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Definitions of Mining Terms as Used in this Report 

Adit – a horizontal, or nearly horizontal, passage from the surface by which a mine is entered 
and dewatered. 

Decline – a downward sloping underground opening for machine access from level to level or 
from the surface. 

Drift – a horizontal, or nearly horizontal, passage driven along a vein. 

Raveling – loosening of rock from the roof and walls. 

Seep – a small spring, pool, or wetness originating from the walls or ceiling of mine workings. 

Spalling – a chip, fragment, or flake from a piece of stone or ore. 

Shaft – a vertical or inclined opening that starts on the surface and goes into the mine; the 
primary access to the various levels in the mine. 

Stope – an underground excavation formed by the extraction of ore. 

Stull – round timber used to support the sides, roof, or back working of an underground mine. 

Vein – a mineral filling of a fault or other fracture, in tabular or sheet-like form, often with 
associated replacement of the host rock. 

Winze – a vertical or near vertical opening sunk from a working level to connect with a lower 
level or for exploration below a level. 
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Section 1.0 Introduction 

TerraGraphics Environmental Engineering, Inc., (TerraGraphics) received Task Orders No. 12, 
18, and 27 from the Montana Department of Environmental Quality, Mine Waste Cleanup 
Bureau (DEQ/MWCB), under DEQ Contract No. 407041, for activities at the Lilly/Orphan Boy 
Mine (PA #39-006), located in Powell County, Montana.   

Under Task Order 12, TerraGraphics prepared a memorandum, dated February 9, 2010 
(TerraGraphics, 2010a), which reviewed the Lilly/Orphan Boy Reclamation Investigation Report 
(2009 RI) by Tetra Tech EM, Inc., dated March 2009 (Tetra Tech, 2009).  The TerraGraphics 
memorandum identified data gaps in the 2009 RI and recommended additional investigation 
activities necessary to support the preparation of the Expanded Engineering Evaluation and Cost 
Analysis (EEE/CA).  Also under Task Order 12, TerraGraphics prepared a Phase II Reclamation 
Work Plan (Phase II RWP), dated September 24, 2010 (TerraGraphics, 2010b), to identify and 
describe the additional field investigation needed for a Phase II RI and the requirements for 
preparation of an EEE/CA.  The Phase II RWP included a Hydrogeology Investigation Plan, a 
Mine Investigation Plan, a Sampling and Analysis Plan/Quality Assurance Project Plan 
(SAP/QAPP), and a Health and Safety Plan (HASP). 

Under Task Order 18, TerraGraphics removed one of the suspended platforms from the Lilly 
shaft and installed five new monitoring wells at the site.   

Under Task Order 27, TerraGraphics, with the support of specialized subcontractors, conducted 
the Phase II RI field work addressed in the Phase II RWP, interpreted the results of the 
investigations, investigated potential borrow and repository areas, derived potential reclamation 
actions for the site, and completed this Phase II RI Report. 

1.1 Report Organization  

This Phase II RI Report has been prepared to document the data collected and summarize the 
results of hydrogeology and mine investigations performed by TerraGraphics at the site during 
fall 2010.  The contents of each section are described below. 

Section 1.0 Introduction – This section presents the summary and purpose of the investigation, 
project personnel, project schedule, and site background. 

Section 2.0 Pre-investigation Activities – This section describes the work items completed in 
preparation for the field investigation and the purpose of each work item. 

Section 3.0 Field Investigation – This section describes the work items completed during the 
field investigations and the purpose of each work item. 

Section 4.0 Sampling – This section describes all the sampling that occurred during this 
investigation. 

Section 5.0 Results and Discussion – This section summarizes and interprets the results obtained 
during the pre-investigation, the field investigation, and sampling. 

Section 6.0 Reclamation Action Alternatives – This section lists potential reclamation action 
alternatives that may be addressed in the EEE/CA.  
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Section 6.0 Conclusions and Recommendations – This section presents conclusions drawn from 
the investigations and recommendations for reclaiming/managing the site.   

Supporting field documentation such as field notes, calculations, original maps, and photo logs 
are included in the Appendices.  

1.2 Summary and Purpose of the Phase II Reclamation Investigation 

The purpose of the Phase II RI was to complete the necessary field work and data collection such 
that, during an EEE/CA process, it can be determined whether acid mine drainage (AMD) 
discharging from the Lilly adit into Telegraph Creek can be mitigated and/or stopped.  The tasks 
performed included the following: 

 Characterized the spatial extent of tailings and waste rock material; 

 Characterized surface water and mine water quality and flows; and 

 Characterized the mine workings to support an evaluation of discharge source control 
alternatives by performing the following: 

o Verified the validity of a 1950 map of the mine workings by Rankin and supplied 
by Dave Newman (Rankin Mine Map); 

o Located and described obstructions in the mine workings; 

o Evaluated mine working overburden thickness; 

o Evaluated the geology and rock stability in the tunnel and shaft;  

o Located infiltration zones (seeps) and calculated the recharge rate of groundwater 
entering the mine workings; and 

o Estimated the effects of reclamation on the groundwater system. 

 

Other activities addressed in this Phase II RI Report include the following: 

 Performed a geographic information system (GIS) analysis and property inventory to 
identify potential borrow sources for cover and topsoil; 

 Performed a GIS analysis and property inventory to identify potential repository sites; 
and 

 Briefly described potential reclamation action alternatives for the site. 

1.3 Project Personnel 

The DEQ/MWCB, TerraGraphics, and Trihydro personnel assigned to complete the work under 
Task Order No. 27 are listed in Table 1.   
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Table 1. Project Team 

Agency/Firm Personnel Project Title 
Contact 
Information 

Project Role 

Montana 
Department of 
Environmental 
Quality/ Mine 
Waste Cleanup 
Bureau 

John Koerth Section Supervisor 406-841-5026 Oversight 

Pebbles Clark  
Lilly/Orphan Boy 
Mine Site Project 
Manager 

406-841-5028 
DEQ Project 
Manager 

TerraGraphics 
Environmental 
Engineering 

Susan Firor Regional Manager 208-882-7858 
Project Manager 
during Final 
Reporting 

Tom Bourque Project Manager - 
Principal in Charge 
during Field 
Investigation 

Jeremy Mickey Hydrogeologist 406-846-9566 Lead Hydrogeologist 

Trihydro 
Corporation 

Tom Smith Project Engineer 406-558-4180 
Project Manager, 
Lead Engineer, Field 
Manager 

Jamie Mongoven Project Engineer 406-558-4180 Technical Support 

 

Subcontractors were selected in general accordance with DEQ/MWCB procurement procedures.  
Interested subcontractors were sent a scope of work and cost estimates were requested.  The 
subcontractor that submitted the lowest cost estimate was selected to perform the work.  The cost 
estimates submitted by subcontractors are included in Appendices C through H of the Phase II 
RWP (TerraGraphics, 2010b).  

The following subcontractors were selected and hired to perform specific tasks: 

1. Rain for Rent to supply the water treatment and land application systems; 

2. Tom’s Crane Service to load and unload the water treatment system and install the 
pump and piping into and out of the shaft; 

3. Blue Range Engineering to conduct mine inspection and shaft rehabilitation to 
provide access to the mine workings; and 

4. Brian Moore to support operation of the water treatment and land application 
systems. 

Pace Analytical was the laboratory selected for analysis of soil, surface water, groundwater, mine 
water, and seep samples.   

DEQ also contracted additional services for this effort: 

1. Boland Drilling to drill five borings, install monitoring wells, and provide and operate 
a backhoe for piezometer installation; and 

2. H&H Enterprises for crane services during platform removal. 
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1.4 Project Schedule 

The project schedule is presented in Table 2.  The effective dates of Task Order No. 27 are 
September 21, 2010 through October 31, 2011. 

 

Table 2. Project Schedule 
Task Performed and Document Submittal Completion Dates 

Draft Reclamation Work Plan August 20, 2010 

Final Reclamation Work Plan September 24, 2010 

Phase II Reclamation Investigation Field Work September-November 2010 

Draft Phase II Reclamation Investigation Report February 22, 2011 

Draft Final Phase II Reclamation Investigation Report September 2011 

Final Phase II Reclamation Investigation Report October 2011 

 

Field work elements undertaken for this project are listed chronologically by start date in Table 
3.  Descriptions provided in this report are organized by function and location.  Field notes can 
be found in Appendix A.  

Table 3. Field Work Elements 

Activity 
Start 
Date 

Finish 
Date Performed By Notes 

Subcontract 
Cost 

Site survey late 2009 late 2009 DJ&A 
Not part of current 
project 

Concrete mix designs for 
waste rock samples 10/1/2009 12/22/2009

Pioneer Technical 
Services 

Not part of current 
project 

Test pit excavation 10/16/2009 10/16/2009
Hard Rock Road Building 
& Utilities 

Not part of current 
project 

Platform removal (east 
removed & west raised) 9/14/2010 9/15/2010 H&H Enterprises 

DEQ Contract and 
TerraGraphics 
Task Order 18 

Monitoring well drilling and 
installation 9/23/2010 9/25/2010 Boland Drilling 

DEQ Contract and 
TerraGraphics 
Task Order 18 

Install piezometers 9/24/2010 9/25/2010 TerraGraphics 
Set up equipment and land 
application 9/28/2010 10/1/2010 Rain for Rent 

Subcontract to 
TerraGraphics $60,529 

Complete well installations 9/28/2010 9/28/2010 Boland Drilling 

DEQ Contract and 
TerraGraphics 
Task Order 18 

Unload pumping equipment 9/29/2010 9/29/2010 Tom's Crane Service 
Subcontract to 
TerraGraphics $3,375 

Well development 9/29/2010 9/29/2010 TerraGraphics 
Surface water sampling - 
Baseline 9/29/2010 9/29/2010 TerraGraphics 

Groundwater sampling 9/29/2010 9/29/2010 TerraGraphics 
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Table 3. Field Work Elements 

Activity 
Start 
Date 

Finish 
Date Performed By Notes 

Subcontract 
Cost 

Install/remove well 
transducers 9/29/2010 11/22/2010 TerraGraphics 

Set pump and pipes 9/30/2010 9/30/2010 Tom's Crane Service 
Learn system operation from 
Rain for Rent 9/30/2010 10/3/2010 Brian Moore 

Subcontract to 
TerraGraphics $12,239 

Calibrate system and setting 
parameters 10/1/2010 10/3/2010 Rain for Rent 

Adjust pump levels 10/1/2010 10/22/2010 Brian Moore 

Replace filters 10/1/2010 10/22/2010 Brian Moore 

Monitor land application 10/1/2010 10/22/2010 Brian Moore 
Surface water flow 
measurement 10/1/2010 10/1/2010 TerraGraphics 
Surface water sampling - 
Extended 10/2/2010 10/22/2010 TerraGraphics 

pH adjustment 10/3/2010 10/22/2010 Rain for Rent 

Water quality monitoring 10/3/2010 10/22/2010 Rain for Rent 

Land application 10/3/2010 10/22/2010 Rain for Rent 

Soil sampling 10/4/2010 10/4/2010 TerraGraphics 
Determine that water is no 
longer pooling outside 
collapsed Lilly adit 10/4/2010 10/4/2010 TerraGraphics 
Switch to a larger pump in 
shaft  10/9/2010 10/9/2010 Rain for Rent 
Switch pumps and pipe in 
shaft 10/9/2010 10/9/2010 Tom's Crane Service 

Well survey 10/10/2010 10/10/2010 TerraGraphics 
Initial inspection and safety 
assessment 10/12/2010 10/14/2010 Blue Range Engineering 

Subcontract to 
TerraGraphics $16,287 

Install ladders 10/12/2010 10/14/2010 Blue Range Engineering 
Air quality monitoring and 
ventilation 10/12/2010 11/2/2010 Blue Range Engineering 
Replace faulty transducer in 
MW-1 10/12/2010 10/12/2010 TerraGraphics 

Lower pump in shaft 10/13/2010 10/13/2010 Tom's Crane Service 

Mine investigation 10/14/2010 10/21/2010 TerraGraphics 

Seep sampling 10/15/2010 10/21/2010 TerraGraphics 

Demobilize from site 11/1/2010 11/2/2010 Rain for Rent 
Demobilize pumping 
equipment 11/1/2010 11/2/2010 Tom's Crane Service 
Install/remove shaft 
transducer 11/2/2010 12/2/2010 TerraGraphics 
Surface water sampling - 4th 
quarter monitoring 12/6/2010 12/6/2010 TerraGraphics 
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1.5 Site Background 

The existing 2009 RI (Tetra Tech, 2009) and historical data available for the Lilly/Orphan Boy 
Mine Site were reviewed and are summarized in a Memorandum to DEQ dated February 9, 2010 
(TerraGraphics, 2010a).  The Phase II RWP provides detailed information regarding the 
environmental setting and waste characteristics at the Lilly/Orphan Boy Mine Site 
(TerraGraphics, 2010b).  The following sections describe the site’s features, history, and 
previous investigations that have been performed at the site. 

1.5.1 Site Description 

The Lilly/Orphan Boy Mine Site is an abandoned hard rock mine located within the Elliston 
Mining District and was a historical producer of lead, zinc, copper, silver, and gold.  The site is 
located approximately 10.5 miles south of Elliston, Montana near the headwaters of Telegraph 
Creek (Figure 1).  The Lilly/Orphan Boy Mine Site is situated at an elevation of approximately 
6,800 feet above mean sea level and covers approximately 1½ acres.  The site is contaminated 
from metal mining along Telegraph Creek.  Infrastructure at the site includes: a second 
generation wooden headframe; a steel support frame constructed in 1994; a 250-foot deep, two-
compartment shaft; three collapsed adits; and three waste rock piles.  The site also contains the 
remains of hoist machinery, two load outs, and four collapsed buildings (RTI, 2002).   

The lower half of the site lies directly in the Telegraph Creek drainage, which flows north to the 
Little Blackfoot River.  The surrounding area consists of relatively steep mountain slopes, 
moderately sloped hillsides, and mountainous terrain.  The climate of the Lilly/Orphan Boy Mine 
Site area is a modified continental climate similar to that of the Helena Valley.  Climate 
information was obtained from the Western Regional Climate Center located at the Helena, 
Montana airport.  Average monthly temperatures range from a high of 85F and a low of 53F in 
July to a high of 30F and a low of 10F in January.  Average annual precipitation is 12 inches.  
Average monthly precipitation exceeds 3 inches during May and June, which are the wettest 
months of the year.  Precipitation is mostly in the form of snow in the winter months, snow and 
rain in the spring and fall, and rain in the summer. 

1.5.2 Site History 

The Lilly and adjacent Orphan Boy lodes were likely discovered in the early summer of 1890 by 
a group of four men with the Grand Republic Mining Company.  They presumably had the intent 
to develop the Lilly and Orphan Boy locations along with a few other lode locations on what is 
now known as O'Keefe Mountain.  In 1891, the Lilly was noted in a report by the Montana 
Inspector of Mines as a mine "held in high estimation" whose ores were treated at a local arrastra 
during the year (Frontier Historical Consultants [FHC], 2002). 

In late 1893, the Lilly/Orphan Boy and other mines owned by the Grand Republic Mining 
Company were acquired by Empire State Mining Company of New York.  Development work at 
the Lilly/Orphan Boy mines presumably started soon thereafter, but it wasn't until nearly three 
years later that the Empire State Mining Company requested and received permission from 
Montana officials to conduct business in the state (FHC, 2002). 
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In November 1899, the courts ordered the Lilly/Orphan Boy Mine Site property to be sold at 
public auction to satisfy a mortgage debt held by the Empire State Mining Company.  The 
president of the company, T. H. Teall, obtained ownership of the Lilly/Orphan Boy Mine Site 
and received a sheriff’s deed in December 1900.  Ownership of the mine remained under his 
name until 1927, when the taxes on the claims became delinquent.  Powell County received a tax 
deed to the property early the following year (FHC, 2002). 

A rise in the price of metals soon after the onset of the Great Depression rejuvenated active 
interest in the Lilly/Orphan Boy Mine Site.  A new lease was issued by Powell County to a Butte 
miner named Ed Linquist around 1934.  In 1943, Powell County entered into a new lease 
agreement on the Lilly/Orphan Boy Mine Site with Dave and Leo Newman, who had been 
mining at other properties in the Telegraph Creek area for the previous several years.  Reports 
indicate that during the period from 1934 to 1951, the mine produced a total of 1,228 tons of ore 
that yielded 333 ounces of gold, 12,520 ounces of silver, 2,753 pounds of copper, 85,377 pounds 
of lead, and 39,899 pounds of zinc (FHC, 2002).  The last production of ore from the 
Lilly/Orphan Boy Mine Site was a 50-ton shipment of ore that occurred in either 1954 or 1955 
(Newman, 2008). 

1.5.3 Previous Investigations 

The hazardous site features were inventoried by Pioneer Technical Services in 1993 and the site 
was assigned identification PA #39-006 as part of the statewide hazardous materials inventory 
(DEQ, 1993).  In August 1994, MSE Technology Applications (MSE) began an 11-year field 
demonstration for the U.S. Environmental Protection Agency (EPA) and the U.S. Department of 
Energy (DOE) at the Lilly/Orphan Boy Mine Site to treat and control the AMD of metals-
contaminated water using sulfate-reducing bacteria.  The study was concluded in July 2005.  As 
part of the technical study, five monitoring wells were installed on the Lilly/Orphan Boy Mine 
Site.  Two angled wells were constructed near the headframe and main shaft, two injection wells 
were drilled vertically into the Lilly drift, and one monitoring well was installed down-gradient 
of the injection wells to monitor treated water prior to its discharge at the adit.  Water filling the 
mine workings (lower shaft and Lilly adit) was presumed to be groundwater by MSE personnel 
during their investigation (MSE, 2008).  MSE also constructed two steel platforms and 
suspended them from a steel support structure that was erected and anchored around the shaft 
collar.  The platforms were reportedly suspended 125 feet below the shaft collar in each 
compartment of the shaft.  MSE reportedly dumped 60 cubic yards of substrate material 
composed of manure, straw, and wood chips down the shaft and placed 16 cubic yards of 
substrate in the Lilly tunnel (drift) through the injection wells.  This substrate was the source of 
the sulfate-reducing bacteria.  During each spring runoff, MSE observed that the pH decreased in 
their portal sample but remained near neutral in the tunnel.  “The spring runoff events influenced 
the water quality more noticeably at the portal than in the tunnel due to oxygenated surface water 
runoff penetrating through the ground above the portal and then solubilizing historical metal 
precipitates.  Also, spring water quality was lower at the portal due to a greater amount of AMD 
infiltration from fractures within the tunnel walls” (MSE, 2008). 

A RI Report was prepared by Tetra Tech in 2009.  The 2009 RI examined the extent of waste on 
the site’s surface, estimated the risks posed by the waste to human health and environment based 
on a recreational use scenario, and presented data for potential reclamation of the waste rock 
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piles (Tetra Tech, 2009).  The 2009 RI did not address the underground mine workings, the 
groundwater system, or stopping the AMD from the collapsed Lilly adit. 

TerraGraphics prepared a Phase II RWP (TerraGraphics, 2010b) that outlined plans for a 
Hydrogeology Investigation and a Mine Investigation. The Phase II RWP identified the site 
characterization work items necessary to support completion of an EEE/CA.  The Phase II RWP 
also included a SAP/QAPP for all suggested sampling, a HASP, and cost estimates from 
subcontractors to perform portions of the proposed field work.   

A historic inventory and assessment was performed by FHC in 2002 (FHC, 2002) in which three 
previous cultural reports were referenced, one in 1990, one in 1995, and another in 2002.  The 
1990 report did not recommend the site for listing on the National Register of Historic Places 
(NRHP), as most of the site features were less than 50 years old.  However, in 2002 the site was 
eligible for listing on the NRHP.  Sites that are eligible for inclusion in the NRHP are sites that 
“… possess integrity of location, design, setting, materials, workmanship, feeling, and 
association, and: 

“A. That are associated with events that have made a significant contribution to the broad 
patterns of our history; or 

“B. That are associated with the lives of persons significant in our past; or 

“C. That embody the distinctive characteristics of a type, period, or method of construction, 
or that represent the work of a master, or that possess high artistic values, or that represent a 
significant and distinguishable entity whose components may lack individual distinction; or 

“D. That have yielded, or may be likely to yield, information important in prehistory or 
history.” 

Based on the 2002 assessment, the Lilly/Orphan Boy Mine Site was considered historic and was 
recommended to be eligible for the NRHP under criteria A and C (FHC, 2002).  The 
Lilly/Orphan Boy Mine produced enough ore to be a major part of the Elliston Mining District 
and strongly contributes to the local mining history, which satisfies the requirements of criterion 
A.  In addition, sufficient historic features and structures remain at the Lilly/Orphan Boy Mine 
Site to satisfy the standards set forth under criterion C.  DEQ/MWCB has acknowledged the 
historic significance of the Lilly/Orphan Boy Mine Site and will work with the Montana State 
Historic Preservation Office (SHPO) to account for historical features should the Lilly/Orphan 
Boy Mine Site advance to the reclamation stage.  

In 1993 Pioneer Technical Services produced a site investigation and hazardous materials 
inventory report (DEQ, 1993). 

In 2002, Renewable Technologies, Inc. submitted an investigation report documenting the past 
and present land ownership and mine operator history of the site (RTI, 2002).  The current owner 
of the Lilly/Orphan Boy Mine Site is Lindsey Chaquette of Sherwood, OR (Montana Cadastral 
Mapping, 2010; gis.mt.gov). 

In late 2009 DJ&A performed a site-wide topographic survey, and Pioneer Technical Services 
analyzed site waste rock materials for suitability in concrete mine plugs (Pioneer, 2009).  Also in 
late 2009, test pits were excavated by Hard Rock Road Building and Utilities, Inc. as part of this 
ongoing investigation. 
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Section 2.0 Pre-investigation Activities  

Several activities were required in preparation for the mine investigation.  These activities are 
described in this section and included: 

1. Removing MSE platforms from the Lilly shaft; 

2. Dewatering the mine; and 

3. Inspecting the mine for safety. 

2.1 Platform Removal 

Two platforms were installed by MSE for a study in 1994 and substrate (manure, straw, and 
wood chips) was piled on them in an attempt to reduce the acid and metal content of the mine 
water.  The platforms were reportedly installed at the 125-foot level below the collar of the shaft, 
and then approximately 60 cubic yards of compacted substrate was placed on top of the 
platforms.  The mine workings could not be accessed below the suspended substrate until the 
platforms were removed. 

H&H Enterprises (H&H) arrived at the site on September 14, 2010 to begin removal efforts on 
the platforms in the shaft using a 60-ton Terex TX560 crane and support vehicle (Figure 2).  
Before work commenced, H&H and TerraGraphics presented a site orientation and tailgate 
safety meeting to show the crane crew the mine layout and discuss safety concerns of the site.  
TerraGraphics personnel were on-site with the three-man H&H crew at all times.   

 

Figure 2. Looking northerly at the 60-ton crane and support truck setup at the shaft. 

The crane was set up on the southwestern side of the shaft and within the fence.  Four 1-inch 
diameter cables suspending the platform in the western compartment were connected to the crane 
and the crane scale showed a weight of 2,500 pounds for the platform and cables.  Several 
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attempts were made to remove the platform but the platform was only raised a few feet.  
Attempts were made pulling on all four cables (Figure 3), on two cables, and on one cable.  The 
load scale on the crane increased to 22,000 pounds, indicating that the platform was caught on 
the shaft timbers.  

 

Figure 3. First attempt of crane pulling all four cables of the western platform in the shaft. 

The crane crew switched to the eastern platform, this time pulling on only one cable and 
allowing the platform to rotate.  Once the platform was above the water level, light was reflected 
down the shaft and the crane crew could observe how to proceed with the removal.  The eastern 
platform was placed within the fence southeast of the headframe.  The removed platform was 
constructed of heavy steel and thick rubber seals.  The rubber seals were placed to keep the 
substrate material suspended on the platform (Figure 4).  Substrate was not observed on the 
platform when it was removed from the shaft. 
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Figure 4. Platform and cables removed from the eastern compartment of the shaft. 

Attempts to remove the western platform continued on September 15, 2010.  The platform was 
raised approximately 12 feet in the shaft, from a depth of approximately 98 feet up to 86 feet 
below the shaft collar, by pulling on one cable before the cable snapped.  Efforts continued on 
other cables, but the platform was wedged in the timbers and the load on the crane scale 
exceeded approximately 27,000 pounds, indicating potential damage to the crane if pulling 
continued and another line snapped.  The platform was still under water and could not be 
observed.  The remaining three cables were suspended from the steel support structure and the 
H&H crew demobilized from the site (Figure 5). 
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Figure 5. Hanging cables from the western compartment after the western platform could 
not be removed.  Looking north. 

2.2 Mine Dewatering and Water Handling 

At the onset of this investigation, mine water filled the workings to a level of 74.3 feet below the 
grate at the top of the shaft.  The Rain for Rent portable pH adjustment system described in the 
Phase II RWP along with land application on the Lilly claim site was the preferred alternative for 
handling and disposal of the mine water (see TerraGraphics, 2010c).  The following sections 
describe the setup of the system on the site, system startup, and operations.  Photos of the system 
setup and operation are provided in Appendix B. 

2.2.1 Dewatering and Treatment System Setup 

Rain for Rent supplied and installed the pH adjustment system and land application equipment.  
The system was installed from September 28 to October 1, 2010.  The equipment used on the 
project included the following, listed in the order necessary for transfer of water from the shaft to 
land application: 

 Main dewatering pump, including: 

o One 10-horsepower submersible pump suspended on a chain down the mine shaft 
with lay flat hose.  This pumping equipment was in service from October 1 to 
October 9, 2010; 
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o A high-head pump and aluminum pipe was installed on October 9, 2010 and used 
until November 2, 2010; and 

o Master power control box. 

 Quadruple chamber bag filter system and filter bags. 

 Two 2,450-gallon polyethylene tanks, including: 

o One tank with a 4-horsepower pump installed for transferring water, 

o One tank with a 5-horsepower pump installed for transferring water, and 

o Slave power control box. 

 One portable pH adjustment system, including: 

o An injection pump to inject sodium hydroxide into the water and adjust pH; 

o A 450-gallon polyethylene additive tank and 325 gallons of 10 percent sodium 
hydroxide; 

o Two pH and turbidity probes, monitoring, and data logging equipment; and 

o A magnetic flow meter. 

 One 40-kilowatt generator. 

 Three 12-foot by 16-foot portable containment berms to contain the items above. 

 500 feet of 4-inch diameter high-density polyethylene (HDPE) pipe. 

 1,600 feet of 2-inch diameter polyethylene pipe cut into four 400-foot lengths. 

 Forty ¾-inch wobbler sprinklers (10 installed per line by 2-inch brass saddles). 

Various other lengths of hoses and pipe, valves, adapters, tees, connectors, rope, power cables, 
and an air vent were also used.  The pH adjustment system was set up within the fenced area on 
the north and west sides of the shaft and the land application system was set up to the north and 
west of the shaft as shown in Figure 6 and Figure 7.   
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Tom’s Crane Service was subcontracted to unload the equipment from the delivery truck.  Prior 
to installation of the system, TerraGraphics led a site walk with the Rain for Rent crew to 
identify the property boundaries marked during the 2009 DJ&A survey.  The southwest end of 
the site, near Telegraph Creek, was observed to be marshy and wet and was determined to be 
unsuitable for land application.  Since the shaft is located near the northeastern boundary of the 
site, it was determined that the main 4-inch HDPE line could be dragged into place from the 
shaft area to the northwest, down Waste Rock Pile 1, and to the main access road near and along 
the northern property boundary.  The 2-inch diameter polyethylene pipes were cut into four 400-
foot lengths and dragged into place.  Three pipes were placed to the south and one to the north.   

Placement areas were selected such that the water would not spray over or near the underground 
workings or within 25 feet of Telegraph Creek.  One line was placed in the trees on a benched 
area north of Waste Rock Pile 1, whereas the other three lines were placed west of the main 
access road located between Waste Rock Piles 2 and 3.  One land application line was placed 
west of Telegraph Creek to sprinkle water on another benched area.  Figure 7 shows the layout of 
the land application lines.  The lines were dragged into place with an all terrain vehicle (ATV).  
The pieces of pipe were then welded together, as needed, using a portable heat fusion machine 
and generator.  Holes were drilled at the top of the pipe, brass saddles placed over each hole, and 
the wobbler head sprinklers installed.  

Tom’s Crane Service unloaded the contents of the second delivery truck onto flatbed trailers for 
the Rain for Rent pickups to take up to the shaft area for placement.  Tom’s Crane Service then 
moved up to the shaft area for final placement of the equipment around the shaft.   

The 10 percent sodium hydroxide (NaOH) solution was delivered in a 325-gallon container by 
freight courier to Elliston, Montana.  Tom’s Crane Service met the freight courier in Elliston and 
delivered the container up to the shaft area to be loaded into the additive tank inside the portable 
pH adjustment system container.  The tank was placed on top of the container so that NaOH 
could be transferred to the additive tank by gravity.  The layout of the pH adjustment system is 
shown in Figure 6. 

Brian Moore was hired as a subcontractor to operate the pH adjustment system, adjust the pump 
levels, replace water filters, manage the land application system, complete the pumping log, 
provide site security, and fuel equipment as needed.  Brain Moore arrived on site shortly before 
the arrival of the second truckload to help setup and learn the operation of the system from Rain 
for Rent personnel.   

2.2.2 Dewatering and Treatment System Start Up 

The system was set up so the flow of water from within the shaft to the land application system 
was as follows: 

1. Water from the shaft was pumped through the main pump into the bag filter system. 

2. The filtered water then entered the first 2,450-gallon tank to settle any passed solids. 

3. The pump in the first 2,450-gallon tank transferred water to the second 2,450-gallon tank. 

4. The pump in the second 2,450-gallon tank transferred water to the portable pH 
adjustment system where the pH and turbidity were tested with water quality probes and 
monitored. 
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a. If the pH was less than 5, the injection pump injected NaOH into the line and 
transferred the water back to the second 2,450-gallon tank for mixing. 

b. If the pH was greater than 9, the water was transferred back to the second tank to 
mix with the incoming water from the first tank. 

c. If the pH was between 5 and 9, the water was released to the 4-inch HDPE main 
pipe for distribution to the 2-inch land application lines. 

5. The treated water flowed through the 4-inch HDPE main pipe to the distribution system 
where ball valves were used to direct the water to selected 2-inch pipe with wobbler 
sprinklers. 

6. Each 400-foot section of 2-inch poly pipe contained 10 ¾-inch wobbler sprinklers spaced 
20 feet apart at the end of each line to apply the water in selected areas within the Lilly 
claim. 

7. The land application lines were alternated on a daily basis, or as needed, by manually 
opening and closing the ball valves of the selected lines. 

Once the system was installed, it was tested and calibrated from October 1 to October 3, 2010.  
During system start up, the land application lines were flushed and cleared of debris and cuttings 
from installing the brass saddles and sprinkler heads.  The northern land application line (Figure 
7) was used during start up to monitor that the water was discharging and the system was 
operating as specified.  The wiring of the pumps was inspected to verify that the pump impellors 
were spinning in the correct direction.  The NaOH injection rate was set on the injection pump.  
The pH and turbidity probes were also calibrated.  Once these items were completed, the overall 
operation of the system was observed. 

On October 2, 2010, the pH adjustment system kept re-circulating and would not release water to 
the land application lines.  Rain for Rent returned to the site on October 3, 2010 and checked the 
system programming and settings.  The outlet valve pressure was adjusted and a back pressure 
release hose was installed.  Brian Moore was also provided with additional training.  The back 
pressure release hose was composed of ½-inch diameter plastic hose discharging at 
approximately 2 gallons per minute (gpm) back into the west compartment of the shaft, allowing 
the release valve to operate properly.  Once the system started to re-circulate water and adjust the 
pH to within a range of 5 and 9, the main pump, the pump in the first tank, and the injection 
pump were stopped to allow the system to equalize.  This prevented the water from continuing to 
load the system and overflow the two tanks.  If the injection pump was not stopped, the pH 
would exceed 9 and water would not discharge to the land application lines.   

The water quality monitoring and discharge of water to the land application lines were automated 
by a programmable logic controller in the pH adjustment system, but the pumps were not 
automated.  Therefore, the system could not be operational on a 24-hour basis.  The water levels 
needed to be closely monitored to effectively operate the system.  Manual operation of the 
system also allowed for the adjustment of the main pump in the shaft as needed. 

During the start up and calibration phase, the water level in the shaft was lowered from a 
baseline depth of 74.3 feet to 78.2 feet as measured from the expanded metal grate cover at the 
northeast corner of the shaft.  All water depth measurements were obtained from this location as 
the grate cover was kept in place to allow safe operations to occur at and around the shaft.  Note 
that the depth of the mine workings was measured from the shaft collar, and the distance 



Phase II Reclamation Investigation Report – Lilly/Orphan Boy Mine Site 

 
19

between the shaft collar and the expanded metal grate was not measured.  Therefore, the water 
depth measurements are offset from the mine workings depths by this unmeasured distance, 
which is approximately 1 foot.  

2.2.3 Dewatering and Treatment System Operation  

Once issues identified during system startup were addressed, the system operated well between 
the specified target pumping and treatment range of 100 to 150 gpm.  Approximately 210 gallons 
of 10 percent NaOH were used to adjust the pH of the mine water.  The system was monitored 
during operation and maintained.   

Rain for Rent initially supplied a submersible pump that could handle a head up to 
approximately 100 feet.  The pump was connected to the bag filter system with lay flat hose.  
Once the water in the mine shaft was pumped down to a depth of approximately 100 feet, a 
pump and hose that could handle the increased head were needed.  On October 9, 2010, the 
pump was changed out to install a new higher head capacity pump, purchased for this project, 
along with 4-inch diameter aluminum discharge pipe.  The new pump and pipe were used for the 
remainder of the field investigation and operated well.  The only problem was lowering the pump 
and rigid pipe down the shaft.  The pump needed to be lowered frequently, and the changes in 
dip and direction of the shaft caused the pump to hang up on the shaft timbers as it was lowered.  
The pump was lowered either with a chain hoist or with the aid of Tom’s Crane Service whereby 
the pump and pipe could be guided down to depth, as needed. 

As the top of the water column in the shaft contained floating debris, the filter bags had to be 
changed each time the water level dropped to the pump level.  The bag filter system had pressure 
gauges on each chamber to monitor pressure differentials or overall pressure increases that 
developed as the filter bags became full and water flow decreased.  When the pressure was 
observed to increase to 25 pounds per square inch (psi), or have a differential reading between 
gauges of 25 psi, the filter bags were changed.  Four different bag filter sizes were used: 10-
micron, 50-micron, 100-micron, and 200-micron.  The bags were tested and the 200-micron filter 
bags worked best as they required less frequent system shut downs for replacement, allowed 
water production to be maintained, and provided adequate filtration. 

As the water level was lowered in the shaft through working levels of the mine, the solids 
content (also known as muck) increased significantly in the mine water.  Several bag filters were 
used until the water level was lowered below the working level.  As the pump was lowered to a 
depth at or near working levels, the muck content in the mine water was not as noticeable.  The 
muck turned the mine water color to a brownish yellow, the same color as the muck shown in the 
photos included in Figure 20, Figure 23, and Figure 24 in Section 3.3.4.  As the back pressure 
release line showed muck in the discharge, the line was moved from discharging into the west 
compartment of the shaft to discharging over the edge of Waste Rock Pile 1 (Figure 6).  When 
the discharge cleared up, the line was moved back to discharge into the west compartment of the 
shaft.   

The land application lines operated well without problem.  The biggest challenge was visually 
checking the land application system, which involved traveling from the treatment system down 
to the discharge lines to verify that water was not pooling or that runoff was not being created 
from the ground becoming saturated.  Brian Moore used his ATV to efficiently monitor the 
lower land application lines.   
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A spring was observed at the intersection of the main access road through the site and the Dan 
Newman access road that runs to the northeast.  This intersection is located approximately 50 
feet north of the site and is shown on Figure 7.  This spring typically flows during the spring and 
early summer but was dry at the start of the field investigation.  During land application, a 
possible hydraulic connection between this spring and the ground in the area of the north land 
application line was detected.  The nearest application line was over 80 feet away from the 
spring.  The spring was first observed to begin flowing the week of October 18, 2010, while the 
north land application line was in use.  Soon after the north application line was turned off the 
spring flows tapered off for about a week, then ceased.  The remainder of the mine water was 
land applied using only the other three lines. 

Another spring is located just north of the weir installed by MSE below the collapsed Lilly adit 
and is shown on Figure 7.  This spring is reported by Dave Newman to be the result of a hole 
excavated by his cousin (Dan Newman) where he installed a 2-inch diameter pipe to bring water 
to his claim located to the north of the Lilly claim.  The hole is approximately 3 feet wide by 3 
feet long and appears to be 2 feet deep.  This hole acts as a spring when the Lilly adit discharges.  
No other springs were observed on-site. 

2.2.4 Dewatering Log 

A copy of the dewatering log that Brian Moore produced is included in Appendix C.  
Information in the log includes date, time, pumping rate in gpm, total flow in gallons, depth to 
water in the shaft, and notes of Brian’s observations.  This log also shows estimated recharge 
rates estimated by computing the pumping volumes spanning times when similar water surface 
elevations were observed in the shaft.  Notes on the log included filter changes, pumping start 
and stop times, refueling, and when the pump needed to be lowered in the shaft.  Notes were not 
logged on which land application line was used nor the period of time a line was in service.  The 
notes also did not indicate the pH values shown on the digital screen in the portable pH 
adjustment system container.  The data monitoring and logging equipment within the container 
was operational; however, the recording of the pH data was later found to not be operational.  
The lack of recorded pH data was discovered after the equipment was demobilized from the site.  
Rain for Rent technical support personnel were able to recover turbidity data; however, the dates 
of recordings appear to be off by several days.  Additional field notes with observations of the 
dewatering and treatment system startup and operation are included in Appendix A. 

2.2.5 Mine Water Sampling 

Mine water samples were obtained periodically from the bag filter system valves.  The valves 
provided water that was filtered by the bag system as well as a safe and consistent sampling 
location.  Eight samples were collected during the field investigation.  The last water sample, 
which was collected on October 26, 2010, after the end of pumping operations from the shaft, 
was not filtered. 

Measuring the depth to water with the electric tape was difficult due to the change in dip of the 
shaft as shown in Figure 9.  The deepest reading taken while pumping showed a depth of 146.85 
feet on October 21, 2010.   
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2.2.6 Dewatering and Treatment System Shut Down and Demobilization 

The use of the dewatering and treatment system concluded on October 22, 2010, as the pump had 
lost suction.  Freezing rain, snow, and temperatures below freezing beginning on October 23, 
2010, froze and split the cast iron valve at the bag filter system outlet on October 29, 2010.  The 
wobbler sprinklers were observed to be free spinning even with a layer of snow over several of 
them.   

Rain for Rent and Tom’s Crane Service arrived on site on November 1, 2010, to begin 
decommissioning the system and demobilizing from the site.  Demobilization concluded on 
November 2, 2010.  At that time the water level was measured at 110.85 feet and a transducer 
was installed in the shaft to monitor recovery of the water level in the shaft.  However, 
transducer data from the mine shaft were later found to be vastly different from hand-measured 
water levels and were not used for analysis. 

2.3 Mine Safety Assessment  

From October 12 to October 14, 2010, Blue Range Engineering performed the following tasks to 
ensure the mine was safe to enter: 
 

 Evaluated air quality and provided air ventilation of the workings; 
 Provided monitoring and ventilation during all underground activities; 
 Assessed the shaft for safe access; 
 Constructed and installed ladders; 
 Determined depths of accessible workings once dewatered; 
 Inspected the Lilly tunnel (drift), the remaining platform in the shaft, and other workings 

to determine if they were safe to enter; and 
 Identified and removed obstructions. 

Blue Range Engineering personnel installed a winch and cable, fan, and 60 feet of vent bag for 
ventilation in the shaft.  They also measured the air quality in the shaft using an oxygen, 
hydrogen sulfide, and lower explosive limit (LEL) meter prior to installing ladders to a depth of 
approximately 100 feet.  Air quality in the mine remained good during the course of 
investigations.  A plastic-coated steel cable ran the entire length of the accessible shaft and was 
connected at the surface to a horn that investigators in the shaft could use to signal the surface 
personnel if they wanted to go up, go up rapidly, go down, or stop.  A person was always at the 
surface operating the winch to which the person in the shaft was connected by a harness and a 
steel cable for additional safety purposes.  The ladders in combination with the harness and 
winch were the primary means of egress from the mine workings.  Blue Range Engineering 
personnel remained available from October 12 to November 2, 2011, to escort investigators into 
the mine and continue safety assessments as needed. 
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Section 3.0 Field Investigation 

TerraGraphics completed field investigation activities to collect the data necessary to 
characterize elements of the site in accordance with the Phase II RWP (TerraGraphics, 2010b).  
Data were collected in support of the Phase II RWP including data specifically delineated in the 
Hydrogeology Investigation Plan. 

The objectives of the Field Investigation were to: 

 Determine the hydrogeologic connection of the underground mine workings with the 
bedrock aquifer; 

 Compare groundwater quality in the bedrock aquifer with water in the shaft and mine 
workings; 

 Map the locations of seeps and estimate the flow at these infiltration zones within the 
mine workings; 

 Estimate the impacts of surface water infiltration into the mine workings; and 

 Characterize the mine workings to support a detailed evaluation of discharge source 
control alternatives in an EEE/CA.  

The work items listed below are components of the Hydrogeology Investigation that were 
performed to achieve the objectives of the Phase II RWP: 

 Conduct a subsurface investigation of the local aquifer by installing shallow piezometers 
in the surface soils and monitoring wells into the bedrock to evaluate the existing aquifer 
characteristics; 

 Gather analytical and hydrogeologic data for the evaluation of groundwater quality and 
flow direction at the site; 

 Monitor the groundwater levels with transducers in the new wells and shaft during mine 
dewatering operations to observe the hydraulic connection between the mine workings 
and the bedrock aquifer;   

 Visually identify and sample water flowing into the workings at different locations to 
identify the sources and evaluate water quality entering the system;  

 Gather physical baseline information about the influence of surface water in an effort to 
evaluate the contribution of surface water and/or shallow groundwater to the mine 
workings;  

 Gather analytical and physical data to characterize the mine water chemistry in the 
underground mine workings; and 

 Gather physical data to characterize the locations, dimensions, and condition of 
components of the underground mine workings.   
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3.1 Field Investigation Methods 

This section describes the methods that were used by TerraGraphics during completion of the 
Phase II RI at the Lilly/Orphan Boy Mine Site in fall 2010.  The field activities performed at the 
Lilly/Orphan Boy Mine Site consisted of the following: 

 Drilled five borings at the Lilly/Orphan Boy Mine Site to investigate and describe the soil 
and bedrock at the drilling locations;   

 Installed monitoring wells in the borings to evaluate groundwater gradient and quality;  

 Installed pressure transducers in each of the five new monitoring wells to monitor water 
levels of the local aquifer during dewatering; these results were used to examine the 
relative extent of groundwater connectivity between the bedrock aquifer and the 
underground workings;  

 Installed a pressure transducer in the shaft following dewatering to monitor recovering 
water levels in the shaft to evaluate the infiltration rate of groundwater to the workings; 

 Installed shallow piezometers within the colluvium/weathered bedrock to further 
investigate surface water infiltration and the connectivity between infiltrating surface 
water and the underground workings;  

 Completed a tape survey of accessible mine workings to estimate volumes and record 
dimensions of the workings;   

 Inspected the geology in the shaft and accessible areas of the mine; and 

 Located and mapped seep areas within the drift and collected seep samples. 

3.1.1 Soil Borings 

Five pilot borings were drilled and monitoring wells were installed between September 23 and 
September 25, 2010.  The borings/monitoring wells were placed at pre-determined locations 
throughout the Lilly/Orphan Boy Mine Site along existing roads that could be accessed by the 
drilling rig and support vehicles.  The boring/monitoring well locations are shown on Figure 8. 
 
The borings ranged from 6 to 10 inches in diameter and were advanced using an air hammer drill 
operated by Boland Drilling.  TerraGraphics personnel monitored the drilling and logged the 
samples and cuttings to describe the lithologies encountered.  This information was recorded on 
soil boring/well logs (Appendix D) and in the field book (Appendix A).  Soil and rock samples 
were collected from the borehole cuttings at 5-foot intervals or at visible lithology changes, then 
placed and sealed in plastic chip trays.   
 
The monitoring well logs, shown in Appendix D, report and illustrate the drilling equipment and 
methods used, depths to soil and bedrock unit interfaces, groundwater elevations, sampling 
information, soil and rock descriptions, and monitoring well construction details.   
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3.1.2 Monitoring Well Installation 

Five polyvinyl chloride (PVC)-cased monitoring wells were installed in accordance with State of 
Montana requirements during the field investigation at the Lilly/Orphan Boy Mine Site.  
TerraGraphics personnel monitored installation of the groundwater monitoring wells and 
recorded key information on well logs and in the field book (Appendix A).  The monitoring well 
completion details are shown in Table 4.  

Four of the monitoring wells were completed as 2-inch diameter wells and one was completed as 
a 6-inch diameter well (LOB-MW02).  The five new monitoring wells were used to determine 
local aquifer characteristics such as groundwater table elevations, groundwater flow direction, 
how the local aquifer contributes to the water level in the mine workings, and the effect of the 
mine dewatering on the groundwater system.  Groundwater samples collected from the wells 
were analyzed to measure chemical and physical parameters for the purposes of: (1) obtaining 
current baseline information regarding groundwater chemistry, and (2) comparing to 
corresponding values obtained from the mine water. 

 

Table 4. Monitoring Well and Piezometer Completion Details 

Well Identification 
Completion 

Date 
Well Diameter 

(inches) 
Well Depth  

(feet) 
Screen 

Length (feet) 
Top of Casing 

Elevation (feet) 

LOB-MW01 9/24/2010 2 122 20 6868.55 

LOB-MW02 9/24/2010 6 113 20 6867.50 

LOB-MW03 9/25/2010 2 30 20 6804.48 

LOB-MW04 9/25/2010 2 25 20 6782.63 

LOB-MW05 9/24/2010 2 55 20 6840.14 

LOB-PZ01 9/24/2010 1 6 3 6869.69 

LOB-PZ02 9/24/2010 1 7 4 6817.91 

LOB-PZ03 9/25/2010 1 7.5 4 6800.24 

 

3.1.2.1 Monitoring Well Development and Surveying 

To ensure proper hydraulic connectivity with the local aquifer, TerraGraphics personnel 
developed the five new monitoring wells on September 29, 2010, in accordance with the 
methods described in Section 2.1.2 of the SAP/QAPP (in TerraGraphics, 2010b).  Groundwater 
pumped to the surface during well development was disposed of onsite and was not allowed to 
flow directly into Telegraph Creek. 

Once the monitoring wells were installed, the PVC casing of each monitoring well was marked 
on the north side with indelible ink to indicate the groundwater measuring reference point for top 
of casing.  The top of casing elevations were surveyed by TerraGraphics on October 10, 2010, 
with a total station and referenced to the on-site control points installed by DJ&A during their 
2009 site survey. 
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3.1.2.2 Well Depth and Static Water Level Measurement 

Depth to groundwater was measured in the five new monitoring wells following the procedures 
described in Section 3.2.4 of the Hydrogeology Investigation Plan completed as part of the Phase 
II RWP (TerraGraphics, 2010b).  Water level measurements were recorded in the field book and 
on the groundwater sampling form to a precision of 0.01 foot (see Appendix A) and are 
presented in Section 5.3. 

3.1.2.3 Transducer Installation 

Transducers were programmed and deployed in each of the five new monitoring wells (LOB-
MW01 through LOB-MW05) on September 29, 2010, prior to dewatering the mine.  The 
transducers were installed to a depth just above the base of the well screen in each monitoring 
well to be able to capture and record the full effects of the dewatering on the local bedrock 
aquifer.  The transducers were programmed to record water levels every 10 minutes.   

The transducers were checked to verify they were working on October 11, 2010, and the 
transducer in LOB-MW01 was only recording temperature.  A replacement transducer was 
ordered and the malfunctioning transducer was replaced on October 12, 2010. 

Once the mine dewatering and treatment system was dismantled and removed from the site on 
November 2, 2010, an additional transducer was installed in the shaft to record the post-pumping 
recovery of the mine water until December 2, 2010.  After the transducers were recovered from 
the five new wells and shaft, the data from each transducer were downloaded, compensated for 
elevation, and graphed for evaluation (see Appendix E). 

3.2 Piezometer Installation 

TerraGraphics installed three shallow piezometers within the colluvium/weathered bedrock to 
further investigate surface water infiltration and the potential connectivity between shallow 
groundwater and the underground workings.  Three test pits were excavated with a backhoe and 
1-inch diameter piezometers were installed on September 24 and 25, 2010.  The piezometers 
were placed at pre-determined locations throughout the Lilly/Orphan Boy Mine Site along 
existing roads that could be accessed by the backhoe.  One piezometer (LOB-PZ01) was nested 
with the monitoring well LOB-MW01 to investigate and monitor the depth of groundwater 
within the colluvium/weathered bedrock area near the headframe and evaluate the potential 
surface water interactions occurring around the shaft entrance.  The piezometer locations are 
shown on Figure 8. 
 
The three new piezometers were installed from the bedrock contact to approximately 3 feet 
above ground surface.  TerraGraphics personnel monitored the excavation and logged the test 
pits to describe the lithology and any groundwater units encountered.  This information was 
recorded in the field book (see Appendix A).  PVC screen (20-slot) was placed from the bottom 
of each piezometer to a depth of approximately 6 inches below ground surface (bgs).  The base 
of each piezometer was capped with a 1-inch PVC slip cap.  The piezometer completion details 
are shown in Table 4.    

The PVC casing of each piezometer was marked on the north side with indelible ink to indicate 
the groundwater measuring reference point for top of casing.  The top of casing elevations were 
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surveyed by TerraGraphics on October 10, 2010, with a total station and referenced to the on-site 
control points installed by DJ&A during their 2009 site survey. 

3.3 Waste Rock Piles 

Test pits were excavated in the waste rock piles on site to evaluate the feasibility of utilizing the 
waste rock as a cemented mine backfill.  Backfilling the mine with cemented waste rock is a 
potential reclamation option.  Samples collected from the excavated test pits were submitted to 
Pioneer Technical Services for sieve analysis and geotechnical design analysis of a cement grout 
mix for backfill material.   

3.4 Subsurface Mine Investigation 

Once Blue Range Engineering personnel determined that the mine could be entered safely (see 
Section 2.3), data were obtained from the dewatered mine workings through a combination of 
visual observation and physical sample collection.  This section describes the procedures used to 
investigate the physical and hydrogeologic conditions present within the mine workings.  The 
purposes of the subsurface activities were to: (1) collect the data necessary to delineate and map 
the infiltration zones (seeps) within the portions of the mine that were accessible during 
dewatering, (2) determine the accuracy of the Rankin Mine Map, and (3) measure mine workings 
dimensions where possible.  A copy of the original 1950 Rankin Mine Map is provided in 
Appendix F.  

The subsurface activities completed for the Hydrogeology Investigation portion of the Phase II 
RI included: 

1. Visually located groundwater infiltration zones within the accessible portions of the 
workings to construct a map of the seeps and evaluate the groundwater input to the mine 
workings at these locations; and 

2. Collected seep samples to characterize the quality and flow rates of groundwater flowing 
into the workings.  

The results of these subsurface activities were sketched on the Rankin Mine Map and recorded in 
the field book (Appendix A).  Seep samples were collected and analyzed using the same 
protocols as for groundwater samples (described in Section 4.2) with the exception that field 
parameters were not measured inside the mine.  The seeps are discussed in Section 3.4.3. 

3.4.1 General Mine Geology  

The Lilly Orphan Boy mine is located in the Elliston mining district in the Boulder Mountains of 
western Montana.  Rocks from Pre-Cambrian to Late Cretaceous age are exposed in the area.  
The sedimentary section was folded and faulted during the Laramide orogeny.  Subsequently, 
these rocks were overlain by thousands of feet of lava deposited from late Cretaceous to Tertiary 
time.    

“The Boulder batholith was intruded into the sediments and late Cretaceous lavas during the 
stages or shortly after the Laramide orogeny, probably in the Paleocene time.  This igneous 
derangement has been more definitely described as a three phase tectonic disturbance which 
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started with an Upper Cretaceous Andesite series followed by a Paleocene granitic intrusion and 
ended with the extrusion of an Eocene rhyolite series.”  (Aikin, 1950).   

The Lilly/Orphan Boy mine exploited a mineralized vein within a massive quartz monzonite.  
The mineralized vein is generally uniform and well defined with a strike of north 40o east 
(N40oE) and dips 80o north.  Quartz monzonite has a similar composition to granite, but contains 
less quartz.  The massive quartz monzonite deposit is related to the Boulder batholith.  Aikin 
postulated that the Boulder batholith consolidated at depth and was fractured along the outer 
periphery.  Fractures and fissures along the margins of the batholiths served as conduits for the 
deep-seated ascending silica-rich igneous rocks such as feldspars and quartz, and later mineral-
bearing solutions.  Evidence of these silica-rich rocks that formed the vein in the quartz 
monzonite was observed at several locations in the mine in the form of thick tourmalitic-quartz 
bodies.  The tourmalitic-quartz typically occurs either in the foot- or hanging-wall of a fault or 
fracture and is associated with the mineralized portions of the vein containing pyrite and gold-
bearing arsenopyrite.  Within the vein the tourmaline and quartz are black.  Outside the vein, the 
quartz is milky or white.  Aikin characterized the vein of the Lilly mine as a “tourmalitic, lead-
silver, fissure vein of the granitic phase.”  Low grade gold and copper were also reported to be 
encountered.  Aikin reported “The mineralized zone is continuous” and the “pay streak generally 
appears in two stringers which become narrow, expand, and then become narrow again.”  
“Extensive fissuring and faulting has taken place parallel to the fissure vein and generally along 
the southern footwall.”  “Several post-mineralization offset faults cut across the vein at right 
angles with a maximum observed offset of 5 feet.  A shallow low-angle fault occurs within 100 
feet of the Lilly adit entrance cutting off the vein 2 feet above the haulage track.  Displacement 
along this fault was considerable before merging into the ore zone again” (Aikin, 1950). 

3.4.2 Mine Development 

Work to advance the Lilly drift was started in 1934 by E. Lindquist and Lester Lindquist.  They 
sold the property to the Newman Brothers in 1941 (Rankin, 1950).  The Newman Brothers were 
the last miners to operate the mine.  The ground was reported by Aikin to be “well contained, 
and timbering has been more of a precaution rather than an absolute necessity.  Standard drift 
sets along the haulage way and well placed stulls in the stopes have proven sufficient” (Aikin, 
1950). 

The Newman Brothers Properties report (Rankin, 1950) provided information that the shaft was 
driven at an incline of 5 degrees from vertical.  The shaft consisted of a single hoisting 
compartment and manway in good condition from the collar down to the Lilly drift (74-foot 
level).  The portion of the shaft below the Lilly drift was also anticipated to be in good condition 
based on information provided in that report (Rankin, 1950).   

3.4.3 Mine Inspection and Seep Sampling 

Upon assurance from Blue Range Engineering that the mine was safe to enter, TerraGraphics 
engineers, Tom Smith and Jamie Mongoven, entered the mine to perform the underground 
investigation of the mine workings.  TerraGraphics engineers conducted the mine inspection and 
mapping activities from October 14 through 21, 2010, beginning with a tape survey of accessible 
mine workings to estimate volumes and record the mine dimensions.  Results of the tape survey 
were recorded in the log book and on a copy of the Rankin Mine Map.  The shaft was entered 
through the east compartment.  The west compartment of the shaft was not used in this 
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investigation.  Because of safety concerns, no testing of the rock or timber stability, which 
typically involves barring to find loose rock or hitting of timbers to evaluate soundness, was 
performed in the observed mine workings.  Likewise, power washing of the workings to remove 
muck and loose rock from the rock walls was not performed due to safety concerns.  As a result, 
rock quality and mine stability were characterized from the observed amount of rock raveling 
and the standing state of the support timbers.  The floors of the levels that had been under water 
(74-foot and 114-foot levels) were covered with a layer of muck that prevented observation of 
the floor and lower portion of the walls.   Thus, the observations documented in this report 
regard the dewatered state of the accessible portions of the mine.  The observed portions of the 
Lilly/Orphan Boy mine are shown on Figure 9.  The observations from this inspection were 
superimposed onto the Rankin Mine Map (Appendix F) in three representations: Figure 9 shows 
the observed mine workings and infrastructure; Figure 10 shows the observed geologic features; 
and Figure 11 shows the locations and referenced photographs of seeps in the drift at the 74-foot 
level.  Table 5 describes the locations where seep samples were collected. 

The shaft is rectangular and divided into two compartments.  Each compartment is 4-feet by 4-
feet wide.  The east compartment appears to have been used for hoisting ore as this compartment 
contains guiderails along the length of the shaft for a skip hoist (used to keep the hoist centered 
in the compartment as it was raised or lowered) and the west compartment appears to have been 
used as the manway.  The compartments are separated by bracing timbers.  The observable 
section of the shaft, from the collar down to an approximate depth of 130 feet, is completely 
timbered for support and rock control.  The remaining, unobserved portion of the shaft is 
expected to be timbered in a similar manner because, according to Dave Newman, that portion of 
the mine was developed by the same group of miners that developed the upper portion of the 
shaft.  Square sets were observed at approximately 5-foot intervals, with round backing timbers 
placed vertically side-by-side between the square sets.  The timbers were observed by Blue 
Range Engineering to generally be in good condition, except at the collar where the upper 
approximately 3 feet of timbers were affected by dry rot.   
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Table 5. Seep Sample Locations 

Sample ID 
Seep Location 

Relative to Shaft Location Notes 

LOB-SP06 80' W Roof & top of N wall seep 

LOB-SP05 74' W Roof seep, N side 

LOB-SP03 58' W Middle of roof seep 

LOB-SP04 25' W Middle of roof seep 

-- 15' W Middle of roof seep 

LOB-SP01 1-5' E Roof seep, N side 

LOB-SP02 75' E S wall, seep in the cut 

-- 89' E N wall, seep in the cut 

 
The following sections discuss observations made during the October 2010 mine investigation.  
Each section addresses the various features of the mine in the order they were encountered 
descending into the shaft from the surface.  Figure 9 shows the approximate extent of the mine 
that was observed.  Rock quality and stability assessments were based on observations of the 
exposed areas of the mine workings.  Due to safety concerns, the walls were not probed or 
picked for loose rock and the timbers were not disturbed.  In general, the rock quality and 
stability is good where still visible.  A few locations, as noted on Figure 9 and Figure 10, showed 
signs of raveling/spalling or collapse.  Timbering in the observed areas of the mine appeared to 
be in good shape with minor deterioration.  Based on discussions with Dave Newman, the 
collapses in some areas of the mine occurred after the mine stopped operation.  The collapses are 
due to poor rock quality, as noted on Figure 9 and Figure 10. 

3.4.3.1 25-Foot Level 

The 25-foot level is accessed on the south side of the shaft and extends approximately 8 feet to 
the south.  The level has experienced caving on both sides.  The non-caved portion extends 
approximately 15 feet to the east and 15 feet to the west but is filled with jointed round timber 
sets installed to prevent further caving of this level.  The level appeared to be dry and the 
bedrock composed of fractured quartz monzonite.  The rock quality appeared to be poor and the 
timbers appeared to be stable.  No seeps were observed (Figure 12). 
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Figure 12. View looking south into the 25-foot level from the shaft.  
The jointed round timber sets on the left and right were installed to prevent 

further caving of this level. 

A difference was observed between the mine maps provided in the Aikin thesis (Aikin Mine 
Map) and the Rankin Mine Map provided by Dave Newman (see copies of original maps in 
Appendix F).  The Aikin Mine Map does not show this level and indicates that the stope extends 
to the surface, whereas the Rankin Mine Map shows this level as being stoped.  During 
discussions with Dan Newman, who stated he used to work this mine with his cousin Dave 
Newman from time to time, it was determined that the back wall of the 25-foot level was always 
wet and discharged water.  Based on this information, it is possible that the map Mr. Aikin 
included in his thesis was not accurate because he was not able to observe this level of the mine. 

3.4.3.2 41-Foot Level 

The 41-foot level was not accessible due to the timber backing but could be partially viewed to 
the east from the shaft.  Looking between the timbers, it appeared that this level was part of the 
stope shown on Figure 9, where stull timbers span the stope for support.  The stull timbers 
appeared to be stable and the rock quality fair to good.  Rock and muck were observed on the 
floor (Figure 13).  The rock in the walls appeared to be iron-stained quartz monzonite with black 
tourmaline banding so it is likely that the ore was completely removed in this stope.  The Rankin 
Mine Map shows this stope extending approximately 47 feet to the east of the shaft and 
extending above the 25-foot level.  The top of the stope and eastern extent were not observed due 
to the shaft timbers blocking access and view.  A few small seep areas were observed.  The seep 
areas were slightly wet and did not appear to be producing measureable discharge.  Seep sample 
stations were not installed. 
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Figure 13. View looking east from the shaft through the timbers into the 41-foot level and 
into the stope. 

3.4.3.3 50-Foot Level 

The 50-foot level was accessed on the east side of the shaft.  The drift dimensions were 
approximately 4 feet wide by 5 feet high.  This drift contained an old wheelbarrow and wood box 
at the entrance.  Post and beam timber sets were observed for the first 40 feet of the drift.  At a 
distance of approximately 42 feet from the shaft, a stope was encountered that extends above and 
below the level and contains several stull timbers for support.  The stull timbers appeared stable.  
According to the Rankin Mine Map, this stope is a continuation of the stope described in the 25-
foot level section and extends down to the 74-foot level.  However, the extent of the stope was 
not confirmed during this investigation.  A plank spanning the stope, and supported by stull 
timbers (Figure 14), was not crossed due to safety concerns; therefore, the stope was the last 
portion of the drift at the 50-foot level that could be observed.  The drift was estimated to extend 
to an overall length of approximately 75 feet.  The drift appeared to have been driven on the vein 
and the rock quality appeared to range from fair to good.  The vein was likely oxidized due to the 
high iron content observed in the walls.  Approximately 30 to 40 feet from the shaft, water-
deposited minerals were observed on the walls of the drift in six areas.  These areas were only 
slightly wet and the discharge could not be measured.  As a result, no seep sampling stations 
were set up on this level. 

This level may correspond to the level labeled as the 39-foot level on the Rankin Mine Map.  

stull timber
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Figure 14. View looking east at the stope in the 50-foot level.  
Note the stull timbers, post and beam timbers, and plank bridge. 

 

3.4.3.4 68-Foot Level 

The 68-foot level is accessed on the south side of the shaft and extends approximately 25 feet to 
the south of the shaft.  The drift was approximately 4 feet wide by 6 feet high measured between 
the timber sets.  The overall opening was 5 feet wide and 8 feet high up to the bedrock, with 
blocks and shims between the timber sets and bedrock.  A pile of substrate installed by MSE 
(2008) partially blocked access to this level (Figure 15).  The floor entry from the shaft into this 
level consisted of timbers that form the roof of the 74-foot level.  The timber supports in this 
section of the mine are square sets.  Remnant pieces of timber were scattered on the floor of this 
level.  The bedrock was iron-stained quartz monzonite with black tourmaline banding.  The 
timbers appeared to be stable and the rock quality appeared to range from fair to good.  Three 
small drip areas were observed in the roof, but they were not discharging measureable flow, so 
seep sampling stations were not installed. 

This level appears to be the dashed line extending south of the shaft on the 74-foot level plan 
view on the Rankin Mine Map (Figure 9).  
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Figure 15. View looking south into the 68-foot level from the shaft.  
Note the substrate pile in the lower left corner of photo. 

 

3.4.3.5 74-Foot Level – The Lilly Drift 

The 74-foot level, also known as the Lilly drift or Lilly tunnel, was accessed to the south of the 
shaft by climbing over a substrate pile.  The drift extends approximately 110 feet to the west 
from the west edge of the shaft, to where the level has caved, and approximately 92 feet to the 
east from the east edge of the shaft.  It is clear from the Rankin and Aikin Mine Maps and from 
evidence on the ground that this level originally extended to the Lilly adit where it intersected the 
ground surface.  The west portion of the level was approximately 5 feet wide by 7 feet high.  The 
east portion of the 74-foot level averaged 5 feet wide and 8 feet high.  The stoped section varies 
in height and width to follow the sulfide ore in the vein out to the faults running almost parallel 
with the northern and southern walls of the level.  Figure 10 shows the faults and Figure 9 shows 
the estimated heights observed in the stope.  What appears to be an ore pass from the 74-foot 
level down to a lower level was observed along the southern wall of the stoped area.  This was 
not marked on the Rankin Mine Map.  A ladder was observed on the west side but the area was 
not explored due to safety concerns.  Of the overall reported 450-foot length of this drift (Rankin, 
1950), approximately 212 feet were observed during the 2010 investigation.   

The rock observed in the walls of the Lilly drift was composed primarily of dark yellowish 
brown and gray quartz monzonite with iron staining.  Black tourmaline banding was observed in 
the quartz monzonite around the landing of the shaft and extended to the east until the brown and 
dark gray sulfides were encountered in the vicinity of the stope.  The sulfides became dark gray 
and black in color and extended eastward for the last 40 feet of the drift.  White or light gray 
metal salts were observed forming in the roof and upper wall portions on the stope, 
approximately 25 to 40 feet east of the shaft (Figure 16 and Figure 17).  Exposed unoxidized 
pyrite veins were also observed in the stope.  The mining had stopped at the pyrite.  This section 
was slightly wet but was not producing measureable discharge, so a seep sample station was not 
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installed.  The wet areas were oxidized and yellowish brown to dark brown in color.  The 
development of the stope evidently followed the sulfides and extended to the normal faults along 
the northern and southern walls.  The faults were observed mainly along the southern wall and 
extending up into the stope.  

As shown on the Aikin Mine Map (Appendix F), the drift was driven from the Lilly adit 
eastward to a point where the sulfide vein was cut off near the floor by a fault (section A-A’). 
East of the shaft the drift was driven along the vein.  During the 2010 investigation, the entire 
drift could not be observed due to the 4 to 6 inches of accumulated muck and iron coating on the 
walls by the retained mine pool; however, the upper portions of the walls and some of the roof 
rock could be observed.  The roof appeared to consist of quartz monzonite, consistent with the 
geological mapping reported by Aikin. 

The overburden thins west of the shaft from approximately 67 feet (i.e., the drift floor at 74 feet 
minus a 7-foot roof height equals approximately 67 feet of overburden) at the west end of the 
shaft down to 17 feet at monitoring well LOB-MW03 and then 0 feet at the collapsed Lilly adit 
(Figure 9).  As the overburden thins, the rock quality is expected to degrade from exposure to the 
atmosphere.  The rock quality in the drift ranges from fair to good except where the caving 
occurred on the west end and along the faulting in the stoped area to the east of the shaft.  Minor 
raveling was also observed in the offset faulted section located between approximately 40 and 60 
feet west of the shaft (Figure 18).   

 

 

Figure 16. View upward into the stope from a location in the 74-foot level east of the shaft.  
Note the stull timbers, white metal salts, and slightly wet dark brown areas in the 

upper right corner. 
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Figure 17. View looking up in the stope approximately 30 feet east of the shaft at the 74-foot 
level at the location of a fault (right arrow) along the southern wall.  

Note the white metal salts and dark brown pyrite indicated with left and center 
arrows. 

 

Figure 18. View looking west at the faulted and offset section of the drift at the 74-foot level 
at a location approximately 40 feet west of the shaft.  

Note the post and beam timbering and minor raveling on the south wall near the 
center of the photo. The exposed rock is quartz monzonite with black tourmaline 

banding. 
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Plan views of the 74-foot level drift provided by Aikin and on the Rankin Mine Map (Appendix 
F) appear to provide reasonably accurate representations of this level of the mine.   

3.4.3.5.1 Timbers in the 74-Foot Level 

The configuration of timbering installed in the 74-foot drift varied by location.  From the shaft to 
40 feet west, stull timbering was used.  West of the faulted section of the drift, approximately 40 
feet west of the shaft, post and beam timbering was used.  From the faulted section westward to 
the caved area, backing timbers were placed between the timber sets that covered the bottom 
two-thirds of the walls.  

From the shaft to 15 feet east, stull timbering was used to support the mine. From this point 
eastward, post and beam timber sets with backing boards were used to a point in the drift 
approximately 40 feet east of the shaft.  Stull timbering was observed to have been installed from 
the 40-foot point to the eastern extent of the level.  On the north wall of the stope, approximately 
35 feet east of the shaft, the backing timbers installed between the timber sets retaining the 
faulted section were bulging and appeared to be failing (Figure 19).  Additional timbering was 
also observed along the fault on the north wall, approximately 80 to 90 feet east of the shaft. 

 

Figure 19. View looking east at the timbers retaining the faulted section located 
approximately 35 feet east of the shaft in the 74-foot level. 

 

3.4.3.5.2 Mine Pool in the 74-Foot Level 

Based on water marks observed on the walls within the 74-foot level, the mine pool level varied 
along the drift.  East of the shaft, the pool appeared to reach a level approximately 20 to 24 
inches above the floor.  Heading west of the shaft, the water level marks were observed to be 
approximately 20 inches above the floor for the first 40 feet of drift, to the point where the 
faulted and offset section of the drift was encountered.  From that point to the west, the pool then 
increased in depth relative the floor of the drift.  At a point approximately 58 feet west of the 
shaft, the water mark was approximately 44 inches above the floor and then increased to a height 



Phase II Reclamation Investigation Report – Lilly/Orphan Boy Mine Site 

 
41

of 48 inches at a point 73 feet west of the shaft (the location of the eastern end of the first 
substrate stockpile).  Continuing west along the drift to point approximately 85 feet west of the 
shaft (i.e., the west end of the first substrate stockpile), the water mark was about 54 inches 
above the floor.  At the caved portion of the drift, about 110 feet west of the shaft, the water 
mark indicating the pool depth was approximately 60 inches above the floor of the drift (Figure 
20).  Figure 11 shows the approximate water line within the 74-foot level and the mine pool level 
is also marked on the photographs. 

3.4.3.5.3 MSE Wells and Substrate Piles within the 74-Foot Level 

MSE drilled and installed two monitoring wells (MW-Injection 1 and MW-Injection 2) that were 
reported to have penetrated this drift.  Although the wells were reported to have been used to 
inject substrate into the level (MSE, 2008), observations made during this investigation indicate 
the wells did not directly penetrate the drift.    

 

Figure 20. View looking west at the caved portion of the 74-foot level approximately 110 
feet west of the shaft.  

Note the muck covered substrate pile in the foreground. Substrate piles were 
reported to have been placed through injection wells but neither drill holes nor 

injection wells were observed in the roof of the drift. 

 

The distance from the wells to the shaft was scaled from the site topographic map and used as a 
guide to estimate where the wells could be encountered within the workings (approximately 73 
feet west for MW-Injection 1 and 91 feet for MW-Injection 2).  Although substrate piles were 
observed in the drift at these approximate distances, it appeared the substrate was brought in 
using a wheelbarrow and piled.  The substrate piles appeared to be too large to have been 
injected through a well and did not have a conical shape as would be expected if the piles were 
placed by injection methods.  Most significantly, no evidence of drill holes or PVC pipe was 
observed in the roof or the walls of the drift.   
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Calculations performed to estimate the depth of the MW-Injection 1 and MW-Injection 2 wells 
relative to the floor elevation of the Lilly drift show that both injection wells were drilled to a 
depth sufficient to encounter the 74-foot level drift (Appendix G).  Substrate material was 
observed on a bailer used to sample the wells and the wells where observed to go dry when the 
water level in the mine was lowered below the 74-foot level during dewatering for this 
investigation.  Thus, although the wells do not appear to directly penetrate the drift, available 
evidence indicates both wells are hydraulically connected to the 74-foot level.  

A well log and descriptions included in the 1995 memorandum by Jim Potts of MSE show that 
well LOB-3 was installed into the 74-foot level drift.  This well is located approximately 208 feet 
southwest of the shaft and into the uphill road cut of the Forest Service access road into the site.  
The memorandum indicates the roof of the drift was encountered at a depth of approximately 17 
feet and the floor was encountered at approximately 26 feet.  At the time of drilling, the level 
was open at the location where it was intersected by LOB-3.  Water was measured to be 1 to 1½ 
feet below the roof of the drift (MSE, 1995).  This well would have been located beyond (west 
of) the collapsed area in the drift, and could not be observed during this investigation.    

3.4.3.6 The West Platform at 86-Feet 

The platform MSE had installed in the west shaft compartment could not be observed until the 
mine was dewatered and workings accessed.  The top of this platform was encountered to be 
slightly rotated and resting on timbers at 86 feet below the collar of the shaft.  Further inspection 
revealed that this platform was constructed differently from the east platform that had been 
successfully removed from the shaft.  The top deck was the same but the west platform included 
a skid constructed of heavy steel that extended approximately 6 feet below the deck (Figure 21). 

The purpose of the skid was to center the platform.  If the platform rotated or tilted as it was 
lowered, the center skid would contact the timbers and push it back to center.  Observation from 
below the platform in the mine provided insight into why the platform could not be removed by 
the crane.  Section 2.1 provides additional discussion regarding the efforts that were undertaken 
to remove the platforms.  When effort was exerted with the crane to remove the platform the 
center skid broke through the bracing timbers separating the compartments.  No damage was 
observed on the square set or backing timbers; however, the bracing timbers were removed from 
the interval of the shaft between approximately 100 feet and 92 feet below the collar.  The 
support timbers were also damaged by the top deck of the platform from approximately 92 feet 
up to 86 feet below the collar.  One cable was observed to have failed during the removal 
attempts on this platform.  
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Figure 21. View of the east compartment of the shaft at a depth of 95 feet looking up at the 
west platform wedged into the timbers at a depth of 86 feet.  

Note the skid on the bottom, broken bracing timbers dividing the compartments, 
the lack of damage to the square set and backing timbers, and the lack of 

substrate on the platform. 

 

Blue Range Engineering deemed the platform to be stable resting on the timbers and it was left 
in place.  For safety reasons, the cables were cut from the platform and removed, except for the 
remaining portion of the failed cable which was dropped below the platform and was observed to 
be resting on the timbers at a depth of approximately 105 feet (Figure 22).  The removed cables 
were placed in the fenced area southeast of the shaft and headframe, next to the east platform that 
was removed. 
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Figure 22. View from a depth of 95 feet in the east compartment of the shaft looking down 
at the water level.   

The water level is at approximately 110 feet deep in the shaft. The cut portion of 
failed cable, on the left, is resting at a depth of 105 feet in the west compartment. 

The aluminum pipe, chain, and power cable are connected to the dewatering 
pump. Note the substrate on top of the square set timbers. 

 

3.4.3.7 114-Foot Level 

This level is accessed from the north side of the shaft and has timbers across the floor retaining at 
least a 2-foot thick section of muck.  The drift was approximately 5 feet wide and 7 feet high 
between the timbers.  The timbering was observed to have noticeably better construction quality 
than the upper levels.  The timbering consisted of larger square sets than in the upper levels.  The 
walls were fully timbered.  This level was not explored due to safety concerns, as it was not 
known if this level contained winzes, declines, or ore passes that could be covered by the muck.  
The drift was observed to a distance of approximately 20 feet east and west of the shaft (Figure 
23 and Figure 24).  The only visible rock was fresh pyrite in the roof at the landing located north 
of the shaft.  This level appeared to be consistent with the levels above insofar as it appeared to 
have been driven on the same vein. 

Looking up the shaft from this level, the shaft was observed to dip toward the north from the 
collar down to the 74-foot level, then dip back to the south from the 74-foot level to the 114-foot 
level (Figure 25).  A profile of the shaft is shown in Figure 9.  This variance in the direction of 
the shaft explains why difficulties were encountered in lowering the pump beyond a depth of 106 
feet below the collar.  The pump was most likely getting caught (hanging) on the timbers. 
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Figure 23. View of the landing to the 114-foot level, looking east.  
Note the brown muck level on the timbers. 

 

 

 

Figure 24. View of the landing to the 114-foot level, looking west.  
Note the brown muck level on the timbers. 
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Figure 25. View looking up the shaft from a depth of 95 feet.   
The change in dip of the shaft, marked by the arrows, is evident. The change in 
dip made lowering of the pump difficult and impacted removal of the platforms. 

 

3.4.3.8 Unobserved Level 

During the last week of mine dewatering, muck colored water was observed and several filter 
changes were required on October 19, 2010.  As was observed by the dewatering of the 114-foot 
level, the presence of the muck in the water is an indication that another level in the mine is 
being dewatered.  If another level exists, as shown on the Rankin Mine Map, it is likely located 
between a depth of 130 feet and 145 feet below the shaft collar.   

The existence of this level could not be confirmed as additional exploration within the mine 
could not be undertaken due to weather turning to snow and the need to terminate field 
operations.  Based on the volume and rate of water that was pumped, and assuming the level has 
working dimensions of 5 feet wide by 7 feet high, the workings could be approximately 150 feet 
in length if there are no stopes.  However, since stopes were observed in the upper levels and 
were connected, the overall development of the workings at this level could be less.  Although 
direct evidence of this level was not obtained, pumping observations and calculations indicate 
that it probably exists. 
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Section 4.0 Sampling 

Surface water, groundwater, soil, and seep samples were collected at the Lilly/Orphan Boy Mine 
Site during the 2010 investigation.  All procedures for sampling, decontamination of sampling 
equipment, and analysis of samples were outlined in the SAP/QAPP (TerraGraphics, 2010b).  
This section describes the specific samples collected, sample locations, and analyses that were 
performed.  

4.1 Surface Water Sampling and Analysis Methods 

The purposes for sampling surface water were to: 

 Collect baseline surface water quality data from Telegraph Creek; and 

 Monitor the water chemistry in Telegraph Creek during dewatering and land application. 

TerraGraphics personnel collected surface water samples from five locations along Telegraph 
Creek beginning on September 29, 2010, and ending on October 22, 2010.  The surface water 
samples were analyzed for the constituents shown in Table 6. 

Surface water samples were collected using the Direct Method and were handled and analyzed 
according to the procedures and methods identified in Section 2.1.4 of the SAP/QAPP.  The 
surface water sample locations are shown on Figure 8 and described in Table 7.   

Field tasks associated with the pre-pumping (baseline) surface water monitoring activities 
conducted by TerraGraphics on September 29, 2010, included: (1) staking and surveying each 
sampling station, (2) measuring stream discharge at each station, (3) measuring and recording 
field physiochemical parameters, and (4) collecting surface water samples for laboratory 
analysis.  Surface water sampling information was recorded on surface water sampling record 
sheets and in the field book (Appendix A).   

Further surface water monitoring was conducted on December 6, 2010, a month after mine 
dewatering ceased, to investigate the seasonal variation of geochemical constituents.  Adit 
discharge was not sampled. 
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Table 6. Parameters, Methods, and Reporting Limits for Surface 
Water Analyses 

Parameter Analyte Method Reporting Limita

Physical Properties pH A4500-H B 0.1 s.u. 
  Conductivity A2510 B 1µmhos/cm 
   Total Dissolved Solids  A2540 C 10 mg/L 
   Total Suspended Solids  A2540 D 06 10 mg/L 
   Acidity-Total as CaCO3

b A2310 B None 
Dissolved Inorganics Chloride EPA 300.0 1 mg/L 
   Sulfate EPA 300.0 1 mg/L 
Inorganics Alkalinity, Total as CaCO3 A2320 B 4 mg/L 
  Bicarbonate as HCO3 A2320 B 4 mg/L 
   Carbonate as CO3

  A2320 B 4 mg/L 
   Chloride EPA 300.0 1 mg/L 
   Sulfate EPA 300.0 1 mg/L 
Metals Aluminum (Total and Dissolved) EPA 200.8 0.03 mg/L 
  Arsenic (Total and Dissolved) EPA 200.8 0.003 mg/L 
  Cadmium (Total and Dissolved) EPA 200.8 0.00008 mg/L 
  Calcium (Dissolved) EPA 200.7 1 mg/L 
  Copper (Total and Dissolved) EPA 200.8 0.001 mg/L 
  Iron (Total and Dissolved) EPA 200.7 0.05 mg/L 
   Lead (Total and Dissolved) EPA 200.8 0.0005 mg/L 
   Magnesium (Dissolved) EPA 200.7 1 mg/L 
   Manganese (Total and Dissolved) EPA 200.8 0.005 mg/L 
   Potassium (Dissolved) EPA 200.7 1 mg/L 
   Sodium (Dissolved) EPA 200.7 1 mg/L 
   Zinc (Total and Dissolved) EPA 200.8 0.01 mg/L 
   Hardness, Total as CaCO3     

  
Notes: 

a. Reporting Limits are less than or equal to Circular DEQ-7 required reporting values for practical 
quantitation limit 
b. Acidity was analyzed only if pH was less than 4.5 

mg/L = milligram per liter 
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Table 7. Surface Water Sampling Locations 

Station Identification 
(from upstream to downstream) 

Surface Water Sample Location 

LOB-SW05 Approximately 530 feet upstream of Waste Rock Pile 3 where the 
property line crosses Telegraph Creek 

LOB-SW01a Approximately 70 feet upstream of Waste Rock Pile 3 at the 
crossing of the property line on Telegraph Creek. 

LOB-SW06 Approximately 90 feet downstream of Waste Rock Pile 3 

LOB-SW03a Approximately 190 feet downstream of Waste Rock Pile 3 at the 
crossing of the property line on Telegraph Creek. 

LOB-SW07 (new sample location not 
included in SAP/QAPP) 

Approximately 430 feet downstream of Waste Rock Pile 3 at 
culvert outlet.  This site was requested by DEQ as a downstream 
check on the water quality to monitor during the land application 
operations. 

a. Sample locations first established for Reclamation Investigation (Tetra Tech, 2009). 
 
Discharge measurements were taken at the five surface water sampling sites by TerraGraphics 
personnel utilizing the area-velocity method (wading technique) in accordance with the 
SAP/QAPP (TerraGraphics, 2010b).  Stream widths and corresponding depths were measured 
and recorded in the field to determine cross-sectional areas.  Stream velocities for each cross-
section were measured and recorded using an electronic hand-held flow meter.  Stream discharge 
information was recorded on stream discharge forms and in the field book (Appendix A) and is 
summarized in Section 5.3. 

4.2 Groundwater Sampling and Analysis Methods 

The purposes for sampling groundwater were to: 

 Characterize the groundwater system at the mine site; 

 Compare the quality of groundwater in the bedrock with water in the mine workings; and 

 Support future analysis of reclamation alternatives for reducing or stopping discharge 
from the Lilly adit. 

Groundwater data were collected by TerraGraphics field technicians on September 29, 2010, 
from the five new monitoring wells installed at the Lilly/Orphan Boy Mine Site (see Figure 8).  
Field tasks included measuring static water levels in each well, field measurement of 
chemical/physical parameters, and collecting groundwater samples for laboratory analysis.  The 
groundwater samples were analyzed for the constituents shown in Table 8 as specified in the 
SAP/QAPP (TerraGraphics, 2010b). 
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Table 8. Parameters, Methods, and Reporting Limits for Mine 
Water and Groundwater Analyses 

Parameter Analyte Method Reporting Limita 
Physical Properties pH A4500-H B 0.1 s.u. 
  Conductivity A2510 B 1µmhos/cm 
   Acidity-Total as CaCO3

b A2310 B None 
Dissolved Inorganics Bicarbonate as HCO3

c A2320 B 4 mg/L 
  Carbonate as CO3

 c A2320 B 4 mg/L 
   Chloride EPA 300.0 1 mg/L 
   Sulfate EPA 300.0 1 mg/L 
Inorganics Alkalinity, Total as CaCO3 A2320 B 4 mg/L 
   Chloride EPA 300.0 1 mg/L 
   Sulfate EPA 300.0 1 mg/L 
Metals Aluminum (Total) EPA 200.8 0.03 mg/L 
  Arsenic (Total) EPA 200.8 0.003 mg/L 
  Cadmium (Total) EPA 200.8 0.00008 mg/L 
  Copper (Total) EPA 200.8 0.001 mg/L 
  Iron (Total) EPA 200.7 0.05 mg/L 
  Lead (Total) EPA 200.8 0.0005 mg/L 
   Manganese (Total) EPA 200.8 0.005 mg/L 
   Zinc (Total) EPA 200.8 0.01 mg/L 
Notes: 

a. Reporting Limits are less than or equal to Circular DEQ-7 required reporting values for 
practical quantitation limit 
b. Acidity was reported only if pH was less than 4.5 

c. Only groundwater will be analyzed for these parameters 

mg/L = milligram per liter 
µmhos/cm = micromhos per centimeter 

 

Samples were collected using the low-flow, minimum drawdown technique in accordance with 
the sampling plan described in Section 2.1 of the SAP/QAPP (TerraGraphics, 2010b).  All 
sample handling procedures followed the guidelines for handling and documentation described 
in Section 2.6 of the SAP/QAPP.  Groundwater quality assurance/quality control (QA/QC) 
samples were collected and analyzed as described in Section 2.3 of the SAP/QAPP.  
Groundwater sampling information was recorded on groundwater sampling record sheets and in 
the field book (Appendix A).  Results are discussed in Section 5.3.   

4.3 Mine Water Sampling and Analysis Methods 

Mine water samples were collected from shaft water during dewatering as described in Sections 
2.2.5 and from seeps during the underground investigation as described in Section 3.4.3.  The 
mine water samples were analyzed for the constituents shown in Table 8.  Results are discussed 



Phase II Reclamation Investigation Report – Lilly/Orphan Boy Mine Site 

 
51

in Section 5.3.5.  Field parameters (temperature, pH, Dissolved Oxygen [DO], conductivity, and 
oxygen reduction potential [ORP]) were not recorded for mine water during dewatering or seep 
inspection.  A total of 14 samples were collected from the mine water.  Some mine water 
samples were filtered to remove mobilized solids, not in accordance with the SAP/QAPP 
(TerraGraphics, 2010b), as they were collected downstream from the bag filter as this was the 
first and closest sampling location available immediately downstream of the pump.  The filtering 
of solids was necessary to prevent damage to the water treatment and land application systems.  
The filters were 100 and 200 mesh.  The pressure in the chambers ranged from 10 to 15 psi 
during operation.  Either of these parameters may impact the concentrations of total metals in the 
samples.  In addition, filtering of the samples compromises the comparison of these samples with 
samples from other areas (wells, seeps, surface water) that were not filtered.  One water sample 
was collected from shaft water when pumping was not underway.   

4.4 Soil Sampling and Analysis Methods 

The purpose of soil sampling was to further determine the extent of metals-contaminated soil 
across the entire site.  Thirteen soil samples were collected on October 4, 2010, in general 
accordance the SAP/QAPP.  Samples were collected from 0 to 3 inches bgs at predetermined 
locations throughout the site.  The soil samples were submitted for the analyses listed in Table 9. 
 

 

Table 9. Parameters, Methods, and Reporting Limits for Soil Analyses 

Parameter Analyte Method Reporting Limita 
Acid Base Accounting Acid Potential w/ Sulfur Forms Sobek Modified 0.005 t/kt 

Acid/Base Potential Sobek Modified -5000 t/kt 

Neutralization Potential Sobek Modified -5000 t/kt 
Conductivity Saturated Paste Conductivity ASA10-3 0.01 mmhos/c 
Metals- Total Aluminum EPA 6010.20 5 mg/kg 

Arsenic EPA 6010.20 5 mg/kg 

Cadmium EPA 6010.20 1 mg/kg 

Copper EPA 6010.20 5 mg/kg 

Iron EPA 6010.20 5 mg/kg 

Lead EPA 6010.20 5 mg/kg 

Manganese EPA 6010.20 5 mg/kg 

Zinc EPA 6010.20 5 mg/kg 
Notes: 

a. Reporting Limits are less than or equal to Circular DEQ-7 required reporting values for practical 
quantitation limit 
t/kt = ton per thousand ton 

mg/kg = milligram per kilogram 

 
The results of the soil analyses are discussed in Section 5.3.6 
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Section 5.0 Results and Discussion 

This section discusses the results of the Phase II RI activities described in Sections 2, 3, and 4 of 
this report.  The work completed during the Phase II RI was performed in accordance with the 
Phase II RWP and SAP/QAPP (TerraGraphics, 2010b).  Deviations from the RWP are discussed 
in this section.  Deviations during sampling and the effects of these deviations on data quality 
and usability are discussed in the Data Validation Report provided in Appendix H of this report. 

5.1 Pre-investigation Activities 

5.1.1 Platform Removal Results 

H&H removed the eastern platform that obstructed the shaft.  Several attempts were made to 
remove the western platform, but the platform was only moved several feet vertically up the 
shaft before it wedged into the shaft timbers.  Ultimately, the western platform was raised 
approximately 30 feet in the shaft before it became wedged in the shaft timbers again.  The 
wedged platform could not be observed at the time because of water in the shaft.  The cables that 
remain connected to the western platform were suspended from the steel support structure and 
the western compartment platform remains lodged in the shaft. 

The eastern platform was removed and placed within the fence southeast of the headframe.  The 
removed platform was constructed of heavy steel and thick rubber seals to keep the substrate 
material suspended on the platform. 

5.1.2 Mine Dewatering and Land Application 

The dewatering system was started on October 1, 2010, and shut down on October 22, 2010.  A 
total of 397,000 gallons of water was pumped from the shaft and land applied.  Discharge water 
quality was monitored with Rain for Rent’s portable water quality monitoring system and pH 
was adjusted, as necessary, to achieve project objectives.  The pH of the mine water was treated 
to achieve a range of greater than 5 and less than 9 by adding NaOH.  Due to a data logger 
malfunction, the pH results were not recorded as originally planned; however, the turbidity data 
were recovered and are included in Appendix I.   

A transducer was installed in the shaft on November 2, 2010, after the removal of all dewatering 
equipment, to monitor the recharge in the shaft.  A graph showing the Lilly/Orphan Boy shaft 
water level recovery measurements is included in Appendix E.  The average recharge recovery 
rate during mine dewatering was calculated to be 5.5 gpm (Appendix C).  These calculations and 
the data from the 2009 RI (Appendix K) indicate that flow into the mine is consistently less than 
10 gpm.  This relatively slow recharge rate suggests that the bedrock aquifer contributes a minor 
amount of water to the mine workings under base flow conditions.   

5.1.3 Mine Inspection and Safety Assessment 

Contract miners from Blue Range Engineering performed the mine safety assessment on behalf 
of TerraGraphics on October 12 through 14, 2010, after the mine had been dewatered to 
approximately the 100-foot level.  The process of assessing the safety of the mine began with 
evaluating the air quality and ventilating the workings with a fan.  Air quality in the shaft was 
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determined to be acceptable for entry and the contract miners from Blue Range Engineering 
installed and stabilized the ladder in the shaft to the 80-foot level.  A visual inspection of the 
shaft timbers showed that they were intact and stable and Blue Range Engineering cleared the 
shaft for entry on October 13, 2010.  After clearing the substrate from the opening of the Lilly 
drift, Blue Range Engineering personnel visually inspected the tunnel and cleared it for entry to 
near where the tunnel ceiling was collapsed approximately 110 feet west of the shaft. 

During a telephone interview with Larry Hoffman of Blue Range Engineering on April 5, 2011, 
Mr. Hoffman stated that he did not take any notes or complete any documentation regarding the 
mine safety assessment.  However, Mr. Hoffman explained that they inspected the mine to the 
114-foot level and that it was “loaded with slimy sediments (muck) and was not safe to enter.”  
During the interview, Mr. Hoffman further stated that there were “not really” any issues with the 
mine that he conveyed to TerraGraphics personnel during the safety assessment and that there 
were “No active flows to speak of” within the workings that he accessed.  According to Mr. 
Hoffman, “Everything is in remarkably good shape and open” (Hoffman, 2011).  

5.2 Field Investigation 

5.2.1 Soil Borings and Monitoring Well Installation 

Five borings (LOB-MW01 through LOB-MW05) were advanced to depths ranging from 
approximately 25 feet bgs to 122 feet bgs.  The monitoring well completion details are discussed 
in Section 3.1.2 of this report and are shown in Table 4.  The well logs showing the lithologic 
descriptions of the earth materials encountered during drilling are included in Appendix D.  The 
well logs indicate that the wells are screened in weathered quartz monzonite.  LOB-MW01 had a 
few feet of glacial till under the waste rock fill.  LOB-MW05 had a mix of fill and glacial till a 
few feet below the surface. 

5.2.1.1 Pressure Transducer Results 

Water level changes observed during and after dewatering in monitoring wells LOB-MW01, 
LOB-MW02, LOB-MW03, and LOB-MW05 indicate some hydraulic connection between the 
bedrock aquifer and the mine workings, with a decrease in water table elevations in the wells 
observed during pumping and an increase in water table elevations following the end of 
dewatering.  The monitoring well LOB-MW04 appears to be located outside the cone of 
depression created around the shaft during dewatering because the pre- and post-pumping levels 
in this well did not change significantly.  The slight rise in water levels observed in LOB-MW04 
around October 20, 2010, may be due to the effects of the land application system that was 
located immediately upgradient of LOB-MW-04.  Graphs showing the groundwater elevation 
data for each monitoring well are included in Appendix E.   

5.2.2 Waste Rock Piles 

Six test pits were excavated by Hard Rock Road Building and Utilities on October 16, 2009; two 
test pits per waste rock pile.  Waste Rock Pile 1 likely contains waste rock from most of the 
development but primarily consists of material from the upper portions of the mine.  Lead and 
zinc ore along with pyrite were observed in this pile.  Waste Rock Pile 2 contains waste rock 
from the development of the 25-foot level and Waste Rock Pile 3 contains waste rock from 
development of the 74-foot level and possibly other levels.  Ore has been reported by Dave 
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Newman to have been stockpiled on the northern leg of this pile (Newman, 2008), which likely 
adds to the acid discharge into Telegraph Creek that is observed in this area.  The waste rock 
piles are weathering and decomposing.   

The observed sulfides within the waste rock piles appeared to have little oxidation.  However, 
the sample materials kept in storage during geotechnical testing may have consumed oxygen, as 
a vacuum pressure was produced within the sealed 5-gallon bucket sample containers.  This 
could also be attributed to temperature change.  

5.2.3 Piezometer Installation 

Three shallow piezometers were installed within the colluvium/weathered bedrock to further 
investigate surface water infiltration and the connectivity of infiltrating surface water with the 
underground workings.  The piezometer locations are shown in Figure 8.  The three new 
piezometers were installed from the bedrock contact to approximately 3 feet above ground 
surface.  The bedrock contact ranged from 6 feet bgs at LOB-PZ01 to 7.5 feet bgs at LOB-PZ03, 
revealing a relatively thin veneer of soil over bedrock across most of the site.  Although the 
initial plan was to install six piezometers nested with the monitoring wells, soils at the other 
monitoring well sites were too thin to allow for piezometer installation. 

5.2.4 Subsurface Mine Investigation 

The subsurface mine investigation resulted in the characterization of the mine workings as 
shown in Figure 9 and the mine area geology as shown in Figure 10.  In addition, seeps that 
discharge water into the Lilly drift (Figure 11) were measured for flow rates and analyzed for 
metals concentrations. 

5.2.4.1 Seep Sampling and Analysis Results 

Flow rates measured at seeps in the Lilly drift are shown in Table 10.  The measured seeps were 
contributing approximately 0.24 gallons of water per day in late fall 2010. 

Geochemical results from these seeps are shown in Table 11 and Table 12 and indicate that the 
seep water, although small in volume, has low pH and high metals concentrations during base 
flow conditions.  Amplified surface water infiltration during spring runoff or heavy precipitation 
events may increase discharge at the seeps and the influence of this low-quality water on the 
chemistry of AMD exiting the Lilly adit near Telegraph Creek.   

5.2.4.2 Mine Investigation Results 

From October 14 through 21, 2010, TerraGraphics engineers conducted the mine inspection and 
mapping beginning with a tape survey of accessible mine workings in the 74-foot level to 
estimate volumes and record the dimensions of accessible portions of the mine.  The results of 
the tape survey were recorded in the log book (see Appendix A) and on the Rankin Mine Map 
shown in Figure 9. 

The rocks exposed in the walls of the Lilly drift are composed primarily of competent quartz 
monzonite with cross-cutting sulfide ore veins.  The tunnel is caved-in at a distance of 
approximately 110 feet west of the shaft opening (Figure 10).  The infiltration zones observed in 
the workings were composed of small seeps emanating from the roof and walls of the tunnel 
(Figure 11).  Discharge from the seeps was minor and it took an appreciable amount of time to 
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collect enough water from the seeps for laboratory analysis.  Based upon the visible oxide 
staining and moisture content of the wall rock, the maximum level of water in the shaft appears 
to be approximately 3 feet higher than the floor of the Lilly drift.    

The Rankin Mine Map and the Aikin Mine Map reasonably accurately represent the nature and 
extent of observed mine workings.  The shaft and levels observed appear to be relatively stable 
except where noted.  The rock quality generally ranges from fair to good, except where noted 
along faults and at the west end of the 74-foot level where cover is relatively thin and rock has 
caved approximately 110 feet west of the shaft.  
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Table 10. Seep Flow Sampling Summary 
LILLY/ORPHAN BOY MINE Seep Infiltration Rates 
  
                

 
 

  
Tom Smith   
    
Seep Flow Sampling Summary in 74-
Foot Level   

Seep 
Location Location Notes Initial Setup 1st Sample Collection Approx. Flow 2nd Sample Collection Approx. Flow 

Relative to 
Shaft1   Date Time Date Time Volume mL/hour gal/day Date Time Volume mL/hour gal/day 

80' W 
Roof & top of N wall 
seep 10/15/2010 10:35 10/18/2010 12:54 --- --- --- 10/21/2010 11:31 1.25 L 8.62 0.055 

74' W Roof seep, N side 10/15/2010 10:45 10/18/2010 12:50 ‐‐‐  ‐‐‐  ‐‐‐  10/21/2010 11:29 750 mL 5.18 0.033 
58' W Middle of roof seep 10/15/2010 10:50 10/18/2010 12:42 2.75 L 37.23 0.236 10/21/2010 --- --- --- --- 

25' W Middle of roof seep 10/15/2010 11:05 10/18/2010 12:40 
~ 400 
mL 5.44 0.034 10/21/2010 11:23 1.25 L 8.66 0.055 

15' W2 Middle of roof seep 10/15/2010 11:15 10/18/2010 NA --- --- --- 10/21/2010 NA --- --- --- 
1-5' E Roof seep, N side 10/15/2010 11:40 10/18/2010 12:27 750 mL 10.30 0.065 10/21/2010 ‐‐‐  ‐‐‐  ‐‐‐  ‐‐‐ 
75' E S wall, seep in the cut 10/15/2010 11:30 10/18/2010 12:33 750 mL 10.27 0.065 10/21/2010 11:55 1.5 L 10.39 0.066 

89' E2 N wall, seep in the cut 10/15/2010 11:25 10/18/2010 NA --- --- --- 10/21/2010 NA --- --- --- 

W - west 

Range 
of 

Flows: 5 to 37 mL/hour   

E - east or 0.033 to 0.236 gal/day 

N - north (0.001 to 0.01 gpm) 

S - south   
    

NOTES:   
1 Seep sample Location as measured from the west or east end of shaft.   
2 These seeps did not discharge sufficient quantity for a sample to be 
obtained.                   

  
  

 
 



 



Table 11.         Seep Water Analytical Results - Physiochemical Parameters and Common Anions
Lilly/Orphan Boy Mine Site

Seep Location 
Relative to Shaft

Alkalinity, Total 
as CaCO3            

(mg/L)a

Dissolved Inorganics

Chloride
(mg/L)

Sulfate
(mg/L)

Sample ID Collection Date Specific 
Conductance 

pH

Total Dissolved  
Solids
(mg/L)

Total Suspended 
Solids 
(mg/L)

Alkalinity, Total 
as CaCO3            

(mg/L)

Bicarbonate as 
HCO3               

(mg/L)

Carbonate as 
CO3

(mg/L)

Physiochemical Inorganics

Bicarbonate as 
HCO3               

(mg/L)

Carbonate as 
CO3

(mg/L)

Chloride
(mg/L)

Sulfate
(mg/L)

result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag

LOB-SP01-A-20101018 1-5' E 10/18/10
LOB-SP02-A-20101021 75' E 10/21/10 1960 2.9 2500 347 5 U 5 U 5 U 3 U 2140 5 U 5 U 5 U 3 U 1950

(mg/L)a( g ) ( g )Conductance 
(µmhos/cm) 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
( g ) ( g )

LOB-SP03-A-20101018 58' W 10/18/10 302 3.5 175 10 U 5 U 5 U 5 U 1 U 119 5 U 5 U 5 U 1 U 144

LOB-SP04-A-20101021 25' W 10/21/10 2240 2.4 585 IS 5 U 5 U 5 U 1 932

LOB-SP05-A-20101021 74' W 10/21/10 2550 3 IS IS IS IS IS 2.9 2830

LOB-SP06-A-20101021 80' W 10/21/10 2520 3 2830 IS 5 U 5 U 5 U 4 2730 5 U 5 U 5 U 3.2 2380LOB-SP06-A-20101021 80  W 10/21/10 2520 3 2830 IS 5 U 5 U 5 U 4 2730 5 U 5 U 5 U 3.2 2380

Notes:
U - the compound was analyzed for, but not detected; detection limit reported
J- the result is an estimate
IS - insufficient sample volume for analysis



 



Table 12.         Seep Water Analytical Results - Total Metals
Lilly/Orphan Boy Mine Site

Seep Location

Relative to Shaft Total flag Total flag Total flag Total flag Total flag Total flag Total flag Total flag

LOB-SP01-A-20101018 1-5' E 10/18/2010 14.5 207 0.19 J+ 1.7 434 1.3 1.1 51.7
LOB-SP02-A-20101021 75' E 10/21/2010 38.4 110 3.9 J+ 1 U 247 0.019 5 U 216
LOB-SP03-A-20101018 58' W 10/18/2010 2.3 0.96 0.14 J+ 0.11 3.7 0.13 2.3 5.9
LOB-SP04-A-20101021 25' W 10/21/2010 5.2 8.9 0.41 2.7 38.4 1.4 6.5 75.2
LOB-SP05-A-20101021 74' W 10/21/2010 5.4 0.15 0.53 0.45 5.5 0.041 28.1 49.2
LOB-SP06-A-20101021 80' W 10/21/2010 141 0.055 1.2 4 14.2 0.0063 30.9 98.5
Notes:
Acute and Chronic levels are for aquatic life standards as listed in Circular DEQ-7, 2010.

Flag Qualifiers:
U - the compound was analyzed for, but not detected; detection limit reported
J+ = high estimate

Iron (mg/L) Lead (mg/L) Manganese Zinc (mg/L)Copper (mg/L)
Sample ID 

Collection 
Date

Aluminum Arsenic (mg/L) Cadmium (mg/L)
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5.3 Sampling Results 

Samples were collected at the Lilly/Orphan Boy Mine Site during fall 2010.  Surface water 
samples were collected from Telegraph Creek.  Groundwater was sampled from monitoring 
wells, the mine shaft, and seeps in the Lilly drift.  Soil was sampled across the site.  Sampling 
was conducted in accordance with the RWP and the associated SAP/QAPP (TerraGraphics, 
2010b).  This section presents results of the sampling. 

5.3.1 Data Quality Objectives and Assessment 

Laboratory data validation and verification were reconciled with the Data Quality Objectives 
(DQOs) identified in the SAP/QAPP (TerraGraphics, 2010b).  TerraGraphics personnel 
conducted QA/QC reviews to evaluate the precision, accuracy, and completeness of the data 
obtained from both the field and the laboratory.  Definitions and QC objectives for these 
parameters are described in the SAP/QAPP.  A summary of findings for all evaluated QA/QC 
review criteria is provided in the Data Validation Report in Appendix H.  The formulas used to 
calculate these QA/QC parameters are shown in the SAP/QAPP.  Based on this assessment, no 
results were rejected and the data met the target goal of 95 percent completeness for the project. 

5.3.2 Surface Water Sampling and Analysis Results 

The 2009 RI listed arsenic, lead, and manganese as the contaminants of concern (COCs) for 
human health under the recreational risk analysis.  Total arsenic, cadmium, copper, lead, and 
zinc were reported at elevated concentrations in surface water at the Lilly/Orphan Boy Mine Site 
and pose an unacceptable risk to the environment.  Further surface water sampling was 
conducted during this investigation in order to determine whether land application of mine water 
impacted the water quality in Telegraph Greek. 

5.3.2.1 Stream Discharge Results 

Discharge measurements were taken at the five surface water sampling sites along Telegraph 
Creek (Figure 8) on October 1, 2010.  Stream widths and corresponding depths were measured 
and recorded in the field to determine cross-sectional areas.  Stream velocities for each cross-
section were measured and recorded using an electronic hand-held flow meter.  The discharge 
measurements for each surface water sampling site are summarized in Table 13 and shown on 
the stream discharge forms in Appendix A. 

5.3.2.2 Surface Water Quality Sampling and Analysis Results 

Surface water samples were collected by TerraGraphics personnel from five locations along 
Telegraph Creek (Figure 8) beginning on September 29, 2010, (pre-pumping) and ending on 
October 22, 2010 (end of mine dewatering) to monitor the water chemistry in Telegraph Creek 
during dewatering and land application.  The surface water laboratory analytical results have 
been reviewed and flagged with appropriate qualifiers and are shown in Table 14, 15, and 16.  

Acute and chronic aquatic life surface water standards for total cadmium, copper, lead, and zinc 
are hardness-dependent.  Hardness-adjusted standards are shown in Appendix J.  Surface water 
standards were exceeded for most total metals throughout the sampling season as shown in Table 
15. 
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Overall, no substantial change in surface water chemistry was observed in Telegraph Creek at 
the sample locations downstream of the land application system during dewatering of the mine 
workings (LOB-SW01, LOB-SW03, LOB-SW06, and LOB-SW07).  The slight variations in 
total metals concentrations and pH at each of these downstream surface water sampling locations 
is similar to the variation observed at the upstream sample location (LOB-SW05) during 
pumping and between surface water samples collected on September 29, 2010, and December 6, 
2010.  Therefore, the data show no evidence that land application of mine water caused negative 
impacts to water quality in Telegraph Creek during dewatering. 

 

Table 13. Surface Water Discharge Measurements. 
Sample ID Sample Location Date Discharge (cfs) 

LOB-SW01 
Approximately 70 feet upstream of Waste Rock 
Pile 3 on Telegraph Creek 

10/1/2010 0.43 

LOB-SW03 
Approximately 190 feet downstream of Waste 
Rock Pile 3 on Telegraph Creek 

10/1/2010 0.38 

LOB-SW05 

Approximately 530 feet upstream of Waste Rock 
Pile 3 where the property line crosses Telegraph 
Creek 

10/1/2010 0.03 

LOB-SW06 
Approximately 90 feet downstream of Waste Rock 
Pile 3 on Telegraph Creek 

10/1/2010 0.012 

LOB-SW07 
Approximately 430 feet downstream of Waste 
Rock Pile 3 on Telegraph Creek 

10/1/2010 0.08 

cfs = cubic feet per second 

 

 
  



Table 14.         Surface Water Analytical Results - Field Parameters and Ions
Lilly/Orphan Boy Mine Site

result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag

LOB-SW01-A-20100929 9/29/10 107 7.5 43.54 11.34 92.1 29.9 59 7 16.9 80 9.9 U 13.75 J 13.8 5 U 1 U 13.2 13.7 5 U 1 U 12.9
LOB-SW01-A-20101206 12/6/10 68.5 7 17.8 17 J 10 U 12.1 J 11.8 5 U 2 16 12.4 5 U 1 U 15
LOB-SW03-A-20100929 9/29/10 141 7.6 44.84 11.17 92.4 51.5 77.7 6.6 22.9 90 10 U 11 J 11.1 5 U 1 U 22.5 10.9 5 U 1 U 22.1
LOB-SW03-A-20101013 10/13/10 147 6.85 41.25 12.92 101.5 106.3 4.8 82.5 6.7 21.9 86.3 10 U 11.8 J 11.9 5 U 1.4 23.2 11.7 5 U 1.2 22.5
LOB-SW03-A-20101015 10/15/10 221 7 43.97 11.1 89.9 87.4 6.8 124 6.5 33.5 122 10 U 9.7 J 9.7 5 U 1.1 43.6 9.7 5 U 1.1 43.5
LOB-SW03-A-20101017 10/17/10 163 7.15 36.09 9.23 67.5 56.9 4.8 89.6 6.5 23.4 106 9.9 U 10.3 J 10.1 5 U 1.1 28.8 10.5 5 U 1.1 28.2
LOB-SW03-A-20101018 10/18/10 174 7.51 34.36 5.75 40.5 72.3 5 94.2 6.3 26.1 72 10 U 9.8 J 9.9 5 U 1.0 30.9 9.7 5 U 1.1 31.0
LOB-SW03-A-20101019 10/19/10 234 6.84 39.47 9.41 72.1 96.5 6.5 128 6.2 35.5 68 10 U 5.3 J 5.2 5 U 2 U 50.9 5.4 5 U 1.0 54.6
LOB-SW03-A-20101020 10/20/10 213 7.38 34.51 0.21 1.5 97.9 5.1 113 6.4 31.3 109 9.9 U 8 J 8.1 5 U 1.1 45.2 7.9 5 U 1.1 44.2
LOB-SW03-A-20101021 10/21/10 135 6.3 35.8 103 10 U 5.95 J 5.9 5 U 2 U 54.2 6.0 5 U 1.1 56.4
LOB-SW03-A-20101022 10/22/10 3 8.02 40.08 2.71 20.9 84.4 6.3 99.5 6.3 28.9 87 10 U 8.9 J 8.8 5 U 1.0 37.4 9.0 5 U 1.0 37.0
LOB-SW03-A-20101206 12/6/10 67.1 7 18.1 67 17.7 11.65 J 11.3 5 U 1 16 12.0 5 U 1 U 16
LOB-SW05-A-20100929 9/29/10 101 7.52 44.23 11.25 92.2 56.6 56.4 7.1 16.4 85 9.8 U 15.85 J 16.1 5 U 1 U 9.5 15.6 5 U 1 U 9.3
LOB-SW05-A-20101007 10/7/10 111 7.83 43.01 11.7 94.2 78.4 3.8 59 6.9 17.6 94 9.7 U 14.65 J 17.3 5 U 1.1 9.4 12 5 U 1.1 11.6
LOB-SW05-A-20101206 12/6/10 55.8 7.2 17.8 45 27.3 U 17.95 J 17.4 5 U 1 8 17.9 5 U 1 U 8
LOB-SW06-A-20100929 9/29/10 122 7.54 46.64 11.08 93.9 44 66 7 20.5 94 15.3 12.7 J 12.8 5 U 1 U 16.0 12.6 5 U 1 U 15.5
LOB-SW06-A-20101206 12/6/10 63.1 7.2 31.9 47 142 11.7 J 11.9 5 U 1 U 16 11.5 5 U 1 U 16
LOB-SW07-A-20101001 10/1/10 87.2 6.2 24.1 104 5.2 U 11.55 J 11.4 5 U 1 U 24.7 11.7 5 U 1 U 24.4
LOB-SW07-A-20101007 10/7/10 173 7.32 42.44 11.27 90.2 83.7 4.6 103 6.6 28.6 117 9.8 U 10.65 J 10.6 5 U 1.2 33.6 10.7 5 U 1.3 33.3
LOB-SW07-A-20101013 10/13/10 166 6.96 41.66 12.75 100.8 100.5 4.5 91.7 6.6 24.9 97.5 10 U 11.4 J 11.2 5 U 1.1 26.2 11.6 5 U 1.1 26.1
LOB-SW07-A-20101015 10/15/10 215 7.01 41367 11.25 89.1 96.7 5.7 120 6.6 34.7 114 9.7 U 9.75 J 9.9 5 U 1.2 41.6 9.6 5 U 1.2 41.5
LOB-SW07-A-20101017 10/17/10 193 7.07 36.56 10.43 77 75.8 4.6 109 6.6 30.5 113 9.6 U 9.6 J 9.6 5 U 1.1 35.7 9.6 5 U 1.2 35.5
LOB-SW07-A-20101018 10/18/10 200 7.32 34.47 7.88 56 84.2 4.5 110 6.2 31.6 77 9.9 U 9 J 9.3 5 U 1.1 38.7 8.7 5 U 1.1 38.0
LOB-SW07-A-20101019 10/19/10 244 6.91 38.86 8.91 67.7 100.9 5 130 6.4 37.6 100 10 U 7.3 J 7.4 5 U 1.1 53.2 7.2 5 U 1.2 52.6
LOB-SW07-A-20101020 10/21/10 249 7.13 34.68 0.26 1.8 105.7 7 133 6.4 38.6 51 9.7 U 7.45 J 7.4 5 U 1.1 54.6 7.5 5 U 1.1 54.0
LOB-SW07-A-20101021 10/21/10 116 7.52 36.08 3.81 27.8 70.6 5.5 119 6.5 33 73 10 U 8.95 J 9.3 5 U 1.1 44.8 8.6 5 U 1.0 43.6
LOB-SW07-A-20101022 10/22/10 112 6.3 34.1 100 10 U 8.85 J 9.0 5 U 1.0 42.4 8.7 5 U 1.0 42.6

Acute -- -- -- -- -- -- -- -- 6.5-8.5 --

Chronic -- -- -- -- -- -- -- -- 6.5-8.5 --

Human Health -- -- -- -- -- -- -- -- 6.5-8.5 --

Notes:
Acute and Chronic levels are for aquatic life standards as listed in Circular DEQ-7, 2008.
U - the compound was analyzed for, but not detected
J- the result is an estimate

-- ---- -- -- -- --

-- --

-- -- -- -- -- -- -- -- -- -- --

-- -- -- -- --

Surface Water Standards

-- -- -- --

-- -- -- --

Dissolvd Inorganics

Chloride
(mg/L)

Sulfate
(mg/L)

Sample ID 
Collection 

Date Turbidity 
(NTU)

Chloride
(mg/L)

Physical Properties InorganicsField Parameters

Specific 
Conductivity 

(uS/cm)

pH Temperature 
(Degrees F)

DO 
(mg/L)

DO
(% Sat)

ORP 
(mV)

Specific 
Conductance 
(µmhos/cm) 

pH Hardness 
(mg/L)

Total Dissolved  
Solids
(mg/L)

Total Suspended 
Solids 
(mg/L)

Sulfate
(mg/L)

Bicarbonate as 
HCO3              

(mg/L)

Carbonate as 
CO3

(mg/L)

Alkalinity, Total 
as CaCO3            

(mg/L)

Bicarbonate as 
HCO3               

(mg/L)

Carbonate as 
CO3

(mg/L)



 



Table 15.         Surface Water Analytical Results - Metals
Lilly/Orphan Boy Mine Site

Total flag Dissolved flag Total flag Dissolved flag Total flag Dissolved flag Total flag Dissolved flag Total flag Dissolved flag Total flag Dissolved flag Total flag Dissolved flag Total flag Dissolved flag

LOB-SW01-A-20100929 9/29/10 0.092 0.062 0.003 U 0.003 U 0.00008 U 0.00008 U 0.0014 0.001 0.5 J+ 0.34 0.0005 U 0.0005 U 0.14 0.16 0.022 J+ 0.041
LOB-SW01-A-20101206 12/6/10 0.12 J+ 0.089 0.003 U 0.003 U 0.00008 0.00008 0.0012 0.001 U 0.63 0.33 0.0005 U 0.0005 U 0.19 0.18 0.08 J+ 0.048 J+
LOB-SW03-A-20100929 9/29/10 0.22 0.13 0.015 0.012 0.0018 0.0018 0.0036 0.0026 0.71 J+ 0.46 0.0021 0.0013 0.46 0.49 0.38 0.38
LOB-SW03-A-20101013 10/13/10 0.27 J+ 0.11 J- 0.024 0.0075 0.0018 0.0015 0.0033 0.0022 1.3 0.3 0.0033 0.0007 0.53 0.38 0.31 0.28
LOB-SW03-A-20101015 10/15/10 0.28 J+ 0.11 0.029 0.0067 0.0033 0.003 0.0032 0.0019 1.3 0.25 0.0028 0.00057 0.68 0.61 0.52 0.5
LOB-SW03-A-20101017 10/17/10 0.25 0.16 0.015 0.0074 0.003 0.0026 0.0039 0.0033 0.72 0.26 0.0026 0.0011 0.55 0.52 0.44 0.43
LOB-SW03-A-20101018 10/18/10 0.41 0.17 0.019 0.0054 0.0054 J+ 0.0052 0.006 0.004 1.1 0.23 0.004 0.00099 0.66 0.58 0.6 0.68 J+
LOB-SW03-A-20101019 10/19/10 0.56 0.056 0.026 0.003 U 0.0093 0.0097 0.01 0.0059 1.3 0.05 U 0.0065 0.0005 U 1 1.1 1.3 1.2
LOB-SW03-A-20101020 10/20/10 0.47 0.067 0.027 0.003 U 0.0074 0.007 0.0075 0.0042 1.1 0.063 0.005 0.0005 U 0.82 0.8 0.9 0.79
LOB-SW03-A-20101021 10/21/10 0.6 0.054 0.032 0.0032 0.011 0.011 0.012 0.0063 1.3 0.05 U 0.0069 0.0005 U 1.1 1.1 1.4 1.3
LOB-SW03-A-20101022 10/22/10 0.36 0.13 0.019 0.0046 0.0063 0.006 0.0074 0.0046 0.83 0.15 0.0038 0.00075 0.67 0.64 0.72 0.81
LOB-SW03-A-20101206 12/6/10 0.25 J+ 0.054 0.026 0.0046 0.00049 0.00017 0.0015 0.001 U 1.7 0.18 0.0037 0.0005 U 0.54 0.2 0.092 J+ 0.063 J+
LOB-SW05-A-20100929 9/29/10 0.085 0.063 0.0035 0.003 U 0.00008 U 0.00008 U 0.0012 0.001 U 0.19 J+ 0.14 0.0005 U 0.0005 U 0.085 0.083 0.016 J+ 0.031
LOB-SW05-A-20101007 10/7/10 0.079 J+ 0.046 J- 0.0035 0.003 U 0.00008 U 0.00008 U 0.001 U 0.0011 0.2 0.079 0.0005 U 0.0005 U 0.092 0.0072 0.015 J+ 0.013
LOB-SW05-A-20101206 12/6/10 0.2 J+ 0.046 0.0094 0.0035 0.00028 U 0.00008 U 0.0019 0.001 U 0.91 0.079 0.0011 U 0.00077 0.15 0.042 0.083 J+ 0.032 J+
LOB-SW06-A-20100929 9/29/10 0.099 0.063 0.012 0.009 0.00041 0.0005 0.0015 0.0011 0.65 J+ 0.35 0.00069 0.0005 U 0.29 0.28 0.12 0.14
LOB-SW06-A-20101206 12/6/10 0.29 J+ 0.072 0.027 0.0052 0.00046 0.00024 0.0018 0.0033 1.8 0.21 0.0056 0.0005 0.59 0.2 0.084 J+ 0.085 J+
LOB-SW07-A-20101001 10/1/10 0.17 0.086 0.014 0.0079 0.0025 0.0022 0.0038 0.0029 0.54 J+ 0.23 0.0013 0.00063 0.46 0.35 0.48 0.43
LOB-SW07-A-20101007 10/7/10 0.16 0.094 0.014 0.007 0.0031 0.0029 0.0038 0.0032 0.47 0.18 0.0013 0.0005 U 0.52 0.45 0.56 0.54
LOB-SW07-A-20101013 10/13/10 0.19 0.11 0.015 0.0071 0.0029 0.0025 0.0042 0.0032 0.68 0.27 0.0014 0.00053 0.5 0.38 0.47 0.44
LOB-SW07-A-20101015 10/15/10 0.21 J+ 0.11 0.017 0.0071 0.0042 0.0037 0.0046 0.0035 0.68 0.2 0.0015 0.0005 U 0.58 0.54 0.63 0.62
LOB-SW07-A-20101017 10/17/10 0.21 J+ 0.14 0.012 0.0076 0.0041 0.0039 0.0051 0.004 0.47 0.2 0.0013 0.00055 0.56 0.54 0.63 0.63
LOB-SW07-A-20101018 10/18/10 0.29 0.11 0.014 0.0048 0.0057 J+ 0.0054 0.0061 0.0044 0.69 0.15 0.0019 0.00052 0.65 0.64 0.77 0.8 J+
LOB-SW07-A-20101019 10/19/10 0.36 0.03 U 0.021 0.003 0.0082 0.0078 0.0083 0.0036 0.84 0.05 U 0.0029 0.0005 U 0.85 0.82 1.2 1
LOB-SW07-A-20101020 10/21/10 0.36 0.03 U 0.018 0.003 U 0.0075 0.0073 0.0073 0.0044 0.75 0.059 0.0024 0.0005 U 0.79 0.81 1.1 0.96
LOB-SW07-A-20101021 10/21/10 0.31 0.1 0.017 0.0052 0.0062 0.0062 0.0069 0.0044 0.73 0.13 0.0027 0.0005 U 0.63 0.65 0.88 0.8
LOB-SW07-A-20101022 10/22/10 0.28 0.11 0.013 0.0057 0.0059 0.0058 0.0063 0.0044 0.51 0.13 0.0017 0.0005 U 0.63 0.66 0.86 0.84

Acute
Chronic
Human 
Health

Notes:
Acute and Chronic levels are for aquatic life standards as listed in Circular DEQ-7, 2010.
* - these aquatic life standards are hardness dependent.  
Flag Qualifiers:
U - the compound was analyzed for, but not detected.
J - estimate
J+ = high estimate

Iron (mg/L) Lead (mg/L)* Manganese (mg/L) Zinc (mg/L)*
Sample ID 

Collection 
Date

Aluminum (mg/L) Arsenic (mg/L) Cadmium (mg/L)* Copper (mg/L)*

Surface Water Standards 

0.75 0.34 see Appendix J see Appendix J

-- 0.01 0.005 1.3

0.087 0.15 see Appendix J see Appendix J 1.0

0.3 (aesthetic) 0.015 0.05 (aesthetic) 2.0

-- see Appendix J -- see Appendix J
see Appendix J -- see Appendix J



 



Table 16.         Surface Water Analytical Results - Common Cations
Lilly/Orphan Boy Mine Site

result flag result flag result flag result flag

LOB-SW01-A-20100929 9/29/10 4.9 1.1 1 U 4.1
LOB-SW01-A-20101206 12/6/10 5.2 1.2 1 U 4.2
LOB-SW03-A-20100929 9/29/10 6.6 1.5 1.1 4.3
LOB-SW03-A-20101013 10/13/10 6.3 1.5 1.1 4.3
LOB-SW03-A-20101015 10/15/10 9.7 2.2 1.3 6.2
LOB-SW03-A-20101017 10/17/10 6.6 1.6 1.1 4.5
LOB-SW03-A-20101018 10/18/10 7.4 1.8 1.1 5
LOB-SW03-A-20101019 10/19/10 9.9 2.6 1.3 6.3
LOB-SW03-A-20101020 10/20/10 8.7 2.3 1.2 6.1
LOB-SW03-A-20101021 10/21/10 9.9 2.7 1.3 7
LOB-SW03-A-20101022 10/22/10 8.2 2 1.2 5.7
LOB-SW03-A-20101206 12/6/10 5.3 1.2 1 U 4
LOB-SW05-A-20100929 9/29/10 4.8 1.1 1 U 3.9
LOB-SW05-A-20101007 10/7/10 5.2 1.1 1.1 4.2
LOB-SW05-A-20101206 12/6/10 5.3 1.1 1 U 3.5
LOB-SW06-A-20100929 9/29/10 6.1 1.3 1 4.2
LOB-SW06-A-20101206 12/6/10 10.5 1.4 1.1 4.6
LOB-SW07-A-20101001 10/1/10 6.8 1.7 1.1 4
LOB-SW07-A-20101007 10/7/10 8.2 2 1.2 4.7
LOB-SW07-A-20101013 10/13/10 7.1 1.8 1.1 4.3
LOB-SW07-A-20101015 10/15/10 10.1 2.3 1.3 5.8
LOB-SW07-A-20101017 10/17/10 8.8 2.1 1.2 5
LOB-SW07-A-20101018 10/18/10 9.1 2.2 1.2 5.2
LOB-SW07-A-20101019 10/19/10 10.5 2.8 1.2 6.2
LOB-SW07-A-20101020 10/21/10 10.7 2.9 1.3 6.5
LOB-SW07-A-20101021 10/21/10 9.2 2.4 1.2 5.8
LOB-SW07-A-20101022 10/22/10 9.7 2.4 1.2 5.7
Notes:
U - the compound was analyzed for, but not detected

Common Cations 

Sample ID 
Collection 

Date 
Calcium Dissolved

(mg/L)
Magnesium Dissolved

(mg/L)

Potassium 
Dissolved

(mg/L)

Sodium Dissolved
(mg/L)
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5.3.3 Groundwater Sampling and Analysis Results 

Groundwater samples were collected from the monitoring wells on September 29, 2010, prior to 
the start of mine dewatering.  The sampling effort resulted in the collection and laboratory 
analysis of five baseline groundwater samples from the bedrock aquifer and three QC samples 
(i.e., a rinsate blank, field blank, and field duplicate).  The analytical results have been reviewed 
and flagged with appropriate qualifiers and are shown in Table 17 and Table 18. 

Per the SAP/QAPP, groundwater samples were analyzed for total metals to allow comparison 
with the mine water quality (TerraGraphics, 2010b).   

The samples were analyzed for total concentrations of aluminum, arsenic, cadmium, copper, 
iron, lead, manganese, and zinc.  Although each well had detectable concentrations for each 
metal, groundwater quality in the monitoring wells is generally good.  pH values ranged from 
6.28 to 7.79.  Total arsenic was highest in LOB-MW02 (0.083 mg/L) and lowest in LOB-MW04 
(0.0032 mg/L) and LOB-MW05 (0.0064 mg/L).  Total cadmium was highest in LOB-MW03 
(0.11 mg/L) and lowest in LOB-MW05 (0.00015 mg/L).  Total copper was highest in LOB-
MW01 (0.012 mg/L) and lowest in LOB-MW05 (0.0057 mg/L).  Total iron was highest in LOB-
MW02 (27 mg/L) and lowest in LOB-MW04 (0.22 mg/L); the total iron concentrations were 
qualified as estimates, biased high.  Total lead was highest in LOB-MW02 (0.056 mg/L) and 
lowest in LOB-MW04 (0.0014 mg/L).  Total manganese was highest in LOB-MW02 (12.5 
mg/L) and lowest in LOB-MW04 (0.37 mg/L).  Total zinc was highest in LOB-MW03 (15.3 
mg/L) and lowest in LOB-MW05 (0.054 mg/L).  

 
  



Table 17.         Groundwater Analytical Results - Field Parameters and Ions
Lilly/Orphan Boy Mine Site

Total 
Dissolved 

Solids 
(mg/L)

Total 
Suspended 

Solids (TSS)

Result Result Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag

LOB-MW01-A-20100929 9/29/10 66.19 628 7.28 43.79 8.43 -35.7 314 7.4 218 149 92.2 5 U 92.2 3.4 56.4 89.1 5 U 89.1 3.3 56
LOB-MW02-A-20100929 9/29/10 70.82 2028 6.47 41.8 6.55 45.8 1090 5.7 942 101 5 U 5 U 5 U 15.7 594 5 U 5 U 5 U 15.2 607
LOB-MW03-A-20100929 9/29/10 8.11 1481 7.2 44.37 11.47 54.6 808 6.4 666 53.9 10.2 5 U 10.2 1.2 438 10 5 U 10 1.2 419
LOB-MW04-A-20100929 9/29/10 8.31 1698 6.28 43.42 9.23 132 917 6.3 777 33.3 8.9 5 U 8.9 1.2 543 8.5 5 U 8.5 1.2 511
LOB-MW05-A-20100929 9/29/10 27.36 446 7.79 47.67 9.77 28.2 242 7.2 237 93.3 56.7 5 U 56.7 20.3 24 56.3 5 U 56.3 19.8 23.1

Notes:
U - the compound was analyzed for, but not detected; detection limit reported

Sample ID 
Collection 

Date
Specific 

Conductance 
(µmhos/cm) 

pH  
Temperature 
(Degrees F)

Depth to 
Water 

(ft)

Field Parameters 

DO 
(mg/L)

ORP 
(mV)

Specific 
Conductance 
(µmhos/cm) 

Carbonate as 
CO3               

(mg/L)

pH at 25 
Degrees C

Physiochemical 

Chloride 
(mg/L)

Sulfate         
(mg/L)

Dissolved Inorganics

Bicarbonate as 
HCO3              

(mg/L)

Inorganics

Chloride 
(mg/L)

Alkalinity, Total as 
CaCO3
(mg/L)

Sulfate        
(mg/L)

Bicarbonate as 
HCO3             

(mg/L)

Carbonate as 
CO3               

(mg/L)

Alkalinity, Total 
as CaCO3

(mg/L)



 



Table 18.         Groundwater Analytical Results - Total Metals
Lilly/Orphan Boy Mine Site

Sample ID 
Date 

Collected 

Total flag Total flag Total flag Total flag Total flag Total flag Total flag Total flag

LOB-MW01-A-20100929 9/29/10 0.64 0.019 0.00064 0.012 2.3 J+ 0.02 1.4 0.47
LOB-MW02-A-20100929 9/27/10 0.79 0.083 0.0074 0.0059 27 J+ 0.056 12.5 11.7
LOB-MW03-A-20100929 9/29/10 0.61 0.069 0.11 0.011 0.76 J+ 0.014 0.49 15.3
LOB-MW04-A-20100929 9/29/10 0.29 0.0032 0.016 0.0078 0.22 J+ 0.0014 0.37 13.3
LOB-MW05-A-20100929 9/29/10 2.5 0.0064 0.00015 0.0057 2.4 J+ 0.01 0.63 0.054 J+
Notes:
J+ = high estimated concentration

Manganese (mg/L) Zinc (mg/L)Aluminum (mg/L) Arsenic (mg/L) Cadmium (mg/L) Copper (mg/L) Iron (mg/L) Lead (mg/L)



 



Phase II Reclamation Investigation Report – Lilly/Orphan Boy Mine Site 

 
67

5.3.4 Groundwater Elevations and Flow Direction 

A water table map (Error! Reference source not found.) was developed using the water surface 
elevations measured on September 30, 2010, to approximate the pre-pumping groundwater flow 
direction at the site.  A water table map is a specific type of potentiometric surface map that 
shows lines (contours) of equal elevation for the water table.  The water table elevations are 
presented in Table 19.  The water table map illustrates that the local water table sloped to the 
north-northwest on September 30, 2010.   

 

Table 19. Monitoring Well and Piezometer Static Water Levels Collected on 
9/29/2010 

Well Identification 
Well Depth 

(bgs) 
Top of Casing 
Elevation (ft) 

Depth to 
Groundwater (ft 

below top of casing 
on 9/29/2010) 

Static Water Level 
Elevation (ft) 

LOB-MW01 122 ft 6868.55 66.19 6802.36 

LOB-MW02 113 ft 6867.50 70.82 6796.68 

LOB-MW03 30 ft 6804.48 8.11 6796.37 

LOB-MW04 25 ft 6782.63 8.31 6774.32 

LOB-MW05 55 ft 6840.14 27.36 6812.78 

LOB-PZ01 6 ft 6869.69 Dry -- 

LOB-PZ02 7 ft 6817.91 Dry -- 

LOB-PZ03 7.5 ft 6800.24 small amt of water -- 
 
Three groundwater elevation cross-sections are shown in Error! Reference source not found., 
28 and 29, each containing three profiles.  The three profiles represent groundwater surface 
elevations before mine dewatering began (September 30, 2010), immediately after mine 
dewatering was completed (October 22, 2010), and near the end of the field investigation 
(December 2, 2010).  These profiles show several trends: 

 Water in LOB-MW01 and LOB-MW02 responded strongly to dewatering; 

 Water in LOB-MW03, LOB-MW04, and LOB-MW05 did not respond or responded 
slightly to dewatering; and 

 Groundwater flow direction remained constant during the duration of the field 
investigation. 

 
On September 29, 2010, piezometers LOB-PZ01 and LOB-PZ02 were dry and piezometer LOB-
PZ03 contained only a small amount of water at its base.  These data indicate that the surface 
soils are relatively well drained and that only the bedrock aquifer is present beneath the site.  
Water may flow on top of the bedrock laterally or infiltrate where the bedrock is weathered or 
fractured.  Surface water that infiltrates the thin soils and waste rock across the site may enter the 
drift along fractures to form seeps within the workings.   
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5.3.5 Mine Water Sampling Results 

Water samples were collected from the mine shaft on eight occasions while dewatering was 
underway from October 13 through 26, 2010, and were analyzed for total concentrations of 
aluminum, arsenic, cadmium, copper, iron, lead, manganese, and zinc.  Results are shown in 
Table 20 and Table 21.  All total metals concentrations, with the exception of cadmium, 
increased from October 13 to October 15, 2010.  This was the greatest percent change over the 
period of record.  Concentrations then decreased on October 18, 2010 and increased on October 
19, 2010.  After the pump was turned off (October 26, 2010 sample), total metals concentrations 
continued to decrease with the exception of cadmium, which increased.   

 
  





Table 20.  Mine Shaft Water Analytical Results - Physiochemical Parameters and Common Anions
Lilly/Orphan Boy Mine Site

result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag result flag

LOB-SH01-A-20101013 10/13/10 102.5 795 3.3 535 59.8 5 U 5 U 5 U 5 U 352 5.0 U 5.0 U 5.0 U 1.1 3.3

LOB-SH01-A-20101016 10/15/10 Not Measureda 757 3.6 59.1 1470 5 U 5 U 5 U 5 U 427 5.0 U 5.0 U 5.0 U 1.2 477

LOB-SH01-A-20101018 10/18/10 117.5 889 5.0 560 1460 5 U 5 U 5 U 5 U 558 5.0 U 5.0 U 5.0 U 5.0 U 243

LOB-SH01-A-20101019 10/19/10 127.2 713 3.6 480 239 5 U 5 U 5 U 5 U 381 5.0 U 5.0 U 5.0 U 5.0 U 385

LOB-SH01-A-20101020 10/20/10 Not Measureda 551 5.8 254 39.2 8.8 5 U 8.8 10 Ub 299 14.0 5.0 U 14.0 5.0 U 289

LOB-SH01-A-20101021 10/21/10 146.9 479 5.9 401 38.8 19 5 U 19 5 U 260 27.6 5.0 U 27.6 5.0 U 253

LOB-SH01-A-20101022 10/22/10 Not Measureda 485 6.0 397 25.8 12.8 5 U 12.8 5 U 239 29.5 5.0 U 29.5 5.0 U 241

LOB-SH01-A-20101026 10/26/10 Not Measureda 401 5.9 314 32 5 U 5 U 5 U 3 U 205 12.1 5.0 U 12.1 2.0 U 199

Notes:
a Depth difficult to measure accurately due to dip in shaft
U - the compound was analyzed for, but not detected; detection limit reported
bSample was diluted due to the presence of high levels of non-target analytes or other matrix interference

Iorganics

Alkalinity, Total 
as CaCO3            

(mg/L)

Bicarbonate as 
HCO3               

(mg/L)

Carbonate as 
CO3

(mg/L)

Chloride
(mg/L)

Sulfate
(mg/L)

Alkalinity, Total 
as CaCO3           

(mg/L)

Dissolved Inorganics

Bicarbonate as 
HCO3              

(mg/L)

Carbonate as 
CO3

(mg/L)

Chloride
(mg/L)

Sulfate
(mg/L)

Sample ID 
Collection 

Date 
Specific 

Conductance 
(µmhos/cm) 

pH at 25 
Degrees C

Total Dissolved  
Solids
(mg/L)

Sample Depth

Physiochemical 

Total Suspended 
Solids 
(mg/L)



 



Table 21.  Mine Shaft Water Analytical Results - Total Metals
Lilly/Orphan Boy Mine Site

Total flag Total flag Total flag Total flag Total flag Total flag Total flag Total flag

LOB-SH01-A-20101013 10/13/2010 102.5 4.3 J+ 2.2 J 0.19 J 0.08 J 41.7 J 0.096 J 7.7 J 19.1 J

LOB-SH01-A-20101016 10/15/2010 Not Measureda 31.8 J+ 73.8 J 0.1 J 0.67 J 154 J 6.5 J 10.9 J 25.6 J

LOB-SH01-A-20101018 10/18/2010 117.5 1.3 J 10.8 J 0.026 J+ 0.025 J 75.3 J 0.24 J 9.8 J 12.4 J

LOB-SH01-A-20101019 10/19/2010 127.2 6.9 J 30.3 J 0.065 J 0.14 J 92.2 J 2.1 J 9.7 J 15.2 J

LOB-SH01-A-20101020 10/20/2010 Not Measureda 0.42 J 5.9 J 0.093 J 0.011 J 58.8 J 0.084 J 7.5 J 12.4 J

LOB-SH01-A-20101021 10/21/2010 146.9 0.38 J 5 J 0.14 J 0.03 J 41.8 J 0.15 J 6.9 J 10.8 J

LOB-SH01-A-20101022 10/22/2010 Not Measureda 0.92 J 5.3 J 0.16 J 0.11 J 39.2 J 0.32 J 6.7 J 10.6 J

LOB-SH01-A-20101026 10/26/2010 Not Measureda 0.54 J 4.2 J 0.23 J 0.068 J 30.4 J 0.25 J 5.8 J 8.9 J

Notes:

a Depth difficult to measure accurately due to dip in shaft
Flag Qualifiers:
J+ = high estimate
J = the result is an estimate

Sample ID 
Collection 

Date

Aluminum Arsenic (mg/L) Cadmium Sample Depth
(ft)

Iron (mg/L) Lead (mg/L)* Manganese Zinc (mg/L)*Copper (mg/L)*
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5.3.6 Soil Sampling and Analysis Results 

The soil sampling effort conducted on October 4, 2010, resulted in the collection and laboratory 
analysis of 13 soil samples and 3 quality control samples (i.e., a field duplicate, field blank, and 
rinsate blank).  The soil sample locations are shown on Figure 8.  The laboratory analytical 
results for the soil samples collected during this investigation have been reviewed and flagged 
with appropriate qualifiers and are shown in Table 22.  

The only concentrations measured in the soil samples collected on October 4, 2010, that 
exceeded the Recreational Clean-up Guidelines established for the site were for total arsenic 
from sample locations SG02, SG03, SG06, SG10, and SG13.  Total cadmium, copper, lead, 
manganese, and zinc concentrations in all of the soil samples collected during this investigation 
were significantly below their respective Recreational Clean-up Guidelines.  Soil sample SG10 
was collected outside the subject property immediately north of the property boundary.  
Acid/Base Accounting results indicate that the soils surrounding the waste rock piles also have 
the potential to generate acid and create an environment hostile to plant growth. 

 
  





Table 22.        Soil Sampling Analytical Results
Lilly/Orphan Boy Mine Site

LabID
Sample 
Depth    

(inches)

Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag Result Flag
LOB‐SG01‐A‐20101004 3 14,900 230 5 30.9 16,100 142 467 257 0.2 0.48 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U -0.51
LOB‐SG02‐A‐20101004 3 4,550 6,470 103 48.2 27,400 1300 582 158 0.53 0 0.161 0.0853 0.269 0.05 U 0.526 -6.8
LOB‐SG03‐A‐20101004 3 23,500 439 7.6 21.2 19,000 607 165 550 0.083 0 0.05 U 0.05 U 0.05 U 0.05 U 0.0508 -0.9
LOB‐SG04‐A‐20101004 3 15,500 204 4.6 29.4 16,400 137 170 378 0.12 0.49 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U -0.12
LOB‐SG05‐A‐20101004 3 11,600 197 6.8 271 12,400 127 593 315 0.15 0 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U -0.86
LOB‐SG06‐A‐20101004 3 8,720 1,090 17.4 51.6 16,000 188 342 218 0.15 0 0.05 U 0.05 U 0.05 U 0.05 U 0.0604 -0.76
LOB‐SG07‐A‐20101004 3 8,760 229 5.9 44.4 12,600 139 762 179 0.26 1.2 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U -0.21
LOB‐SG08‐A‐20101004 3 10,400 61.4 1.3 23.9 14,200 51.1 493 83.9 0.26 1.9 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 1.5
LOB‐SG09‐A‐20101004 3 9,580 49.3 1.3 25.6 13,100 32.3 499 95.2 0.18 2.9 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 2.3
LOB‐SG10‐A‐20101004 3 9,460 362 6.8 75.8 15,600 130 173 268 0.14 0 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U -1.2
LOB‐SG11‐A‐20101004 3 5,760 133 2.9 24.1 12,200 49.5 385 121 0.15 1.4 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.82
LOB‐SG12‐A‐20101004 3 10,100 138 3.6 26.6 12,800 53.7 373 274 0.26 0 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U -0.63
LOB‐SG13‐A‐20101004 3 8,220 421 12.6 156 14,300 97 465 371 0.27 1.4 0.05 U 0.05 U 0.05 U 0.05 U 0.052 0.25

-- 323 1,750 54,200 -- 2,200 7,330 440,000 -- -- -- -- -- -- -- --

Flag Qualifiers:
U - the compound was analyzed for, but not detected.

Iron 
(mg/kg)

Aluminum 
(mg/kg)

Recreational Cleanup Guidelines

Sulfur 
Residual 
%(w/w)

Sulfur 
%(w/w)

Lead 
(mg/kg)

Manganese 
(mg/kg)

Arsenic 
(mg/kg)

Cadmium 
(mg/kg)

Copper 
(mg/kg)

Acid/Base 
Potential 

(tons/1000)

Zinc
(mg/kg)

Sp. 
Conductance 

Saturated 
Paste 

(mmhos/cm)

Neutralization 
Potential 

(tons/1000)

Sulfur HCl 
Extractable 

%(w/w)

Sulfur HNO3 
Extractable 

%(w/w)

Sulfur Hot 
Water 

Extractable 
%(w/w)
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5.3.6.1 Waste Rock Volume Calculation 

The volume of waste rock and contaminated soil was estimated using the soil sampling data 
collected in the 2010 RI along with results from the 2009 RI as shown on Figure 30.  Since a 
limited number of samples have been collected to characterize the waste rock piles, the sample 
results were extrapolated to delineate the waste rock piles.  However, significant data gaps in the 
regions surrounding the waste rock piles still exist and further characterization through additional 
sampling will be required if further refinement of this estimate is needed.  The extents of the 
waste rock piles were evaluated using linear interpolation of the available sample data and visual 
observation of physical features.  The waste rock piles and contaminated material were defined 
as areas that exceeded the DEQ/MWCB recreational cleanup guideline for arsenic of 323 
milligrams per kilogram (mg/kg).  The delineation of contaminated material is presented in 
Figure 30. 

The delineation task identified five distinct units or areas, as shown on Figure 30 and listed in 
Table 23.  The total volume of waste rock estimated in the 2009 RI was 3,430 cubic yards.  
Based on the additional sampling performed during this investigation, the amount of 
contaminated material was calculated to be approximately 470 cubic yards greater than this 
previous estimate, bringing the total estimated volume of contaminated material to 
approximately 3,900 cubic yards.   The estimated contaminated material volumes are presented 
by area in Table 23. 

 

Table 23. Waste Rock and Contaminated Soil Volume Estimate 

Contaminated Material Location 
Estimated Volume of Contaminated 

Material (cubic yards) 

Waste Rock Piles 1 and 2 3,450 

Waste Rock Pile 3 East 400 

Waste Rock Pile 3 West 15 

Southwest Contaminated Soil 20 

Northwest Contaminated Soil 15 

Total 3,900 

 

The volume of contaminated material contained in the waste rock piles was estimated by 
comparing the existing ground surface to an assumed native ground surface.  The existing 
undisturbed topographic contours outside the contaminated areas were extrapolated to create an 
assumed ground surface as it would have been before the waste rock piles were placed.  The 
material above this original surface was considered to be contaminated waste rock.  In areas 
where the natural contours were not visibly affected, a contamination depth of 6 inches was 
assumed in the estimate. 
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5.4 Discussion 

Results of this field investigation are discussed with respect to site-wide water quality and 
hydrogeology and an evaluation of the local aquifer characteristics. 

5.4.1 Water Quality 

Several observations presented here discuss how the water quality results indicate relationships 
between physical elements at the site.  The physiochemical results from groundwater samples 
collected on September 29, 2010, showed that the bedrock aquifer had a similar pH to those 
samples collected from the shaft water during the period of October 20, 2010, (depth to water in 
shaft [DTW] >127 feet ) to October 26, 2010, (DTW in shaft ~ 120 feet ).  During this period, 
the pH of the shaft water ranged from 5.8 to 6.0 and the DTW in the shaft was significantly 
below the 74-foot level Lilly drift (see Appendix C).   

Field parameters were measured on groundwater collected from the five monitoring wells on 
September 29, 2010, prior to pumping the mine shaft water.  pH values were near neutral at each 
well (6.28 to 7.79).  Dissolved oxygen values were quite high and ranged from 6.55 mg/L in 
LOB-MW02 to 11.47 mg/L in LOB-MW03.  ORP ranged from –35.7 millivolts (mV) in LOB-
MW01 to 132 mV in LOB-MW04.  Specific conductance values ranged from 446 to 2,028 micro 
mhos per centimeter (µmhos/cm).  These data reflect a heterogeneous aquifer.  Because baseline 
data were not collected for the mine shaft water, the hydraulic connection between the shaft and 
groundwater cannot be determined based on field parameters. 

Groundwater samples collected from monitoring wells showed that the highest metals 
concentrations are in wells closest to the mine shaft (LOB-MW01 and LOB-MW02).  LOB-
MW02 had the highest concentrations of total aluminum, arsenic, iron, lead, and manganese 
prior to the pump being turned on.  This well is the closest to the mine shaft, approximately 40 
feet northwest of the shaft, and showed rapid response to pumping as well as significant water 
level decline.     

Mine water was significantly cleaner during the later stages of pumping.  This may be the result 
of the deeper water having less contact with mineralized rock than the shallower groundwater.  
Another possible explanation is that mine water was more impacted by acidic water from the 
Lilly drift during the earlier pumping stages. 

Total metals concentrations in groundwater samples collected from the five new monitoring 
wells on September 29, 2010, were significantly lower than the total metals concentrations in 
water samples collected from the shaft and seeps (Figure 31 through Figure 35, Table 12, Table 
18 and Table 21).  This relationship indicates that the bulk of the AMD is likely being generated 
from reactions occurring in waste rock or mineralized zones around and within the drift. 

There does not appear to be a consistent correlation between pH and total metal concentrations in 
the mine shaft water.  The mine shaft water had low pH values from October 13 to 19, 2010 (3.3 
to 5.0), but from October 20 to 26, 2010, the pH values were higher (5.8 to 6.0).  Metals tend to 
mobilize at low pH ranges.  However, metals concentrations were, on average, relatively low on 
October 13, 18, and 19, 2010, when the pH was also low and, beginning on October 20, 2010, 
the pH values were higher and the metals concentrations were generally lower.  These results are 
somewhat inconsistent, but may again reflect “cleaner” water in the aquifer.  It is likely that 
clean water in the aquifer and clean surface water from off site are coming in contact with 
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mineralized rock near the mine workings and waste rock on the surface, respectively, and 
becoming contaminated.  

Metals concentrations measured in the seeps, mine shaft water, and monitoring wells are 
compared in Figure 31 through Figure 35.  These comparisons show that metals, except lead, are 
highest in the seep water entering the 74-foot level drift and lowest in the monitoring wells.  

5.4.2 Hydrogeology 

5.4.2.1 Shaft Water Recovery 

In general, water in the mine shaft was pumped during the day and not at night.  Water level 
recovery rates were calculated when the pump was off between pumping events.  Water levels 
rose after each pumping event.  Based on the available data, the average recovery rates ranged 
from 5.6 to 6.5 gpm.  This is the average recovery because only the first and last water level 
measurements were made for each time period during which the pump was off.  Water level 
recovery was typically rapid initially followed by a slower, asymptotic recovery.  The slower 
recovery rate computed is associated with the time when the pump had been off for a few days. 

Hand measurements of depth to water in the shaft showed a total decline over the duration of 
dewatering to be over 72.5 feet (see Appendix C).  The last depth to water measurement taken 
before the pump was turned off was recorded on October 21, 2010 at 11:20 am, approximately 
25 hours prior to the pump being turned off permanently on October 22, 2010.  Hand 
measurement data show water levels recovered over 32 feet within the first 6 days.  By 
November 26, 2010, the water level had risen over 54 feet since October 21, 2010.  Recovery 
was likely not complete at the time of the last measurement, as the water depth was still strongly 
trending upward.  

5.4.2.2 Monitoring Well Responses 

Responses to mine dewatering in monitoring wells can be seen in the graphs in Appendix E. 

Water levels in LOB-MW01 were clearly affected by pumping the mine shaft.  The transducer 
was not functioning properly from September 30, 2010 to October 12, 2010 so these data are 
missing.  On October 12, 2010, the water level had dropped approximately 18 feet and continued 
to drop.  After the pump was turned off water levels dropped for about 24 hours, were stable for 
about 24 hours, then began to recover.  The water level in LOB-MW01 declined 35.0 feet over 
the pumping period.  Water levels did recover although not to the initial water level elevation. 

Water levels in LOB-MW02 were clearly affected by pumping the mine shaft.  Water levels 
began declining approximately 25 minutes prior to the start of pumping; it is therefore difficult to 
separate the initial response from pumping the shaft and the antecedent trend in the well during 
the initial time period.  The water level dropped to below the transducer sensor from October 6, 
2010 until November 29, 2010, so the total drawdown from the start of pumping to the end is 
unknown.  Water levels appeared to respond to the pump turning off and on prior to October 6, 
2010.  Water level drawdown n in LOB-MW02, located about 40 feet north-northwest of the 
mine shaft, was the greatest of the wells and slightly more than the drawdown in LOB-MW01, 
which is located approximately 40 feet south-southeast of the mine shaft.  LOB-MW02 had a 
total head loss of approximately 30 feet during the test, whereas the total head loss was about 20 
feet in LOB-MW01.  Water levels in LOB-MW01 correlate better with the mine shaft pumping 
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than those in LOB-MW02, but this may be due to the loss of data when the water level fell below 
the transducer in LOB-MW02.     

Water levels in LOB-MW03 began to decline about 5.5 hours after the start of pumping and 
continued to decline until November 24, 2010.  Spikes in water levels were detected during the 
mine shaft pumping that may correlate with the cycling of the pump.  Water levels declined over 
the duration of pumping by 6.0 feet.  It is unknown why water levels continued to decline long 
after the pump was permanently turned off. 

Water levels in LOB-MW04 were not noticeably affected by pumping water in the mine shaft.  
In fact, water levels rose 1.4 feet over the duration of the test, and showed over 2 feet of water 
level rise with oscillations after October 17, 2010.  This well may be responding to land 
application water, but no data are available to corroborate this theory. 

Water levels in LOB-MW05 rose approximately 0.05 feet within the first 6.5 hours after 
pumping started, remained fairly stable for about 1.5 days, and then began gradually declining on 
October 3, 2010, until approximately October 25, 2010.  Water levels oscillated slightly and 
continued to decline until approximately November 25, 2010.  The pre-pumping water level data 
suggest an antecedent trend of increasing water level in this well.  Water level data in LOB-
MW05 may not have been significantly impacted by pumping the mine shaft, but the increasing 
water level trend may mask a greater water level drawdown.  Water levels fell 4.3 feet over the 
duration of the mine dewatering. 

The closest monitoring wells to the shaft, LOB-MW01 and LOB-MW02, had dramatic water 
level responses to pumping from the mine shaft.  LOB-MW01 had a fairly rapid recovery as did 
the mine shaft.  Water levels in LOB-MW03 and LOB-MW05 were apparently less affected by 
pumping water in the shaft.  There was no obvious correlation between LOB-MW04 (the farthest 
well) water levels and mine dewatering.  

5.4.3 Aquifer Characteristics 

To understand clearly whether surface water is becoming contaminated while in contact with 
waste rock piles and then entering the groundwater, it is necessary to determine whether the 
aquifer is confined or unconfined.  If the aquifer is unconfined it would be possible for surface 
water to percolate into the mine workings.  However, to determine conclusively whether the 
water seeping into the Lilly drift comes from local surface water, further testing would be 
required.  A definitive determination in the fractured quartz monzonite aquifer at the 
Lilly/Orphan Boy Site is more complicated than a similar determination for a sedimentary rock 
aquifer with an obvious confining unit or lack thereof.  Fractured rock aquifers can be confined 
by several different mechanisms causing fractures to be filled with impermeable material.  One 
may speculate that the aquifer at the Lilly/Orphan Boy site is unconfined given the response in 
water levels in most of the monitoring wells to pumping the shaft, which is exposed to the 
atmosphere.  However, to accurately determine if the aquifer is confined or unconfined, an 
aquifer test should be conducted to collect data that support a complete analysis.  Storativity 
values for a confined aquifer are very low (0.00005 to 0.005); storativity values for an 
unconfined aquifer are high (0.01 to 0.30) (Freeze and Cherry, 1979).  

The mine dewatering for this Phase II RI was not designed as an aquifer pump test and, 
therefore, did not produce ideal data for analysis of storativity.  Since continuous pumping is 
required, an aquifer test analysis was attempted on the water level data from LOB-MW02 during 
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the initial few hours of pumping prior to the pump being turned off for the first time.  This very 
short test did not produce data conducive to the required analysis for several reasons: the total 
drawdown is very small and is on the same order of magnitude as the transducer accuracy; the 
time of pumping is short; and the scatter in the data is large.  As the drawdown was greatest in 
LOB-MW02, these conditions are even less conducive to aquifer testing using data from the 
other wells. For these reasons, it was impossible to fit a curve that would yield reliable results for 
the computation of storativity.  Therefore, the confinement of the bedrock aquifer cannot be 
definitively determined with the available data. 

 

 

Figure 31. Seep, Groundwater, and Shaft Water Concentrations – Arsenic 
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Figure 32. Seep, Groundwater, and Shaft Water Concentrations – Cadmium 

 

 

Figure 33. Seep, Groundwater, and Shaft Water Concentrations – Copper 
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Figure 34. Seep, Groundwater, and Shaft Water Concentrations – Lead 

 

 

Figure 35. Seep, Groundwater, and Shaft Water Concentrations – Zinc 
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Section 6.0 Reclamation Alternatives 

This assessment was prepared to identify potential reclamation action alternatives and the 
feasibility of carrying out each action for the source areas posing human health and ecological 
risks as previously identified in the 2009 RI (Tetra Tech, 2009).  This assessment expands upon 
the preliminary assessment of reclamation alternatives presented in the 2009 RI.  The 
reclamation alternatives will be further developed and analyzed as part of the EEE/CA process 
along with a review of Applicable or Relevant and Appropriate Requirements (ARARs). 

Source control approaches to mitigating impacts of AMD include inflow controls, segregation of 
clean and contaminated flows, and bulkheads.  Possible inflow controls at the Lilly/Orphan Boy 
Mine Site include waste rock management and management of surface water inflows.  
Segregation measures would require isolation and treatment of the highly contaminated water 
seeping into the Lilly drift.  Finally, bulkheading may be used to stop groundwater from flowing 
out of the Lilly adit. 

6.1 Surface Water Management 

Reclamation activities for surface water management at this site could significantly reduce the 
recharge flow rates to the mine workings, especially in the spring when runoff rates from snow 
melt are highest.  Although data were not collected during spring flows, it is reasonable to expect 
that a strong correlation exists between adit discharge rates and spring runoff.  Surface water 
management is a low-cost, effective, and implementable reclamation action.  While it is unlikely 
that surface water management alone will stop all discharge from the adit, a significant reduction 
in flow combined with on-site wetland treatment may result in returning metals loading to 
Telegraph Creek to pre-mining levels. 

Surface water infiltration from precipitation and snow melt runoff may be a substantial source of 
mine water recharge and subsequent contamination, including seepage from a seasonal 
upgradient surface water collection pond located off site (Figure 36).  As water contacts the 
mineralized waste rock and mineralized zones within the mine workings, and in particular the 
mineralized rock within and immediately adjacent to the discharging drift, the water becomes 
contaminated with metals before discharging through the adit to Telegraph Creek.  Surface water 
management would likely limit the amount of runoff contacting the mineralized sources and 
reduce the recharge to the mine, resulting in a reduction of AMD volume and metals loading. 

Surface water management is comprised of the three components described in the following 
sections: the off-site upgradient pond, surface water interception, and surface water runoff. 

6.1.1 Off-site Upgradient Pond 

The off-site pond is located upgradient of the mine on an adjacent owner’s property (Figure 36).  
The seasonal pond collects surface water runoff on a bench above the mine site.  The pond drains 
over the course of each season by a combination of evaporation and infiltration into the 
surrounding soils.  Investigation of this pond’s influence on the local hydrology was not 
performed because the landowner chose not to allow access.  However, it is reasonable to 
assume overland flows from this area and surface water infiltrating the soils upgradient of the 
mine flow downgradient toward the mine and are collected in the mine workings.  Rising water 
in the workings causes the water to flow out of the drift and contributes to AMD at the adit.  If 
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the landowner allows access at a later date, these assumptions could be tested.  Several options 
exist for reducing the impacts of discharges from the pond.  Each of the following options would 
require an agreement with the adjacent landowner: 

 The most effective and least expensive option is to fill the pond and grade the area to 
drain.  This action would completely eliminate the source area and could be 
accomplished by filling and grading with local material.  This action would be a 
permanent closure, highly effective at eliminating the source; in addition, it would be 
cost-effective and would utilize typical construction methods.  

 Install a drainage channel.  This action would completely eliminate the source area but 
would require long-term monitoring and minimal maintenance.  Over a period of tens of 
years, the channel would likely silt in and become overgrown with vegetation that could 
block drainage of the pond or cause erosion in other areas as the capacity of the channel 
diminishes.  This action would be cost-effective and would utilize typical construction 
methods. 

 Install an impermeable pond liner.  If the pond owner requires that the pond remain, it 
could be lined with an impermeable liner.  This action would eliminate the source area 
but require long-term monitoring and minimal maintenance, as the liner could develop 
leaks over time.  This option is implementable with typical construction methods but, due 
to the cost of the liner, would be more expensive than the previous two options. 

6.1.2 Surface Water Interception 

Surface water that infiltrates the overburden originates from upgradient sources of precipitation, 
snow melt, and the seasonal pond.  These flows appear to be contacting the mineralized waste 
rock, where they become contaminated before infiltrating into the mine workings as noted by the 
high metal concentrations of the mine seeps.  A portion of this water currently enters the mine 
workings and could be redirected with the installation of an interception swale.  An interception 
swale installed above the mine workings serves multiple functions including control of 
infiltrating surface water, surface water runoff, and possibly a portion of the infiltration/seepage 
from the off-site upgradient pond.  Because bedrock is shallow, this action would only collect 
surface water flowing through the overburden above the bedrock contact and route those flows 
away from the mine workings.  Infiltration and seepage from the seasonal pond, if it has not been 
addressed by other actions, would likely completely or partially percolate into the bedrock 
fractures and bypass an on-site interception swale.  This option would have a variable degree of 
cost depending on the site conditions, is implementable with typical construction methods, and 
would not require any coordination or agreements with adjacent property owners.  However, it 
may only be partially effective in controlling any flow that enters the mine workings from the 
off-site pond. 

6.1.3 Surface Water Runoff Control 

Surface water runoff from the site and upgradient areas contacts mineralized waste rock, where it 
becomes contaminated before possibly infiltrating into the mine workings or discharging directly 
to Telegraph Creek.  Filling any features that collect or pool water upgradient of the shaft and 
diverting surface water runoff away from any reclaimed features, the mine workings, any 
remaining waste rock, impacted soil, or mineralized rock would reduce contaminated surface 
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water discharges from the site.  Both methods of surface water runoff discussed below are 
implementable and cost-effective, and would have minimal long-term monitoring and 
maintenance requirements.   

 Surface Contouring – Surface contouring would be performed in conjunction with the 
installation of drainage swales and include filling of any subsidence and exploratory 
features such as test pits that are providing a conduit for infiltration of surface water to 
the mine workings.  Surface contouring can shed surface water runoff toward the 
drainage swales and away from the site reclamation features and mine workings.  
Improved surface contouring would benefit revegetation and reduce erosion by 
minimizing flow paths and concentrating flows in drainage swales before rills develop in 
the cover soil. 

 Drainage Swales – Drainage swales can collect and route either clean water or 
contaminated sources to a particular location for treatment, monitoring, or discharge.  
Properly designed drainage swales can also collect shallow groundwater flow and route 
these flows along with surface water away from reclaimed features or potential sources of 
contamination for discharge into Telegraph Creek. 

6.2 Waste Rock Management 

Waste rock piles at the site contain elevated metals levels above the risk scenarios presented in 
the 2009 RI and are sources of contamination.  Waste rock management would reduce exposure 
to erosion, contact with the local ecosystem, and exposure to surface water, which is a source 
contributing to mine recharge and AMD. 

Based on the data collected in the 2009 RI (Appendix K) and this Phase II RI, waste rock 
management, including contaminated soil, is considered a necessary component of the 
reclamation plan at the site to address human health and ecological risks.  Waste rock and 
mineralized rock are exposed and in contact with water, which may infiltrate into the mine 
workings and contribute to AMD, surface water contamination, and human health and ecological 
risks at this site.  The highest priority for removal should be Waste Rock Pile 3, as it directly 
impacts the water quality in Telegraph Creek.  The volume of this pile is relatively small 
(approximately 415 cubic yards), so the benefit of removal would be very high in comparison to 
the cost.  

Metals contamination at the site is believed to be derived from four sources: (1) the waste rock 
dumps, (2) impacted soil down-gradient of the waste rock dumps, (3) exposed mineralized zones 
in and around the mine workings, and (4) mineralized overburden that has collapsed into the adit.  
The volume of surficial waste rock piles was estimated to be 3,430 cubic yards in the 2009 RI; 
however, this estimate was updated in this investigation to include unaccounted-for volumes of 
impacted soil and sediment beneath and downgradient of the waste rock piles as well as 
mineralized rock in the collapsed adit.  The revised estimated volume of waste rock and 
contaminated soil is about 3,900 cubic yards.   

Due to site constraints, waste rock management will likely consist of a combination of waste 
consolidation and disposal in an off-site repository, an on-site repository, a landfill, and/or by 
partially backfilling the mine shaft and workings.  These options will be discussed in further 



Phase II Reclamation Investigation Report – Lilly/Orphan Boy Mine Site 

 
88

detail below.  Significant site constraints consist of a lack of clean cover soils, lack of repository 
space, and the remote location of the site.  

6.2.1 Cover Soil 

TerraGraphics performed an inventory of land ownership within a 2-mile radius of the site 
(Figure 37) and from the Lilly/Orphan Boy Mine Site to U.S. Highway 12 (Figure 38) to 
evaluate potential locations for borrow soil.  The numbered parcels illustrated in Figures 37 and 
38 correlate with the ownership information shown in Table 24.  Ownership within the 
inventoried area consists primarily of private land and USDA Forest Service land, with a few 
parcels owned by DEQ, the City of Helena, and Powell County (mostly rights-of-way).  Borrow 
material for use as cover soil is extremely limited at the site, but several possible privately-
owned sources along Telegraph Creek Road can be seen on Figure 38.  

6.2.2 On-site repository 

Because of the steep topography and limitations due to property ownership, the potential for an 
on-site repository is limited; however, the possibility for on-site repository siting should not be 
completely discounted considering the relatively small volume of waste.  The topographic 
constraints at the site may result in a large repository footprint relative to the volume of waste 
stored.  A large footprint would require larger volumes of cover material.  Analysis of an on-site 
repository was not completed as part of this investigation.   

6.2.3 Off-site Repository 

An inventory of land ownership within a 2-mile radius (Figure 37) of the site and along the main 
access route from U.S. Highway 12 (Figure 38) was performed as an initial step to evaluate the 
potential for an off-site repository.  This review indicates that property available for an off-site 
repository in the immediate vicinity of the Lilly/Orphan Boy Mine Site is limited, but potential 
sites may exist in private land ownership along Telegraph Creek Road. 

6.2.4 Landfill Disposal 

If an on-site or off-site repository is not feasible, disposal of the wastes in a licensed landfill can 
be considered.  Although this option is feasible, the wastes would need to analyzed for 
compliance and potentially amended to meet the landfill requirements.  Additionally, due to the 
combination of the remote site location and the location of licensed landfills, the haul distances 
will likely be in excess of 50 miles.  Hauling costs for landfill disposal may be high relative to 
the other disposal options.    

6.3 Mine Water Discharge Management 

Mine water discharging from the adit is a source of contamination, with metals concentrations 
elevated above the acute and chronic standards for surface water listed in DEQ-7.  Mine water 
contamination at this site appears to be predominately from sources other than the bedrock 
aquifer.  Surface water and waste rock management actions by themselves might significantly 
reduce mine water recharge and AMD from the adit.  Source controls within the mine are 
possible, and additional mine water discharge management may be incorporated into waste rock 
management through on-site batching of the waste rock with Portland cement for use as a 
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cemented backfill plug within the shaft and workings to further stem the flow of mine 
discharges.   

6.3.1 Cemented Waste Rock Backfill Plug of Shaft 

A cemented waste rock backfill plug can be an effective source control technology that has the 
additional benefit of reducing the waste rock volume required for off-site disposal; at this site it 
could serve as part of the mine water management to stem the flow of water discharging from the 
adit.  However, the primary inflow of contaminated water into the workings is taking place in the 
drift, so backfilling the shaft alone will not stop AMD from the adit.  Partial backfill of the mine 
shaft could dispose of some portion of the waste rock on site.  The waste rock would need to be 
screened to eliminate material larger than approximately 1-inch diameter and then batched with 
cement to buffer the material and form a backfill plug.  A significant source of mine recharge 
was observed at the 35-foot level in the shaft during the summer of 2010.  Cemented backfilling 
may be layered at this level with a permeable layer of inert rock or limestone to aid the flow of 
clean groundwater past the shaft.  Preliminary testing done by Pioneer Technical Services 
indicated that smaller particle sizes (smaller than 1-inch) screened from the waste rock can be 
used in an aggregate for backfilling.  However, overall results of the preliminary tests were 
mixed, and they conclude that further testing will be required to assure efficacy of the backfill 
material (Pioneer, 2009). 

The costs associated with waste rock disposal may increase the cost-benefit of processing the 
waste rock on site and disposing of some material as cemented backfill plug in the mine shaft.  
This option would serve two purposes: first, it reduces the cost of waste rock disposal and 
second, it will plug portions of the mine workings.  The combined reduction in recharge rates 
from surface water controls, reduction in mineralized contact area from the removal of waste 
rock, and potential plugging and buffering effects of the cemented backfill may be enough to 
reduce the AMD to acceptable levels.  

6.3.2 Hydraulic Adit Plug 

A hydraulic adit plug may be appropriate at the Lilly/Orphan Boy site.  The primary function of 
a hydraulic adit plug is to significantly reduce AMD by re-establishing groundwater flow 
through the pre-mining pathways.  The result would be a rise in water level in the mine, creating 
anoxic conditions by preventing the continuous flow of groundwater through the open, 
oxygenated mine workings and out the adit.  Hydraulic adit plugs can be effective at reducing 
AMD but are not suited for all applications.  This investigation has generally characterized the 
conditions required, but more thorough analysis will be required during the EEE/CA phase.  
Successful application of a hydraulic plug requires: 

 An understanding of the pre- and post-plugging groundwater hydrogeology;  

 Good access and understanding of the underground workings and natural features (faults, 
veins, shear zones, etc.);  

 A section of competent rock at and upgradient of the plug location;  

 Adequate overburden pressure to counteract the expected hydraulic head;  
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 No significant water-transmitting geologic structures or manmade groundwater pathways 
(mine workings, wells, exploratory drill holes) that could short circuit the plug and 
discharge to other workings, mines or the ground surface; and  

 Quality construction materials and techniques during installation (Wireman and Stover, 
2011). 

 
  





 





 





 



Table 24.         Land Ownership
Vicinity of Lilly/Orphan Boy Mine Site

Map Parcel ID OwnCode OwnerClass Owner Name
1 0516831310105M000 40000 Local Government CITY OF HELENA W
2 0516831440101M000 40000 Local Government CITY OF HELENA W
3 28168114204010000 40000 Local Government
4 0516831310101M000 10000 Private COWDEN LESTER L III & DEBORA L
5 0516831230101M000 10000 Private TANGEN L LINNEA
6 0516832410110M000 10000 Private MANGER MARY ANN
7 05168314204010000 10000 Private NEWMAN DAVE R
8 05168311104050000 10000 Private LIGHTNING ROD LLC
9 2816811520101MINE 10000 Private HORNE DALE E & JANET E
10 28168111201020000 10000 Private SAGER, DANIEL G
11 28168110101010000 10000 Private VAN BLARICOME ROYCE EUGENE
12 2816812220101M000 10000 Private VERCILLO ANTHONY
13 2816812220102MINE 10000 Private WATTERS JEFFREY A
14 28168110201030000 10000 Private BAILEY, FREDERICK A
15 28168111201010000 10000 Private HORTON PETER W
16 2816811220101MINE 10000 Private HANNON GRETCHEN B
17 2816811110101MINE 10000 Private SAGER, DANIEL G
18 28168110201020000 10000 Private DAVIS WILHELMINE S
19 28168111401050000 10000 Private
20 2816812220101M001 10000 Private WAGNER GAYLYNN
21 28168110404010000 10000 Private NEWMAN DAVE R
22 28168110201040000 10000 Private POWERS, WILLIAM R
23 28168114201010000 10000 Private NEWMAN DAVE R
24 28168115403010000 10000 Private MANNING DOUGLAS
25 28168115402010000 10000 Private BARNES CHARLES & RACHEL
26 28168115101010000 10000 Private CHAQUETTE LINDSEY
27 2816811520102MINE 10000 Private COLEMAN MERRILEE
28 28168115403020000 10000 Private LITTLE RIVER DEV CORP
29 2816811140101MINE 10000 Private LIGHTNING ROD LLC
30 2816812610101MINE 10000 Private PENNINGTON, JOE
31 28168122201010000 10000 Private LINDQUIST MICHAEL A
32 2816812220101MINE 10000 Private THOMAS BRUCE A
33 28168115101020000 10000 Private LITTLE RIVER DEV CORP
34 28168115403030000 10000 Private MANNING DOUGLAS
35 05168323401010000 31000 State Government MONTANA DEPT OF ENVIRONMENTAL
36 05168324201010000 31000 State Government MONTANA DEPT OF ENVIRONMENTAL
37 05168326101010000 22100 USDA Forest Service USDA FOREST SERVICE
38 05168313102010000 22100 USDA Forest Service USDA FOREST SERVICE
39 05168313101010000 22100 USDA Forest Service USDA FOREST SERVICE
40 05168314104010000 22100 USDA Forest Service USDA FOREST SERVICE
41 05168312101020000 22100 USDA Forest Service USDA FOREST SERVICE
42 05168324202010000 22100 USDA Forest Service USDA FOREST SERVICE
43 05168324102010000 22100 USDA Forest Service USDA FOREST SERVICE
44 05168323101010000 22100 USDA Forest Service USDA FOREST SERVICE
45 05168312203010000 22100 USDA Forest Service USDA FOREST SERVICE
46 05168311104010000 22100 USDA Forest Service USDA FOREST SERVICE
47 05168311401020000 22100 USDA Forest Service USDA FOREST SERVICE
48 05168311401010000 22100 USDA Forest Service USDA FOREST SERVICE
49 28168114101010000 22100 USDA Forest Service USDA FOREST SERVICE
50 28168113202010000 22100 USDA Forest Service USDA FOREST SERVICE
51 28168117101010000 22100 USDA Forest Service USDA FOREST SERVICE
52 28168112303010000 22100 USDA Forest Service USDA FOREST SERVICE
53 28168116101010000 22100 USDA Forest Service USDA FOREST SERVICE
54 28168115101030000 22100 USDA Forest Service USDA FOREST SERVICE
55 28168112203010000 22100 USDA Forest Service USDA FOREST SERVICE
56 28168129101010000 22100 USDA Forest Service USDA FOREST SERVICE
57 28168128101010000 22100 USDA Forest Service USDA FOREST SERVICE



Table 24.         Land Ownership
Vicinity of Lilly/Orphan Boy Mine Site

Map Parcel ID OwnCode OwnerClass Owner Name
58 28168102101010000 22100 USDA Forest Service USDA FOREST SERVICE
59 28168111401020000 22100 USDA Forest Service
60 28168108101010000 22100 USDA Forest Service USDA FOREST SERVICE
61 28168109101010000 22100 USDA Forest Service USDA FOREST SERVICE
62 28168110101020000 22100 USDA Forest Service USDA FOREST SERVICE
63 28168111101020000 22100 USDA Forest Service USDA FOREST SERVICE
64 28168114302010000 22100 USDA Forest Service USDA FOREST SERVICE
65 28168114301010000 22100 USDA Forest Service USDA FOREST SERVICE
66 28168104101010000 22100 USDA Forest Service USDA FOREST SERVICE
67 28168103101010000 22100 USDA Forest Service USDA FOREST SERVICE
68 28168121101010000 22100 USDA Forest Service USDA FOREST SERVICE
69 28168122101020000 22100 USDA Forest Service USDA FOREST SERVICE
70 28168123201010000 22100 USDA Forest Service USDA FOREST SERVICE
71 28168120101020000 22100 USDA Forest Service USDA FOREST SERVICE
72 28168127101030000 22100 USDA Forest Service USDA FOREST SERVICE
73 28168126101010000 22100 USDA Forest Service USDA FOREST SERVICE
74 28177919401040000 10000 Private HIGH PRAIRIE DIVIDE LLLP
75 28177907301010000 10000 Private BECK, JOHN M
76 28177929401020000 10000 Private THOMAS WILLIAM P
77 28177801401210000 10000 Private CHRISTENSEN, DAVID K
78 88888 Right of Way
79 28177918201010000 10000 Private THERRIAULT HAROLD
80 28177918101010000 10000 Private R V RANCH COMPANY
81 28177929202010000 22100 USDA Forest Service USDA FOREST SERVICE
82 28177907101010000 10000 Private R V RANCH COMPANY
83 28177918201300000 10000 Private THERRIAULT BRIAN
84 28177918201180000 10000 Private BACKSTROM JAMES M
85 28177918301010000 10000 Private MORLEY JOYCE A
86 28177932101020000 10000 Private DARFLER FAMILY LLC
87 28177920101010000 10000 Private R V RANCH COMPANY
88 28177919101020000 10000 Private STONER GUY F
89 28177801401050000 10000 Private THOMAS BRANDON C
90 28177919101040000 10000 Private R V RANCH COMPANY
91 28177919101110000 10000 Private LONGMIRE E RICHARD
92 88888 Right of Way
93 28177906101010000 10000 Private BECK JOHN M
94 28177929401030000 10000 Private HORNE DALE
95 28177932103010000 22100 USDA Forest Service USDA FOREST SERVICE
96 28177932101040000 10000 Private DARFLER FAMILY LLC
97 28177932101080000 10000 Private LUBITZ, CLIFFORD G
98 28177932101100000 10000 Private ELLIS RICHARD H
99 28177933101010000 22100 USDA Forest Service USDA FOREST SERVICE

100 28177929101010000 10000 Private MORGAN DAVID J
101 28177929101020000 22100 USDA Forest Service USDA FOREST SERVICE
102 28177919101070000 10000 Private R V RANCH COMPANY
103 28177929401040000 10000 Private HORNE, DALE
104 28177929401060000 10000 Private SAMUELSON MARK S
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Section 7.0 Conclusions and Recommendations 

This section discusses the conclusions and recommendations of the Phase II RI based on the 
results described in Section 5 of this report.  The purpose of the Phase II RI was to determine if 
the AMD discharging from the collapsed Lilly adit into Telegraph Creek can be mitigated and/or 
stopped. 

7.1 Conclusions   

The relationship between relatively high concentrations of total metals in the shaft and seep 
water compared to the groundwater samples indicates that the bulk of the AMD is being 
generated from reactions occurring when water comes into contact with waste rock and 
mineralized zones around and within the drift.  The native groundwater entering the workings 
from the bedrock aquifer appears to not be a major source of metals contamination.  However, 
since baseline data from the shaft water were not collected, it is not possible to say definitively 
that groundwater at the site is “clean.”  Visual observation of the mine workings and 
measurements of the seep flow rates revealed that the seeps in the Lilly drift contribute a 
relatively small volume of water to the mine during the fall when soil moisture and groundwater 
levels are low.  This suggests that the majority of inflow into the drift is from either groundwater 
or seeps in other locations within the workings.  Although measurements were not made during 
the high runoff season, visual observations indicated that seep flows are likely to increase 
significantly during the spring.  TerraGraphics observed relatively large quantities of water 
entering the east side of the shaft at approximately the 35-foot level during spring runoff.  
Eliminating surface water infiltration into the mine from areas upgradient of the shaft might 
reduce the amount of water in the workings and improve the quality of water discharging from 
the adit.  However, installation of an adit plug may be necessary to completely eliminate AMD 
discharging from the Lilly adit.     

The only analyte concentrations measured in the soil samples collected on October 4, 2010, that 
exceeded the Recreational Clean-up Guidelines established for the site were total arsenic from 
samples SG02, SG03, SG06, SG10, and SG13.  These locations were included in the estimated 
3,900 cubic yards of contaminated material on site.  Total cadmium, copper, lead, manganese, 
and zinc concentrations in all of the 2010 soil samples collected during this investigation were 
significantly below their respective Recreational Clean-up Guidelines.  These results indicate 
that the bulk of the heavily contaminated material at the site is associated with the waste rock 
piles.  

7.2 Recommendations 

Based upon the analytical results from samples collected during the Phase II RI and the 
preliminary assessment of reclamation alternatives, TerraGraphics concludes that removing 
waste rock and other contaminated material from the surface, and especially from the vicinity of 
Telegraph Creek, would be the most effective single action for improving overall water quality 
and reducing human health and ecological risks at the site.  Once the waste rock is removed, 
controlling the sources of surface water infiltration through the mineralized zones above and 
immediately adjacent to the Lilly drift may significantly improve quality of water discharging 
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from the Lilly adit.  If the goal is complete elimination of all AMD from the Lilly adit, an adit 
plug must also be fully evaluated.  TerraGraphics recommends that the project be continued into 
the EEE/CA phase to fully evaluate the source control techniques discussed as part of the 
reclamation alternatives presented herein. 

To gain the most benefit from the EEE/CA, TerraGraphics also recommends that monitoring of 
the groundwater and shaft water be continued into the near future.  These monitoring events 
should be coordinated to coincide with, at a minimum, the low (March) and high (June) 
groundwater conditions at the site.  This would allow for further evaluation of local water levels 
and the geochemical properties of the groundwater and shaft water. 

Monitoring the shaft and wells after the local groundwater system has reached equilibrium would 
confirm whether water in the workings reaches the level of the Lilly drift during low water 
conditions.  This information would shed further light on the primary source of the most 
contaminated water, which would help focus the emphasis of the EEE/CA.  TerraGraphics 
further recommends that the quarterly sampling only be conducted on the groundwater 
monitoring wells and the shaft water, and that total metals be analyzed for in both.  This would 
allow comparison to the data already gathered in this investigation.   
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Field Notes 
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Appendix B  

Land Application System Photos 
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Description:  Panoramic 
view:  Rain for Rent 
plant setup. 
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covered site. 

 

 

 

Photo Date:  10/26/10 
 
 

 
 
Description:  Snow-
covered site. 

 

 

 



 
 

 

Photo Date:  10/26/10 
 
 

 
 
Description:  Snow-
covered site. 

 

 

 



Phase II Reclamation Investigation Report – Lilly/Orphan Boy Mine Site 

 
C

 

 

 

Appendix C  

Mine Dewatering Log 

  



LILLY/ORPHAN BOY MINE DEWATERING & LAND APPLICATION PROGRAM
Equipment rented & installed by Rain for Rent 9/29/10 to 11/2/10
Compilation of Field Dewatering Log Notes

Flow meter startup reading 16,900,000 gallons
Flow meter ending reading 17,297,000 gallons

Total Volume treated & land applied 397,000 gallons

PUMPING FLOW PUMPED DEPTH TO WATER RECHARGE
RATE METER READING VOLUME* IN SHAFT† RECOVERY
(gpm) (x100 gallons) (gallons) (feet) (GPM)

10/01/10 15:15 100 169,000 0 74.3 Start of pumping & treatment
10/01/10 18:30 100 169,160 16,000 74.8 Dewatering Lilly Tunnel
10/02/10 08:00 80 169,171 17,100 74.35
10/03/10 08:00 100 74.39
10/03/10 15:30 100-120 169,482 48,200 78.2
10/03/10 17:00 100-120 169,580 58,000 79.3 Startup, testing, and calibration complete
10/03/10 18:00 100-120 169,632 63,200
10/04/10 7:00 79.15 Recovery rate 10/3 to 10/5 5.7
10/04/10 10:14 100-120 169,714 71,400 82.59 Out of filters
10/05/10 08:00 169,714 71,400 79.45 Filter in @ 11:15 AM 100's
10/05/10 12:00 100-120 169,714 71,400 79.45 Start
10/05/10 14:00 100 169,781 78,100 83.62 Filter Change
10/05/10 14:30 100 169,800 80,000 84.73 Filter Change - 200's
10/05/10 15:15 100 169,826 82,600 84.81 Filter Change
10/05/10 19:00 100 169,927 92,700 89.1 Shut down & Fuel
10/06/10 08:00 100 169,927 92,700 87.2
10/06/10 09:20 100-120 169,982 98,200 91.1
10/06/10 10:30 170,039 103,900 Filter Change
10/06/10 11:00 100 170,077 107,700 94.85
10/06/10 11:50 100 170,131 113,100 96.68 Top of pump/lower pump
10/06/10 13:00 100-120 170,131 113,100 Restart
10/06/10 14:40 170,202 120,200 Filter Change
10/06/10 14:50 100-120 170,211 121,100 99.1
10/06/10 16:00 100 170,283 128,300 102.58
10/06/10 16:20 170,302 130,200 102.81 Filter/ need more hose
10/07/10 12:10 100-120 170,302 130,200 97.94 Startup
10/07/10 13:05 100-120 170,365 136,500 98.35 Recovery rate10/6 to 10/12 5.5
10/07/10 14:45 100-120 170,481 148,100 104.9

DATE TIME NOTES

, ,
10/07/10 16:20 170,562 156,200 106.2 Shut down    
10/08/10 08:00 103.21
10/09/10 08:00 99.8 Rain for Rent delivered & installed larger pump.
10/11/10 08:30 96 Trouble lowering pump in shaft due to Al pipe
10/12/10 08:00 170,562 156,200 94.35
10/12/10 12:30 100-120 Start
10/12/10 15:49 100-120 170,622 162,200 96.71
10/12/10 17:00 100-120 170,701 170,100 100.5
10/12/10 17:30 100-120 170,738 173,800 102.25 Pump out of water
10/13/10 08:35 170,738 173,800 99.16
10/13/10 14:40 Start Pump
10/13/10 15:16 100-120 170,782 178,200 101.4
10/13/10 16:20 100-120 170,798 179,800
10/13/10 17:30 100-120 170,798 179,800 102.5 Recovery rate 10/12 to 10/14 5.5
10/13/10 17:45 Start
10/13/10 18:45 170,871 187,100 Stop
10/14/10 09:30 100-120 170,871 187,100 102.2
10/14/10 10:45 170,951 195,100 Stop
10/14/10 16:51 100-120 Start
10/14/10 19:05 171,097 209,700 Filter Change
10/14/10 20:00 171,140 214,000 Stop
10/15/10 08:00 100-120 171,140 214,000 Start
10/15/10 10:29 100-120 171,257 225,700 Shut down for obtaining Lilly tunnel seep samples
10/15/10 11:20 107.9
10/15/10 12:30 100-120 171,257 225,700 Restart
10/15/10 12:58 100 171,274 227,400 107
10/15/10 18:00 Filter change
10/15/10 19:00 171,614 261,400
10/16/10 08:00 171,614 261,400 Ice in filter cylinder & lines
10/16/10 13:15 100-120 171,726 272,600 Filter change; dewatering 114' level, pumping muck
10/16/10 13:45 171,740 274,000 Filter change
10/16/10 14:25 171,761 276,100 Filter change
10/16/10 15:30 171,786 278,600 Filter change
10/16/10 16:05 171,797 279,700 Filter change
10/16/10 17:15 171,841 284,100 Out of water, need to lower pump
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PUMPING FLOW PUMPED DEPTH TO WATER RECHARGE
RATE METER READING VOLUME* IN SHAFT† RECOVERY
(gpm) (x100 gallons) (gallons) (feet) (GPM)

DATE TIME NOTES

10/17/10 11:30 171,841 284,100 111.5 Start
10/17/10 12:45 171,940 294,000 Filter change
10/17/10 13:20 171,971 297,100 Filter change
10/17/10 14:15 100-120 171,997 299,700 Filter change
10/17/10 15:10 172,040 304,000 Filter change
10/17/10 16:45 172,112 311,200 Filter change
10/17/10 17:30 172,130 313,000 Lost pump pressure, lowering pump
10/18/10 12:45 117.5
10/18/10 15:12 100-120 172,130 313,000 117.6 Start
10/18/10 17:38 172,254 325,400 Lost pump pressure, lowering pump
10/19/10 09:30 100-120 172,254 325,400 Start Pump
10/19/10 10:35 172,351 335,100 Lost pump pressure, lowering pump
10/19/10 12:30 172,351 335,100 127.15 Lowered pump 20'
10/19/10 13:15 100-120 172,351 335,100 Start Pump
10/19/10 14:20 172,412 341,200 Filter change, Recovery rate 10/17 to 11/1 5.2
10/19/10 15:25 172,446 344,600 Filter change
10/19/10 17:05 172,513 351,300 Filter change
10/19/10 17:40 172,543 354,300 Filter change
10/19/10 18:30 100-120 172,577 357,700
10/20/10 08:30 100-120 172,577 357,700 Start pump
10/20/10 11:25 172,714 371,400 Lost pump pressure, lowering pump
10/21/10 08:00 100-120 Start pump
10/21/10 10:10 172,835 383,500 146.85
10/22/10 09:30 100-120 172,835 383,500 Start Pump
10/22/10 11:20 172,970 397,000 Lowered pump; pumping completed

10/25/10 08:00 --- --- --- switch boxes Frozen/snow
10/26/10 11:00 --- --- --- ~ 120' estimated Drain tanks for removal
10/28/10 11:43 --- --- --- 114.92
11/01/10 16:02 --- --- --- 111.2 Rain for Rent equipment removed from site.
11/02/10 10:50 --- --- --- 110.85 Transducer installed in shaft at 125' below collar.
11/11/10 10:10 --- --- --- 107.2 Having trouble getting water level reading in shaft.
11/26/10 ~11:00 --- --- --- 92.45
12/02/10 12:00 --- --- --- Transducers removed from wells & shaft.

Average Recharge Rate: 5.5

Recharge rate ranges from 5.2 gpm to 5.7 gpm

*Mine water was pumped from shaft, filtered, and adjusted for pH to be between 5 and 9 units prior to land application.
† Depth to water in the shaft measured from the top of the northeastern shaft cover grate.

Recharge rate calculated between 10/6 and 10/12 at 96.7' level
Recharge rate calculated between 10/12 and 10/14 at 102.2' level
Recharge rate calculated between 10/17 and 11/1 at 111.2' level

Recharge rate calculated between 10/3 and 10/5 at 79.3' level

page 2 of 2
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Well Boring Logs 
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Transducer Data Graphs  
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Notes:
9/30/2010 12:00:00 6802.4 Static water level

10/22/2010 11:20:00 6767.4 End of pumping
12/2/2010 12:00:00 6783.5 Transducers removed

No transducer data from 9/30 to 10/12 as transducer failed and was replaced on 10/12.

Figure E1.  LOB-MW01 Water Level Measurements
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Notes:
9/30/2010 12:00:00 6792.20 Static water level

10/22/2010 11:20:00 6772.62 End of pumping
12/2/2010 12:00:00 6780.53 Transducers removed

Figure E2.  LOB-MW02 Water Level Measurements

6765

6770

6775

6780

6785

6790

6795

W
at

er
 L

ev
el

 E
le

va
ti

on
s 

(f
t)

Date

C2



6780

6785

6790

6795

6800

6805

6810

W
at

er
 L

ev
el

 E
le

va
ti

on
 (

ft
)

C3

Notes:
9/30/2010 12:00:00 6792.39 Static water level

10/22/2010 11:20:00 6786.44 End of pumping
12/2/2010 12:00:00 6783.12 Transducers removed

Figure E3.  LOB-MW03 Water Level Measurements
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Notes:
9/30/2010 12:00:00 6770.63 Static water level

10/22/2010 11:20:00 6772.18 End of pumping
12/2/2010 12:00:00 6769.89 Transducers removed

Figure E4.  LOB-MW04 Water Level Measurements
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Notes:
9/30/2010 12:00:00 6810.69 Static water level

10/22/2010 11:20:00 6807.40 End of pumping
12/2/2010 12:00:00 6805.92 Transducers removed

Figure E5.  LOB-MW05 Water Level Measurements
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Notes:
10/1/2010 15:15 6,794.70 Static water level

10/21/2010 10:10 6,722.15 Nearest reading to the end of pumping
12/2/2010 12:00:00 6746.447 Transducers removed

Figure 6.  Shaft Water Level Recovery Measurements
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Mine Maps from Rankin and Aikin 

 

  





Copy of Original Rankin Mine Map 
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Injection Well Depth Calculations 

 

  



Appendix G 

Calculations to estimate the elevation of the floor of the Lilly Drift relative to the bottom elevation of 

the MSE injection wells (MW‐Injection 1 and MW‐Injection 2).   

Elevation of the 74‐foot level (Lilly Drift) 

The elevation of the shaft collar is approximately 6868 feet above mean sea level (amsl).  Subtracting 74 

feet from the shaft collar elevation yields a floor elevation of the Lilly Drift at the shaft of approximately 

6794 feet above mean sea level (amsl).  The elevation of the drift at the toe of the adit is approximately 

6785 feet amsl.  Estimating the length of the drift to be 340 feet, the floor of the drift has an average 

grade of approximately 2.5 percent.  In the vicinity of the wells, the floor of the drift is at an elevation of 

approximately 6791 feet.  Table 1 summarizes the well details. 

 

To estimate if the wells were drilled to a depth sufficient to encounter the 74‐foot level, the slope of the 

drift was calculated to estimate of the floor elevation in the vicinity of the well locations.  Using an 

approximate shaft collar elevation of 6868 feet amsl (above mean sea level) and the measured depth of 

74 feet to the floor of this level, the floor elevation at the shaft is approximately 6794 feet amsl.  The 

estimated elevation of the toe of the adit is 6785 feet amsl.  The elevation difference between these two 

points is approximately 9 feet.  The approximate distance between the shaft collar and the toe of the 

adit is 340 feet.  Dividing the elevation difference by the length of the drift west of the shaft provides an 

average grade of approximately 2½ percent for the drift.  By interpolating this slope in the vicinity of the 

injection wells, the floor elevation of the Lilly Drift is estimated to be approximately 6791 feet amsl in 

proximity to the wells. 

The table below summarizes calculations to estimate the elevation of the bottom of the two injection 

wells and their vertical position relative to the floor of the drift: 

 

Table 1: Monitoring well calculations 

Well  Location  Elevation 
(ft amsl) 

Total 
Depth 
(feet) 

Elevation of Bottom 
of Well 
(ft amsl) 

Well TD relative to floor 
elevation of Lilly Drift  

MW‐
Injection 1 

Approximately 
73 feet 

southwest of 
shaft 

6843.8  49.0 6794.8 The bottom of the well is 
approximately 3 feet above 
the floor of the drift. 

MW‐
Injection 2 

Approximately 
91 feet 

southwest of 
shaft 

6843.8  52.4 6791.4 The bottom of the well is
approximately 0.5 foot above 
the floor of drift. 
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DATA VALIDATION REPORT 

 
1. Introduction 
 
This memo addresses the quality assurance and quality control (QA/QC) review of 71 
samples analyzed by Pace Analytical Services, Inc. as part of the Phase II Reclamation 
Investigation at the Lilly/Orphan Boy Mine site, Powell County, Montana.  Sampling 
occurred from September through December 2010.  This data validation includes the 
following Pace Analytical lab report numbers: 

10140782 10140984 10141507 10141792 
10140918 10141012 10141753 10144942 
10140973 10141502 10141790  

 
Table 1 summarizes all collected samples by type.  At least one field duplicate sample, one 
field blank, and one rinsate blank were collected for each of the sampling events.  The 
analytical methods used for each analyte are presented in Table 2.   
 

Table 1 Samples Collected for the Phase II Reclamation Investigation of  
Lilly/Orphan Boy Mine 

 Groundwater Surface and 
Mine Water Soil 

Number of Samples 5 41 13 
Duplicate Samples 1 2 1 

Field Blanks 1 2 1 
Rinsate Blanks 1 2 1 

 
 

Table 2 Water Sample Analytes and Analytical Methods 
Analyte Analytical Method 

Aluminum EPA 200.8, 6010 
Aluminum, Dissolved EPA 200.8 
Arsenic EPA 200.8, 6010 
Arsenic, Dissolved EPA 200.8 
Cadmium EPA 200.8, 6010 
Cadmium, Dissolved EPA 200.8 
Calcium, Dissolved EPA 200.7/200.8 
Copper EPA 200.8, 6010 
Copper, Dissolved EPA 200.8 
Iron EPA 200.8, 6010 
Iron, Dissolved EPA 200.7/200.8 
Lead EPA 200.8, 6010 
Lead, Dissolved EPA 200.8 
Magnesium, Dissolved EPA 200.7/200.8 
Manganese EPA 200.8, 6010 
Manganese, Dissolved EPA 200.8 
Potassium, Dissolved EPA 200.8 
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Table 2 Water Sample Analytes and Analytical Methods 
Analyte Analytical Method 

Sodium, Dissolved EPA 200.8 
Hardness (total as CaCO3) EPA 200.8 
Zinc EPA 200.8, 6010 
Zinc, Dissolved EPA 200.8 
Chloride, total and dissolved EPA 300.0 
Sulfate, total and dissolved EPA 300.0 
Acidity 2320 
Alkalinity, Carbonate (CaCO3) SM 2320B 
Alkalinity, Total as CaCO3 SM 2320B 
Alkalinity, Bicarbonate (CaCO3) SM 2320B 
Specific Conductance SM 2510B 
Total Dissolved Solids (TDS) SM 2540C 
Total Suspended Solids (TSS) SM 2540D 
pH at 25 Degrees C SM 4500-HB 
Acid Potential w/ Sulfur forms Sobek Modified 
Acid/Base Potential Sobek Modified 
Neutralization Potential Sobek Modified 

 
 

• Validation procedures used are consistent with the US Environmental Protection 
Agency (USEPA) Contract Laboratory Program (CLP) National Functional 
Guidelines for Inorganic Superfund Data Review (USEPA 2010) and the Final 
Sampling and Analysis Plan(SAP) / Quality Assurance Project Plan (QAPP) for Phase 
II Reclamation Investigation of Lilly/Orphan Boy Mine, Powell County, Montana 
(TerraGraphics 2010), hereinafter referred to as the SAP/QAPP.  Data qualifiers that 
were assigned include:  

o J = estimated concentration 
o J+ = estimated high concentration 
o J- = estimated low concentration 
o U = concentration is below the reporting limit 

 
• Overall level of validation: 

___   Contract Laboratory Program (CLP) 
_X_   Standard 
___   Visual 

 Data were reviewed in accordance with the SAP/QAPP. 
 
2. Deliverables 
 

• All laboratory document deliverables were present as specified in the USEPA Contract 
Laboratory Program Statement of Work for Inorganic Analysis: Multi-Media, Multi-
Concentration (ILM05.4) (USEPA 2007a), USEPA publication SW-846, Test Methods 
for Evaluating Solid Waste, Physical/Chemical Methods (USEPA 2007b), and/or the 
project contract.  
_X_  Yes 
___   No 
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• All documentation of field procedures was provided as required. 

_X_  Yes 
___   No 
 

3. Condition of Samples Upon Receipt 
 

• There were no concerns with the condition of samples upon receipt, with the exception 
of report numbers 10140984 and 10141502.  In report 10140984, the lab noted that 
two bottles were listed for HNO3 (nitric acid), but only one was received.  In report 
10141502, sample 10141502007 was received without a lid. 

 
4. Field Quality Control Samples 
  

• Blanks 
 

DI, trip, rinsate, or any other field blanks have been carried out at the proper 
frequency. 
_X_   Yes. 
___   No. 

 
 Rinsate and field blanks were carried out at the proper frequency for the sampling 

event (one per event or one per 20 samples).  The rinsate and field blanks taken 
with the soil sampling event were only analyzed for total metals, so only those 
analytes could be evaluated. 
 

Reported results on the field blanks are less than the contract required detection limits 
(CRDLs) or the project required detection limits (PRDL) if project detection limits 
have been specified. 
___  Yes 
_X_   No 

 
 Reported results on the field blanks were less than PRDLs for all analytes except 

for a rinsate blank that had a total zinc concentration of 0.011 mg/L.  Ten 
associated samples that had total zinc results less than ten times the detected blank 
concentration were qualified with “J+.” A field blank had a total dissolved solids 
concentration of 37 mg/L.  Three associated samples that had total dissolved solids 
(TDS) concentrations less than ten times the detected blank concentrations were 
qualified with “J+.” 

 
• Field duplicates 

Field duplicates have been collected at the proper frequency. 
_X_  Yes 
___   No 
 Field duplicates were collected at the proper frequency (one per sampling event or 

one every 20 samples). 
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Field duplicate relative percent differences (RPDs) were within the required control 
limits (i.e., RPD of 20% or less).   
___  Yes 
___  No 
_X_   NA 

 
 There were no project specified control limits for field duplicate RPDs. Field 

duplicate RPDs were evaluated, but no results were qualified due to high RPDs. 
  
5. Laboratory Procedures 
  

• Laboratory procedures followed 
___   CLP-SOW 
_X_   SW-846  
___   Methods for Chemical Analysis of Water and Wastes 
___   XRF Standard Operating Procedures 
_X_   Other 

  
 Table 2 details the analytical methods used. 
 

• Holding times met 
___ Yes 
_X_  No 
 
 Samples did not meet holding times in the following reports.  No results were 

qualified due to holding times. 
Report Number Analyte 

10141753 Alkalinity, pH 
10140918 TDS, TSS, acidity, 

alkalinity, pH 
10141502 pH, TDS, TSS 
10141790 pH, TDS, TSS 
10141792 pH, TDS, TSS 
10140973 pH 
10140984 pH 
10141012 pH 
10141507 pH 
10144942 pH 

 
• Consistency with project requirements 

 
Analyses were carried out as requested. 
_X_  Yes 
___   No 
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Project specified methods were used. 
_X_  Yes 
___   No 
___   NA 

 
6. Detection Limits 
 

• Reporting detection limits met PRDLs. 
_X_  Yes 
___   No 
 
 Reporting detection limits met PRDLs, except for sample 10141502008, which 

required a high dilution rate. 
  
7. Laboratory Blanks 

 
• Preparation blanks 

Preparation blanks were prepared and analyzed at the required frequency. 
_X_  Yes 
___   No 

 
All the analytes in the preparation blank were less than the CRDL (or the PRDL if a 
project detection limit has been specified).  
___   Yes 
_X_   No 

 
 Any detected analytes in preparation blanks were less than the project required 

detection limits except for iron, which was detected at 5.1 mg/L in report 
10140782. Associated samples were more than ten times the amount detected in 
the blanks; therefore, they were not qualified. 

 
8. Laboratory Matrix Spikes 
  

• A matrix spike (MS) sample (pre-digestion) was prepared and analyzed at the required 
frequency. 
_X_  Yes 
___   No 

  
• Samples were spiked at levels appropriate to the sample concentrations. 

_X_  Yes 
___   No 

   
• MS recoveries were within the required control limits (75-125%). 

___  Yes 
_X_   No 
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 MS recoveries were calculated when the spiked amount was within four times the 
parent sample concentration.  MS recoveries were reviewed when they were 
conducted on samples collected for this project; data were not qualified due to 
matrix spikes done on samples from other projects.  MS recoveries were within the 
required control limits for all analyses and batch numbers, except the following: 

 
o Report number 10140918: An MS had a high percent recovery for iron.  

Associated detected iron results were qualified with a J+. 
o Report number 10140973: An MS had a high percent recovery for alkalinity. 

Associated detected alkalinity results were qualified with a J+. 
o Report number 10140984: An MS had a high percent recovery for aluminum.  

Associated detected aluminum results were qualified with a J+. An MS had a 
low percent recovery for dissolved aluminum.  Associated detected dissolved 
aluminum results were qualified with a J-, and nondetected dissolved 
aluminum results were qualified with a UJ.  

o Report number 10141012: An MS had a high percent recovery for aluminum.  
Associated detected aluminum results were qualified with a J+. 

o Report number 10141502: An MS had high percent recoveries for cadmium 
and dissolved zinc. Associated detected cadmium and dissolved zinc results 
were qualified with a J+. 

o Report number 10144942: An MS had high percent recoveries for aluminum 
and dissolved zinc.  Associated detected aluminum and dissolved zinc results 
were qualified with a J+. 

  
9.  Laboratory Duplicates 

 
• Laboratory duplicate samples were analyzed at the proper frequency. 

_X_  Yes 
___   No 

 
• The laboratory duplicate RPDs were within the required control limits (i.e., RPD of 

20% or less).   
___   Yes 
_X_   No 
 
 Laboratory duplicate RPDs were within the required control limits, except for 

acidity in reports 10141790 and 1014792.  Associated acidity results were 
qualified with a J. 

 
10.  Laboratory Control Standards 

 
• The reference material used was of the correct matrix and concentration, according to 

Pace Analytical. 
_X_  Yes 
___   No 
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• Laboratory control samples (LCSs) were prepared and analyzed at the proper 
frequency.  
_X_  Yes 
___   No 

 
• LCSs were prepared in the same way as the associated samples, according to Pace 

Analytical. 
_X_  Yes 
___   No 

  
•     LCS recoveries were within the required control limits. 

_X_  Yes 
___   No 

 
11. Additional Data Evaluation 

• There were insufficient sample volumes to analyze for TSS for sample 10141507009; 
TDS, TSS, alkalinity, and dissolved inorganics for sample 10141507008; and TSS and 
dissolved inorganics for 10141507007. 

• Sample 10141502007 was analyzed for metals only, as one of the bottles had opened 
during sample transport. 

• Samples in batch 10144942 were not analyzed for chloride and sulfate as had been 
specified on the chain-of-custody. 

• Sample 10140918021 was incorrectly entered on the chain of custody (COC) as  
LOB-MW10-A-020100929.  The correct field ID is LOB-MW01-A-020100929. 

• Sample 10140918017 was incorrectly entered on the COC as LOB-MW2-A-
20100927.  The correct field ID is LOB-MW02-A-20100929. 

• Other sample IDs that did not follow the naming conventions outlined in the 
SAP/QAPP were updated for data summary purposes.  The tables and references to 
samples in this data validation report use the IDs that were written on the COCs and 
reported by the laboratory. 

  
12. Data Quality Objectives 
  

•     Project data quality objectives (DQOs) were met. 
_X_  Yes 
___   No 
___  NA   

 
 QC criteria for precision and accuracy were used to assess and qualify data.  Based 

on this assessment, the data are acceptable and usable.  No results were rejected, 
meeting the target goal of 95% completeness for the project. Table 3 provides a 
summary of the rationale for all assigned data qualifiers. 
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DATA VALIDATION REPORT 
 

Prepared by:  Mara Moscato    
 
 
Reviewed by:  Jeremy Mickey    
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Table 3. Qualifier Assignment Summary
LabID FieldID Parameter Result Units Assigned Qualifier
Results Qualified Due to MS Percent Recovery
10140973001 LOB-SW07-A-20101013 Alkalinity, Total as CaCO3 11.2 mg/L J+
10140973002 LOB-SW07-A-20101013 DISSOLVED Alkalinity, Total as CaCO3 11.6 mg/L J+
10141012005 LOB-SHAFT WATER 20101016 Aluminum 31.8 mg/L J+
10144942001 LOB-SW01-A-20101206 Aluminum 0.12 mg/L J+
10140984001 LOB-SW03-A-20101013 Aluminum 0.27 mg/L J+
10141012007 LOB-SW03-A-20101015 Aluminum 0.28 mg/L J+
10144942002 LOB-SW03-A-20101206 Aluminum 0.25 mg/L J+
10140984005 LOB-SW05-A-20101007 Aluminum 0.079 mg/L J+
10144942003 LOB-SW05-A-20101206 Aluminum 0.20 mg/L J+
10144942004 LOB-SW05-D-20101206 Aluminum 0.068 mg/L J+
10144942005 LOB-SW06-A-20101206 Aluminum 0.29 mg/L J+
10141012003 LOB-SW07-A-20101015 Aluminum 0.21 mg/L J+
10141012001 LOB-SW07-A-20101017 Aluminum 0.21 mg/L J+
10140984003 SHAFT WATER - RAW 181,800 GAL Aluminum 4.3 mg/L J+
10140984001 LOB-SW03-A-20101013 Aluminum, Dissolved 0.11 mg/L J-
10140984005 LOB-SW05-A-20101007 Aluminum, Dissolved 0.046 mg/L J-
10141502007 LOB-SEEP 1-5' E Cadmium 0.19 mg/L J+
10141502010 LOB-SEEP 58' W Cadmium 0.14 mg/L J+
10141502008 LOB-SEEP 75' E Cadmium 3.9 mg/L J+
10141502005 LOB-SHAFT RAW WATER 20101018 Cadmium 0.026 mg/L J+
10141502003 LOB-SW03-A-20101018 Cadmium 0.0054 mg/L J+
10141502001 LOB-SW07-A-20101018 Cadmium 0.0057 mg/L J+
10140918021 LOB-MW01-A-020100929 Iron 2.3 mg/L J+
10140918017 LOB-MW2-A-20100927 Iron 26.9 mg/L J+
10140918019 LOB-MW2-D-20100929 Iron 27.0 mg/L J+
10140918027 LOB-MW3-A-20100929 Iron 0.76 mg/L J+
10140918031 LOB-MW4-A-20100929 Iron 0.22 mg/L J+
10140918029 LOB-MW5-A-20100929 Iron 2.4 mg/L J+
10140918013 LOB-SW01-A-20100929 Iron 0.50 mg/L J+
10140918007 LOB-SW03-A-20100929 Iron 0.71 mg/L J+
10140918011 LOB-SW05-A-20100929 Iron 0.19 mg/L J+
10140918009 LOB-SW06-A-20100929 Iron 0.55 mg/L J+
10140918005 LOB-SW06-D-20100929 Iron 0.65 mg/L J+
10140918001 LOB-SW07-A-20101001 Iron 0.54 mg/L J+
10144942008 LOB-SW01-A-20101206 DISSOLVED Zinc, Dissolved 0.048 mg/L J+



Table 3. Qualifier Assignment Summary
LabID FieldID Parameter Result Units Assigned Qualifier
10144942007 LOB-SW01-C-20101206 Zinc, Dissolved 0.046 mg/L J+
10141502003 LOB-SW03-A-20101018 Zinc, Dissolved 0.68 mg/L J+
10144942009 LOB-SW03-A-20101206 DISSOLVED Zinc, Dissolved 0.063 mg/L J+
10144942010 LOB-SW05-A-20101206 DISSOLVED Zinc, Dissolved 0.025 mg/L J+
10144942011 LOB-SW05-D-20101206 DISSOLVED Zinc, Dissolved 0.032 mg/L J+
10144942012 LOB-SW06-A-20101206 DISSOLVED Zinc, Dissolved 0.085 mg/L J+
10141502001 LOB-SW07-A-20101018 Zinc, Dissolved 0.8 mg/L J+
Results Qualified Due to RPD
10141792011 LOB-RAW SHAFT-20101019 Acidity 101 mg/L J 
10141792002 LOB-RAW SHAFT-20101020 Acidity 61.5 mg/L J 
10141792012 LOB-SHAFT RAW-20101021 Acidity 49.9 mg/L J 
10141792001 LOB-SW03-20101019 Acidity 37.3 mg/L J 
10141792003 LOB-SW03-20101020 Acidity 18.8 mg/L J 
10141790001 LOB-SW03-20101021 Acidity 30.5 mg/L J
10141792013 LOB-SW07-20101019 Acidity 24.7 mg/L J 
10141792004 LOB-SW07-20101020 Acidity 28.5 mg/L J 
10141792010 LOB-SW07-20101021 Acidity 32.4 mg/L J 
Results Qualified Due to Field Blank/Rinsate Blank Results
10140918025 LOB-MW2-C-20100929 Total Dissolved Solids 17.0 mg/L J 
10144942001 LOB-SW01-A-20101206 Total Dissolved Solids 17.0 mg/L J 
10144942003 LOB-SW05-A-20101206 Total Dissolved Solids 22.0 mg/L J 
10140918029 LOB-MW5-A-20100929 Zinc 0.054 mg/L J+
10140918013 LOB-SW01-A-20100929 Zinc 0.022 mg/L J+
10144942001 LOB-SW01-A-20101206 Zinc 0.080 mg/L J+
10144942006 LOB-SW01-B-20101206 Zinc 0.012 mg/L J+
10144942002 LOB-SW03-A-20101206 Zinc 0.092 mg/L J+
10140918011 LOB-SW05-A-20100929 Zinc 0.016 mg/L J+
10140984005 LOB-SW05-A-20101007 Zinc 0.015 mg/L J+
10144942003 LOB-SW05-A-20101206 Zinc 0.065 mg/L J+
10144942004 LOB-SW05-D-20101206 Zinc 0.083 mg/L J+
10144942005 LOB-SW06-A-20101206 Zinc 0.084 mg/L J+
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Lilly/Orphan Boy Mine Water Dewatering 

Rain for Rent water quality monitoring box data export
Influent & Effluent Mine Water Turbidity Monitoring Data

Serial Number: 000001141366 Effluent Mine Water Turbidity 
Device ID: 104 Monitoring Data (after pH adjustment & holding in tank)
Manufacture ID: 1 FNU is the ISO system for measuring turbidity, roughly equivalent to NTU.
Nephelometric turbidity unit (NTU): A measure of turbidity in a water sample, roughly equivalent to (JTU).

Formazin turbidity unit (FTU) and Jackson turbidity unit 
ISO refers to its units as FNU (Formazin Nephelometric Units).

Date & Time
INFLUENT 
TURBIDITY

 (FNU)
Date & Time

EFFLUENT 
TURBIDITY

(FNU)

PUMPED & 
TREATED 
VOLUME
(gallons)

NOTES

9/28/2010 9:10 1 9/28/2010 9:50 0 Fine tuning & preparing system
9/28/2010 10:00 0 9/28/2010 10:00 0
9/28/2010 10:10 0 9/28/2010 10:10 0
9/28/2010 10:20 0 9/28/2010 10:20 0
9/28/2010 10:00 0 9/28/2010 10:00 1
9/28/2010 13:30 0 9/28/2010 13:30 1
9/28/2010 13:40 0 9/28/2010 13:40 1
9/28/2010 13:50 0 9/28/2010 13:50 1
9/28/2010 14:00 0 9/28/2010 14:00 1
9/28/2010 14:50 0 9/28/2010 14:50 0
9/28/2010 15:40 0 9/28/2010 15:40 0
9/28/2010 15:50 0 9/28/2010 15:50 0
9/28/2010 16:00 39 9/28/2010 16:00 0
9/28/2010 16:10 31 9/28/2010 16:10 0
9/28/2010 16:20 29 9/28/2010 16:20 45
9/28/2010 16:30 23 9/28/2010 16:30 67
9/28/2010 16:40 24 9/28/2010 16:40 61
9/28/2010 16:50 17 9/28/2010 16:50 53
9/28/2010 17:00 14 9/28/2010 17:00 53
9/28/2010 17 10 40 9/28/2010 17 10 439/28/2010 17:10 40 9/28/2010 17:10 43
9/28/2010 17:20 16 9/28/2010 17:20 43
9/28/2010 17:30 15 9/28/2010 17:30 40
9/28/2010 17:40 13 9/28/2010 17:40 24
9/28/2010 17:50 12 9/28/2010 17:50 18
9/28/2010 18:00 27 9/28/2010 18:00 19
9/28/2010 18:10 45 9/28/2010 18:10 21
9/28/2010 18:20 13 9/28/2010 18:20 18
9/28/2010 18:30 9 9/28/2010 18:30 15
9/28/2010 18:40 9 9/28/2010 18:40 14
9/28/2010 18:50 8 9/28/2010 18:50 14
9/28/2010 19:00 10 9/28/2010 19:00 13
9/28/2010 19:10 8 9/28/2010 19:10 12
9/29/2010 9:20 19 9/29/2010 9:20 21 Fine tuning & preparing system
9/29/2010 9:30 17 9/29/2010 9:30 22
9/29/2010 9:40 18 9/29/2010 9:40 25
9/29/2010 9:50 18 9/29/2010 9:50 24

9/29/2010 10:00 18 9/29/2010 10:00 25
9/29/2010 10:10 36 9/29/2010 10:10 26
9/29/2010 10:20 18 9/29/2010 10:20 26
9/29/2010 10:30 20 9/29/2010 10:30 30
9/29/2010 10:40 20 9/29/2010 10:40 28
9/29/2010 10:50 20 9/29/2010 10:50 29
9/29/2010 11:00 35 9/29/2010 11:00 29
9/29/2010 11:10 19 9/29/2010 11:10 29
9/29/2010 11:20 26 9/29/2010 11:20 47
9/29/2010 11:30 19 9/29/2010 11:30 49
9/29/2010 11:40 22 9/29/2010 11:40 60
9/29/2010 11:50 19 9/29/2010 11:50 63
9/29/2010 12:00 20 9/29/2010 12:00 78
9/29/2010 12:10 22 9/29/2010 12:10 82
9/29/2010 12:20 23 9/29/2010 12:20 77
9/29/2010 12:30 22 9/29/2010 12:30 75
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Date & Time
INFLUENT 
TURBIDITY

 (FNU)
Date & Time

EFFLUENT 
TURBIDITY

(FNU)

PUMPED & 
TREATED 
VOLUME
(gallons)

NOTES

9/29/2010 12:40 22 9/29/2010 12:40 78
9/29/2010 12:50 22 9/29/2010 12:50 94
9/29/2010 13:00 27 9/29/2010 13:00 73
9/29/2010 13:10 37 9/29/2010 13:10 65
9/29/2010 13:40 23 9/29/2010 13:40 80
9/29/2010 13:50 21 9/29/2010 13:50 57
9/29/2010 14:00 21 9/29/2010 14:00 57
9/29/2010 14:10 21 9/29/2010 14:10 57
9/29/2010 14:20 21 9/29/2010 14:20 57
9/29/2010 14:30 21 9/29/2010 14:30 58
9/29/2010 14:40 21 9/29/2010 14:40 58
9/29/2010 14:50 23 9/29/2010 14:50 58
9/29/2010 15:00 23 9/29/2010 15:00 59
9/30/2010 10:30 24 9/30/2010 10:30 80 Fine tuning & preparing system
9/30/2010 10:40 16 9/30/2010 10:40 80
9/30/2010 10:50 24 9/30/2010 10:50 80
9/30/2010 11:00 10 9/30/2010 11:00 79
9/30/2010 11:10 29 9/30/2010 11:10 65
9/30/2010 11:20 42 9/30/2010 11:20 68
9/30/2010 11:30 32 9/30/2010 11:30 62
9/30/2010 11:40 31 9/30/2010 11:40 62
9/30/2010 11:50 30 9/30/2010 11:50 62
9/30/2010 12:00 25 9/30/2010 12:00 61
9/30/2010 12:10 23 9/30/2010 12:10 39
9/30/2010 12:20 20 9/30/2010 12:20 33
9/30/2010 12:30 17 9/30/2010 12:30 29
9/30/2010 12:40 17 9/30/2010 12:40 28
9/30/2010 12:50 17 9/30/2010 12:50 25
9/30/2010 13:00 19 9/30/2010 13:00 25
9/30/2010 13:10 17 9/30/2010 13:10 24
9/30/2010 13 20 17 9/30/2010 13 20 239/30/2010 13:20 17 9/30/2010 13:20 23
9/30/2010 13:30 16 9/30/2010 13:30 23
9/30/2010 13:40 16 9/30/2010 13:40 23
9/30/2010 13:50 16 9/30/2010 13:50 23
9/30/2010 14:00 17 9/30/2010 14:00 22
9/30/2010 14:10 17 9/30/2010 14:10 28
9/30/2010 14:20 17 9/30/2010 14:20 25
9/30/2010 14:30 17 9/30/2010 14:30 24
9/30/2010 14:40 20 9/30/2010 14:40 24
9/30/2010 14:50 19 9/30/2010 14:50 25
9/30/2010 15:00 21 9/30/2010 15:00 25
9/30/2010 15:10 21 9/30/2010 15:10 25
9/30/2010 15:20 22 9/30/2010 15:20 25
9/30/2010 15:30 21 9/30/2010 15:30 25
9/30/2010 15:40 17 9/30/2010 15:40 25
9/30/2010 15:50 25 9/30/2010 15:50 22
9/30/2010 16:00 24 9/30/2010 16:00 28
9/30/2010 16:10 23 9/30/2010 16:10 29
9/30/2010 16:20 22 9/30/2010 16:20 32
9/30/2010 16:30 29 9/30/2010 16:30 32
9/30/2010 16:40 42 9/30/2010 16:40 40
9/30/2010 16:50 55 9/30/2010 16:50 51
9/30/2010 17:00 59 9/30/2010 17:00 62
9/30/2010 17:10 62 9/30/2010 17:10 67
9/30/2010 17:20 72 9/30/2010 17:20 78
9/30/2010 17:30 72 9/30/2010 17:30 85
9/30/2010 17:40 79 9/30/2010 17:40 92
9/30/2010 17:50 77 9/30/2010 17:50 96
9/30/2010 18:00 76 9/30/2010 18:00 94
9/30/2010 18:10 72 9/30/2010 18:10 93
9/30/2010 18:20 117 9/30/2010 18:20 109
9/30/2010 18:30 127 9/30/2010 18:30 132
9/30/2010 18:40 224 9/30/2010 18:40 160
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Date & Time
INFLUENT 
TURBIDITY

 (FNU)
Date & Time

EFFLUENT 
TURBIDITY

(FNU)

PUMPED & 
TREATED 
VOLUME
(gallons)

NOTES

10/1/2010 8:40 16 10/1/2010 8:40 5 Start of pumping & treatment
10/1/2010 8:50 267 10/1/2010 8:50 194 Dewatering Lilly Tunnel
10/1/2010 9:00 177 10/1/2010 9:00 221 DTW = 74.3'
10/1/2010 9:10 175 10/1/2010 9:10 219
10/1/2010 9:20 103 10/1/2010 9:20 176
10/1/2010 9:30 65 10/1/2010 9:30 126
10/1/2010 9:40 45 10/1/2010 9:40 97
10/1/2010 9:50 57 10/1/2010 9:50 77

10/1/2010 10:00 81 10/1/2010 10:00 91
10/1/2010 10:10 133 10/1/2010 10:10 95
10/1/2010 10:20 177 10/1/2010 10:20 137
10/1/2010 10:30 176 10/1/2010 10:30 92
10/1/2010 10:40 156 10/1/2010 10:40 65
10/1/2010 10:50 182 10/1/2010 10:50 145
10/1/2010 11:00 169 10/1/2010 11:00 144
10/1/2010 11:10 108 10/1/2010 11:10 143
10/1/2010 11:20 90 10/1/2010 11:20 118 16,000
10/2/2010 13:30 209 10/2/2010 13:30 155 DTW = 74.8'
10/2/2010 13:40 110 10/2/2010 13:40 184
10/2/2010 13:50 64 10/2/2010 13:50 140
10/2/2010 14:00 43 10/2/2010 14:00 106
10/2/2010 14:10 33 10/2/2010 14:10 81
10/2/2010 14:20 36 10/2/2010 14:20 73
10/2/2010 14:30 257 10/2/2010 14:30 180
10/2/2010 14:40 252 10/2/2010 14:40 127
10/2/2010 14:50 257 10/2/2010 14:50 170
10/2/2010 15:00 603 10/2/2010 15:00 391
10/2/2010 15:10 680 10/2/2010 15:10 280
10/2/2010 15:20 665 10/2/2010 15:20 157
10/2/2010 15:30 735 10/2/2010 15:30 702
10/2/2010 15 40 624 10/2/2010 15 40 61610/2/2010 15:40 624 10/2/2010 15:40 616
10/2/2010 15:50 676 10/2/2010 15:50 820
10/2/2010 16:00 644 10/2/2010 16:00 349
10/2/2010 16:10 650 10/2/2010 16:10 212
10/2/2010 16:20 436 10/2/2010 16:20 722
10/2/2010 16:30 343 10/2/2010 16:30 696
10/2/2010 16:40 275 10/2/2010 16:40 575
10/2/2010 16:50 240 10/2/2010 16:50 491
10/2/2010 17:00 200 10/2/2010 17:00 421
10/2/2010 17:10 213 10/2/2010 17:10 373
10/2/2010 17:20 200 10/2/2010 17:20 371
10/2/2010 17:40 182 10/2/2010 17:40 336
10/2/2010 17:50 143 10/2/2010 17:50 290
10/2/2010 18:00 139 10/2/2010 18:00 277 17,100
10/3/2010 9:10 220 10/3/2010 9:10 319 DTW = 74.39'
10/3/2010 9:20 95 10/3/2010 9:20 207
10/3/2010 9:30 61 10/3/2010 9:30 157
10/3/2010 9:40 44 10/3/2010 9:40 118
10/3/2010 9:50 35 10/3/2010 9:50 90

10/3/2010 10:00 30 10/3/2010 10:00 81
10/3/2010 10:10 31 10/3/2010 10:10 63
10/3/2010 10:20 28 10/3/2010 10:20 53
10/3/2010 10:30 30 10/3/2010 10:30 49
10/3/2010 10:40 29 10/3/2010 10:40 47
10/3/2010 10:50 30 10/3/2010 10:50 46
10/3/2010 11:00 29 10/3/2010 11:00 54
10/3/2010 11:10 30 10/3/2010 11:10 53
10/3/2010 11:20 44 10/3/2010 11:20 56
10/3/2010 11:30 49 10/3/2010 11:30 65
10/3/2010 11:40 52 10/3/2010 11:40 71
10/3/2010 11:50 76 10/3/2010 11:50 90
10/3/2010 12:00 85 10/3/2010 12:00 110
10/3/2010 12:10 95 10/3/2010 12:10 126
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Date & Time
INFLUENT 
TURBIDITY

 (FNU)
Date & Time

EFFLUENT 
TURBIDITY

(FNU)

PUMPED & 
TREATED 
VOLUME
(gallons)

NOTES

10/3/2010 12:20 105 10/3/2010 12:20 136
10/3/2010 12:30 113 10/3/2010 12:30 152
10/3/2010 13:50 130 10/3/2010 13:50 131
10/3/2010 14:00 110 10/3/2010 14:00 167
10/3/2010 14:10 97 10/3/2010 14:10 163
10/3/2010 14:20 111 10/3/2010 14:20 159
10/3/2010 14:30 122 10/3/2010 14:30 170
10/3/2010 14:40 144 10/3/2010 14:40 191
10/3/2010 14:50 136 10/3/2010 14:50 205
10/3/2010 15:00 130 10/3/2010 15:00 198
10/3/2010 15:10 137 10/3/2010 15:10 181
10/3/2010 15:20 137 10/3/2010 15:20 120
10/3/2010 15:30 133 10/3/2010 15:30 204
10/3/2010 15:40 134 10/3/2010 15:40 202
10/3/2010 15:50 141 10/3/2010 15:50 209
10/3/2010 16:00 148 10/3/2010 16:00 217
10/3/2010 16:10 172 10/3/2010 16:10 234
10/3/2010 16:20 209 10/3/2010 16:20 271
10/3/2010 16:30 246 10/3/2010 16:30 287
10/3/2010 16:40 278 10/3/2010 16:40 305
10/3/2010 16:50 236 10/3/2010 16:50 363 63,200 DTW = 79.3'
10/3/2010 17:00 224 10/4/2010 12:50 466 DTW = 82.59'
10/4/2010 12:50 126 10/4/2010 13:00 222
10/4/2010 13:00 86 10/4/2010 13:10 188
10/4/2010 13:10 64 10/4/2010 13:20 130
10/4/2010 13:20 51 10/4/2010 13:30 101
10/4/2010 13:30 40 10/4/2010 13:40 88
10/4/2010 13:40 34 10/4/2010 13:50 70
10/4/2010 13:50 35 10/4/2010 14:00 63
10/4/2010 14:00 30 10/4/2010 14:10 80
10/4/2010 14 10 35 10/4/2010 14 20 5810/4/2010 14:10 35 10/4/2010 14:20 58
10/4/2010 14:20 33 10/4/2010 14:30 51
10/4/2010 14:30 34 10/4/2010 14:40 53
10/4/2010 14:40 39 10/4/2010 14:50 61
10/4/2010 14:50 47 10/4/2010 15:00 71
10/4/2010 15:00 46 10/4/2010 15:10 72
10/4/2010 15:10 51 10/4/2010 15:20 79
10/4/2010 15:20 63 10/4/2010 15:30 97
10/4/2010 15:30 78 10/4/2010 15:40 111
10/4/2010 15:40 81 10/4/2010 15:50 124
10/4/2010 15:50 79 10/4/2010 16:00 128
10/4/2010 16:00 77 10/4/2010 16:10 133
10/4/2010 16:10 88 10/4/2010 16:20 134
10/4/2010 16:20 83 10/4/2010 16:30 115
10/4/2010 16:30 78 10/4/2010 16:40 125
10/4/2010 16:40 75 10/4/2010 16:50 126
10/4/2010 16:50 75 10/4/2010 16:50 19
10/4/2010 16:50 9 10/4/2010 17:00 171
10/4/2010 17:00 191 10/4/2010 18:20 85
10/4/2010 18:30 95 10/4/2010 18:30 188
10/4/2010 18:40 51 10/4/2010 18:40 134
10/4/2010 18:50 36 10/4/2010 18:50 97
10/4/2010 19:00 25 10/4/2010 19:00 83
10/4/2010 19:10 25 10/4/2010 19:10 73
10/4/2010 19:20 24 10/4/2010 19:20 55
10/4/2010 19:30 23 10/4/2010 19:30 44
10/4/2010 19:40 21 10/4/2010 19:40 37
10/4/2010 19:50 23 10/4/2010 19:50 30
10/4/2010 20:00 22 10/4/2010 20:00 18
10/4/2010 20:10 23 10/4/2010 20:10 71
10/4/2010 20:20 16 10/4/2010 20:20 50
10/4/2010 20:30 9 10/4/2010 20:30 41
10/4/2010 20:40 10 10/4/2010 20:40 34
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Date & Time
INFLUENT 
TURBIDITY

 (FNU)
Date & Time

EFFLUENT 
TURBIDITY

(FNU)

PUMPED & 
TREATED 
VOLUME
(gallons)

NOTES

10/4/2010 20:50 13 10/4/2010 20:50 25
10/4/2010 21:00 10 10/4/2010 21:00 20
10/4/2010 21:10 9 10/4/2010 21:10 17
10/4/2010 21:20 8 10/4/2010 21:20 15
10/4/2010 21:30 7 10/4/2010 21:30 14
10/4/2010 21:40 8 10/4/2010 21:40 13
10/4/2010 21:50 8 10/4/2010 21:50 14
10/4/2010 22:00 5 10/4/2010 22:00 14
10/4/2010 22:10 6 10/4/2010 22:10 13 71,400 Out of filters
10/5/2010 19:10 16 10/5/2010 19:10 18 DTW = 89.1'
10/5/2010 19:20 11 10/5/2010 19:20 18
10/5/2010 19:30 9 10/5/2010 19:30 17
10/5/2010 20:30 7 10/5/2010 20:30 17
10/5/2010 20:40 12 10/5/2010 20:40 16
10/5/2010 22:10 8 10/5/2010 22:10 9
10/5/2010 22:20 12 10/5/2010 22:20 17
10/5/2010 22:30 9 10/5/2010 22:30 17
10/5/2010 22:40 5 10/5/2010 22:40 16
10/5/2010 22:50 9 10/5/2010 22:50 14
10/5/2010 23:00 7 10/5/2010 23:00 14
10/5/2010 23:10 6 10/5/2010 23:10 13 92,700 Changed filters 4x
10/6/2010 14:10 12 10/6/2010 14:10 17
10/6/2010 14:20 8 10/6/2010 14:20 17
10/6/2010 14:30 6 10/6/2010 14:30 15
10/6/2010 14:40 3 10/6/2010 14:40 14
10/6/2010 14:50 5 10/6/2010 14:50 12 DTW = 99.1'
10/6/2010 15:00 4 10/6/2010 15:00 11
10/6/2010 21:20 16 10/6/2010 21:20 12
10/6/2010 21:30 33 10/6/2010 21:30 34
10/6/2010 21:40 31 10/6/2010 21:40 50
10/6/2010 21 50 25 10/6/2010 21 50 5710/6/2010 21:50 25 10/6/2010 21:50 57
10/6/2010 22:00 19 10/6/2010 22:00 55
10/6/2010 22:10 16 10/6/2010 22:10 50
10/6/2010 22:20 13 10/6/2010 22:20 45
10/6/2010 22:30 11 10/6/2010 22:30 40
10/6/2010 22:40 12 10/6/2010 22:40 38
10/6/2010 22:50 14 10/6/2010 22:50 38
10/6/2010 23:00 20 10/6/2010 23:00 49
10/6/2010 23:10 28 10/6/2010 23:10 70
10/6/2010 23:20 34 10/6/2010 23:20 93
10/6/2010 23:30 37 10/6/2010 23:30 110
10/6/2010 23:40 36 10/6/2010 23:40 98 DTW = 102.81'
10/6/2010 23:50 40 10/6/2010 23:50 103 130,200 Changed filters 3x, lowered pump
10/7/2010 0:00 39
10/7/2010 0:10 43 10/7/2010 0:10 153 DTW = 97.94'
10/7/2010 0:20 43 10/7/2010 0:20 169

10/7/2010 13:10 11 10/7/2010 13:10 6
10/7/2010 13:20 34 10/7/2010 13:20 149
10/7/2010 13:30 19 10/7/2010 13:30 117
10/7/2010 13:40 13 10/7/2010 13:40 84
10/7/2010 13:50 9 10/7/2010 13:50 62
10/7/2010 14:00 7 10/7/2010 14:00 47
10/7/2010 14:10 7 10/7/2010 14:10 39
10/7/2010 14:20 9 10/7/2010 14:20 38
10/7/2010 14:30 13 10/7/2010 14:30 45
10/7/2010 14:40 17 10/7/2010 14:40 59
10/7/2010 14:50 20 10/7/2010 14:50 76
10/7/2010 17:10 20 10/7/2010 17:10 68 156,200 DTW = 106.2'
10/7/2010 17:20 15 10/7/2010 17:20 83
10/7/2010 17:30 12 10/7/2010 17:30 81
10/7/2010 17:40 11 10/7/2010 17:40 75
10/7/2010 17:50 10 10/7/2010 17:50 73
10/7/2010 18:00 11 10/7/2010 18:00 69
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Date & Time
INFLUENT 
TURBIDITY

 (FNU)
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TURBIDITY
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PUMPED & 
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NOTES

10/7/2010 18:10 12 10/7/2010 18:10 69
10/7/2010 18:20 12 10/7/2010 18:20 70
10/7/2010 18:30 14 10/7/2010 18:30 74
10/7/2010 18:40 14 10/7/2010 18:40 82
10/7/2010 18:50 14 10/7/2010 18:50 88
10/7/2010 19:00 13 10/7/2010 19:00 93
10/7/2010 19:10 15 10/7/2010 19:10 96
10/7/2010 19:20 14 10/7/2010 19:20 98
10/7/2010 19:30 13 10/7/2010 19:30 98
10/7/2010 19:40 12 10/7/2010 19:40 98
10/7/2010 19:50 12 10/7/2010 19:50 97
10/7/2010 20:00 11 10/7/2010 20:00 97
10/7/2010 20:10 12 10/7/2010 20:10 97
10/7/2010 20:20 11 10/7/2010 20:20 97
10/7/2010 20:30 10 10/7/2010 20:30 93
10/7/2010 20:40 9 10/7/2010 20:40 89
10/7/2010 20:50 8 10/7/2010 20:50 83
10/7/2010 21:00 7 10/7/2010 21:00 79
10/7/2010 21:10 8 10/7/2010 21:10 76
10/7/2010 21:20 7 10/7/2010 21:20 73
10/7/2010 21:30 7 10/7/2010 21:30 71
10/7/2010 21:40 7 10/7/2010 21:40 72
10/7/2010 21:50 7 10/7/2010 21:50 76
10/7/2010 22:00 10 10/7/2010 22:00 93
10/7/2010 22:10 21 10/7/2010 22:10 130
10/7/2010 22:20 32 10/7/2010 22:20 200 156,200
10/8/2010 15:50 44 10/8/2010 15:50 294 DTW = 103.21'
10/8/2010 16:00 27 10/8/2010 16:00 236
10/8/2010 16:10 19 10/8/2010 16:10 174
10/8/2010 16:20 11 10/8/2010 16:20 130
10/8/2010 16 30 8 10/8/2010 16 30 9910/8/2010 16:30 8 10/8/2010 16:30 99
10/8/2010 16:40 6 10/8/2010 16:40 70
10/8/2010 16:50 5 10/8/2010 16:50 52
10/8/2010 17:00 4 10/8/2010 17:00 42
10/8/2010 17:10 16 10/8/2010 17:10 44
10/8/2010 17:20 56 10/8/2010 17:20 111
10/8/2010 17:30 32 10/8/2010 17:30 57
10/8/2010 17:40 49 10/8/2010 17:40 141
10/8/2010 17:50 82 10/8/2010 17:50 208
10/8/2010 18:00 100 10/8/2010 18:00 254
10/8/2010 18:10 124 10/8/2010 18:10 123
10/8/2010 18:20 123 10/8/2010 18:20 99
10/8/2010 18:30 121 10/8/2010 18:30 101
10/8/2010 18:40 97 10/8/2010 18:40 353
10/8/2010 18:50 176 10/8/2010 18:50 489
10/8/2010 19:00 172 10/8/2010 19:00 159
10/8/2010 19:10 194 10/8/2010 19:10 137
10/8/2010 19:20 183 10/8/2010 19:20 129
10/8/2010 19:30 138 10/8/2010 19:30 110
10/8/2010 19:40 219 10/8/2010 19:40 561
10/8/2010 19:50 306 10/8/2010 19:50 1,032
10/8/2010 20:00 391 10/8/2010 20:00 974
10/8/2010 20:10 244 10/8/2010 20:10 263
10/8/2010 20:20 474 10/8/2010 20:20 1,843 Start of muck through system as
10/8/2010 20:30 483 10/8/2010 20:30 1,211 starting to dewater the 114' level.
10/8/2010 20:40 141 10/8/2010 20:40 330
10/8/2010 20:50 475 10/8/2010 20:50 3,918
10/8/2010 21:00 321 10/8/2010 21:00 3,918
10/8/2010 21:10 240 10/8/2010 21:10 2,884
10/8/2010 21:20 288 10/8/2010 21:20 3,304 156,200
10/9/2010 15:50 1,304 10/9/2010 15:50 3,918 Larger pump delivered & installed
10/9/2010 16:00 875 10/9/2010 16:00 3,918 DTW = 99.8'
10/9/2010 16:10 519 10/9/2010 16:10 3,918
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Date & Time
INFLUENT 
TURBIDITY

 (FNU)
Date & Time

EFFLUENT 
TURBIDITY

(FNU)

PUMPED & 
TREATED 
VOLUME
(gallons)

NOTES

10/9/2010 16:20 283 10/9/2010 16:20 3,918
10/9/2010 16:30 177 10/9/2010 16:30 2,320
10/9/2010 16:40 208 10/9/2010 16:40 1,533
10/9/2010 16:50 243 10/9/2010 16:50 1,302
10/9/2010 17:00 237 10/9/2010 17:00 1,202
10/9/2010 17:10 287 10/9/2010 17:10 1,146
10/9/2010 17:20 287 10/9/2010 17:20 313
10/9/2010 17:30 326 10/9/2010 17:30 1,251
10/9/2010 17:40 256 10/9/2010 17:40 1,001
10/9/2010 17:50 291 10/9/2010 17:50 1,054
10/9/2010 18:00 276 10/9/2010 18:00 474
10/9/2010 18:10 331 10/9/2010 18:10 266
10/9/2010 18:20 432 10/9/2010 18:20 1,455
10/9/2010 18:30 380 10/9/2010 18:30 1,361
10/9/2010 18:40 309 10/9/2010 18:40 1,499
10/9/2010 18:50 301 10/9/2010 18:50 341
10/9/2010 19:00 268 10/9/2010 19:00 1,152
10/9/2010 19:10 191 10/9/2010 19:10 1,100
10/9/2010 19:20 150 10/9/2010 19:20 959
10/9/2010 19:30 136 10/9/2010 19:30 850
10/9/2010 19:40 143 10/9/2010 19:40 315
10/9/2010 19:50 141 10/9/2010 19:50 193
10/9/2010 20:00 152 10/9/2010 20:00 785
10/9/2010 20:10 179 10/9/2010 20:10 826
10/9/2010 20:20 281 10/9/2010 20:20 1,315
10/9/2010 20:30 299 10/9/2010 20:30 2,256
10/9/2010 20:40 287 10/9/2010 20:40 2,734
10/9/2010 20:50 287 10/9/2010 20:50 3,918
10/9/2010 21:00 278 10/9/2010 21:00 2,224
10/9/2010 22:20 260 10/9/2010 22:20 3,918 156,200

10/10/2010 19 40 331 10/10/2010 19 40 1 42510/10/2010 19:40 331 10/10/2010 19:40 1,425
10/10/2010 19:50 142 10/10/2010 19:50 841
10/10/2010 20:00 66 10/10/2010 20:00 502
10/10/2010 20:10 34 10/10/2010 20:10 329
10/10/2010 20:20 20 10/10/2010 20:20 213
10/10/2010 20:30 13 10/10/2010 20:30 140
10/10/2010 20:40 10 10/10/2010 20:40 101
10/10/2010 20:50 8 10/10/2010 20:50 82
10/10/2010 21:00 6 10/10/2010 21:00 74
10/10/2010 21:10 7 10/10/2010 21:10 62
10/10/2010 21:20 8 10/10/2010 21:20 58
10/10/2010 21:30 9 10/10/2010 21:30 58 156,200
10/11/2010 13:50 14 10/11/2010 13:50 36 Trouble lowering aluminum pipe 
10/11/2010 14:00 13 10/11/2010 14:00 183 in shaft as shaft is angled
10/11/2010 14:10 8 10/11/2010 14:10 121 DTW = 96'
10/11/2010 14:20 5 10/11/2010 14:20 82
10/11/2010 14:30 4 10/11/2010 14:30 59
10/11/2010 14:40 3 10/11/2010 14:40 44
10/11/2010 14:50 3 10/11/2010 14:50 35
10/11/2010 15:00 4 10/11/2010 15:00 30
10/11/2010 15:10 5 10/11/2010 15:10 34
10/11/2010 17:50 6 10/11/2010 17:50 6
10/11/2010 18:00 18 10/11/2010 18:00 209
10/11/2010 18:10 14 10/11/2010 18:10 141
10/11/2010 18:20 11 10/11/2010 18:20 122
10/11/2010 18:30 18 10/11/2010 18:30 127
10/11/2010 18:40 23 10/11/2010 18:40 167
10/11/2010 18:50 25 10/11/2010 18:50 221
10/11/2010 19:00 24 10/11/2010 19:00 91
10/11/2010 19:10 28 10/11/2010 19:10 73
10/11/2010 19:20 47 10/11/2010 19:20 267
10/11/2010 19:30 42 10/11/2010 19:30 361
10/11/2010 19:40 38 10/11/2010 19:40 414
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10/11/2010 19:50 35 10/11/2010 19:50 173
10/11/2010 20:00 35 10/11/2010 20:00 124
10/11/2010 20:10 31 10/11/2010 20:10 383
10/11/2010 20:20 26 10/11/2010 20:20 378
10/11/2010 20:30 25 10/11/2010 20:30 155
10/11/2010 20:40 25 10/11/2010 20:40 118
10/11/2010 20:50 23 10/11/2010 20:50 352
10/11/2010 21:00 18 10/11/2010 21:00 324
10/11/2010 21:10 22 10/11/2010 21:10 309
10/11/2010 21:20 28 10/11/2010 21:20 344
10/11/2010 21:30 26 10/11/2010 21:30 134
10/11/2010 21:40 26 10/11/2010 21:40 91
10/11/2010 21:50 24 10/11/2010 21:50 130
10/11/2010 22:00 28 10/11/2010 22:00 383
10/11/2010 22:10 26 10/11/2010 22:10 396
10/11/2010 22:20 28 10/11/2010 22:20 422
10/11/2010 22:30 18 10/11/2010 22:30 134
10/11/2010 22:40 24 10/11/2010 22:40 626
10/11/2010 22:50 18 10/11/2010 22:50 493
10/11/2010 23:00 20 10/11/2010 23:00 431 156,200
10/12/2010 14:00 15 10/12/2010 14:00 116 156,200 DTW = 94.35'
10/12/2010 14:10 14 10/12/2010 14:10 313
10/12/2010 14:20 6 10/12/2010 14:20 221
10/12/2010 14:30 3 10/12/2010 14:30 142
10/12/2010 14:40 2 10/12/2010 14:40 93
10/12/2010 14:50 1 10/12/2010 14:50 61
10/12/2010 15:00 1 10/12/2010 15:00 42
10/12/2010 15:10 1 10/12/2010 15:10 32
10/12/2010 15:20 0 10/12/2010 15:20 27
10/12/2010 15:30 0 10/12/2010 15:30 25
10/12/2010 15 40 0 10/12/2010 15 40 2610/12/2010 15:40 0 10/12/2010 15:40 26
10/12/2010 15:50 0 10/12/2010 15:50 28 DTW = 96.71'
10/12/2010 16:00 1 10/12/2010 16:00 37 173,800 Need to lower pump
10/13/2010 13:30 6 10/13/2010 13:30 43
10/13/2010 13:40 3 10/13/2010 13:40 99
10/13/2010 13:50 2 10/13/2010 13:50 60
10/13/2010 14:00 1 10/13/2010 14:00 38
10/13/2010 14:10 1 10/13/2010 14:10 50
10/13/2010 14:20 0 10/13/2010 14:20 28
10/13/2010 14:30 0 10/13/2010 14:30 20
10/13/2010 14:40 0 10/13/2010 14:40 16
10/13/2010 14:50 0 10/13/2010 14:50 15
10/13/2010 15:00 0 10/13/2010 15:00 15
10/13/2010 15:10 0 10/13/2010 15:10 15 187,100 DTW = 102.5'

10/14/2010 13:50 2 DTW = 102.2'
10/14/2010 14:00 2 10/14/2010 14:00 29
10/14/2010 14:10 2 10/14/2010 14:10 30
10/14/2010 14:20 1 10/14/2010 14:20 25
10/14/2010 14:30 1 10/14/2010 14:30 24
10/14/2010 14:40 1 10/14/2010 14:40 20
10/14/2010 14:50 1 10/14/2010 14:50 20
10/14/2010 15:00 1 10/14/2010 15:00 19
10/14/2010 15:10 1 10/14/2010 15:10 19
10/14/2010 15:20 1 10/14/2010 15:20 22
10/14/2010 15:30 1 10/14/2010 15:30 23
10/14/2010 15:40 1 10/14/2010 15:40 25
10/14/2010 14:00 5 10/14/2010 14:00 4
10/14/2010 14:10 5 10/14/2010 14:10 3
10/14/2010 14:20 5 10/14/2010 14:20 3
10/14/2010 14:30 5 10/14/2010 14:30 3
10/14/2010 14:40 5 10/14/2010 14:40 3
10/14/2010 14:50 5 10/14/2010 14:50 3
10/14/2010 15:00 5 10/14/2010 15:00 3
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10/14/2010 15:10 5 10/14/2010 15:10 3
10/14/2010 15:20 5 10/14/2010 15:20 3
10/14/2010 15:30 5 10/14/2010 15:30 3
10/14/2010 15:40 5 10/14/2010 15:40 3
10/14/2010 15:50 5 10/14/2010 15:50 3
10/14/2010 16:00 5 10/14/2010 16:00 3
10/14/2010 16:10 5 10/14/2010 16:10 3
10/14/2010 16:20 5 10/14/2010 16:20 3
10/14/2010 16:30 5 10/14/2010 16:30 3
10/14/2010 16:40 5 10/14/2010 16:40 3
10/14/2010 16:50 5 10/14/2010 16:50 3
10/14/2010 17:00 5 10/14/2010 17:00 3
10/14/2010 17:10 5 10/14/2010 17:10 3
10/14/2010 17:20 5 10/14/2010 17:20 3
10/14/2010 17:30 5 10/14/2010 17:30 3
10/14/2010 17:40 5 10/14/2010 17:40 3
10/14/2010 17:50 5 10/14/2010 17:50 3
10/14/2010 18:00 5 10/14/2010 18:00 3
10/14/2010 18:10 5 10/14/2010 18:10 3
10/14/2010 18:20 5 10/14/2010 18:20 3
10/14/2010 18:30 5 10/14/2010 18:30 3
10/14/2010 18:40 5 10/14/2010 18:40 3
10/14/2010 18:00 2 10/14/2010 18:00 1
10/14/2010 18:10 3 10/14/2010 18:10 1
10/14/2010 18:20 3 10/14/2010 18:20 1
10/14/2010 18:30 4 10/14/2010 18:30 1
10/14/2010 18:40 4 10/14/2010 18:40 1
10/14/2010 18:50 4 10/14/2010 18:50 1
10/14/2010 19:00 4 10/14/2010 19:00 1 Filter change
10/14/2010 19:10 5 10/14/2010 19:10 1
10/14/2010 19 20 5 10/14/2010 19 20 110/14/2010 19:20 5 10/14/2010 19:20 1
10/14/2010 19:30 5 10/14/2010 19:30 1
10/14/2010 19:40 5 10/14/2010 19:40 2
10/14/2010 19:50 5 10/14/2010 19:50 2
10/14/2010 20:00 5 10/14/2010 20:00 2
10/14/2010 20:10 5 10/14/2010 20:10 2
10/14/2010 20:20 5 10/14/2010 20:20 2
10/14/2010 20:30 5 10/14/2010 20:30 2 214,000
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Surface Water Standards Adjusted For Hardness 

  



Appendix F - Hardness-dependant Surface Water Standards

Acute 
Standard 

(mg/L)

Chronic 
Standard 

(mg/L)

Acute 
Standard 

(mg/L)

Chronic 
Standard 

(mg/L)

Acute 
Standard 

(mg/L)

Chronic 
Standard 

(mg/L)

Acute 
Standard 

(mg/L)

Chronic 
Standard 

(mg/L)

LOB-SH01-A-20101013 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SH01-A-20101016 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SH01-A-20101018 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SH01-A-20101019 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SH01-A-20101020 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SH01-A-20101021 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SH01-A-20101022 157 0.0034 0.0004 0.0214 0.0137 0.1450 0.0056 0.1756 0.1756
LOB-SH01-A-20101026 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SP01-A-20101018 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SP02-A-20101021 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SP03-A-20101018 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SP04-A-20101021 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SP05-A-20101021 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SP06-A-20101021 25.00 0.0005 0.0001 0.0038 0.0029 0.0140 0.0005 0.0370 0.0370
LOB-SW01-A-20100929 16.9 0.0004 0.0001 0.0026 0.0020 0.0085 0.0003 0.0266 0.0266
LOB-SW01-A-20101206 17.8 0.0004 0.0001 0.0028 0.0021 0.0091 0.0004 0.0278 0.0278
LOB-SW03-A-20100929 22.9 0.0005 0.0001 0.0035 0.0026 0.0125 0.0005 0.0344 0.0344
LOB-SW03-A-20101013 21.9 0.0005 0.0001 0.0033 0.0025 0.0118 0.0005 0.0331 0.0331
LOB-SW03-A-20101015 33.5 0.0007 0.0001 0.0050 0.0037 0.0203 0.0008 0.0474 0.0474
LOB-SW03-A-20101017 23.4 0.0005 0.0001 0.0036 0.0027 0.0129 0.0005 0.0350 0.0350
LOB-SW03-A-20101018 26.1 0.0005 0.0001 0.0039 0.0030 0.0148 0.0006 0.0384 0.0384
LOB-SW03-A-20101019 35.5 0.0007 0.0001 0.0053 0.0039 0.0218 0.0009 0.0498 0.0498
LOB-SW03-A-20101020 31.3 0.0007 0.0001 0.0047 0.0035 0.0186 0.0007 0.0448 0.0448
LOB-SW03-A-20101021 35.8 0.0008 0.0001 0.0053 0.0039 0.0221 0.0009 0.0502 0.0502
LOB-SW03-A-20101022 28.9 0.0006 0.0001 0.0043 0.0032 0.0168 0.0007 0.0419 0.0419
LOB-SW03-A-20101206 18.1 0.0004 0.0001 0.0028 0.0022 0.0093 0.0004 0.0282 0.0282
LOB-SW05-A-20100929 16.4 0.0003 0.0001 0.0025 0.0020 0.0082 0.0003 0.0259 0.0259
LOB-SW05-A-20101007 17.6 0.0004 0.0001 0.0027 0.0021 0.0089 0.0003 0.0275 0.0275
LOB-SW05-A-20101206 17.8 0.0004 0.0001 0.0028 0.0021 0.0091 0.0004 0.0278 0.0278
LOB-SW06-A-20100929 20.5 0.0004 0.0001 0.0031 0.0024 0.0109 0.0004 0.0313 0.0313
LOB-SW06-A-20101206 31.9 0.0007 0.0001 0.0048 0.0035 0.0191 0.0007 0.0455 0.0455
LOB-SW07-A-20101001 24.1 0.0005 0.0001 0.0037 0.0028 0.0133 0.0005 0.0359 0.0359
LOB-SW07-A-20101007 28.6 0.0006 0.0001 0.0043 0.0032 0.0166 0.0006 0.0415 0.0415
LOB-SW07-A-20101013 24.9 0.0005 0.0001 0.0038 0.0028 0.0139 0.0005 0.0369 0.0369
LOB-SW07-A-20101015 34.7 0.0007 0.0001 0.0052 0.0038 0.0212 0.0008 0.0489 0.0489
LOB-SW07-A-20101017 30.5 0.0006 0.0001 0.0046 0.0034 0.0180 0.0007 0.0438 0.0438
LOB-SW07-A-20101018 31.6 0.0007 0.0001 0.0047 0.0035 0.0188 0.0007 0.0451 0.0451
LOB-SW07-A-20101019 37.6 0.0008 0.0001 0.0056 0.0040 0.0235 0.0009 0.0523 0.0523
LOB-SW07-A-20101020 38.6 0.0008 0.0001 0.0057 0.0041 0.0243 0.0009 0.0535 0.0535
LOB-SW07-A-20101021 33 0.0007 0.0001 0.0049 0.0036 0.0199 0.0008 0.0468 0.0468
LOB-SW07-A-20101022 34.1 0.0007 0.0001 0.0051 0.0037 0.0208 0.0008 0.0482 0.0482

Zinc

Sample ID
Hardness 

(mg/L)a

Cadmium Copper Lead
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2009 RI Data 

 



Sample Description

Arsenic

(µg/L)

Cadmium

(µg/L)

Copper

(µg/L)

Iron

(µg/L)

Lead

(µg/L)

Manganese

(µg/L)

Nickel

(µg/L)

Zinc

(µg/L)

LOB‐SW‐01 T.C. Upgradient <5 <1 <10 370 <10 180 <10 30

LOB‐SW‐02 Adit Discharge/Flow 874 163 40 29,600 70 5,640 30 17,700

LOB‐SW‐03 T.C. Downgradient 14 3 <10 610 <10 740 <10 610

LOB‐SW‐04 N side WR pile 3 854 67 100 8,280 50 5,250 20 9,310

Sample Description

Antimony

(mg/kg)

Arsenic

(mg/kg)

Barium

(mg/kg)

Cadmium

(mg/kg)

Copper

(mg/kg)

Iron

(mg/kg)

Lead

(mg/kg)

Manganese

(mg/kg)

Nickel

(mg/kg)

Zinc

(mg/kg)

LOB‐SD‐01 T.C. Upgradient 5UJ 327 80 1 9 24,600 34 1,670 362

LOB‐SD‐02 Adit Sediment 11 19,300 6 4 27 113,000 298 29 140

LOB‐SD‐03 T.C. Downgradient <5 294 48 21 52 11,300 50 5,930 823

LOB‐SD‐04 N side WR pile 3 31 24,400 <5 13 42 106,000 562 55 554

LOB‐SD‐05 Pond Sediment <5 160 47 6 14 12,300 13 768 967

LOB‐SS‐01 Soil, S WR pile 1 5UJ 140 68 <1 29 11,900 117 579 <5 123

LOB‐SS‐02 Waste, WR pile 1 177 6,420 70 6 116 33,300 7,840 764 43 322

LOB‐SS‐03 Waste, WR pile 1 972 36,600 17 15 267 66,900 43,800 13 302 1,250

LOB‐SS‐04 Soil, SW WR pile 1 14 444 44 3 45 14,200 501 838 <5 241

LOB‐SS‐05 Soil, E WR pile 2 21 1,370 78 3 60 15,800 1,190 234 <5 143

LOB‐SS‐06 Soil, NE WR pile 1 5UJ 188 46 2 29 11,800 244 389 <5 186

LOB‐SS‐07 Soil, NW WR pile 1 21 11,600 36 3 48 28,600 2,300 164 8 218

LOB‐SS‐08 Soil, N WR pile 2 5UJ 793 31 3 61 15,200 608 202 <5 254

LOB‐SS‐09 Waste, WR pile 2 95 8,180 31 4 91 19,300 19,900 9 97 220

LOB‐SS‐10 Soil, S WR pile 2 23 734 40 <1 75 12,400 909 247 <5 137

LOB‐SS‐10 (Duplicate) Soil, S WR pile 3 13 833 35 2 63 12,300 902 137 <5 130

LOB‐SS‐11 Soil, W WR pile 2 19 6,640 33 1 58 2,700 622 624 <5 172

LOB‐SS‐12 Waste, WR pile 3 30 5,060 43 4 107 34,900 6,040 22 6 386

LOB‐SS‐13 Waste, WR pile 3 456 74,100 7 35 94 171,000 7,440 <5 66 453

LOB‐SS‐14 Soil, S WR pile 3 31 5,120 81 7 103 24,100 1,610 277 7 757

LOB‐SS‐15 Soil, E WR pile 3 15 31,200 54 3 38 185,000 1,320 44 <5 129

LOB‐SS‐16 Soil, Road by T.C. 12 725 34 <1 28 9,910 534 197 <5 142

LOB‐SS‐17 Soil, Road by T.C. <5 641 24 1 78 16,800 834 130 <5 326

CONCENTRATION OF METALS FROM 2009 RECLAIMATION INVESTIGATION

LILLY/ORPHAN BOY MINE SITE
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