28530 11.92 32.339 
2/24/2010 9:31 28560 11.92 32.339 
2/24/2010 10:01 28590 11.92 32.344 
2/24/2010 10:31 28620 11.93 32.348 
2/24/2010 11:01 28650 11.92 32.349 
2/24/2010 11:31 28680 11.92 32.351 
2/24/2010 12:01 28710 11.92 32.356 
2/24/2010 12:31 28740 11.92 32.365 
2/24/2010 13:01 28770 11.92 32.373 
2/24/2010 13:31 28800 11.93 32.377 
2/24/2010 14:01 28830 11.92 32.377 
2/24/2010 14:31 28860 11.92 32.375 
2/24/2010 15:01 28890 11.92 32.375 
2/24/2010 15:31 28920 11.92 32.37 
2/24/2010 16:01 28950 11.92 32.37 
2/24/2010 16:31 28980 11.92 32.368 
2/24/2010 17:01 29010 11.92 32.363 
2/24/2010 17:31 29040 11.92 32.358 
2/24/2010 18:01 29070 11.92 32.354 
2/24/2010 18:31 29100 11.92 32.342 
2/24/2010 19:01 29130 11.92 32.337 
2/24/2010 19:31 29160 11.92 32.337 
2/24/2010 20:01 29190 11.92 32.337 
2/24/2010 20:31 29220 11.92 32.33 
2/24/2010 21:01 29250 11.92 32.32 
2/24/2010 21:31 29280 11.92 32.315 
2/24/2010 22:01 29310 11.93 32.31 
2/24/2010 22:31 29340 11.93 32.303 
2/24/2010 23:01 29370 11.92 32.299 
2/24/2010 23:31 29400 11.92 32.301 
2/25/2010 0:01 29430 11.92 32.299 
2/25/2010 0:31 29460 11.93 32.298 
2/25/2010 1:01 29490 11.93 32.294 
2/25/2010 1:31 29520 11.92 32.292 
2/25/2010 2:01 29550 11.92 32.289 
2/25/2010 2:31 29580 11.92 32.289 
2/25/2010 3:01 29610 11.92 32.287 
2/25/2010 3:31 29640 11.93 32.282 
2/25/2010 4:01 29670 11.92 32.27 
2/25/2010 4:31 29700 11.92 32.253 
2/25/2010 5:01 29730 11.92 32.239 
2/25/2010 5:31 29760 11.93 32.229 
2/25/2010 6:01 29790 11.92 32.22 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/25/2010 6:31 29820 11.92 32.215 
2/25/2010 7:01 29850 11.92 32.21 
2/25/2010 7:31 29880 11.92 32.199 
2/25/2010 8:01 29910 11.92 32.187 
2/25/2010 8:31 29940 11.92 32.177 
2/25/2010 9:01 29970 11.92 32.17 
2/25/2010 9:31 30000 11.92 32.16 
2/25/2010 10:01 30030 11.92 32.153 
2/25/2010 10:31 30060 11.92 32.151 
2/25/2010 11:01 30090 11.92 32.146 
2/25/2010 11:31 30120 11.92 32.139 
2/25/2010 12:01 30150 11.92 32.141 
2/25/2010 12:31 30180 11.92 32.141 
2/25/2010 13:01 30210 11.92 32.141 
2/25/2010 13:31 30240 11.92 32.139 
2/25/2010 14:01 30270 11.92 32.139 
2/25/2010 14:31 30300 11.92 32.137 
2/25/2010 15:01 30330 11.92 32.132 
2/25/2010 15:31 30360 11.92 32.132 
2/25/2010 16:01 30390 11.92 32.122 
2/25/2010 16:31 30420 11.92 32.115 
2/25/2010 17:01 30450 11.92 32.106 
2/25/2010 17:31 30480 11.92 32.098 
2/25/2010 18:01 30510 11.92 32.091 
2/25/2010 18:31 30540 11.92 32.084 
2/25/2010 19:01 30570 11.92 32.077 
2/25/2010 19:31 30600 11.92 32.075 
2/25/2010 20:01 30630 11.92 32.072 
2/25/2010 20:31 30660 11.92 32.072 
2/25/2010 21:01 30690 11.92 32.07 
2/25/2010 21:31 30720 11.92 32.067 
2/25/2010 22:01 30750 11.92 32.067 
2/25/2010 22:31 30780 11.92 32.063 
2/25/2010 23:01 30810 11.92 32.053 
2/25/2010 23:31 30840 11.92 32.053 
2/26/2010 0:01 30870 11.92 32.046 
2/26/2010 0:31 30900 11.92 32.044 
2/26/2010 1:01 30930 11.92 32.044 
2/26/2010 1:31 30960 11.92 32.044 
2/26/2010 2:01 30990 11.92 32.039 
2/26/2010 2:31 31020 11.92 32.036 
2/26/2010 3:01 31050 11.92 32.032 
2/26/2010 3:31 31080 11.92 32.036 
2/26/2010 4:01 31110 11.92 32.036 
2/26/2010 4:31 31140 11.92 32.029 
2/26/2010 5:01 31170 11.92 32.022 
2/26/2010 5:31 31200 11.92 32.017 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/26/2010 6:01 31230 11.92 32.01 
2/26/2010 6:31 31260 11.92 32.013 
2/26/2010 7:01 31290 11.92 32.003 
2/26/2010 7:31 31320 11.92 31.998 
2/26/2010 8:01 31350 11.92 31.998 
2/26/2010 8:31 31380 11.92 31.998 
2/26/2010 9:01 31410 11.92 31.993 
2/26/2010 9:31 31440 11.92 31.993 
2/26/2010 10:01 31470 11.92 31.989 
2/26/2010 10:31 31500 11.92 31.991 
2/26/2010 11:01 31530 11.92 31.993 
2/26/2010 11:31 31560 11.92 31.998 
2/26/2010 12:01 31590 11.92 32.008 
2/26/2010 12:31 31620 11.92 32.017 
2/26/2010 13:01 31650 11.92 32.029 
2/26/2010 13:31 31680 11.92 32.036 
2/26/2010 14:01 31710 11.92 32.046 
2/26/2010 14:31 31740 11.92 32.048 
2/26/2010 15:01 31770 11.92 32.051 
2/26/2010 15:31 31800 11.92 32.058 
2/26/2010 16:01 31830 11.92 32.063 
2/26/2010 16:31 31860 11.92 32.067 
2/26/2010 17:01 31890 11.92 32.067 
2/26/2010 17:31 31920 11.92 32.075 
2/26/2010 18:01 31950 11.92 32.079 
2/26/2010 18:31 31980 11.92 32.082 
2/26/2010 19:01 32010 11.92 32.084 
2/26/2010 19:31 32040 11.92 32.086 
2/26/2010 20:01 32070 11.92 32.094 
2/26/2010 20:31 32100 11.92 32.094 
2/26/2010 21:01 32130 11.92 32.096 
2/26/2010 21:31 32160 11.92 32.103 
2/26/2010 22:01 32190 11.92 32.108 
2/26/2010 22:31 32220 11.92 32.115 
2/26/2010 23:01 32250 11.92 32.122 
2/26/2010 23:31 32280 11.92 32.129 
2/27/2010 0:01 32310 11.92 32.134 
2/27/2010 0:31 32340 11.92 32.144 
2/27/2010 1:01 32370 11.92 32.163 
2/27/2010 1:31 32400 11.92 32.168 
2/27/2010 2:01 32430 11.92 32.172 
2/27/2010 2:31 32460 11.92 32.175 
2/27/2010 3:01 32490 11.92 32.177 
2/27/2010 3:31 32520 11.92 32.189 
2/27/2010 4:01 32550 11.92 32.196 
2/27/2010 4:31 32580 11.92 32.203 
2/27/2010 5:01 32610 11.92 32.21 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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2/27/2010 5:31 32640 11.92 32.215 
2/27/2010 6:01 32670 11.92 32.22 
2/27/2010 6:31 32700 11.92 32.225 
2/27/2010 7:01 32730 11.92 32.225 
2/27/2010 7:31 32760 11.92 32.227 
2/27/2010 8:01 32790 11.92 32.227 
2/27/2010 8:31 32820 11.92 32.23 
2/27/2010 9:01 32850 11.92 32.234 
2/27/2010 9:31 32880 11.92 32.232 
2/27/2010 10:01 32910 11.92 32.232 
2/27/2010 10:31 32940 11.92 32.232 
2/27/2010 11:01 32970 11.92 32.234 
2/27/2010 11:31 33000 11.92 32.237 
2/27/2010 12:01 33030 11.92 32.246 
2/27/2010 12:31 33060 11.92 32.258 
2/27/2010 13:01 33090 11.92 32.27 
2/27/2010 13:31 33120 11.92 32.282 
2/27/2010 14:01 33150 11.92 32.289 
2/27/2010 14:31 33180 11.92 32.296 
2/27/2010 15:01 33210 11.92 32.299 
2/27/2010 15:31 33240 11.92 32.306 
2/27/2010 16:01 33270 11.92 32.313 
2/27/2010 16:31 33300 11.92 32.313 
2/27/2010 17:01 33330 11.92 32.315 
2/27/2010 17:31 33360 11.92 32.315 
2/27/2010 18:01 33390 11.92 32.313 
2/27/2010 18:31 33420 11.92 32.318 
2/27/2010 19:01 33450 11.92 32.32 
2/27/2010 19:31 33480 11.92 32.318 
2/27/2010 20:01 33510 11.92 32.318 
2/27/2010 20:31 33540 11.92 32.318 
2/27/2010 21:01 33570 11.92 32.318 
2/27/2010 21:31 33600 11.92 32.318 
2/27/2010 22:01 33630 11.92 32.315 
2/27/2010 22:31 33660 11.92 32.308 
2/27/2010 23:01 33690 11.92 32.306 
2/27/2010 23:31 33720 11.92 32.308 
2/28/2010 0:01 33750 11.93 32.306 
2/28/2010 0:31 33780 11.92 32.303 
2/28/2010 1:01 33810 11.92 32.303 
2/28/2010 1:31 33840 11.92 32.306 
2/28/2010 2:01 33870 11.92 32.301 
2/28/2010 2:31 33900 11.92 32.303 
2/28/2010 3:01 33930 11.92 32.308 
2/28/2010 3:31 33960 11.92 32.311 
2/28/2010 4:01 33990 11.92 32.306 
2/28/2010 4:31 34020 11.92 32.301 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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2/28/2010 5:01 34050 11.92 32.294 
2/28/2010 5:31 34080 11.92 32.292 
2/28/2010 6:01 34110 11.92 32.287 
2/28/2010 6:31 34140 11.92 32.28 
2/28/2010 7:01 34170 11.92 32.272 
2/28/2010 7:31 34200 11.92 32.268 
2/28/2010 8:01 34230 11.92 32.263 
2/28/2010 8:31 34260 11.92 32.263 
2/28/2010 9:01 34290 11.92 32.253 
2/28/2010 9:31 34320 11.92 32.244 
2/28/2010 10:01 34350 11.92 32.239 
2/28/2010 10:31 34380 11.92 32.234 
2/28/2010 11:01 34410 11.92 32.232 
2/28/2010 11:31 34440 11.92 32.227 
2/28/2010 12:01 34470 11.92 32.222 
2/28/2010 12:31 34500 11.92 32.225 
2/28/2010 13:01 34530 11.92 32.225 
2/28/2010 13:31 34560 11.92 32.222 
2/28/2010 14:01 34590 11.92 32.22 
2/28/2010 14:31 34620 11.92 32.208 
2/28/2010 15:01 34650 11.92 32.201 
2/28/2010 15:31 34680 11.92 32.196 
2/28/2010 16:01 34710 11.92 32.184 
2/28/2010 16:31 34740 11.92 32.179 
2/28/2010 17:01 34770 11.92 32.168 
2/28/2010 17:31 34800 11.92 32.16 
2/28/2010 18:01 34830 11.92 32.148 
2/28/2010 18:31 34860 11.92 32.137 
2/28/2010 19:01 34890 11.92 32.12 
2/28/2010 19:31 34920 11.92 32.117 
2/28/2010 20:01 34950 11.92 32.115 
2/28/2010 20:31 34980 11.92 32.103 
2/28/2010 21:01 35010 11.92 32.091 
2/28/2010 21:31 35040 11.92 32.089 
2/28/2010 22:01 35070 11.92 32.084 
2/28/2010 22:31 35100 11.92 32.077 
2/28/2010 23:01 35130 11.92 32.077 
2/28/2010 23:31 35160 11.92 32.07 
3/1/2010 0:01 35190 11.92 32.067 
3/1/2010 0:31 35220 11.92 32.065 
3/1/2010 1:01 35250 11.92 32.058 
3/1/2010 1:31 35280 11.92 32.053 
3/1/2010 2:01 35310 11.92 32.053 
3/1/2010 2:31 35340 11.92 32.055 
3/1/2010 3:01 35370 11.92 32.051 
3/1/2010 3:31 35400 11.92 32.048 
3/1/2010 4:01 35430 11.92 32.048 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/1/2010 4:31 35460 11.92 32.041 
3/1/2010 5:01 35490 11.92 32.039 
3/1/2010 5:31 35520 11.92 32.034 
3/1/2010 6:01 35550 11.92 32.02 
3/1/2010 6:31 35580 11.92 32.013 
3/1/2010 7:01 35610 11.92 32.008 
3/1/2010 7:31 35640 11.92 32.013 
3/1/2010 8:01 35670 11.92 32.005 
3/1/2010 8:31 35700 11.92 32.003 
3/1/2010 9:01 35730 11.92 31.998 
3/1/2010 9:31 35760 11.92 31.998 
3/1/2010 10:01 35790 11.92 32.003 
3/1/2010 10:31 35820 11.92 32.005 
3/1/2010 11:01 35850 11.92 32.005 
3/1/2010 11:31 35880 11.92 32.001 
3/1/2010 12:01 35910 11.92 32.005 
3/1/2010 12:31 35940 11.92 32.017 
3/1/2010 13:01 35970 11.92 32.024 
3/1/2010 13:31 36000 11.92 32.034 
3/1/2010 14:01 36030 11.92 32.044 
3/1/2010 14:31 36060 11.92 32.051 
3/1/2010 15:01 36090 11.92 32.051 
3/1/2010 15:31 36120 11.92 32.055 
3/1/2010 16:01 36150 11.92 32.055 
3/1/2010 16:31 36180 11.92 32.058 
3/1/2010 17:01 36210 11.92 32.055 
3/1/2010 17:31 36240 11.92 32.058 
3/1/2010 18:01 36270 11.92 32.06 
3/1/2010 18:31 36300 11.92 32.058 
3/1/2010 19:01 36330 11.92 32.06 
3/1/2010 19:31 36360 11.92 32.065 
3/1/2010 20:01 36390 11.92 32.067 
3/1/2010 20:31 36420 11.92 32.067 
3/1/2010 21:01 36450 11.92 32.075 
3/1/2010 21:31 36480 11.92 32.075 
3/1/2010 22:01 36510 11.92 32.079 
3/1/2010 22:31 36540 11.92 32.084 
3/1/2010 23:01 36570 11.92 32.089 
3/1/2010 23:31 36600 11.92 32.089 
3/2/2010 0:01 36630 11.92 32.096 
3/2/2010 0:31 36660 11.92 32.101 
3/2/2010 1:01 36690 11.92 32.11 
3/2/2010 1:31 36720 11.92 32.113 
3/2/2010 2:01 36750 11.92 32.117 
3/2/2010 2:31 36780 11.92 32.125 
3/2/2010 3:01 36810 11.92 32.132 
3/2/2010 3:31 36840 11.92 32.141 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/2/2010 4:01 36870 11.92 32.146 
3/2/2010 4:31 36900 11.92 32.148 
3/2/2010 5:01 36930 11.92 32.148 
3/2/2010 5:31 36960 11.92 32.148 
3/2/2010 6:01 36990 11.92 32.153 
3/2/2010 6:31 37020 11.92 32.153 
3/2/2010 7:01 37050 11.92 32.153 
3/2/2010 7:31 37080 11.92 32.153 
3/2/2010 8:01 37110 11.92 32.158 
3/2/2010 8:31 37140 11.92 32.158 
3/2/2010 9:01 37170 11.92 32.163 
3/2/2010 9:31 37200 11.92 32.165 
3/2/2010 10:01 37230 11.92 32.168 
3/2/2010 10:31 37260 11.92 32.172 
3/2/2010 11:01 37290 11.92 32.184 
3/2/2010 11:31 37320 11.92 32.189 
3/2/2010 12:01 37350 11.92 32.199 
3/2/2010 12:31 37380 11.92 32.21 
3/2/2010 13:01 37410 11.92 32.222 
3/2/2010 13:31 37440 11.92 32.232 
3/2/2010 14:01 37470 11.92 32.244 
3/2/2010 14:31 37500 11.92 32.253 
3/2/2010 15:01 37530 11.92 32.258 
3/2/2010 15:31 37560 11.92 32.263 
3/2/2010 16:01 37590 11.92 32.268 
3/2/2010 16:31 37620 11.92 32.272 
3/2/2010 17:01 37650 11.92 32.275 
3/2/2010 17:31 37680 11.92 32.277 
3/2/2010 18:01 37710 11.92 32.277 
3/2/2010 18:31 37740 11.92 32.277 
3/2/2010 19:01 37770 11.92 32.277 
3/2/2010 19:31 37800 11.92 32.282 
3/2/2010 20:01 37830 11.92 32.284 
3/2/2010 20:31 37860 11.92 32.284 
3/2/2010 21:01 37890 11.92 32.284 
3/2/2010 21:31 37920 11.92 32.294 
3/2/2010 22:01 37950 11.92 32.296 
3/2/2010 22:31 37980 11.92 32.303 
3/2/2010 23:01 38010 11.92 32.306 
3/2/2010 23:31 38040 11.92 32.311 
3/3/2010 0:01 38070 11.92 32.315 
3/3/2010 0:31 38100 11.92 32.32 
3/3/2010 1:01 38130 11.92 32.325 
3/3/2010 1:31 38160 11.92 32.33 
3/3/2010 2:01 38190 11.92 32.334 
3/3/2010 2:31 38220 11.92 32.339 
3/3/2010 3:01 38250 11.92 32.349 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/3/2010 3:31 38280 11.92 32.349 
3/3/2010 4:01 38310 11.92 32.351 
3/3/2010 4:31 38340 11.92 32.354 
3/3/2010 5:01 38370 11.92 32.354 
3/3/2010 5:31 38400 11.92 32.354 
3/3/2010 6:01 38430 11.92 32.354 
3/3/2010 6:31 38460 11.92 32.358 
3/3/2010 7:01 38490 11.92 32.358 
3/3/2010 7:31 38520 11.92 32.354 
3/3/2010 8:01 38550 11.92 32.346 
3/3/2010 8:31 38580 11.92 32.349 
3/3/2010 9:01 38610 11.92 32.346 
3/3/2010 9:31 38640 11.92 32.349 
3/3/2010 10:01 38670 11.92 32.354 
3/3/2010 10:31 38700 11.92 32.354 
3/3/2010 11:01 38730 11.92 32.356 
3/3/2010 11:31 38760 11.92 32.354 
3/3/2010 12:01 38790 11.92 32.356 
3/3/2010 12:31 38820 11.92 32.363 
3/3/2010 13:01 38850 11.92 32.373 
3/3/2010 13:31 38880 11.92 32.38 
3/3/2010 14:01 38910 11.92 32.385 
3/3/2010 14:31 38940 11.92 32.385 
3/3/2010 15:01 38970 11.92 32.382 
3/3/2010 15:31 39000 11.92 32.382 
3/3/2010 16:01 39030 11.92 32.377 
3/3/2010 16:31 39060 11.92 32.375 
3/3/2010 17:01 39090 11.92 32.37 
3/3/2010 17:31 39120 11.92 32.365 
3/3/2010 18:01 39150 11.92 32.365 
3/3/2010 18:31 39180 11.92 32.365 
3/3/2010 19:01 39210 11.92 32.361 
3/3/2010 19:31 39240 11.92 32.358 
3/3/2010 20:01 39270 11.92 32.361 
3/3/2010 20:31 39300 11.92 32.356 
3/3/2010 21:01 39330 11.92 32.356 
3/3/2010 21:31 39360 11.92 32.358 
3/3/2010 22:01 39390 11.92 32.361 
3/3/2010 22:31 39420 11.92 32.361 
3/3/2010 23:01 39450 11.92 32.361 
3/3/2010 23:31 39480 11.92 32.358 
3/4/2010 0:01 39510 11.92 32.358 
3/4/2010 0:31 39540 11.92 32.358 
3/4/2010 1:01 39570 11.92 32.356 
3/4/2010 1:31 39600 11.92 32.354 
3/4/2010 2:01 39630 11.92 32.356 
3/4/2010 2:31 39660 11.92 32.356 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
 


Attachment_STEP_Raw Data Examples.docx Page 32 of 78 4/11/2017 


3/4/2010 3:01 39690 11.92 32.354 
3/4/2010 3:31 39720 11.92 32.354 
3/4/2010 4:01 39750 11.92 32.354 
3/4/2010 4:31 39780 11.92 32.349 
3/4/2010 5:01 39810 11.92 32.351 
3/4/2010 5:31 39840 11.92 32.349 
3/4/2010 6:01 39870 11.92 32.346 
3/4/2010 6:31 39900 11.92 32.344 
3/4/2010 7:01 39930 11.92 32.339 
3/4/2010 7:31 39960 11.92 32.33 
3/4/2010 8:01 39990 11.92 32.327 
3/4/2010 8:31 40020 11.92 32.325 
3/4/2010 9:01 40050 11.92 32.323 
3/4/2010 9:31 40080 11.92 32.323 
3/4/2010 10:01 40110 11.92 32.32 
3/4/2010 10:31 40140 11.92 32.323 
3/4/2010 11:01 40170 11.92 32.325 
3/4/2010 11:31 40200 11.92 32.332 
3/4/2010 12:01 40230 11.92 32.339 
3/4/2010 12:31 40260 11.92 32.346 
3/4/2010 13:01 40290 11.92 32.358 
3/4/2010 13:31 40320 11.92 32.368 
3/4/2010 14:01 40350 11.92 32.375 
3/4/2010 14:31 40380 11.92 32.375 
3/4/2010 15:01 40410 11.92 32.377 
3/4/2010 15:31 40440 11.92 32.377 
3/4/2010 16:01 40470 11.92 32.382 
3/4/2010 16:31 40500 11.92 32.385 
3/4/2010 17:01 40530 11.92 32.38 
3/4/2010 17:31 40560 11.92 32.373 
3/4/2010 18:01 40590 11.92 32.368 
3/4/2010 18:31 40620 11.92 32.365 
3/4/2010 19:01 40650 11.92 32.358 
3/4/2010 19:31 40680 11.92 32.351 
3/4/2010 20:01 40710 11.92 32.349 
3/4/2010 20:31 40740 11.92 32.346 
3/4/2010 21:01 40770 11.92 32.344 
3/4/2010 21:31 40800 11.92 32.342 
3/4/2010 22:01 40830 11.92 32.339 
3/4/2010 22:31 40860 11.92 32.339 
3/4/2010 23:01 40890 11.92 32.344 
3/4/2010 23:31 40920 11.92 32.346 
3/5/2010 0:01 40950 11.92 32.349 
3/5/2010 0:31 40980 11.92 32.351 
3/5/2010 1:01 41010 11.92 32.354 
3/5/2010 1:31 41040 11.92 32.351 
3/5/2010 2:01 41070 11.92 32.354 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/5/2010 2:31 41100 11.92 32.356 
3/5/2010 3:01 41130 11.92 32.354 
3/5/2010 3:31 41160 11.92 32.349 
3/5/2010 4:01 41190 11.92 32.346 
3/5/2010 4:31 41220 11.92 32.342 
3/5/2010 5:01 41250 11.92 32.33 
3/5/2010 5:31 41280 11.92 32.323 
3/5/2010 6:01 41310 11.92 32.32 
3/5/2010 6:31 41340 11.92 32.313 
3/5/2010 7:01 41370 11.92 32.296 
3/5/2010 7:31 41400 11.92 32.294 
3/5/2010 8:01 41430 11.92 32.277 
3/5/2010 8:31 41460 11.92 32.268 
3/5/2010 9:01 41490 11.92 32.265 
3/5/2010 9:31 41520 11.92 32.256 
3/5/2010 10:01 41550 11.92 32.249 
3/5/2010 10:31 41580 11.92 32.246 
3/5/2010 11:01 41610 11.92 32.241 
3/5/2010 11:31 41640 11.92 32.237 
3/5/2010 12:01 41670 11.92 32.237 
3/5/2010 12:31 41700 11.92 32.239 
3/5/2010 13:01 41730 11.92 32.239 
3/5/2010 13:31 41760 11.92 32.239 
3/5/2010 14:01 41790 11.92 32.237 
3/5/2010 14:31 41820 11.92 32.23 
3/5/2010 15:01 41850 11.92 32.225 
3/5/2010 15:31 41880 11.92 32.215 
3/5/2010 16:01 41910 11.92 32.213 
3/5/2010 16:31 41940 11.92 32.203 
3/5/2010 17:01 41970 11.92 32.189 
3/5/2010 17:31 42000 11.92 32.182 
3/5/2010 18:01 42030 11.92 32.175 
3/5/2010 18:31 42060 11.92 32.168 
3/5/2010 19:01 42090 11.92 32.16 
3/5/2010 19:31 42120 11.92 32.151 
3/5/2010 20:01 42150 11.92 32.141 
3/5/2010 20:31 42180 11.92 32.137 
3/5/2010 21:01 42210 11.92 32.125 
3/5/2010 21:31 42240 11.92 32.12 
3/5/2010 22:01 42270 11.92 32.115 
3/5/2010 22:31 42300 11.92 32.106 
3/5/2010 23:01 42330 11.92 32.106 
3/5/2010 23:31 42360 11.92 32.11 
3/6/2010 0:01 42390 11.92 32.108 
3/6/2010 0:31 42420 11.92 32.108 
3/6/2010 1:01 42450 11.92 32.098 
3/6/2010 1:31 42480 11.92 32.084 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
 


Attachment_STEP_Raw Data Examples.docx Page 34 of 78 4/11/2017 


3/6/2010 2:01 42510 11.92 32.084 
3/6/2010 2:31 42540 11.92 32.082 
3/6/2010 3:01 42570 11.92 32.082 
3/6/2010 3:31 42600 11.92 32.082 
3/6/2010 4:01 42630 11.92 32.082 
3/6/2010 4:31 42660 11.92 32.075 
3/6/2010 5:01 42690 11.92 32.072 
3/6/2010 5:31 42720 11.92 32.075 
3/6/2010 6:01 42750 11.92 32.082 
3/6/2010 6:31 42780 11.92 32.082 
3/6/2010 7:01 42810 11.92 32.075 
3/6/2010 7:31 42840 11.92 32.07 
3/6/2010 8:01 42870 11.92 32.065 
3/6/2010 8:31 42900 11.92 32.065 
3/6/2010 9:01 42930 11.92 32.067 
3/6/2010 9:31 42960 11.92 32.063 
3/6/2010 10:01 42990 11.92 32.06 
3/6/2010 10:31 43020 11.92 32.063 
3/6/2010 11:01 43050 11.92 32.065 
3/6/2010 11:31 43080 11.92 32.067 
3/6/2010 12:01 43110 11.92 32.075 
3/6/2010 12:31 43140 11.92 32.082 
3/6/2010 13:01 43170 11.92 32.096 
3/6/2010 13:31 43200 11.92 32.108 
3/6/2010 14:01 43230 11.92 32.115 
3/6/2010 14:31 43260 11.92 32.125 
3/6/2010 15:01 43290 11.92 32.134 
3/6/2010 15:31 43320 11.92 32.146 
3/6/2010 16:01 43350 11.92 32.153 
3/6/2010 16:31 43380 11.92 32.163 
3/6/2010 17:01 43410 11.92 32.17 
3/6/2010 17:31 43440 11.92 32.175 
3/6/2010 18:01 43470 11.92 32.177 
3/6/2010 18:31 43500 11.92 32.179 
3/6/2010 19:01 43530 11.92 32.184 
3/6/2010 19:31 43560 11.92 32.187 
3/6/2010 20:01 43590 11.92 32.184 
3/6/2010 20:31 43620 11.92 32.182 
3/6/2010 21:01 43650 11.92 32.184 
3/6/2010 21:31 43680 11.92 32.191 
3/6/2010 22:01 43710 11.92 32.196 
3/6/2010 22:31 43740 11.92 32.206 
3/6/2010 23:01 43770 11.92 32.21 
3/6/2010 23:31 43800 11.92 32.215 
3/7/2010 0:01 43830 11.92 32.225 
3/7/2010 0:31 43860 11.92 32.23 
3/7/2010 1:01 43890 11.92 32.237 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/7/2010 1:31 43920 11.92 32.244 
3/7/2010 2:01 43950 11.92 32.253 
3/7/2010 2:31 43980 11.92 32.268 
3/7/2010 3:01 44010 11.92 32.277 
3/7/2010 3:31 44040 11.92 32.282 
3/7/2010 4:01 44070 11.92 32.289 
3/7/2010 4:31 44100 11.92 32.292 
3/7/2010 5:01 44130 11.92 32.299 
3/7/2010 5:31 44160 11.92 32.308 
3/7/2010 6:01 44190 11.92 32.315 
3/7/2010 6:31 44220 11.92 32.325 
3/7/2010 7:01 44250 11.92 32.325 
3/7/2010 7:31 44280 11.92 32.327 
3/7/2010 8:01 44310 11.92 32.337 
3/7/2010 8:31 44340 11.92 32.344 
3/7/2010 9:01 44370 11.92 32.354 
3/7/2010 9:31 44400 11.92 32.363 
3/7/2010 10:01 44430 11.92 32.368 
3/7/2010 10:31 44460 11.92 32.375 
3/7/2010 11:01 44490 11.92 32.382 
3/7/2010 11:31 44520 11.92 32.392 
3/7/2010 12:01 44550 11.92 32.406 
3/7/2010 12:31 44580 11.92 32.423 
3/7/2010 13:01 44610 11.92 32.442 
3/7/2010 13:31 44640 11.92 32.456 
3/7/2010 14:01 44670 11.92 32.468 
3/7/2010 14:31 44700 11.92 32.478 
3/7/2010 15:01 44730 11.92 32.487 
3/7/2010 15:31 44760 11.92 32.492 
3/7/2010 16:01 44790 11.92 32.504 
3/7/2010 16:31 44820 11.92 32.509 
3/7/2010 17:01 44850 11.92 32.513 
3/7/2010 17:31 44880 11.92 32.518 
3/7/2010 18:01 44910 11.92 32.513 
3/7/2010 18:31 44940 11.92 32.504 
3/7/2010 19:01 44970 11.92 32.506 
3/7/2010 19:31 45000 11.92 32.506 
3/7/2010 20:01 45030 11.92 32.509 
3/7/2010 20:31 45060 11.92 32.504 
3/7/2010 21:01 45090 11.92 32.509 
3/7/2010 21:31 45120 11.92 32.513 
3/7/2010 22:01 45150 11.92 32.518 
3/7/2010 22:31 45180 11.92 32.525 
3/7/2010 23:01 45210 11.92 32.53 
3/7/2010 23:31 45240 11.92 32.54 
3/8/2010 0:01 45270 11.92 32.547 
3/8/2010 0:31 45300 11.92 32.544 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/8/2010 1:01 45330 11.92 32.549 
3/8/2010 1:31 45360 11.92 32.551 
3/8/2010 2:01 45390 11.92 32.566 
3/8/2010 2:31 45420 11.92 32.559 
3/8/2010 3:01 45450 11.92 32.561 
3/8/2010 3:31 45480 11.92 32.554 
3/8/2010 4:01 45510 11.92 32.54 
3/8/2010 4:31 45540 11.92 32.537 
3/8/2010 5:01 45570 11.92 32.537 
3/8/2010 5:31 45600 11.92 32.53 
3/8/2010 6:01 45630 11.92 32.52 
3/8/2010 6:31 45660 11.92 32.516 
3/8/2010 7:01 45690 11.92 32.513 
3/8/2010 7:31 45720 11.92 32.506 
3/8/2010 8:01 45750 11.92 32.504 
3/8/2010 8:31 45780 11.92 32.497 
3/8/2010 9:01 45810 11.92 32.485 
3/8/2010 9:31 45840 11.92 32.489 
3/8/2010 10:01 45870 11.92 32.48 
3/8/2010 10:31 45900 11.92 32.48 
3/8/2010 11:01 45930 11.92 32.482 
3/8/2010 11:31 45960 11.92 32.485 
3/8/2010 12:01 45990 11.92 32.485 
3/8/2010 12:31 46020 11.92 32.485 
3/8/2010 13:01 46050 11.92 32.482 
3/8/2010 13:31 46080 11.92 32.485 
3/8/2010 14:01 46110 11.92 32.485 
3/8/2010 14:31 46140 11.92 32.48 
3/8/2010 15:01 46170 11.92 32.48 
3/8/2010 15:31 46200 11.92 32.48 
3/8/2010 16:01 46230 11.92 32.478 
3/8/2010 16:31 46260 11.92 32.473 
3/8/2010 17:01 46290 11.92 32.466 
3/8/2010 17:31 46320 11.92 32.458 
3/8/2010 18:01 46350 11.92 32.451 
3/8/2010 18:31 46380 11.92 32.442 
3/8/2010 19:01 46410 11.92 32.435 
3/8/2010 19:31 46440 11.92 32.43 
3/8/2010 20:01 46470 11.92 32.425 
3/8/2010 20:31 46500 11.92 32.42 
3/8/2010 21:01 46530 11.92 32.416 
3/8/2010 21:31 46560 11.92 32.413 
3/8/2010 22:01 46590 11.92 32.413 
3/8/2010 22:31 46620 11.92 32.411 
3/8/2010 23:01 46650 11.92 32.411 
3/8/2010 23:31 46680 11.92 32.413 
3/9/2010 0:01 46710 11.92 32.416 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/9/2010 0:31 46740 11.92 32.418 
3/9/2010 1:01 46770 11.92 32.411 
3/9/2010 1:31 46800 11.92 32.406 
3/9/2010 2:01 46830 11.92 32.408 
3/9/2010 2:31 46860 11.92 32.411 
3/9/2010 3:01 46890 11.92 32.413 
3/9/2010 3:31 46920 11.92 32.411 
3/9/2010 4:01 46950 11.92 32.413 
3/9/2010 4:31 46980 11.92 32.401 
3/9/2010 5:01 47010 11.92 32.396 
3/9/2010 5:31 47040 11.92 32.392 
3/9/2010 6:01 47070 11.92 32.385 
3/9/2010 6:31 47100 11.92 32.377 
3/9/2010 7:01 47130 11.92 32.368 
3/9/2010 7:31 47160 11.92 32.358 
3/9/2010 8:01 47190 11.92 32.351 
3/9/2010 8:31 47220 11.92 32.337 
3/9/2010 9:01 47250 11.92 32.318 
3/9/2010 9:31 47280 11.92 32.313 
3/9/2010 10:01 47310 11.92 32.308 
3/9/2010 10:31 47340 11.92 32.311 
3/9/2010 11:01 47370 11.92 32.313 
3/9/2010 11:31 47400 11.92 32.315 
3/9/2010 12:01 47430 11.92 32.327 
3/9/2010 12:31 47460 11.92 32.334 
3/9/2010 13:01 47490 11.92 32.349 
3/9/2010 13:31 47520 11.92 32.358 
3/9/2010 14:01 47550 11.92 32.37 
3/9/2010 14:31 47580 11.92 32.377 
3/9/2010 15:01 47610 11.92 32.382 
3/9/2010 15:31 47640 11.92 32.387 
3/9/2010 16:01 47670 11.92 32.385 
3/9/2010 16:31 47700 11.92 32.385 
3/9/2010 17:01 47730 11.92 32.387 
3/9/2010 17:31 47760 11.92 32.385 
3/9/2010 18:01 47790 11.92 32.387 
3/9/2010 18:31 47820 11.92 32.387 
3/9/2010 19:01 47850 11.92 32.389 
3/9/2010 19:31 47880 11.92 32.396 
3/9/2010 20:01 47910 11.92 32.396 
3/9/2010 20:31 47940 11.92 32.399 
3/9/2010 21:01 47970 11.92 32.401 
3/9/2010 21:31 48000 11.92 32.406 
3/9/2010 22:01 48030 11.92 32.411 
3/9/2010 22:31 48060 11.92 32.416 
3/9/2010 23:01 48090 11.92 32.418 
3/9/2010 23:31 48120 11.92 32.42 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/10/2010 0:01 48150 11.92 32.423 
3/10/2010 0:31 48180 11.92 32.43 
3/10/2010 1:01 48210 11.92 32.43 
3/10/2010 1:31 48240 11.92 32.427 
3/10/2010 2:01 48270 11.92 32.43 
3/10/2010 2:31 48300 11.92 32.435 
3/10/2010 3:01 48330 11.92 32.437 
3/10/2010 3:31 48360 11.92 32.435 
3/10/2010 4:01 48390 11.92 32.43 
3/10/2010 4:31 48420 11.92 32.427 
3/10/2010 5:01 48450 11.92 32.418 
3/10/2010 5:31 48480 11.92 32.418 
3/10/2010 6:01 48510 11.92 32.411 
3/10/2010 6:31 48540 11.92 32.406 
3/10/2010 7:01 48570 11.92 32.401 
3/10/2010 7:31 48600 11.92 32.396 
3/10/2010 8:01 48630 11.92 32.392 
3/10/2010 8:31 48660 11.92 32.387 
3/10/2010 9:01 48690 11.92 32.385 
3/10/2010 9:31 48720 11.92 32.38 
3/10/2010 10:01 48750 11.92 32.377 
3/10/2010 10:31 48780 11.92 32.373 
3/10/2010 11:01 48810 11.92 32.373 
3/10/2010 11:31 48840 11.92 32.375 
3/10/2010 12:01 48870 11.92 32.37 
3/10/2010 12:31 48900 11.92 32.373 
3/10/2010 13:01 48930 11.92 32.38 
3/10/2010 13:31 48960 11.92 32.382 
3/10/2010 14:01 48990 11.92 32.38 
3/10/2010 14:31 49020 11.92 32.377 
3/10/2010 15:01 49050 11.92 32.373 
3/10/2010 15:31 49080 11.92 32.365 
3/10/2010 16:01 49110 11.92 32.361 
3/10/2010 16:31 49140 11.92 32.349 
3/10/2010 17:01 49170 11.92 32.339 
3/10/2010 17:31 49200 11.92 32.327 
3/10/2010 18:01 49230 11.92 32.318 
3/10/2010 18:31 49260 11.92 32.313 
3/10/2010 19:01 49290 11.92 32.303 
3/10/2010 19:31 49320 11.92 32.294 
3/10/2010 20:01 49350 11.92 32.289 
3/10/2010 20:31 49380 11.92 32.282 
3/10/2010 21:01 49410 11.92 32.275 
3/10/2010 21:31 49440 11.92 32.27 
3/10/2010 22:01 49470 11.92 32.265 
3/10/2010 22:31 49500 11.92 32.258 
3/10/2010 23:01 49530 11.92 32.256 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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3/10/2010 23:31 49560 11.92 32.256 
3/11/2010 0:01 49590 11.92 32.256 
3/11/2010 0:31 49620 11.92 32.256 
3/11/2010 1:01 49650 11.92 32.253 
3/11/2010 1:31 49680 11.92 32.249 
3/11/2010 2:01 49710 11.92 32.249 
3/11/2010 2:31 49740 11.92 32.249 
3/11/2010 3:01 49770 11.92 32.253 
3/11/2010 3:31 49800 11.92 32.251 
3/11/2010 4:01 49830 11.92 32.249 
3/11/2010 4:31 49860 11.92 32.251 
3/11/2010 5:01 49890 11.92 32.246 
3/11/2010 5:31 49920 11.92 32.241 
3/11/2010 6:01 49950 11.92 32.234 
3/11/2010 6:31 49980 11.92 32.225 
3/11/2010 7:01 50010 11.92 32.22 
3/11/2010 7:31 50040 11.92 32.218 
3/11/2010 8:01 50070 11.92 32.21 
3/11/2010 8:31 50100 11.92 32.206 
3/11/2010 9:01 50130 11.92 32.21 
3/11/2010 9:31 50160 11.92 32.21 
3/11/2010 10:01 50190 11.92 32.208 
3/11/2010 10:31 50220 11.92 32.206 
3/11/2010 11:01 50250 11.92 32.206 
3/11/2010 11:31 50280 11.92 32.213 
3/11/2010 12:01 50310 11.92 32.22 
3/11/2010 12:31 50340 11.92 32.227 
3/11/2010 13:01 50370 11.92 32.241 
3/11/2010 13:31 50400 11.92 32.249 
3/11/2010 14:01 50430 11.92 32.263 
3/11/2010 14:31 50460 11.92 32.268 
3/11/2010 15:01 50490 11.92 32.272 
3/11/2010 15:31 50520 11.92 32.275 
3/11/2010 16:01 50550 11.92 32.277 
3/11/2010 16:31 50580 11.92 32.275 
3/11/2010 17:01 50610 11.92 32.272 
3/11/2010 17:31 50640 11.92 32.268 
3/11/2010 18:01 50670 11.92 32.258 
3/11/2010 18:31 50700 11.92 32.256 
3/11/2010 19:01 50730 11.92 32.253 
3/11/2010 19:31 50760 11.92 32.251 
3/11/2010 20:01 50790 11.92 32.249 
3/11/2010 20:31 50820 11.92 32.241 
3/11/2010 21:01 50850 11.92 32.232 
3/11/2010 21:31 50880 11.92 32.232 
3/11/2010 22:01 50910 11.92 32.237 
3/11/2010 22:31 50940 11.92 32.237 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/11/2010 23:01 50970 11.92 32.232 
3/11/2010 23:31 51000 11.92 32.23 
3/12/2010 0:01 51030 11.92 32.227 
3/12/2010 0:31 51060 11.92 32.227 
3/12/2010 1:01 51090 11.92 32.225 
3/12/2010 1:31 51120 11.92 32.225 
3/12/2010 2:01 51150 11.92 32.227 
3/12/2010 2:31 51180 11.92 32.225 
3/12/2010 3:01 51210 11.92 32.227 
3/12/2010 3:31 51240 11.92 32.222 
3/12/2010 4:01 51270 11.92 32.222 
3/12/2010 4:31 51300 11.92 32.218 
3/12/2010 5:01 51330 11.92 32.218 
3/12/2010 5:31 51360 11.92 32.208 
3/12/2010 6:01 51390 11.92 32.206 
3/12/2010 6:31 51420 11.92 32.199 
3/12/2010 7:01 51450 11.92 32.199 
3/12/2010 7:31 51480 11.92 32.191 
3/12/2010 8:01 51510 11.92 32.189 
3/12/2010 8:31 51540 11.92 32.187 
3/12/2010 9:01 51570 11.92 32.187 
3/12/2010 9:31 51600 11.92 32.187 
3/12/2010 10:01 51630 11.92 32.182 
3/12/2010 10:31 51660 11.92 32.179 
3/12/2010 11:01 51690 11.92 32.187 
3/12/2010 11:31 51720 11.92 32.191 
3/12/2010 12:01 51750 11.92 32.199 
3/12/2010 12:31 51780 11.92 32.208 
3/12/2010 13:01 51810 11.92 32.225 
3/12/2010 13:31 51840 11.92 32.241 
3/12/2010 14:01 51870 11.92 32.251 
3/12/2010 14:31 51900 11.92 32.263 
3/12/2010 15:01 51930 11.92 32.268 
3/12/2010 15:31 51960 11.92 32.272 
3/12/2010 16:01 51990 11.92 32.277 
3/12/2010 16:31 52020 11.92 32.284 
3/12/2010 17:01 52050 11.92 32.284 
3/12/2010 17:31 52080 11.92 32.287 
3/12/2010 18:01 52110 11.92 32.289 
3/12/2010 18:31 52140 11.92 32.289 
3/12/2010 19:01 52170 11.92 32.292 
3/12/2010 19:31 52200 11.92 32.301 
3/12/2010 20:01 52230 11.92 32.306 
3/12/2010 20:31 52260 11.92 32.313 
3/12/2010 21:01 52290 11.92 32.32 
3/12/2010 21:31 52320 11.92 32.334 
3/12/2010 22:01 52350 11.92 32.342 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/12/2010 22:31 52380 11.92 32.349 
3/12/2010 23:01 52410 11.92 32.354 
3/12/2010 23:31 52440 11.92 32.363 
3/13/2010 0:01 52470 11.92 32.37 
3/13/2010 0:31 52500 11.92 32.38 
3/13/2010 1:01 52530 11.92 32.377 
3/13/2010 1:31 52560 11.92 32.385 
3/13/2010 2:01 52590 11.92 32.392 
3/13/2010 2:31 52620 11.92 32.401 
3/13/2010 3:01 52650 11.92 32.413 
3/13/2010 3:31 52680 11.92 32.42 
3/13/2010 4:01 52710 11.92 32.427 
3/13/2010 4:31 52740 11.92 32.43 
3/13/2010 5:01 52770 11.92 32.432 
3/13/2010 5:31 52800 11.92 32.432 
3/13/2010 6:01 52830 11.92 32.427 
3/13/2010 6:31 52860 11.92 32.432 
3/13/2010 7:01 52890 11.92 32.432 
3/13/2010 7:31 52920 11.92 32.437 
3/13/2010 8:01 52950 11.92 32.437 
3/13/2010 8:31 52980 11.92 32.437 
3/13/2010 9:01 53010 11.92 32.432 
3/13/2010 9:31 53040 11.92 32.43 
3/13/2010 10:01 53070 11.92 32.43 
3/13/2010 10:31 53100 11.92 32.432 
3/13/2010 11:01 53130 11.92 32.437 
3/13/2010 11:31 53160 11.92 32.437 
3/13/2010 12:01 53190 11.92 32.437 
3/13/2010 12:31 53220 11.92 32.43 
3/13/2010 13:01 53250 11.92 32.437 
3/13/2010 13:31 53280 11.92 32.437 
3/13/2010 14:01 53310 11.92 32.439 
3/13/2010 14:31 53340 11.92 32.437 
3/13/2010 15:01 53370 11.92 32.432 
3/13/2010 15:31 53400 11.92 32.425 
3/13/2010 16:01 53430 11.92 32.418 
3/13/2010 16:31 53460 11.92 32.408 
3/13/2010 17:01 53490 11.92 32.392 
3/13/2010 17:31 53520 11.92 32.375 
3/13/2010 18:01 53550 11.92 32.358 
3/13/2010 18:31 53580 11.92 32.334 
3/13/2010 19:01 53610 11.92 32.308 
3/13/2010 19:31 53640 11.92 32.287 
3/13/2010 20:01 53670 11.92 32.261 
3/13/2010 20:31 53700 11.92 32.232 
3/13/2010 21:01 53730 11.92 32.203 
3/13/2010 21:31 53760 11.92 32.179 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/13/2010 22:01 53790 11.92 32.165 
3/13/2010 22:31 53820 11.92 32.148 
3/13/2010 23:01 53850 11.92 32.129 
3/13/2010 23:31 53880 11.92 32.106 
3/14/2010 0:01 53910 11.92 32.084 
3/14/2010 0:31 53940 11.92 32.07 
3/14/2010 1:01 53970 11.92 32.058 
3/14/2010 1:31 54000 11.92 32.046 
3/14/2010 2:01 54030 11.92 32.039 
3/14/2010 2:31 54060 11.92 32.034 
3/14/2010 3:01 54090 11.92 32.029 
3/14/2010 3:31 54120 11.92 32.017 
3/14/2010 4:01 54150 11.92 31.998 
3/14/2010 4:31 54180 11.92 31.984 
3/14/2010 5:01 54210 11.92 31.974 
3/14/2010 5:31 54240 11.92 31.96 
3/14/2010 6:01 54270 11.92 31.948 
3/14/2010 6:31 54300 11.92 31.931 
3/14/2010 7:01 54330 11.92 31.92 
3/14/2010 7:31 54360 11.92 31.905 
3/14/2010 8:01 54390 11.92 31.891 
3/14/2010 8:31 54420 11.92 31.879 
3/14/2010 9:01 54450 11.92 31.872 
3/14/2010 9:31 54480 11.92 31.865 
3/14/2010 10:01 54510 11.92 31.862 
3/14/2010 10:31 54540 11.92 31.858 
3/14/2010 11:01 54570 11.92 31.86 
3/14/2010 11:31 54600 11.92 31.855 
3/14/2010 12:01 54630 11.92 31.853 
3/14/2010 12:31 54660 11.92 31.853 
3/14/2010 13:01 54690 11.92 31.862 
3/14/2010 13:31 54720 11.92 31.862 
3/14/2010 14:01 54750 11.92 31.865 
3/14/2010 14:31 54780 11.92 31.869 
3/14/2010 15:01 54810 11.92 31.867 
3/14/2010 15:31 54840 11.92 31.862 
3/14/2010 16:01 54870 11.92 31.86 
3/14/2010 16:31 54900 11.92 31.858 
3/14/2010 17:01 54930 11.92 31.853 
3/14/2010 17:31 54960 11.92 31.85 
3/14/2010 18:01 54990 11.92 31.848 
3/14/2010 18:31 55020 11.92 31.838 
3/14/2010 19:01 55050 11.92 31.836 
3/14/2010 19:31 55080 11.92 31.831 
3/14/2010 20:01 55110 11.92 31.829 
3/14/2010 20:31 55140 11.92 31.829 
3/14/2010 21:01 55170 11.92 31.829 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/14/2010 21:31 55200 11.92 31.831 
3/14/2010 22:01 55230 11.92 31.829 
3/14/2010 22:31 55260 11.92 31.827 
3/14/2010 23:01 55290 11.92 31.827 
3/14/2010 23:31 55320 11.92 31.829 
3/15/2010 0:01 55350 11.92 31.824 
3/15/2010 0:31 55380 11.92 31.819 
3/15/2010 1:01 55410 11.92 31.822 
3/15/2010 1:31 55440 11.92 31.827 
3/15/2010 2:01 55470 11.92 31.834 
3/15/2010 2:31 55500 11.92 31.843 
3/15/2010 3:01 55530 11.92 31.85 
3/15/2010 3:31 55560 11.92 31.848 
3/15/2010 4:01 55590 11.92 31.85 
3/15/2010 4:31 55620 11.92 31.85 
3/15/2010 5:01 55650 11.92 31.855 
3/15/2010 5:31 55680 11.92 31.86 
3/15/2010 6:01 55710 11.92 31.862 
3/15/2010 6:31 55740 11.92 31.865 
3/15/2010 7:01 55770 11.92 31.862 
3/15/2010 7:31 55800 11.92 31.862 
3/15/2010 8:01 55830 11.92 31.858 
3/15/2010 8:31 55860 11.92 31.86 
3/15/2010 9:01 55890 11.92 31.858 
3/15/2010 9:31 55920 11.92 31.86 
3/15/2010 10:01 55950 11.92 31.86 
3/15/2010 10:31 55980 11.92 31.862 
3/15/2010 11:01 56010 11.92 31.865 
3/15/2010 11:31 56040 11.92 31.872 
3/15/2010 12:01 56070 11.92 31.879 
3/15/2010 12:31 56100 11.92 31.886 
3/15/2010 13:01 56130 11.92 31.898 
3/15/2010 13:31 56160 11.92 31.912 
3/15/2010 14:01 56190 11.92 31.922 
3/15/2010 14:31 56220 11.92 31.929 
3/15/2010 15:01 56250 11.92 31.934 
3/15/2010 15:31 56280 11.92 31.941 
3/15/2010 16:01 56310 11.92 31.941 
3/15/2010 16:31 56340 11.92 31.939 
3/15/2010 17:01 56370 11.92 31.931 
3/15/2010 17:31 56400 11.92 31.929 
3/15/2010 18:01 56430 11.92 31.922 
3/15/2010 18:31 56460 11.92 31.922 
3/15/2010 19:01 56490 11.92 31.92 
3/15/2010 19:31 56520 11.92 31.922 
3/15/2010 20:01 56550 11.92 31.922 
3/15/2010 20:31 56580 11.92 31.92 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
 


Attachment_STEP_Raw Data Examples.docx Page 44 of 78 4/11/2017 


3/15/2010 21:01 56610 11.92 31.917 
3/15/2010 21:31 56640 11.92 31.917 
3/15/2010 22:01 56670 11.92 31.92 
3/15/2010 22:31 56700 11.92 31.922 
3/15/2010 23:01 56730 11.92 31.924 
3/15/2010 23:31 56760 11.92 31.924 
3/16/2010 0:01 56790 11.92 31.924 
3/16/2010 0:31 56820 11.92 31.929 
3/16/2010 1:01 56850 11.92 31.929 
3/16/2010 1:31 56880 11.92 31.927 
3/16/2010 2:01 56910 11.92 31.927 
3/16/2010 2:31 56940 11.92 31.939 
3/16/2010 3:01 56970 11.92 31.948 
3/16/2010 3:31 57000 11.92 31.955 
3/16/2010 4:01 57030 11.92 31.958 
3/16/2010 4:31 57060 11.92 31.951 
3/16/2010 5:01 57090 11.92 31.946 
3/16/2010 5:31 57120 11.92 31.946 
3/16/2010 6:01 57150 11.92 31.943 
3/16/2010 6:31 57180 11.92 31.939 
3/16/2010 7:01 57210 11.92 31.941 
3/16/2010 7:31 57240 11.92 31.943 
3/16/2010 8:01 57270 11.92 31.948 
3/16/2010 8:31 57300 11.92 31.948 
3/16/2010 9:01 57330 11.92 31.955 
3/16/2010 9:31 57360 11.92 31.965 
3/16/2010 10:01 57390 11.92 31.97 
3/16/2010 10:31 57420 11.92 31.972 
3/16/2010 11:01 57450 11.92 31.984 
3/16/2010 11:31 57480 11.92 31.991 
3/16/2010 12:01 57510 11.92 32.001 
3/16/2010 12:31 57540 11.92 32.013 
3/16/2010 13:01 57570 11.92 32.027 
3/16/2010 13:31 57600 11.92 32.041 
3/16/2010 14:01 57630 11.92 32.055 
3/16/2010 14:31 57660 11.92 32.063 
3/16/2010 15:01 57690 11.92 32.072 
3/16/2010 15:31 57720 11.92 32.079 
3/16/2010 16:01 57750 11.92 32.084 
3/16/2010 16:31 57780 11.92 32.089 
3/16/2010 17:01 57810 11.92 32.091 
3/16/2010 17:31 57840 11.92 32.094 
3/16/2010 18:01 57870 11.92 32.098 
3/16/2010 18:31 57900 11.92 32.098 
3/16/2010 19:01 57930 11.92 32.098 
3/16/2010 19:31 57960 11.92 32.101 
3/16/2010 20:01 57990 11.92 32.103 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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3/16/2010 20:31 58020 11.92 32.106 
3/16/2010 21:01 58050 11.92 32.11 
3/16/2010 21:31 58080 11.92 32.113 
3/16/2010 22:01 58110 11.92 32.117 
3/16/2010 22:31 58140 11.92 32.12 
3/16/2010 23:01 58170 11.92 32.125 
3/16/2010 23:31 58200 11.92 32.132 
3/17/2010 0:01 58230 11.92 32.132 
3/17/2010 0:31 58260 11.92 32.139 
3/17/2010 1:01 58290 11.92 32.141 
3/17/2010 1:31 58320 11.92 32.144 
3/17/2010 2:01 58350 11.92 32.151 
3/17/2010 2:31 58380 11.92 32.156 
3/17/2010 3:01 58410 11.92 32.158 
3/17/2010 3:31 58440 11.92 32.158 
3/17/2010 4:01 58470 11.92 32.156 
3/17/2010 4:31 58500 11.92 32.153 
3/17/2010 5:01 58530 11.92 32.151 
3/17/2010 5:31 58560 11.92 32.151 
3/17/2010 6:01 58590 11.92 32.144 
3/17/2010 6:31 58620 11.92 32.139 
3/17/2010 7:01 58650 11.92 32.137 
3/17/2010 7:31 58680 11.92 32.139 
3/17/2010 8:01 58710 11.92 32.134 
3/17/2010 8:31 58740 11.92 32.132 
3/17/2010 9:01 58770 11.92 32.129 
3/17/2010 9:31 58800 11.92 32.134 
3/17/2010 10:01 58830 11.92 32.132 
3/17/2010 10:31 58860 11.92 32.141 
3/17/2010 11:01 58890 11.92 32.148 
3/17/2010 11:31 58920 11.92 32.16 
3/17/2010 12:01 58950 11.92 32.17 
3/17/2010 12:31 58980 11.92 32.179 
3/17/2010 13:01 59010 11.92 32.194 
3/17/2010 13:31 59040 11.92 32.208 
3/17/2010 14:01 59070 11.92 32.22 
3/17/2010 14:31 59100 11.92 32.227 
3/17/2010 15:01 59130 11.92 32.237 
3/17/2010 15:31 59160 11.92 32.244 
3/17/2010 16:01 59190 11.92 32.256 
3/17/2010 16:31 59220 11.92 32.268 
3/17/2010 17:01 59250 11.92 32.277 
3/17/2010 17:31 59280 11.92 32.284 
3/17/2010 18:01 59310 11.92 32.27 
3/17/2010 18:31 59340 11.92 32.258 
3/17/2010 19:01 59370 11.92 32.239 
3/17/2010 19:31 59400 11.92 32.22 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/17/2010 20:01 59430 11.92 32.234 
3/17/2010 20:31 59460 11.92 32.215 
3/17/2010 21:01 59490 11.92 32.21 
3/17/2010 21:31 59520 11.92 32.21 
3/17/2010 22:01 59550 11.92 32.201 
3/17/2010 22:31 59580 11.92 32.206 
3/17/2010 23:01 59610 11.92 32.203 
3/17/2010 23:31 59640 11.92 32.208 
3/18/2010 0:01 59670 11.92 32.206 
3/18/2010 0:31 59700 11.92 32.199 
3/18/2010 1:01 59730 11.92 32.182 
3/18/2010 1:31 59760 11.92 32.177 
3/18/2010 2:01 59790 11.92 32.179 
3/18/2010 2:31 59820 11.92 32.177 
3/18/2010 3:01 59850 11.92 32.175 
3/18/2010 3:31 59880 11.92 32.177 
3/18/2010 4:01 59910 11.92 32.177 
3/18/2010 4:31 59940 11.92 32.172 
3/18/2010 5:01 59970 11.92 32.175 
3/18/2010 5:31 60000 11.92 32.175 
3/18/2010 6:01 60030 11.92 32.172 
3/18/2010 6:31 60060 11.92 32.168 
3/18/2010 7:01 60090 11.92 32.163 
3/18/2010 7:31 60120 11.92 32.163 
3/18/2010 8:01 60150 11.92 32.16 
3/18/2010 8:31 60180 11.92 32.158 
3/18/2010 9:01 60210 11.92 32.156 
3/18/2010 9:31 60240 11.92 32.153 
3/18/2010 10:01 60270 11.92 32.151 
3/18/2010 10:31 60300 11.92 32.151 
3/18/2010 11:01 60330 11.92 32.153 
3/18/2010 11:31 60360 11.92 32.148 
3/18/2010 12:01 60390 11.92 32.153 
3/18/2010 12:31 60420 11.92 32.153 
3/18/2010 13:01 60450 11.92 32.158 
3/18/2010 13:31 60480 11.92 32.16 
3/18/2010 14:01 60510 11.92 32.175 
3/18/2010 14:31 60540 11.92 32.187 
3/18/2010 15:01 60570 11.92 32.189 
3/18/2010 15:31 60600 11.92 32.184 
3/18/2010 16:01 60630 11.92 32.191 
3/18/2010 16:31 60660 11.92 32.175 
3/18/2010 17:01 60690 11.92 32.168 
3/18/2010 17:31 60720 11.92 32.158 
3/18/2010 18:01 60750 11.92 32.148 
3/18/2010 18:31 60780 11.92 32.139 
3/18/2010 19:01 60810 11.92 32.129 
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  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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3/18/2010 19:31 60840 11.92 32.122 
3/18/2010 20:01 60870 11.92 32.115 
3/18/2010 20:31 60900 11.92 32.113 
3/18/2010 21:01 60930 11.92 32.103 
3/18/2010 21:31 60960 11.92 32.098 
3/18/2010 22:01 60990 11.92 32.086 
3/18/2010 22:31 61020 11.92 32.077 
3/18/2010 23:01 61050 11.92 32.07 
3/18/2010 23:31 61080 11.92 32.063 
3/19/2010 0:01 61110 11.92 32.055 
3/19/2010 0:31 61140 11.92 32.048 
3/19/2010 1:01 61170 11.92 32.041 
3/19/2010 1:31 61200 11.92 32.039 
3/19/2010 2:01 61230 11.92 32.041 
3/19/2010 2:31 61260 11.92 32.044 
3/19/2010 3:01 61290 11.92 32.051 
3/19/2010 3:31 61320 11.92 32.041 
3/19/2010 4:01 61350 11.92 32.034 
3/19/2010 4:31 61380 11.92 32.034 
3/19/2010 5:01 61410 11.92 32.027 
3/19/2010 5:31 61440 11.92 32.029 
3/19/2010 6:01 61470 11.92 32.024 
3/19/2010 6:31 61500 11.92 32.015 
3/19/2010 7:01 61530 11.92 32.008 
3/19/2010 7:31 61560 11.92 32.003 
3/19/2010 8:01 61590 11.92 31.991 
3/19/2010 8:31 61620 11.92 31.984 
3/19/2010 9:01 61650 11.92 31.972 
3/19/2010 9:31 61680 11.92 31.965 
3/19/2010 10:01 61710 11.92 31.958 
3/19/2010 10:31 61740 11.92 31.955 
3/19/2010 11:01 61770 11.92 31.953 
3/19/2010 11:31 61800 11.92 31.951 
3/19/2010 12:01 61830 11.92 31.953 
3/19/2010 12:31 61860 11.92 31.953 
3/19/2010 13:01 61890 11.92 31.962 
3/19/2010 13:31 61920 11.92 31.967 
3/19/2010 14:01 61950 11.92 31.97 
3/19/2010 14:31 61980 11.92 31.97 
3/19/2010 15:01 62010 11.92 31.967 
3/19/2010 15:31 62040 11.92 31.965 
3/19/2010 16:01 62070 11.92 31.965 
3/19/2010 16:31 62100 11.92 31.967 
3/19/2010 17:01 62130 11.92 31.967 
3/19/2010 17:31 62160 11.92 31.97 
3/19/2010 18:01 62190 11.92 31.974 
3/19/2010 18:31 62220 11.92 31.979 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/19/2010 19:01 62250 11.92 31.984 
3/19/2010 19:31 62280 11.92 31.977 
3/19/2010 20:01 62310 11.92 31.982 
3/19/2010 20:31 62340 11.92 31.979 
3/19/2010 21:01 62370 11.92 31.984 
3/19/2010 21:31 62400 11.92 31.986 
3/19/2010 22:01 62430 11.92 31.984 
3/19/2010 22:31 62460 11.92 31.984 
3/19/2010 23:01 62490 11.92 31.993 
3/19/2010 23:31 62520 11.92 31.996 
3/20/2010 0:01 62550 11.92 32.005 
3/20/2010 0:31 62580 11.92 32.015 
3/20/2010 1:01 62610 11.92 32.024 
3/20/2010 1:31 62640 11.92 32.032 
3/20/2010 2:01 62670 11.92 32.044 
3/20/2010 2:31 62700 11.92 32.053 
3/20/2010 3:01 62730 11.92 32.063 
3/20/2010 3:31 62760 11.92 32.067 
3/20/2010 4:01 62790 11.92 32.075 
3/20/2010 4:31 62820 11.92 32.082 
3/20/2010 5:01 62850 11.92 32.082 
3/20/2010 5:31 62880 11.92 32.091 
3/20/2010 6:01 62910 11.92 32.098 
3/20/2010 6:31 62940 11.92 32.106 
3/20/2010 7:01 62970 11.92 32.108 
3/20/2010 7:31 63000 11.92 32.115 
3/20/2010 8:01 63030 11.92 32.125 
3/20/2010 8:31 63060 11.92 32.134 
3/20/2010 9:01 63090 11.92 32.139 
3/20/2010 9:31 63120 11.92 32.148 
3/20/2010 10:01 63150 11.92 32.156 
3/20/2010 10:31 63180 11.92 32.163 
3/20/2010 11:01 63210 11.92 32.172 
3/20/2010 11:31 63240 11.92 32.179 
3/20/2010 12:01 63270 11.92 32.194 
3/20/2010 12:31 63300 11.92 32.199 
3/20/2010 13:01 63330 11.92 32.208 
3/20/2010 13:31 63360 11.92 32.222 
3/20/2010 14:01 63390 11.92 32.232 
3/20/2010 14:31 63420 11.92 32.237 
3/20/2010 15:01 63450 11.92 32.244 
3/20/2010 15:31 63480 11.92 32.246 
3/20/2010 16:01 63510 11.92 32.258 
3/20/2010 16:31 63540 11.92 32.261 
3/20/2010 17:01 63570 11.92 32.265 
3/20/2010 17:31 63600 11.92 32.277 
3/20/2010 18:01 63630 11.92 32.284 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/20/2010 18:31 63660 11.92 32.289 
3/20/2010 19:01 63690 11.92 32.294 
3/20/2010 19:31 63720 11.92 32.292 
3/20/2010 20:01 63750 11.92 32.287 
3/20/2010 20:31 63780 11.92 32.287 
3/20/2010 21:01 63810 11.92 32.289 
3/20/2010 21:31 63840 11.92 32.296 
3/20/2010 22:01 63870 11.92 32.296 
3/20/2010 22:31 63900 11.92 32.303 
3/20/2010 23:01 63930 11.92 32.306 
3/20/2010 23:31 63960 11.92 32.313 
3/21/2010 0:01 63990 11.92 32.318 
3/21/2010 0:31 64020 11.92 32.323 
3/21/2010 1:01 64050 11.92 32.32 
3/21/2010 1:31 64080 11.92 32.327 
3/21/2010 2:01 64110 11.92 32.332 
3/21/2010 2:31 64140 11.92 32.342 
3/21/2010 3:01 64170 11.92 32.344 
3/21/2010 3:31 64200 11.92 32.351 
3/21/2010 4:01 64230 11.92 32.351 
3/21/2010 4:31 64260 11.92 32.354 
3/21/2010 5:01 64290 11.92 32.351 
3/21/2010 5:31 64320 11.92 32.344 
3/21/2010 6:01 64350 11.92 32.344 
3/21/2010 6:31 64380 11.92 32.342 
3/21/2010 7:01 64410 11.92 32.346 
3/21/2010 7:31 64440 11.92 32.349 
3/21/2010 8:01 64470 11.92 32.349 
3/21/2010 8:31 64500 11.92 32.351 
3/21/2010 9:01 64530 11.92 32.346 
3/21/2010 9:31 64560 11.92 32.344 
3/21/2010 10:01 64590 11.92 32.351 
3/21/2010 10:31 64620 11.92 32.356 
3/21/2010 11:01 64650 11.92 32.368 
3/21/2010 11:31 64680 11.92 32.373 
3/21/2010 12:01 64710 11.92 32.382 
3/21/2010 12:31 64740 11.92 32.385 
3/21/2010 13:01 64770 11.92 32.396 
3/21/2010 13:31 64800 11.92 32.408 
3/21/2010 14:01 64830 11.92 32.425 
3/21/2010 14:31 64860 11.92 32.437 
3/21/2010 15:01 64890 11.92 32.451 
3/21/2010 15:31 64920 11.92 32.458 
3/21/2010 16:01 64950 11.92 32.468 
3/21/2010 16:31 64980 11.92 32.475 
3/21/2010 17:01 65010 11.92 32.485 
3/21/2010 17:31 65040 11.92 32.489 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/21/2010 18:01 65070 11.92 32.504 
3/21/2010 18:31 65100 11.92 32.516 
3/21/2010 19:01 65130 11.92 32.518 
3/21/2010 19:31 65160 11.92 32.511 
3/21/2010 20:01 65190 11.92 32.518 
3/21/2010 20:31 65220 11.92 32.523 
3/21/2010 21:01 65250 11.92 32.528 
3/21/2010 21:31 65280 11.92 32.532 
3/21/2010 22:01 65310 11.92 32.537 
3/21/2010 22:31 65340 11.92 32.537 
3/21/2010 23:01 65370 11.92 32.537 
3/21/2010 23:31 65400 11.92 32.544 
3/22/2010 0:01 65430 11.92 32.544 
3/22/2010 0:31 65460 11.92 32.537 
3/22/2010 1:01 65490 11.92 32.528 
3/22/2010 1:31 65520 11.92 32.513 
3/22/2010 2:01 65550 11.92 32.506 
3/22/2010 2:31 65580 11.92 32.489 
3/22/2010 3:01 65610 11.92 32.511 
3/22/2010 3:31 65640 11.92 32.501 
3/22/2010 4:01 65670 11.92 32.506 
3/22/2010 4:31 65700 11.92 32.494 
3/22/2010 5:01 65730 11.92 32.485 
3/22/2010 5:31 65760 11.92 32.478 
3/22/2010 6:01 65790 11.92 32.48 
3/22/2010 6:31 65820 11.92 32.482 
3/22/2010 7:01 65850 11.92 32.475 
3/22/2010 7:31 65880 11.92 32.468 
3/22/2010 8:01 65910 11.92 32.458 
3/22/2010 8:31 65940 11.92 32.454 
3/22/2010 9:01 65970 11.92 32.449 
3/22/2010 9:31 66000 11.92 32.439 
3/22/2010 10:01 66030 11.92 32.439 
3/22/2010 10:31 66060 11.92 32.435 
3/22/2010 11:01 66090 11.92 32.435 
3/22/2010 11:31 66120 11.92 32.439 
3/22/2010 12:01 66150 11.92 32.437 
3/22/2010 12:31 66180 11.92 32.435 
3/22/2010 13:01 66210 11.92 32.432 
3/22/2010 13:31 66240 11.92 32.427 
3/22/2010 14:01 66270 11.92 32.427 
3/22/2010 14:31 66300 11.92 32.418 
3/22/2010 15:01 66330 11.92 32.418 
3/22/2010 15:31 66360 11.92 32.413 
3/22/2010 16:01 66390 11.92 32.408 
3/22/2010 16:31 66420 11.92 32.408 
3/22/2010 17:01 66450 11.92 32.385 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/22/2010 17:31 66480 11.92 32.382 
3/22/2010 18:01 66510 11.92 32.375 
3/22/2010 18:31 66540 11.92 32.358 
3/22/2010 19:01 66570 11.92 32.342 
3/22/2010 19:31 66600 11.92 32.325 
3/22/2010 20:01 66630 11.92 32.315 
3/22/2010 20:31 66660 11.92 32.311 
3/22/2010 21:01 66690 11.92 32.303 
3/22/2010 21:31 66720 11.92 32.292 
3/22/2010 22:01 66750 11.92 32.277 
3/22/2010 22:31 66780 11.92 32.27 
3/22/2010 23:01 66810 11.92 32.261 
3/22/2010 23:31 66840 11.92 32.253 
3/23/2010 0:01 66870 11.92 32.249 
3/23/2010 0:31 66900 11.92 32.246 
3/23/2010 1:01 66930 11.92 32.237 
3/23/2010 1:31 66960 11.92 32.227 
3/23/2010 2:01 66990 11.92 32.225 
3/23/2010 2:31 67020 11.92 32.22 
3/23/2010 3:01 67050 11.92 32.218 
3/23/2010 3:31 67080 11.92 32.208 
3/23/2010 4:01 67110 11.92 32.203 
3/23/2010 4:31 67140 11.92 32.191 
3/23/2010 5:01 67170 11.92 32.175 
3/23/2010 5:31 67200 11.92 32.163 
3/23/2010 6:01 67230 11.92 32.153 
3/23/2010 6:31 67260 11.92 32.148 
3/23/2010 7:01 67290 11.92 32.139 
3/23/2010 7:31 67320 11.92 32.127 
3/23/2010 8:01 67350 11.92 32.122 
3/23/2010 8:31 67380 11.92 32.113 
3/23/2010 9:01 67410 11.92 32.103 
3/23/2010 9:31 67440 11.92 32.103 
3/23/2010 10:01 67470 11.92 32.096 
3/23/2010 10:31 67500 11.92 32.094 
3/23/2010 11:01 67530 11.92 32.089 
3/23/2010 11:31 67560 11.92 32.094 
3/23/2010 12:01 67590 11.92 32.091 
3/23/2010 12:31 67620 11.92 32.086 
3/23/2010 13:01 67650 11.92 32.094 
3/23/2010 13:31 67680 11.92 32.106 
3/23/2010 14:01 67710 11.92 32.11 
3/23/2010 14:31 67740 11.92 32.113 
3/23/2010 15:01 67770 11.92 32.115 
3/23/2010 15:31 67800 11.92 32.11 
3/23/2010 16:01 67830 11.92 32.108 
3/23/2010 16:31 67860 11.92 32.101 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/23/2010 17:01 67890 11.92 32.096 
3/23/2010 17:31 67920 11.92 32.086 
3/23/2010 18:01 67950 11.92 32.084 
3/23/2010 18:31 67980 11.92 32.079 
3/23/2010 19:01 68010 11.92 32.077 
3/23/2010 19:31 68040 11.92 32.07 
3/23/2010 20:01 68070 11.92 32.065 
3/23/2010 20:31 68100 11.92 32.06 
3/23/2010 21:01 68130 11.92 32.06 
3/23/2010 21:31 68160 11.92 32.058 
3/23/2010 22:01 68190 11.92 32.055 
3/23/2010 22:31 68220 11.92 32.06 
3/23/2010 23:01 68250 11.92 32.06 
3/23/2010 23:31 68280 11.92 32.065 
3/24/2010 0:01 68310 11.92 32.067 
3/24/2010 0:31 68340 11.92 32.075 
3/24/2010 1:01 68370 11.92 32.075 
3/24/2010 1:31 68400 11.92 32.077 
3/24/2010 2:01 68430 11.92 32.079 
3/24/2010 2:31 68460 11.92 32.082 
3/24/2010 3:01 68490 11.92 32.086 
3/24/2010 3:31 68520 11.92 32.091 
3/24/2010 4:01 68550 11.92 32.094 
3/24/2010 4:31 68580 11.92 32.091 
3/24/2010 5:01 68610 11.92 32.091 
3/24/2010 5:31 68640 11.92 32.089 
3/24/2010 6:01 68670 11.92 32.091 
3/24/2010 6:31 68700 11.92 32.094 
3/24/2010 7:01 68730 11.92 32.094 
3/24/2010 7:31 68760 11.92 32.096 
3/24/2010 8:01 68790 11.92 32.103 
3/24/2010 8:31 68820 11.92 32.108 
3/24/2010 9:01 68850 11.92 32.113 
3/24/2010 9:31 68880 11.92 32.12 
3/24/2010 10:01 68910 11.92 32.134 
3/24/2010 10:31 68940 11.92 32.148 
3/24/2010 11:01 68970 11.92 32.156 
3/24/2010 11:31 69000 11.92 32.168 
3/24/2010 12:01 69030 11.92 32.179 
3/24/2010 12:31 69060 11.92 32.189 
3/24/2010 13:01 69090 11.92 32.201 
3/24/2010 13:31 69120 11.92 32.213 
3/24/2010 14:01 69150 11.92 32.22 
3/24/2010 14:31 69180 11.92 32.23 
3/24/2010 15:01 69210 11.92 32.232 
3/24/2010 15:31 69240 11.92 32.234 
3/24/2010 16:01 69270 11.92 32.239 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/24/2010 16:31 69300 11.92 32.241 
3/24/2010 17:01 69330 11.92 32.244 
3/24/2010 17:31 69360 11.92 32.246 
3/24/2010 18:01 69390 11.92 32.251 
3/24/2010 18:31 69420 11.92 32.251 
3/24/2010 19:01 69450 11.92 32.256 
3/24/2010 19:31 69480 11.92 32.256 
3/24/2010 20:01 69510 11.92 32.256 
3/24/2010 20:31 69540 11.92 32.253 
3/24/2010 21:01 69570 11.92 32.251 
3/24/2010 21:31 69600 11.92 32.256 
3/24/2010 22:01 69630 11.92 32.261 
3/24/2010 22:31 69660 11.92 32.263 
3/24/2010 23:01 69690 11.92 32.265 
3/24/2010 23:31 69720 11.92 32.268 
3/25/2010 0:01 69750 11.92 32.277 
3/25/2010 0:31 69780 11.92 32.28 
3/25/2010 1:01 69810 11.92 32.28 
3/25/2010 1:31 69840 11.92 32.28 
3/25/2010 2:01 69870 11.92 32.282 
3/25/2010 2:31 69900 11.92 32.282 
3/25/2010 3:01 69930 11.92 32.287 
3/25/2010 3:31 69960 11.92 32.294 
3/25/2010 4:01 69990 11.92 32.296 
3/25/2010 4:31 70020 11.92 32.303 
3/25/2010 5:01 70050 11.92 32.308 
3/25/2010 5:31 70080 11.92 32.313 
3/25/2010 6:01 70110 11.92 32.32 
3/25/2010 6:31 70140 11.92 32.327 
3/25/2010 7:01 70170 11.92 32.332 
3/25/2010 7:31 70200 11.92 32.334 
3/25/2010 8:01 70230 11.92 32.339 
3/25/2010 8:31 70260 11.92 32.351 
3/25/2010 9:01 70290 11.92 32.361 
3/25/2010 9:31 70320 11.92 32.373 
3/25/2010 10:01 70350 11.92 32.389 
3/25/2010 10:31 70380 11.92 32.404 
3/25/2010 11:01 70410 11.92 32.425 
3/25/2010 11:31 70440 11.92 32.444 
3/25/2010 12:01 70470 11.92 32.461 
3/25/2010 12:31 70500 11.92 32.482 
3/25/2010 13:01 70530 11.92 32.506 
3/25/2010 13:31 70560 11.92 32.528 
3/25/2010 14:01 70590 11.92 32.551 
3/25/2010 14:31 70620 11.92 32.568 
3/25/2010 15:01 70650 11.92 32.585 
3/25/2010 15:31 70680 11.92 32.594 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/25/2010 16:01 70710 11.92 32.604 
3/25/2010 16:31 70740 11.92 32.613 
3/25/2010 17:01 70770 11.92 32.625 
3/25/2010 17:31 70800 11.92 32.632 
3/25/2010 18:01 70830 11.92 32.64 
3/25/2010 18:31 70860 11.92 32.642 
3/25/2010 19:01 70890 11.92 32.642 
3/25/2010 19:31 70920 11.92 32.644 
3/25/2010 20:01 70950 11.92 32.647 
3/25/2010 20:31 70980 11.92 32.654 
3/25/2010 21:01 71010 11.92 32.656 
3/25/2010 21:31 71040 11.92 32.656 
3/25/2010 22:01 71070 11.92 32.663 
3/25/2010 22:31 71100 11.92 32.666 
3/25/2010 23:01 71130 11.92 32.659 
3/25/2010 23:31 71160 11.92 32.656 
3/26/2010 0:01 71190 11.92 32.663 
3/26/2010 0:31 71220 11.92 32.661 
3/26/2010 1:01 71250 11.92 32.668 
3/26/2010 1:31 71280 11.92 32.671 
3/26/2010 2:01 71310 11.92 32.675 
3/26/2010 2:31 71340 11.92 32.678 
3/26/2010 3:01 71370 11.92 32.675 
3/26/2010 3:31 71400 11.92 32.666 
3/26/2010 4:01 71430 11.92 32.649 
3/26/2010 4:31 71460 11.92 32.64 
3/26/2010 5:01 71490 11.92 32.632 
3/26/2010 5:31 71520 11.92 32.621 
3/26/2010 6:01 71550 11.92 32.623 
3/26/2010 6:31 71580 11.92 32.611 
3/26/2010 7:01 71610 11.92 32.606 
3/26/2010 7:31 71640 11.92 32.597 
3/26/2010 8:01 71670 11.92 32.585 
3/26/2010 8:31 71700 11.92 32.575 
3/26/2010 9:01 71730 11.92 32.566 
3/26/2010 9:31 71760 11.92 32.554 
3/26/2010 10:01 71790 11.92 32.547 
3/26/2010 10:31 71820 11.92 32.535 
3/26/2010 11:01 71850 11.92 32.532 
3/26/2010 11:31 71880 11.92 32.523 
3/26/2010 12:01 71910 11.92 32.518 
3/26/2010 12:31 71940 11.92 32.513 
3/26/2010 13:01 71970 11.92 32.511 
3/26/2010 13:31 72000 11.92 32.506 
3/26/2010 14:01 72030 11.92 32.504 
3/26/2010 14:31 72060 11.92 32.506 
3/26/2010 15:01 72090 11.92 32.506 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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3/26/2010 15:31 72120 11.92 32.497 
3/26/2010 16:01 72150 11.92 32.487 
3/26/2010 16:31 72180 11.92 32.48 
3/26/2010 17:01 72210 11.92 32.47 
3/26/2010 17:31 72240 11.92 32.454 
3/26/2010 18:01 72270 11.92 32.437 
3/26/2010 18:31 72300 11.92 32.425 
3/26/2010 19:01 72330 11.92 32.406 
3/26/2010 19:31 72360 11.92 32.387 
3/26/2010 20:01 72390 11.92 32.37 
3/26/2010 20:31 72420 11.92 32.351 
3/26/2010 21:01 72450 11.92 32.337 
3/26/2010 21:31 72480 11.92 32.323 
3/26/2010 22:01 72510 11.92 32.311 
3/26/2010 22:31 72540 11.92 32.299 
3/26/2010 23:01 72570 11.92 32.287 
3/26/2010 23:31 72600 11.92 32.277 
3/27/2010 0:01 72630 11.92 32.265 
3/27/2010 0:31 72660 11.92 32.256 
3/27/2010 1:01 72690 11.92 32.241 
3/27/2010 1:31 72720 11.92 32.23 
3/27/2010 2:01 72750 11.92 32.215 
3/27/2010 2:31 72780 11.92 32.203 
3/27/2010 3:01 72810 11.92 32.189 
3/27/2010 3:31 72840 11.92 32.177 
3/27/2010 4:01 72870 11.92 32.163 
3/27/2010 4:31 72900 11.92 32.148 
3/27/2010 5:01 72930 11.92 32.129 
3/27/2010 5:31 72960 11.92 32.115 
3/27/2010 6:01 72990 11.92 32.101 
3/27/2010 6:31 73020 11.92 32.089 
3/27/2010 7:01 73050 11.92 32.077 
3/27/2010 7:31 73080 11.92 32.065 
3/27/2010 8:01 73110 11.92 32.051 
3/27/2010 8:31 73140 11.92 32.046 
3/27/2010 9:01 73170 11.92 32.046 
3/27/2010 9:31 73200 11.92 32.039 
3/27/2010 10:01 73230 11.92 32.034 
3/27/2010 10:31 73260 11.92 32.041 
3/27/2010 11:01 73290 11.92 32.044 
3/27/2010 11:31 73320 11.92 32.051 
3/27/2010 12:01 73350 11.92 32.06 
3/27/2010 12:31 73380 11.92 32.063 
3/27/2010 13:01 73410 11.92 32.065 
3/27/2010 13:31 73440 11.92 32.075 
3/27/2010 14:01 73470 11.92 32.082 
3/27/2010 14:31 73500 11.92 32.086 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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- --------------- 
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3/27/2010 15:01 73530 11.92 32.091 
3/27/2010 15:31 73560 11.92 32.091 
3/27/2010 16:01 73590 11.92 32.091 
3/27/2010 16:31 73620 11.92 32.096 
3/27/2010 17:01 73650 11.92 32.098 
3/27/2010 17:31 73680 11.92 32.101 
3/27/2010 18:01 73710 11.92 32.103 
3/27/2010 18:31 73740 11.92 32.106 
3/27/2010 19:01 73770 11.92 32.108 
3/27/2010 19:31 73800 11.92 32.108 
3/27/2010 20:01 73830 11.92 32.106 
3/27/2010 20:31 73860 11.92 32.108 
3/27/2010 21:01 73890 11.92 32.11 
3/27/2010 21:31 73920 11.92 32.115 
3/27/2010 22:01 73950 11.92 32.117 
3/27/2010 22:31 73980 11.92 32.115 
3/27/2010 23:01 74010 11.92 32.117 
3/27/2010 23:31 74040 11.92 32.125 
3/28/2010 0:01 74070 11.92 32.129 
3/28/2010 0:31 74100 11.92 32.127 
3/28/2010 1:01 74130 11.92 32.132 
3/28/2010 1:31 74160 11.92 32.139 
3/28/2010 2:01 74190 11.92 32.144 
3/28/2010 2:31 74220 11.92 32.148 
3/28/2010 3:01 74250 11.92 32.153 
3/28/2010 3:31 74280 11.92 32.153 
3/28/2010 4:01 74310 11.92 32.153 
3/28/2010 4:31 74340 11.92 32.153 
3/28/2010 5:01 74370 11.92 32.156 
3/28/2010 5:31 74400 11.92 32.158 
3/28/2010 6:01 74430 11.92 32.168 
3/28/2010 6:31 74460 11.92 32.172 
3/28/2010 7:01 74490 11.92 32.172 
3/28/2010 7:31 74520 11.92 32.172 
3/28/2010 8:01 74550 11.92 32.177 
3/28/2010 8:31 74580 11.92 32.177 
3/28/2010 9:01 74610 11.92 32.187 
3/28/2010 9:31 74640 11.92 32.199 
3/28/2010 10:01 74670 11.92 32.206 
3/28/2010 10:31 74700 11.92 32.218 
3/28/2010 11:01 74730 11.92 32.232 
3/28/2010 11:31 74760 11.92 32.244 
3/28/2010 12:01 74790 11.92 32.258 
3/28/2010 12:31 74820 11.92 32.275 
3/28/2010 13:01 74850 11.92 32.292 
3/28/2010 13:31 74880 11.92 32.306 
3/28/2010 14:01 74910 11.92 32.318 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/28/2010 14:31 74940 11.92 32.332 
3/28/2010 15:01 74970 11.92 32.342 
3/28/2010 15:31 75000 11.92 32.354 
3/28/2010 16:01 75030 11.92 32.368 
3/28/2010 16:31 75060 11.92 32.38 
3/28/2010 17:01 75090 11.92 32.392 
3/28/2010 17:31 75120 11.92 32.399 
3/28/2010 18:01 75150 11.92 32.413 
3/28/2010 18:31 75180 11.92 32.427 
3/28/2010 19:01 75210 11.92 32.425 
3/28/2010 19:31 75240 11.92 32.416 
3/28/2010 20:01 75270 11.92 32.42 
3/28/2010 20:31 75300 11.92 32.42 
3/28/2010 21:01 75330 11.92 32.425 
3/28/2010 21:31 75360 11.92 32.43 
3/28/2010 22:01 75390 11.92 32.43 
3/28/2010 22:31 75420 11.92 32.427 
3/28/2010 23:01 75450 11.92 32.425 
3/28/2010 23:31 75480 11.92 32.427 
3/29/2010 0:01 75510 11.92 32.43 
3/29/2010 0:31 75540 11.92 32.435 
3/29/2010 1:01 75570 11.92 32.439 
3/29/2010 1:31 75600 11.92 32.454 
3/29/2010 2:01 75630 11.92 32.468 
3/29/2010 2:31 75660 11.92 32.475 
3/29/2010 3:01 75690 11.92 32.482 
3/29/2010 3:31 75720 11.92 32.487 
3/29/2010 4:01 75750 11.92 32.499 
3/29/2010 4:31 75780 11.92 32.509 
3/29/2010 5:01 75810 11.92 32.511 
3/29/2010 5:31 75840 11.92 32.518 
3/29/2010 6:01 75870 11.92 32.523 
3/29/2010 6:31 75900 11.92 32.528 
3/29/2010 7:01 75930 11.92 32.532 
3/29/2010 7:31 75960 11.92 32.54 
3/29/2010 8:01 75990 11.92 32.549 
3/29/2010 8:31 76020 11.92 32.561 
3/29/2010 9:01 76050 11.92 32.568 
3/29/2010 9:31 76080 11.92 32.582 
3/29/2010 10:01 76110 11.92 32.599 
3/29/2010 10:31 76140 11.92 32.613 
3/29/2010 11:01 76170 11.92 32.621 
3/29/2010 11:31 76200 11.92 32.625 
3/29/2010 12:01 76230 11.92 32.635 
3/29/2010 12:31 76260 11.92 32.656 
3/29/2010 13:01 76290 11.92 32.671 
3/29/2010 13:31 76320 11.92 32.683 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/29/2010 14:01 76350 11.92 32.69 
3/29/2010 14:31 76380 11.92 32.699 
3/29/2010 15:01 76410 11.92 32.714 
3/29/2010 15:31 76440 11.92 32.718 
3/29/2010 16:01 76470 11.92 32.723 
3/29/2010 16:31 76500 11.92 32.73 
3/29/2010 17:01 76530 11.92 32.735 
3/29/2010 17:31 76560 11.92 32.74 
3/29/2010 18:01 76590 11.92 32.737 
3/29/2010 18:31 76620 11.92 32.749 
3/29/2010 19:01 76650 11.92 32.752 
3/29/2010 19:31 76680 11.92 32.749 
3/29/2010 20:01 76710 11.92 32.749 
3/29/2010 20:31 76740 11.92 32.754 
3/29/2010 21:01 76770 11.92 32.761 
3/29/2010 21:31 76800 11.92 32.759 
3/29/2010 22:01 76830 11.92 32.766 
3/29/2010 22:31 76860 11.92 32.773 
3/29/2010 23:01 76890 11.92 32.795 
3/29/2010 23:31 76920 11.92 32.811 
3/30/2010 0:01 76950 11.92 32.83 
3/30/2010 0:31 76980 11.92 32.835 
3/30/2010 1:01 77010 11.92 32.838 
3/30/2010 1:31 77040 11.92 32.84 
3/30/2010 2:01 77070 11.92 32.845 
3/30/2010 2:31 77100 11.92 32.838 
3/30/2010 3:01 77130 11.92 32.845 
3/30/2010 3:31 77160 11.92 32.869 
3/30/2010 4:01 77190 11.92 32.888 
3/30/2010 4:31 77220 11.92 32.876 
3/30/2010 5:01 77250 11.92 32.88 
3/30/2010 5:31 77280 11.92 32.864 
3/30/2010 6:01 77310 11.92 32.854 
3/30/2010 6:31 77340 11.92 32.833 
3/30/2010 7:01 77370 11.92 32.804 
3/30/2010 7:31 77400 11.92 32.799 
3/30/2010 8:01 77430 11.92 32.787 
3/30/2010 8:31 77460 11.92 32.783 
3/30/2010 9:01 77490 11.92 32.771 
3/30/2010 9:31 77520 11.92 32.764 
3/30/2010 10:01 77550 11.92 32.766 
3/30/2010 10:31 77580 11.92 32.768 
3/30/2010 11:01 77610 11.92 32.783 
3/30/2010 11:31 77640 11.92 32.783 
3/30/2010 12:01 77670 11.92 32.795 
3/30/2010 12:31 77700 11.92 32.799 
3/30/2010 13:01 77730 11.92 32.79 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/30/2010 13:31 77760 11.92 32.78 
3/30/2010 14:01 77790 11.92 32.785 
3/30/2010 14:31 77820 11.92 32.79 
3/30/2010 15:01 77850 11.92 32.785 
3/30/2010 15:31 77880 11.92 32.752 
3/30/2010 16:01 77910 11.92 32.74 
3/30/2010 16:31 77940 11.92 32.745 
3/30/2010 17:01 77970 11.92 32.728 
3/30/2010 17:31 78000 11.92 32.778 
3/30/2010 18:01 78030 11.92 32.737 
3/30/2010 18:31 78060 11.92 32.749 
3/30/2010 19:01 78090 11.92 32.761 
3/30/2010 19:31 78120 11.92 32.761 
3/30/2010 20:01 78150 11.92 32.733 
3/30/2010 20:31 78180 11.92 32.723 
3/30/2010 21:01 78210 11.92 32.699 
3/30/2010 21:31 78240 11.92 32.675 
3/30/2010 22:01 78270 11.92 32.675 
3/30/2010 22:31 78300 11.92 32.656 
3/30/2010 23:01 78330 11.92 32.64 
3/30/2010 23:31 78360 11.92 32.618 
3/31/2010 0:01 78390 11.92 32.597 
3/31/2010 0:31 78420 11.91 32.583 
3/31/2010 1:01 78450 11.92 32.57 
3/31/2010 1:31 78480 11.92 32.563 
3/31/2010 2:01 78510 11.92 32.551 
3/31/2010 2:31 78540 11.92 32.528 
3/31/2010 3:01 78570 11.92 32.518 
3/31/2010 3:31 78600 11.92 32.513 
3/31/2010 4:01 78630 11.92 32.492 
3/31/2010 4:31 78660 11.92 32.485 
3/31/2010 5:01 78690 11.92 32.473 
3/31/2010 5:31 78720 11.92 32.468 
3/31/2010 6:01 78750 11.92 32.461 
3/31/2010 6:31 78780 11.92 32.439 
3/31/2010 7:01 78810 11.92 32.432 
3/31/2010 7:31 78840 11.92 32.418 
3/31/2010 8:01 78870 11.92 32.42 
3/31/2010 8:31 78900 11.92 32.413 
3/31/2010 9:01 78930 11.92 32.413 
3/31/2010 9:31 78960 11.92 32.416 
3/31/2010 10:01 78990 11.92 32.408 
3/31/2010 10:31 79020 11.92 32.404 
3/31/2010 11:01 79050 11.92 32.404 
3/31/2010 11:31 79080 11.92 32.411 
3/31/2010 12:01 79110 11.92 32.416 
3/31/2010 12:31 79140 11.92 32.411 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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3/31/2010 13:01 79170 11.92 32.416 
3/31/2010 13:31 79200 11.92 32.418 
3/31/2010 14:01 79230 11.92 32.42 
3/31/2010 14:31 79260 11.92 32.42 
3/31/2010 15:01 79290 11.92 32.427 
3/31/2010 15:31 79320 11.92 32.418 
3/31/2010 16:01 79350 11.92 32.416 
3/31/2010 16:31 79380 11.92 32.413 
3/31/2010 17:01 79410 11.92 32.408 
3/31/2010 17:31 79440 11.92 32.411 
3/31/2010 18:01 79470 11.92 32.408 
3/31/2010 18:31 79500 11.92 32.408 
3/31/2010 19:01 79530 11.91 32.406 
3/31/2010 19:31 79560 11.92 32.404 
3/31/2010 20:01 79590 11.92 32.411 
3/31/2010 20:31 79620 11.92 32.418 
3/31/2010 21:01 79650 11.92 32.413 
3/31/2010 21:31 79680 11.92 32.408 
3/31/2010 22:01 79710 11.92 32.404 
3/31/2010 22:31 79740 11.92 32.401 
3/31/2010 23:01 79770 11.92 32.401 
3/31/2010 23:31 79800 11.92 32.394 
4/1/2010 0:01 79830 11.92 32.394 
4/1/2010 0:31 79860 11.92 32.389 
4/1/2010 1:01 79890 11.92 32.396 
4/1/2010 1:31 79920 11.92 32.399 
4/1/2010 2:01 79950 11.92 32.399 
4/1/2010 2:31 79980 11.92 32.406 
4/1/2010 3:01 80010 11.92 32.413 
4/1/2010 3:31 80040 11.92 32.425 
4/1/2010 4:01 80070 11.92 32.427 
4/1/2010 4:31 80100 11.92 32.413 
4/1/2010 5:01 80130 11.92 32.413 
4/1/2010 5:31 80160 11.92 32.42 
4/1/2010 6:01 80190 11.92 32.418 
4/1/2010 6:31 80220 11.92 32.408 
4/1/2010 7:01 80250 11.92 32.413 
4/1/2010 7:31 80280 11.92 32.399 
4/1/2010 8:01 80310 11.92 32.418 
4/1/2010 8:31 80340 11.92 32.42 
4/1/2010 9:01 80370 11.92 32.427 
4/1/2010 9:31 80400 11.92 32.432 
4/1/2010 10:01 80430 11.92 32.439 
4/1/2010 10:31 80460 11.92 32.435 
4/1/2010 11:01 80490 11.92 32.449 
4/1/2010 11:31 80520 11.92 32.461 
4/1/2010 12:01 80550 11.92 32.461 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/1/2010 12:31 80580 11.92 32.463 
4/1/2010 13:01 80610 11.92 32.466 
4/1/2010 13:31 80640 11.92 32.47 
4/1/2010 14:01 80670 11.92 32.482 
4/1/2010 14:31 80700 11.92 32.475 
4/1/2010 15:01 80730 11.92 32.482 
4/1/2010 15:31 80760 11.92 32.468 
4/1/2010 16:01 80790 11.92 32.454 
4/1/2010 16:31 80820 11.92 32.451 
4/1/2010 17:01 80850 11.92 32.444 
4/1/2010 17:31 80880 11.92 32.437 
4/1/2010 18:01 80910 11.92 32.425 
4/1/2010 18:31 80940 11.92 32.42 
4/1/2010 19:01 80970 11.92 32.413 
4/1/2010 19:31 81000 11.92 32.404 
4/1/2010 20:01 81030 11.92 32.389 
4/1/2010 20:31 81060 11.92 32.392 
4/1/2010 21:01 81090 11.92 32.404 
4/1/2010 21:31 81120 11.92 32.399 
4/1/2010 22:01 81150 11.92 32.399 
4/1/2010 22:31 81180 11.92 32.401 
4/1/2010 23:01 81210 11.92 32.399 
4/1/2010 23:31 81240 11.92 32.408 
4/2/2010 0:01 81270 11.92 32.411 
4/2/2010 0:31 81300 11.92 32.404 
4/2/2010 1:01 81330 11.92 32.399 
4/2/2010 1:31 81360 11.92 32.392 
4/2/2010 2:01 81390 11.92 32.392 
4/2/2010 2:31 81420 11.92 32.394 
4/2/2010 3:01 81450 11.92 32.396 
4/2/2010 3:31 81480 11.92 32.394 
4/2/2010 4:01 81510 11.92 32.389 
4/2/2010 4:31 81540 11.92 32.394 
4/2/2010 5:01 81570 11.92 32.399 
4/2/2010 5:31 81600 11.92 32.392 
4/2/2010 6:01 81630 11.92 32.382 
4/2/2010 6:31 81660 11.92 32.38 
4/2/2010 7:01 81690 11.92 32.373 
4/2/2010 7:31 81720 11.92 32.365 
4/2/2010 8:01 81750 11.92 32.365 
4/2/2010 8:31 81780 11.92 32.363 
4/2/2010 9:01 81810 11.92 32.363 
4/2/2010 9:31 81840 11.92 32.358 
4/2/2010 10:01 81870 11.92 32.358 
4/2/2010 10:31 81900 11.92 32.365 
4/2/2010 11:01 81930 11.92 32.373 
4/2/2010 11:31 81960 11.92 32.382 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/2/2010 12:01 81990 11.92 32.392 
4/2/2010 12:31 82020 11.92 32.401 
4/2/2010 13:01 82050 11.92 32.413 
4/2/2010 13:31 82080 11.92 32.425 
4/2/2010 14:01 82110 11.92 32.435 
4/2/2010 14:31 82140 11.92 32.449 
4/2/2010 15:01 82170 11.92 32.454 
4/2/2010 15:31 82200 11.92 32.463 
4/2/2010 16:01 82230 11.92 32.463 
4/2/2010 16:31 82260 11.92 32.478 
4/2/2010 17:01 82290 11.92 32.485 
4/2/2010 17:31 82320 11.92 32.499 
4/2/2010 18:01 82350 11.92 32.509 
4/2/2010 18:31 82380 11.92 32.52 
4/2/2010 19:01 82410 11.92 32.528 
4/2/2010 19:31 82440 11.92 32.537 
4/2/2010 20:01 82470 11.92 32.542 
4/2/2010 20:31 82500 11.92 32.547 
4/2/2010 21:01 82530 11.92 32.556 
4/2/2010 21:31 82560 11.91 32.564 
4/2/2010 22:01 82590 11.92 32.575 
4/2/2010 22:31 82620 11.92 32.582 
4/2/2010 23:01 82650 11.92 32.59 
4/2/2010 23:31 82680 11.92 32.592 
4/3/2010 0:01 82710 11.92 32.594 
4/3/2010 0:31 82740 11.92 32.597 
4/3/2010 1:01 82770 11.92 32.601 
4/3/2010 1:31 82800 11.92 32.606 
4/3/2010 2:01 82830 11.92 32.606 
4/3/2010 2:31 82860 11.92 32.599 
4/3/2010 3:01 82890 11.92 32.592 
4/3/2010 3:31 82920 11.92 32.587 
4/3/2010 4:01 82950 11.92 32.585 
4/3/2010 4:31 82980 11.92 32.594 
4/3/2010 5:01 83010 11.92 32.592 
4/3/2010 5:31 83040 11.92 32.587 
4/3/2010 6:01 83070 11.92 32.585 
4/3/2010 6:31 83100 11.92 32.58 
4/3/2010 7:01 83130 11.92 32.58 
4/3/2010 7:31 83160 11.92 32.573 
4/3/2010 8:01 83190 11.92 32.568 
4/3/2010 8:31 83220 11.92 32.561 
4/3/2010 9:01 83250 11.92 32.551 
4/3/2010 9:31 83280 11.92 32.551 
4/3/2010 10:01 83310 11.92 32.542 
4/3/2010 10:31 83340 11.92 32.532 
4/3/2010 11:01 83370 11.92 32.53 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/3/2010 11:31 83400 11.92 32.535 
4/3/2010 12:01 83430 11.92 32.53 
4/3/2010 12:31 83460 11.92 32.528 
4/3/2010 13:01 83490 11.92 32.506 
4/3/2010 13:31 83520 11.92 32.511 
4/3/2010 14:01 83550 11.92 32.506 
4/3/2010 14:31 83580 11.92 32.499 
4/3/2010 15:01 83610 11.92 32.489 
4/3/2010 15:31 83640 11.92 32.48 
4/3/2010 16:01 83670 11.92 32.473 
4/3/2010 16:31 83700 11.92 32.449 
4/3/2010 17:01 83730 11.91 32.435 
4/3/2010 17:31 83760 11.92 32.435 
4/3/2010 18:01 83790 11.92 32.427 
4/3/2010 18:31 83820 11.92 32.42 
4/3/2010 19:01 83850 11.92 32.406 
4/3/2010 19:31 83880 11.92 32.392 
4/3/2010 20:01 83910 11.92 32.377 
4/3/2010 20:31 83940 11.92 32.365 
4/3/2010 21:01 83970 11.92 32.356 
4/3/2010 21:31 84000 11.92 32.349 
4/3/2010 22:01 84030 11.92 32.344 
4/3/2010 22:31 84060 11.92 32.342 
4/3/2010 23:01 84090 11.92 32.332 
4/3/2010 23:31 84120 11.92 32.33 
4/4/2010 0:01 84150 11.92 32.325 
4/4/2010 0:31 84180 11.92 32.327 
4/4/2010 1:01 84210 11.92 32.327 
4/4/2010 1:31 84240 11.92 32.332 
4/4/2010 2:01 84270 11.92 32.344 
4/4/2010 2:31 84300 11.92 32.351 
4/4/2010 3:01 84330 11.92 32.344 
4/4/2010 3:31 84360 11.92 32.344 
4/4/2010 4:01 84390 11.92 32.337 
4/4/2010 4:31 84420 11.92 32.33 
4/4/2010 5:01 84450 11.92 32.32 
4/4/2010 5:31 84480 11.92 32.318 
4/4/2010 6:01 84510 11.92 32.313 
4/4/2010 6:31 84540 11.92 32.303 
4/4/2010 7:01 84570 11.92 32.296 
4/4/2010 7:31 84600 11.92 32.292 
4/4/2010 8:01 84630 11.92 32.284 
4/4/2010 8:31 84660 11.92 32.277 
4/4/2010 9:01 84690 11.92 32.277 
4/4/2010 9:31 84720 11.92 32.27 
4/4/2010 10:01 84750 11.92 32.268 
4/4/2010 10:31 84780 11.92 32.27 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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4/4/2010 11:01 84810 11.92 32.263 
4/4/2010 11:31 84840 11.92 32.268 
4/4/2010 12:01 84870 11.92 32.27 
4/4/2010 12:31 84900 11.92 32.27 
4/4/2010 13:01 84930 11.92 32.277 
4/4/2010 13:31 84960 11.92 32.275 
4/4/2010 14:01 84990 11.92 32.28 
4/4/2010 14:31 85020 11.92 32.282 
4/4/2010 15:01 85050 11.92 32.272 
4/4/2010 15:31 85080 11.92 32.287 
4/4/2010 16:01 85110 11.92 32.277 
4/4/2010 16:31 85140 11.92 32.282 
4/4/2010 17:01 85170 11.92 32.282 
4/4/2010 17:31 85200 11.92 32.28 
4/4/2010 18:01 85230 11.92 32.282 
4/4/2010 18:31 85260 11.92 32.282 
4/4/2010 19:01 85290 11.92 32.28 
4/4/2010 19:31 85320 11.92 32.275 
4/4/2010 20:01 85350 11.92 32.272 
4/4/2010 20:31 85380 11.92 32.265 
4/4/2010 21:01 85410 11.92 32.263 
4/4/2010 21:31 85440 11.92 32.265 
4/4/2010 22:01 85470 11.92 32.27 
4/4/2010 22:31 85500 11.92 32.272 
4/4/2010 23:01 85530 11.92 32.277 
4/4/2010 23:31 85560 11.92 32.284 
4/5/2010 0:01 85590 11.92 32.287 
4/5/2010 0:31 85620 11.92 32.296 
4/5/2010 1:01 85650 11.92 32.306 
4/5/2010 1:31 85680 11.92 32.313 
4/5/2010 2:01 85710 11.92 32.313 
4/5/2010 2:31 85740 11.92 32.32 
4/5/2010 3:01 85770 11.92 32.323 
4/5/2010 3:31 85800 11.92 32.325 
4/5/2010 4:01 85830 11.92 32.327 
4/5/2010 4:31 85860 11.92 32.332 
4/5/2010 5:01 85890 11.92 32.339 
4/5/2010 5:31 85920 11.92 32.342 
4/5/2010 6:01 85950 11.92 32.342 
4/5/2010 6:31 85980 11.92 32.344 
4/5/2010 7:01 86010 11.92 32.351 
4/5/2010 7:31 86040 11.92 32.354 
4/5/2010 8:01 86070 11.92 32.365 
4/5/2010 8:31 86100 11.92 32.377 
4/5/2010 9:01 86130 11.92 32.392 
4/5/2010 9:31 86160 11.92 32.404 
4/5/2010 10:01 86190 11.92 32.413 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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4/5/2010 10:31 86220 11.92 32.425 
4/5/2010 11:01 86250 11.92 32.437 
4/5/2010 11:31 86280 11.92 32.444 
4/5/2010 12:01 86310 11.92 32.451 
4/5/2010 12:31 86340 11.92 32.458 
4/5/2010 13:01 86370 11.92 32.466 
4/5/2010 13:31 86400 11.92 32.47 
4/5/2010 14:01 86430 11.92 32.47 
4/5/2010 14:31 86460 11.92 32.466 
4/5/2010 15:01 86490 11.92 32.461 
4/5/2010 15:31 86520 11.92 32.458 
4/5/2010 16:01 86550 11.92 32.454 
4/5/2010 16:31 86580 11.92 32.449 
4/5/2010 17:01 86610 11.92 32.449 
4/5/2010 17:31 86640 11.92 32.447 
4/5/2010 18:01 86670 11.92 32.442 
4/5/2010 18:31 86700 11.92 32.439 
4/5/2010 19:01 86730 11.92 32.439 
4/5/2010 19:31 86760 11.92 32.43 
4/5/2010 20:01 86790 11.92 32.413 
4/5/2010 20:31 86820 11.92 32.413 
4/5/2010 21:01 86850 11.92 32.411 
4/5/2010 21:31 86880 11.92 32.408 
4/5/2010 22:01 86910 11.92 32.411 
4/5/2010 22:31 86940 11.92 32.416 
4/5/2010 23:01 86970 11.92 32.408 
4/5/2010 23:31 87000 11.92 32.411 
4/6/2010 0:01 87030 11.92 32.401 
4/6/2010 0:31 87060 11.91 32.399 
4/6/2010 1:01 87090 11.92 32.396 
4/6/2010 1:31 87120 11.92 32.401 
4/6/2010 2:01 87150 11.92 32.401 
4/6/2010 2:31 87180 11.92 32.406 
4/6/2010 3:01 87210 11.92 32.396 
4/6/2010 3:31 87240 11.92 32.387 
4/6/2010 4:01 87270 11.92 32.385 
4/6/2010 4:31 87300 11.92 32.373 
4/6/2010 5:01 87330 11.92 32.363 
4/6/2010 5:31 87360 11.92 32.349 
4/6/2010 6:01 87390 11.92 32.332 
4/6/2010 6:31 87420 11.92 32.325 
4/6/2010 7:01 87450 11.92 32.311 
4/6/2010 7:31 87480 11.92 32.294 
4/6/2010 8:01 87510 11.92 32.284 
4/6/2010 8:31 87540 11.92 32.275 
4/6/2010 9:01 87570 11.92 32.27 
4/6/2010 9:31 87600 11.92 32.253 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/6/2010 10:01 87630 11.92 32.244 
4/6/2010 10:31 87660 11.92 32.237 
4/6/2010 11:01 87690 11.92 32.232 
4/6/2010 11:31 87720 11.92 32.232 
4/6/2010 12:01 87750 11.92 32.227 
4/6/2010 12:31 87780 11.92 32.225 
4/6/2010 13:01 87810 11.92 32.218 
4/6/2010 13:31 87840 11.92 32.213 
4/6/2010 14:01 87870 11.91 32.208 
4/6/2010 14:31 87900 11.92 32.206 
4/6/2010 15:01 87930 11.92 32.199 
4/6/2010 15:31 87960 11.92 32.187 
4/6/2010 16:01 87990 11.92 32.179 
4/6/2010 16:31 88020 11.92 32.168 
4/6/2010 17:01 88050 11.92 32.153 
4/6/2010 17:31 88080 11.92 32.144 
4/6/2010 18:01 88110 11.92 32.134 
4/6/2010 18:31 88140 11.92 32.122 
4/6/2010 19:01 88170 11.92 32.113 
4/6/2010 19:31 88200 11.92 32.096 
4/6/2010 20:01 88230 11.92 32.077 
4/6/2010 20:31 88260 11.92 32.058 
4/6/2010 21:01 88290 11.92 32.046 
4/6/2010 21:31 88320 11.92 32.034 
4/6/2010 22:01 88350 11.92 32.029 
4/6/2010 22:31 88380 11.92 32.022 
4/6/2010 23:01 88410 11.92 32.015 
4/6/2010 23:31 88440 11.92 32.005 
4/7/2010 0:01 88470 11.92 32.001 
4/7/2010 0:31 88500 11.92 31.998 
4/7/2010 1:01 88530 11.92 31.996 
4/7/2010 1:31 88560 11.92 31.993 
4/7/2010 2:01 88590 11.92 31.986 
4/7/2010 2:31 88620 11.91 31.982 
4/7/2010 3:01 88650 11.92 31.97 
4/7/2010 3:31 88680 11.92 31.958 
4/7/2010 4:01 88710 11.92 31.941 
4/7/2010 4:31 88740 11.92 31.934 
4/7/2010 5:01 88770 11.92 31.929 
4/7/2010 5:31 88800 11.92 31.929 
4/7/2010 6:01 88830 11.92 31.934 
4/7/2010 6:31 88860 11.91 31.927 
4/7/2010 7:01 88890 11.91 31.925 
4/7/2010 7:31 88920 11.91 31.92 
4/7/2010 8:01 88950 11.92 31.922 
4/7/2010 8:31 88980 11.92 31.927 
4/7/2010 9:01 89010 11.92 31.924 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/7/2010 9:31 89040 11.92 31.927 
4/7/2010 10:01 89070 11.92 31.931 
4/7/2010 10:31 89100 11.92 31.931 
4/7/2010 11:01 89130 11.92 31.941 
4/7/2010 11:31 89160 11.92 31.951 
4/7/2010 12:01 89190 11.92 31.972 
4/7/2010 12:31 89220 11.92 31.982 
4/7/2010 13:01 89250 11.92 31.991 
4/7/2010 13:31 89280 11.92 32.005 
4/7/2010 14:01 89310 11.92 32.022 
4/7/2010 14:31 89340 11.92 32.034 
4/7/2010 15:01 89370 11.92 32.041 
4/7/2010 15:31 89400 11.92 32.058 
4/7/2010 16:01 89430 11.92 32.06 
4/7/2010 16:31 89460 11.92 32.065 
4/7/2010 17:01 89490 11.92 32.067 
4/7/2010 17:31 89520 11.92 32.075 
4/7/2010 18:01 89550 11.92 32.082 
4/7/2010 18:31 89580 11.92 32.089 
4/7/2010 19:01 89610 11.92 32.094 
4/7/2010 19:31 89640 11.92 32.086 
4/7/2010 20:01 89670 11.91 32.087 
4/7/2010 20:31 89700 11.92 32.089 
4/7/2010 21:01 89730 11.92 32.096 
4/7/2010 21:31 89760 11.92 32.101 
4/7/2010 22:01 89790 11.92 32.106 
4/7/2010 22:31 89820 11.92 32.115 
4/7/2010 23:01 89850 11.92 32.122 
4/7/2010 23:31 89880 11.92 32.129 
4/8/2010 0:01 89910 11.92 32.139 
4/8/2010 0:31 89940 11.91 32.149 
4/8/2010 1:01 89970 11.91 32.156 
4/8/2010 1:31 90000 11.91 32.163 
4/8/2010 2:01 90030 11.92 32.172 
4/8/2010 2:31 90060 11.92 32.175 
4/8/2010 3:01 90090 11.92 32.184 
4/8/2010 3:31 90120 11.92 32.191 
4/8/2010 4:01 90150 11.92 32.201 
4/8/2010 4:31 90180 11.92 32.21 
4/8/2010 5:01 90210 11.92 32.22 
4/8/2010 5:31 90240 11.92 32.23 
4/8/2010 6:01 90270 11.92 32.241 
4/8/2010 6:31 90300 11.92 32.251 
4/8/2010 7:01 90330 11.92 32.261 
4/8/2010 7:31 90360 11.91 32.27 
4/8/2010 8:01 90390 11.92 32.28 
4/8/2010 8:31 90420 11.92 32.296 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------
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4/8/2010 9:01 90450 11.92 32.308 
4/8/2010 9:31 90480 11.92 32.325 
4/8/2010 10:01 90510 11.92 32.346 
4/8/2010 10:31 90540 11.92 32.365 
4/8/2010 11:01 90570 11.92 32.385 
4/8/2010 11:31 90600 11.92 32.406 
4/8/2010 12:01 90630 11.92 32.435 
4/8/2010 12:31 90660 11.92 32.458 
4/8/2010 13:01 90690 11.92 32.475 
4/8/2010 13:31 90720 11.92 32.492 
4/8/2010 14:01 90750 11.92 32.506 
4/8/2010 14:31 90780 11.92 32.525 
4/8/2010 15:01 90810 11.92 32.537 
4/8/2010 15:31 90840 11.92 32.554 
4/8/2010 16:01 90870 11.92 32.568 
4/8/2010 16:31 90900 11.92 32.575 
4/8/2010 17:01 90930 11.92 32.578 
4/8/2010 17:31 90960 11.92 32.568 
4/8/2010 18:01 90990 11.92 32.563 
4/8/2010 18:31 91020 11.92 32.549 
4/8/2010 19:01 91050 11.92 32.485 
4/8/2010 19:31 91080 11.92 32.427 
4/8/2010 20:01 91110 11.92 32.392 
4/8/2010 20:31 91140 11.92 32.368 
4/8/2010 21:01 91170 11.92 32.339 
4/8/2010 21:31 91200 11.92 32.315 
4/8/2010 22:01 91230 11.92 32.294 
4/8/2010 22:31 91260 11.92 32.275 
4/8/2010 23:01 91290 11.92 32.263 
4/8/2010 23:31 91320 11.92 32.246 
4/9/2010 0:01 91350 11.92 32.23 
4/9/2010 0:31 91380 11.92 32.225 
4/9/2010 1:01 91410 11.92 32.218 
4/9/2010 1:31 91440 11.92 32.199 
4/9/2010 2:01 91470 11.92 32.199 
4/9/2010 2:31 91500 11.92 32.191 
4/9/2010 3:01 91530 11.92 32.191 
4/9/2010 3:31 91560 11.91 32.189 
4/9/2010 4:01 91590 11.92 32.184 
4/9/2010 4:31 91620 11.92 32.182 
4/9/2010 5:01 91650 11.92 32.175 
4/9/2010 5:31 91680 11.91 32.17 
4/9/2010 6:01 91710 11.92 32.16 
4/9/2010 6:31 91740 11.92 32.151 
4/9/2010 7:01 91770 11.92 32.146 
4/9/2010 7:31 91800 11.92 32.137 
4/9/2010 8:01 91830 11.92 32.132 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/9/2010 8:31 91860 11.92 32.129 
4/9/2010 9:01 91890 11.92 32.125 
4/9/2010 9:31 91920 11.91 32.123 
4/9/2010 10:01 91950 11.91 32.125 
4/9/2010 10:31 91980 11.91 32.127 
4/9/2010 11:01 92010 11.91 32.134 
4/9/2010 11:31 92040 11.91 32.146 
4/9/2010 12:01 92070 11.92 32.148 
4/9/2010 12:31 92100 11.92 32.163 
4/9/2010 13:01 92130 11.92 32.168 
4/9/2010 13:31 92160 11.91 32.173 
4/9/2010 14:01 92190 11.92 32.172 
4/9/2010 14:31 92220 11.92 32.179 
4/9/2010 15:01 92250 11.92 32.187 
4/9/2010 15:31 92280 11.92 32.189 
4/9/2010 16:01 92310 11.92 32.184 
4/9/2010 16:31 92340 11.92 32.179 
4/9/2010 17:01 92370 11.91 32.177 
4/9/2010 17:31 92400 11.91 32.177 
4/9/2010 18:01 92430 11.91 32.18 
4/9/2010 18:31 92460 11.92 32.177 
4/9/2010 19:01 92490 11.91 32.168 
4/9/2010 19:31 92520 11.92 32.16 
4/9/2010 20:01 92550 11.92 32.148 
4/9/2010 20:31 92580 11.91 32.134 
4/9/2010 21:01 92610 11.92 32.127 
4/9/2010 21:31 92640 11.92 32.12 
4/9/2010 22:01 92670 11.91 32.12 
4/9/2010 22:31 92700 11.91 32.115 
4/9/2010 23:01 92730 11.91 32.113 
4/9/2010 23:31 92760 11.91 32.096 
4/10/2010 0:01 92790 11.91 32.087 
4/10/2010 0:31 92820 11.91 32.077 
4/10/2010 1:01 92850 11.92 32.075 
4/10/2010 1:31 92880 11.92 32.077 
4/10/2010 2:01 92910 11.91 32.077 
4/10/2010 2:31 92940 11.92 32.075 
4/10/2010 3:01 92970 11.91 32.072 
4/10/2010 3:31 93000 11.92 32.07 
4/10/2010 4:01 93030 11.92 32.067 
4/10/2010 4:31 93060 11.92 32.063 
4/10/2010 5:01 93090 11.92 32.055 
4/10/2010 5:31 93120 11.91 32.049 
4/10/2010 6:01 93150 11.92 32.036 
4/10/2010 6:31 93180 11.91 32.025 
4/10/2010 7:01 93210 11.92 32.015 
4/10/2010 7:31 93240 11.92 32.01 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/10/2010 8:01 93270 11.91 32.01 
4/10/2010 8:31 93300 11.92 32.013 
4/10/2010 9:01 93330 11.92 32.015 
4/10/2010 9:31 93360 11.92 32.017 
4/10/2010 10:01 93390 11.92 32.02 
4/10/2010 10:31 93420 11.92 32.022 
4/10/2010 11:01 93450 11.92 32.029 
4/10/2010 11:31 93480 11.91 32.037 
4/10/2010 12:01 93510 11.92 32.051 
4/10/2010 12:31 93540 11.92 32.067 
4/10/2010 13:01 93570 11.92 32.079 
4/10/2010 13:31 93600 11.92 32.086 
4/10/2010 14:01 93630 11.92 32.098 
4/10/2010 14:31 93660 11.92 32.108 
4/10/2010 15:01 93690 11.92 32.115 
4/10/2010 15:31 93720 11.92 32.122 
4/10/2010 16:01 93750 11.92 32.12 
4/10/2010 16:31 93780 11.92 32.122 
4/10/2010 17:01 93810 11.92 32.122 
4/10/2010 17:31 93840 11.92 32.125 
4/10/2010 18:01 93870 11.92 32.125 
4/10/2010 18:31 93900 11.92 32.12 
4/10/2010 19:01 93930 11.92 32.113 
4/10/2010 19:31 93960 11.92 32.101 
4/10/2010 20:01 93990 11.91 32.089 
4/10/2010 20:31 94020 11.92 32.082 
4/10/2010 21:01 94050 11.92 32.075 
4/10/2010 21:31 94080 11.92 32.072 
4/10/2010 22:01 94110 11.92 32.07 
4/10/2010 22:31 94140 11.92 32.072 
4/10/2010 23:01 94170 11.91 32.077 
4/10/2010 23:31 94200 11.92 32.086 
4/11/2010 0:01 94230 11.92 32.077 
4/11/2010 0:31 94260 11.92 32.075 
4/11/2010 1:01 94290 11.92 32.075 
4/11/2010 1:31 94320 11.91 32.082 
4/11/2010 2:01 94350 11.91 32.084 
4/11/2010 2:31 94380 11.91 32.077 
4/11/2010 3:01 94410 11.92 32.086 
4/11/2010 3:31 94440 11.92 32.077 
4/11/2010 4:01 94470 11.92 32.058 
4/11/2010 4:31 94500 11.92 32.065 
4/11/2010 5:01 94530 11.92 32.058 
4/11/2010 5:31 94560 11.92 32.053 
4/11/2010 6:01 94590 11.92 32.048 
4/11/2010 6:31 94620 11.92 32.044 
4/11/2010 7:01 94650 11.92 32.036 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
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4/11/2010 7:31 94680 11.92 32.027 
4/11/2010 8:01 94710 11.92 32.027 
4/11/2010 8:31 94740 11.92 32.022 
4/11/2010 9:01 94770 11.92 32.024 
4/11/2010 9:31 94800 11.92 32.029 
4/11/2010 10:01 94830 11.92 32.029 
4/11/2010 10:31 94860 11.92 32.029 
4/11/2010 11:01 94890 11.92 32.039 
4/11/2010 11:31 94920 11.92 32.044 
4/11/2010 12:01 94950 11.92 32.06 
4/11/2010 12:31 94980 11.92 32.079 
4/11/2010 13:01 95010 11.92 32.089 
4/11/2010 13:31 95040 11.92 32.091 
4/11/2010 14:01 95070 11.91 32.094 
4/11/2010 14:31 95100 11.91 32.103 
4/11/2010 15:01 95130 11.92 32.117 
4/11/2010 15:31 95160 11.92 32.117 
4/11/2010 16:01 95190 11.91 32.127 
4/11/2010 16:31 95220 11.91 32.13 
4/11/2010 17:01 95250 11.92 32.137 
4/11/2010 17:31 95280 11.92 32.141 
4/11/2010 18:01 95310 11.92 32.144 
4/11/2010 18:31 95340 11.92 32.146 
4/11/2010 19:01 95370 11.92 32.144 
4/11/2010 19:31 95400 11.92 32.148 
4/11/2010 20:01 95430 11.92 32.144 
4/11/2010 20:31 95460 11.91 32.142 
4/11/2010 21:01 95490 11.92 32.144 
4/11/2010 21:31 95520 11.91 32.153 
4/11/2010 22:01 95550 11.92 32.153 
4/11/2010 22:31 95580 11.91 32.156 
4/11/2010 23:01 95610 11.92 32.151 
4/11/2010 23:31 95640 11.92 32.158 
4/12/2010 0:01 95670 11.92 32.16 
4/12/2010 0:31 95700 11.92 32.168 
4/12/2010 1:01 95730 11.92 32.177 
4/12/2010 1:31 95760 11.92 32.179 
4/12/2010 2:01 95790 11.92 32.203 
4/12/2010 2:31 95820 11.91 32.201 
4/12/2010 3:01 95850 11.92 32.201 
4/12/2010 3:31 95880 11.92 32.206 
4/12/2010 4:01 95910 11.91 32.208 
4/12/2010 4:31 95940 11.91 32.211 
4/12/2010 5:01 95970 11.91 32.204 
4/12/2010 5:31 96000 11.92 32.191 
4/12/2010 6:01 96030 11.91 32.192 
4/12/2010 6:31 96060 11.92 32.191 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
 


Attachment_STEP_Raw Data Examples.docx Page 72 of 78 4/11/2017 


4/12/2010 7:01 96090 11.92 32.189 
4/12/2010 7:31 96120 11.92 32.196 
4/12/2010 8:01 96150 11.91 32.204 
4/12/2010 8:31 96180 11.92 32.213 
4/12/2010 9:01 96210 11.91 32.215 
4/12/2010 9:31 96240 11.92 32.213 
4/12/2010 10:01 96270 11.92 32.218 
4/12/2010 10:31 96300 11.92 32.225 
4/12/2010 11:01 96330 11.91 32.232 
4/12/2010 11:31 96360 11.91 32.244 
4/12/2010 12:01 96390 11.91 32.256 
4/12/2010 12:31 96420 11.91 32.273 
4/12/2010 13:01 96450 11.92 32.289 
4/12/2010 13:31 96480 11.91 32.297 
4/12/2010 14:01 96510 11.91 32.311 
4/12/2010 14:31 96540 11.92 32.327 
4/12/2010 15:01 96570 11.92 32.33 
4/12/2010 15:31 96600 11.92 32.337 
4/12/2010 16:01 96630 11.91 32.339 
4/12/2010 16:31 96660 11.92 32.344 
4/12/2010 17:01 96690 11.91 32.359 
4/12/2010 17:31 96720 11.91 32.363 
4/12/2010 18:01 96750 11.92 32.373 
4/12/2010 18:31 96780 11.92 32.382 
4/12/2010 19:01 96810 11.92 32.377 
4/12/2010 19:31 96840 11.91 32.38 
4/12/2010 20:01 96870 11.91 32.385 
4/12/2010 20:31 96900 11.91 32.385 
4/12/2010 21:01 96930 11.92 32.396 
4/12/2010 21:31 96960 11.92 32.408 
4/12/2010 22:01 96990 11.91 32.409 
4/12/2010 22:31 97020 11.92 32.423 
4/12/2010 23:01 97050 11.91 32.425 
4/12/2010 23:31 97080 11.92 32.449 
4/13/2010 0:01 97110 11.91 32.454 
4/13/2010 0:31 97140 11.92 32.48 
4/13/2010 1:01 97170 11.91 32.485 
4/13/2010 1:31 97200 11.92 32.501 
4/13/2010 2:01 97230 11.92 32.506 
4/13/2010 2:31 97260 11.91 32.578 
4/13/2010 3:01 97290 11.91 32.549 
4/13/2010 3:31 97320 11.91 32.552 
4/13/2010 4:01 97350 11.91 32.561 
4/13/2010 4:31 97380 11.91 32.561 
4/13/2010 5:01 97410 11.91 32.561 
4/13/2010 5:31 97440 11.91 32.556 
4/13/2010 6:01 97470 11.91 32.552 







             Chan[1] Chan[2] 
  Date      Time   ET (min) Celsius Feet H2O 


--------  -------- ------------ 
--------------


- --------------- 
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4/13/2010 6:31 97500 11.91 32.554 
4/13/2010 7:01 97530 11.91 32.585 
4/13/2010 7:31 97560 11.91 32.597 
4/13/2010 8:01 97590 11.91 32.585 
4/13/2010 8:31 97620 11.92 32.549 
4/13/2010 9:01 97650 11.92 32.568 
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Geologic Map of the Colstrip Area 
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Geology Map of the Colstrip area.  See map on previous page to view legend.  Balls on fault represent 


downthrown fault blocks.  Red are areas mapped as clinker (collapsed overburden due to in situ burning 


of Rosebud Coal) 


  


Units 1 and 2 Stage I & II Evaporation 


Pond Area 
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Aerial Photograph of Southern Rosebud County, Montana including the Colstrip area.  Note regional 


geologic fabric and drainage geomorphology.  
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Project: 377A Area – Colstrip 
Streaming Potential Survey Profile Lines 
 
EXECUTIVE SUMMARY 
A total field streaming potential (SP) geophysical investigation was conducted in the vicinity of Well 377A 
in an effort to detect groundwater flowpaths in the subgrade.  122 observations were collected on March 26th 
and 27th at 50 feet intervals along two north-south oriented profiles and one east-west oriented profile.  Only 
two significant anomalies were detected and they are believed to be attributed to a shallow buried metal 
pipeline or other utility.   The utility signals were notched out in an attempt to visualize other possible 
seepage anomalies; however, nothing significantly deviant from the background noise was observed.    
 
Areas of negative (-) SP are generally identified as flow paths having downward flow.  SP background noise 
and low amplitude anomaly values made identifying flow paths difficult.  The SP survey data did not reveal 
any striking anomalous “hot spots” which clearly indicate flow paths; several low level anomalies indicating 
possible flow paths were identified on the SP potential difference profiles.  These “possible flow paths” are 
to be treated accordingly in a dubious fashion.  As a final note, utility trenches are well known for serving 
has shallow hydraulic channels, consequently, must be taken into consideration for this interpretation effort. 
 
Section 1 – General Statement of Scope of Work 
Utility Mapping Services (UMS) perform geophysical survey services as a sub-consultant to support the 
subject investigative project in which Hydrometrics, Inc. (a.k.a. “Client”) is serving as a prime engineering 
consultant with PPL Montana (PPL, a.k.a. “Owner”).  The survey purpose is to help isolate zones within the
upper sub-grade where seepage of conductive fluid may be occurring.  Due to cultural features in the 
vicinity, the streaming potential detection (SP, a.k.a. self-potential and more specifically the 
electrokinetic potential component of SP) method was used to search for zones of subgrade flowpaths. 
 
UMS performed the following activities: 


• geophysical survey plan development 
• equipment and personnel mobilization 
• geophysical survey of project area 
• tied survey to project coordinates using 


handheld GPS 
• data reduction, geophysical anomaly map 


preparation, limited interpretation 


• report preparation, summarized findings, 
discrepancies, and recommendations 


• quality assurance review of data and plans 
• registered qualified professional engineer 


certification 
• reviewed results with project team and lent 


assistance for further interpretive efforts 
UMS performed geophysical services in accordance with generally accepted engineering principles and 
practices at this time and in accordance with applicable standards. 
 
Section 2 - Project Specific Work 
The project is located near Colstrip, MT on the PPL property as shown on Figure 1 
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Figure 1. 377A Profile Locations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STREAMING POTENTIAL METHOD 
The streaming  potential (SP) survey for a mapping seepage consists of measuring the natural electrical 
potential (voltage) between two nonpolarizing electrodes. One electrode is called the base electrode and is 
set in a fixed position (base station) placed in contact with the ground. The second electrode is the 
scanning electrode and is advanced along the ground in a sequential fashion. The electrodes should be a 
pair of copper-copper sulfate cells. The base electrode is connected by way of a cable reel having a slip 
ring to the negative input terminal of a recording device, such as a data logger. The scanning electrode is 
connected to the positive input terminal of the recording device. The recording device will record the 
potential between the base and scanning electrodes at preset intervals as the scanning electrode is 
advanced along planned grid survey lines. The scanning electrode location should also be recorded using 
a Global Positioning System (GPS) that has its clock synchronized with the clock of the data logger. 
 
SP data may be affected by a variety of noise sources, including grounded conductors, stray currents 
telluric activity, soil property variations, and electrode polarization. Tellurics (time-varying natural earth 
currents with periods of milliseconds to hours and amplitudes of tenths to hundreds of 
millivolts/kilometer) may be a serious noise source. Ideally, a telluric monitor consisting of a second set 
of stationary electrodes and a recording device would be used to indicate periods of unusable data. An 
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example of unusable data would be that recorded during a solar flare that would produce erroneous 
anomalous potentials. 
 
Streaming Potential 
When a fluid is forced to flow through a porous medium a potential may be generated across the medium. 
This potential is generated by the interaction of the pore fluid with the Helmholtz double layer adsorbed 
on the surface of the medium, a process known as electrokinetic coupling.  Potential differences due to 
the flow-induced electrical potential field can be measured on the surface above the flow path as 
illustrated in Figure 3.  In areas of channelized seepage along preferential flow paths, negative anomalies 
are seen at areas where seepage flow is entering the ground and above seepage paths where flow is 
horizontal or decending. Positive anomalies are often seen above areas where flow is ascending toward 
the surface or where surface seepage is occurring. 
 
Figure 3.  Illustration of the concepts of SP anomaly generation and of fixed-reference SP surveys. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Streaming Potential Field Survey 
The total field SP survey consisted of measuring the natural electrical potential (voltage) between two 
nonpolarizing electrodes placed in contact with the ground. Voltage measurements were obtained using a 
Beckman Industrial 800 DVM, two copper-copper sulfate electrodes (Tinker and Rasor Model 6B) and 
interconnecting electrode cable. Potential measurements are made with one base electrode set in a fixed 
position (base station), while a second electrode (or scanning electrode) is moved to various points along 
the survey transect at approximately 25- or 50-foot intervals. A handheld GPS was used to record the 
location of each SP observation point. A third electrode was carried in a container having a saturated 
solution of copper sulfate and was our portable reference electrode.  Periodic reference checks with the 
portable reference electrode and the scanning electrode enabled us to correct the SP measurements for 
electrode drift. 
 
Section 3.  Results and Interpretation 
Water flow through porous media generates anomalous variations in the earth’s natural electric potential 
field which can be detected by the SP method. This potential is generated by the interaction of the pore 
fluid with the Helmholtz double layer adsorbed on the surface of the medium. On the contrary, leakages 
through low permeability material are difficult to detect even if they cover large areas. 
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In areas of channelized seepage along preferential flow paths, negative anomalies are seen at areas where 
flow is horizontal or descending; and positive anomalies often are seen above areas where flow is 
ascending toward the surface or where surface seepage is occurring. SP data may be affected by a variety 
of noise sources, including grounding conductors, stray currents, telluric activity, soil property variations, 
and electrode polarization. Background geologic noise may be caused by point-to-point variations in soil 
properties such as resistivity, chemistry, temperature, moisture content, and variations in the quality of 
electrode-to-soil contact. 
 
The amplitude of the SP measurement may be affected by many factors. The Streaming Potential is 
directly proportional to pressure differential (low due to minimal head), pore fluid resistivity (low, high 
conductivity), pore fluid dielectric constant, and zeta potential (a property of the double layer). The SP is 
inversely proportional to pore fluid viscosity*4 pi. From this we see that the low resistivity (high 
conductivity of the pore fluid) and low pressure gradient due to low head combine to produce the low SP 
measured values. 
  
Our opinion of the results of the SP surveys is that they were generally inconclusive due to: 1) apparent 
presence of a buried utility or pipeline; and 2) the low values of measured SP.  However, by notching out 
the high amplitude utility signal and pushing the data to the limits dictated by the probable window of 
geologic noise, there do appear to be low level trends in the data which could indicate possible flow 
paths.  We hesitate, though, to definitively state that any one of these locations is a flow path without 
additional investigative efforts.  Further SP survey transects may better indicate or corroborate the 
existence of the identified groundwater flow paths.  The reader is reminded that buried utility trenches can 
function as hydraulic conduits.  
 
The SP background voltages were generally much less than +10 millivolts (mV) and in some cases, may 
be negative. A typical anomaly measured was less than (more positive) -10 mV. Since this is a relatively 
large percentage of change, we may be able to infer that flow paths may have been detected over 
relatively broad areas.  Figures 2 to 7 presents the tabular and graphical results of the SP profiles; total 
field SP observations which may indicate locations of possible flow paths have been identified. All 
indicated anomalous areas exhibit observed values no more than -6 mV. 
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Figure 4.  377A SP Line Locations 
 


Line 1 
Begin 


Line 2 
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Line 3 
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Misc. 
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Figure 2.  377A SP Line 1 (with probable utility anomaly included) 
 


 
 
 
 
 
Figure 3. 377A SP Line 1 (with probable utility anomaly notched out, PFP – possible flow path) 
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Table 1. 377A SP Line 1 Data 
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Figure 5. 377A SP Line 2 (with probable utility anomaly include) 


 
 
 
 
 
Figure 6. 377A SP Line 2 (with probable utility anomaly notched out) 
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Table 2. 377A SP Line 2 Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  377A SP Line 3 
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Table 3. 377A SP Line 3 Data 
 
 
 
 
 
 
 
 
 
 


Probable Utility 
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Additional observations were made in an attempt to search for additional evidence of flowpaths and 
validate observed potential anomalies; however, none of the additional points provided any further 
information.  
 
 
 
 
 
 
SEAL 
 
I hereby certify that this engineering document was prepared by me or under my direct personal 
supervision and that I am a duly licensed Professional Engineer under the laws of the State of 
Montana. 
 
 
 
 
_________________________________ _____________________________ 
Philip John Meis, P.E.    Date 
 
 
License Number: 12815 
My license renewal date is June 30, 2010 
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POND AS-BUILTS 
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SOEP DESIGN DRAWINGS 
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