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Section 1.0  Project Management 

TerraGraphics Environmental Engineering, Inc. (TerraGraphics) developed this Sampling and 
Analysis Plan (SAP)/Quality Assurance Project Plan (QAPP) on behalf of the Montana 
Department of Environmental Quality (DEQ) to provide guidance for field sampling activities at 
the Lilly/Orphan Boy Mine.  The Lilly/Orphan Boy Mine Site is an abandoned hard rock mine 
located within the Elliston Mining District.  The mine is listed on the DEQ/Mine Waste Cleanup 
Bureau priorities sites.   

The following sections list the key project personnel and their responsibilities, an explanation of 
the problem and history, project schedules, data quality objectives, sampling, oversight, and data 
management.  This SAP/QAPP references the Hydrogeology Investigation Plan for the 
installation of groundwater monitoring wells and the Mine Investigation Plan for the analysis of 
the mine workings (sampling of mine water and infiltrating groundwater).   

 

1.1 Project/Task Organization 

 

1.2 Problem Definition/Background 

The Lilly/Orphan Boy Mine site is located approximately 10.5 miles south of Elliston, Montana 
near the headwaters of Telegraph Creek (Figure 1).  The mine is situated at an elevation of 
approximately 6,800 feet above mean sea level (amsl) and is composed of approximately 1½ 
acres of land contaminated by historic metal mining along Telegraph Creek.  The Lilly lode and 
the adjacent Orphan Boy lode 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 

DEQ MWCB – Abandoned Mines 
Section Supervisor – John Koerth 

DEQ MWCB – Abandoned Mines 
Project Manager – Pebbles Clark 

TerraGraphics Project Manager – 
Tom Bourque 

TerraGraphics Project Lead – 
Tom Smith 

TerraGraphics Field Manager – 
Jeremy Mickey 

TerraGraphics Environmental Scientist –
David Hays  

TerraGraphics Environmental Technician –
Russ Morrison 
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the Lilly and Orphan 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 
(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 Empire State Mining requested and received permission from Montana officials 
to conduct business in the state (FHC 2002).   

In November 1899, the courts ordered that the Lilly/Orphan Boy Mine properties 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 
properties and received a sheriff’s deed in December 1900.  Ownership of the mine remained 
under Teall’s name until 1927 when the taxes on the claims became delinquent.  Powell County 
obtained a tax deed to the property early in 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 and Orphan Boy Mines.  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 claims with Dave and Leo Newman, who had been mining at 
other properties in the Telegraph Creek area for the previous several years.  It is reported that 
during the period from 1934 to 1951, the mine produced a total of 1,228 tons of ore, yielding 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. 

In August 1994, MSE Technology Applications (MSE) began an 11-year field demonstration for 
the US Environmental Protection Agency (EPA) and the US Department of Energy (DOE) at the 
Lilly/Orphan Boy Mine Site to treat and control the acid rock drainage (ARD) of metal and 
arsenic contaminated water by introducing organic material into the workings to promote 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 head frame and main shaft; two injection wells were drilled vertically into 
the Lilly tunnel; and one “tunnel” well was installed downgradient of the injection wells to 
monitor treated water prior to its discharge at the end of the collapsed adit.  Water filling the 
mine workings (lower shaft and Lilly tunnel) was presumed groundwater by MSE during their 
investigation (MSE 2008).  Other characteristics of the site include a headframe and 250-foot 
deep shaft, three collapsed adits, and three waste rock piles. 

This SAP/QAPP describes the sampling program for the onsite soil and water samples and 
discusses the analysis for the repository and the borrow areas.  A Health and Safety Plan (HASP) 
has also been prepared as a separate stand-alone document and is included in Appendix B of the 
Phase II Reclamation Work Plan (RWP). 
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1.3 Project/Task Description and Schedule 

1.3.1 Goals and Objectives 

The primary objectives of the site characterization are to collect data required to:  

 Characterize the spatial extent of soil contamination around the waste rock piles. 

 Characterize surface and mine water. 

 Identify all mine investigation activities necessary to characterize the mine workings to 
support a detailed evaluation of source control alternatives. 

1.3.2 Resources and Relevant Deadlines 

This project is being funded by DEQ Mine Waste Cleanup Bureau – Abandoned Mines Section.  
Field work is currently anticipated to begin in September 2010.   

Planning Team Members 

Planning Team Members, their affiliations, and their roles are as follows:  

 Montana Department of Environmental Quality: 
John Koerth (Section Supervisor) and Pebbles Clark (Project Manager). 

 TerraGraphics Environmental Engineering, Inc.: 
Tom Bourque (Project Manager), Tom Smith (Project Lead), Jeremy Mickey (Field 
Manager), David Hays and Russ Morrison (Environmental Scientist and Technician). 

TerraGraphics staff will review technical issues.  Tom Smith will discuss these issues with Tom 
Bourque.  Based on these decisions, TerraGraphics will make recommendations to DEQ. 

1.4 Data Quality Objectives 

1.4.1 State the Problem 

Based on the findings from the Final Reclamation Investigation Report, Lilly/Orphan Boy Mine 
Site, Powell County, Montana (Tetra Tech 2009) and from recent observations by TerraGraphics 
personnel during field visits in 2009 and 2010, human health risks and environmental risks to 
aquatic life exist at this site.  The known contaminants of concern (COCs) at the site are: arsenic, 
cadmium, copper, lead, manganese, and zinc.  These COCs have been found in the soil, 
sediment, surface water, groundwater, and mine water discharge at the site.  The waste rock piles 
onsite also contain these COCs; one waste rock pile, WR-3, is in direct contact with surface 
water in Telegraph Creek and the mine water discharge originating from the collapsed adit above 
Telegraph Creek.  Other risks at the site include safety hazards associated with open mine 
workings, potential subsidence, and abandoned mine equipment.   
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1.4.2 Identify the Decision 

Soil, surface water, groundwater, and mine water samples will be collected for those analytes 
shown in Table 1.  Soil concentrations will be compared to recreational risk-based cleanup goals.  
Surface water, groundwater and mine water will be compared to Circular DEQ-7.  Site 
concentrations above the relevant standards will be identified.    

1.4.3 Identify the Inputs to the Decision 

1.4.3.1 Information Needed 

In order to meet the objectives and goals of the Phase II RWP, the following information will be 
collected:  

 
1. Define the extent of heavy metals contamination at the site and set baseline information 

through geochemical and physical analysis of the surficial soil. 
2. Gather analytical and physical baseline information of the surface water chemistry and 

stream discharge that flows through the site. 
3. Gather analytical and hydrogeologic data for the evaluation of groundwater quality, 

quantity, and flow direction as identified in the Hydrogeology Investigation Plan.  
4. Gather analytical and physical data to characterize the mine water chemistry in the 

underground mine workings located at the site. 

1.4.3.2 Sources for Information 

Existing information has been gathered and summarized from the Final Reclamation 
Investigation Report, Lilly/Orphan Boy Mine Site, Powell County, Montana (Tetra Tech 2009) 
and the Final Report – In Situ Source Control of Acid Generation Using Sulfate-Reducing 
Bacteria (MSE Technology Applications, Inc. June, 2008). 

1.4.3.3 Sampling and Analysis Methods 

Samples will be collected in general accordance with the sampling plan described in Section 2.1.  
All sample handling procedures will follow the guidelines for handling and documentation 
discussed in Sections 1.5.2 and 2.6. 

Soil, surface water, groundwater, and mine water samples will be analyzed using the following 
methods: 

 Surface water, groundwater, and mine water samples will be collected for water quality 
analyses and analyzed according to the constituents shown in Table 1. 

 Surficial soil samples will be collected for geochemical analyses and analyzed according 
to the constituents shown in Table 1. 
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Table 1. Parameters, Methods, and Reporting Limits for Analyses 
Parameter Analyte Method Report Limita 

Surface water, Mine water, and Groundwater: 
pH A4500-H B 0.1 s.u. 

Conductivity A2510 B 1umhos/cm 

Total Dissolved Solids b A2540 C 10 mg/L 

Total Suspended Solids b A2540 D 06 10 mg/L 

Physical Properties 

(for all water samples) 

Acidity-Total as CaCO3
c  A2310 B None 

Bicarbonate as HCO3
d A2320 B 4 mg/L 

Carbonate as CO3
 d A2320 B 4 mg/L 

Chloride EPA 300.0 1 mg/L 

Dissolved Inorganics 

(for all water samples) 

Sulfate EPA 300.0 1 mg/L 

Alkalinity, Total as CaCO3 A2320 B 4 mg/L 

Bicarbonate as HCO3
b A2320 B 4 mg/L 

Carbonate as CO3
 b A2320 B 4 mg/L 

Chloride EPA 300.0 1 mg/L 

Inorganics 

(for all water samples) 

Sulfate EPA 300.0 1 mg/L 

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 

Metals  

(Surface water samples 
to be tested for total and 
dissolved metals, per 
DEQ-7.) 

 

(Mine water samples to 
be tested for total 
metals.) 

 

(Groundwater samples 
to be tested for total 
metals only.) 

Hardness, Total as CaCO3   

Soil: 
Acid Potential w/ Sulfur Forms Sobek Modified 0.005 t/kt 

Acid/Base Potential Sobek Modified -5000 t/kt 

Acid Base Accounting 

Neutralization Potential Sobek Modified -5000 t/kt 

Conductivity Saturated Paste Conductivity ASA10-3 0.01 mmhos/c 

Aluminum  EPA 6010.20 5 mg/kg 

Arsenic  EPA 6010.20 5 mg/kg 

Cadmium  EPA 6010.20 1 mg/kg 

Metals- Total  

Copper  EPA 6010.20 5 mg/kg 
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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 PQL 

b. Only surface water will be analyzed for these parameters 

c. Acidity will be analyzed only if pH is less than 4.5 

d. Only groundwater will be analyzed for these parameters 

PQL = practical quantitation limit 

mg/L = milligrams per liter 

t/kt = tons per thousand ton 

mg/kg = milligrams per kilogram 

Nitrogen, potassium, phosphorus, organic matter content, cation exchange capacity and lime 
parameters are not included for analysis as the proposed sampling areas either do not have a 
topsoil layer or the topsoil layer is thin and previous sampling efforts have shown that the metal 
contamination is affecting vegetation and coversoil will need to come from an off site source.  

The proposed number of samples to be obtained for analytical analyses listed in Table 1 are as 
follows: 

 Soil – 13 samples + 1 duplicate sample + 1 field blank + 1 rinsate blank – 1 sample event 

 Groundwater – 5 samples + 1 duplicate sample + 1 field blank + 1 rinsate blank – 1 
sample event 

 Surface water – 4 samples + 1 duplicate sample per quarter for one year 

 Mine water – 20 samples + 1 duplicate sample – 1 sample event 

The laboratory analyzing the environmental samples will be a DEQ contracted laboratory.  
Laboratory analyses will be performed with routine turn-around times.  Associated lab quality 
controls are sufficient to support decisions based on these results. 

1.4.3.4 Data Uses 

The parameters listed in Table 1 are defined and data uses are listed in Table 2. 

Table 2. Analytical Parameter Definitions and Data Uses 
Parameter Analyte Definition Data Use(s) / Comments 

Surface water, Mine water, and Groundwater: 
Physical 
Properties 

 

pH pH is a measure of how acidic/basic 
water is.  The pH of water determines 
the solubility and bioavailability of 
chemical constituents such as nutrients 
and metals. 

In the case of metals, the degree to which they 
are soluble determines their toxicity. Metals tend 
to be more toxic at lower pH because they are 
more soluble. 
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Conductivity Conductivity (specific conductance) is 
a measure of the ability of water to 
conduct an electrical current.  
Conductivity is an important water-
quality measurement because it gives a 
good idea of the amount of dissolved 
material in the water. 

Conductivity can be used for comparing with 
other water quality parameters to show potential 
gross errors in analysis. For example, an 
increase or decrease in conductance of a 
particular water source will result in a similar 
increase or decrease in other water quality 
parameters such as total dissolved solids, sulfate, 
and metals. If this is not observed, analysis 
should be considered suspect and repeated.   

Total 
Dissolved 

Solids 

TDS is the measure of the amount of 
material dissolved in water (mostly 
inorganic salts). Total dissolved solids 
should approximate the sum of all 
dissolved cations and anions analyzed 
in a water sample. 

TDS will be used primarily as a general check of 
other water quality parameters and for the 
correlation of other analytes to decrease sample 
costs during monitoring. For example, sulfate 
concentration can be calibrated to TDS allowing 
reduction in frequency of analysis of either 
parameter.  

Total 
Suspended 

Solids 

Total suspended solids (TSS) is a 
measure of all suspended (not 
dissolved) particles in a solution that do 
not pass a given filter size. These are 
small particles of solid contaminants 
that resist separation by conventional 
methods. 

TSS is a commonly measured water quality 
parameter. Waters high in suspended solids may 
be aesthetically unsatisfactory for purposes such 
as recreation or drinking. Suspended solids can 
be used as a surrogate for measurement of 
pathogens since direct measurement of 
pathogens is extremely difficult. 

Acidity - Total 
as CaCO3 

Acidity is the capacity of a system to 
neutralize base. The more acid a 
solution, the more base that must be 
added to raise the pH to an acceptable 
level. 

By monitoring acidity in runoff, receiving 
waters, and mine waste, it can be determined 
when acid is being produced.  The ability to 
define the amount of base (based on the acidity 
of the solution) that must be added to raise the 
pH to a certain level is important for remediation 
of acid mine drainage. 

Bicarbonate  
as HCO3 

A compound containing the HCO3
– 

group, for example, sodium bicarbonate
(NaHCO3), which ionizes in solution 
(water) to produce HCO3 

Used for determining the natural buffering 
capacity of a solution.  When acid (hydrogen 
ions) are added to a system, carbonate ions 
combine with the hydrogen ions to form 
bicarbonate.  

Carbonate     
as CO3 

The concentration of the CO3
–2 ion 

formed by the organic or inorganic 
precipitation from aqueous solution of 
carbonates of calcium, magnesium, or 
iron. Combined with one proton, it 
becomes Bicarbonate, HCO3

– and with 
two protons, Carbonic Acid.  

The carbonate buffer system is the most 
important buffer system in natural surface 
waters, consisting of a carbon dioxide, water, 
carbonic acid, Bicarbonate, and carbonate ion 
equilibrium that resists changes in the water’s 
pH.  When acid materials (hydrogen ions) are 
added to this buffer solution, the equilibrium is 
shifted and carbonate ions combine with the 
hydrogen ions to form bicarbonate. 
Subsequently, the bicarbonate then combines 
with hydrogen ions to form carbonic acid, which 
can dissociate into carbon dioxide and water. 
Thus the system pH is unaltered even though 
acid was introduced. 

Inorganics 

(for all water 
samples) 

Chloride Concentration of dissolved chloride 
ions in solution. 

Material which have a high content of chloride 
develop hydrochloric acid and affect the pH 
balance of a solution. 
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Sulfate Sulfate (SO4
2-) is a naturally occurring 

ion and may be present in waters over a 
wide concentration range. SRB reduce 
sulfate to sulfide during the course of 
their growth process.  

Acidic drainage may contribute large amounts of 
sulfate from oxidation of pyrite and other sulfide 
minerals. Increased levels of sulfate are usually 
the first indication of acid generation. Sulfate 
concentration monitoring can be used to 
indirectly verify the existence and proliferation 
of SRB in the mine water. Sulfate can be used 
primarily for the correlation of other analytes 
(metals) to decrease sample costs during 
monitoring. 

Alkalinity, 
Total as 
CaCO3 

Alkalinity is the capacity of a system to 
neutralize acid.  It is quite common to 
add alkalinity to a water source to raise 
the pH. Alkalinity is commonly added 
in the solid form of calcium carbonate 
(CaCO3), aka- limestone. 

When limestone dissolves in water, the calcium 
carbonate molecule dissociates and large 
concentrations of CO3

2- are released into 
solution which will chemically bond with H+ 
ions. When all the H+ ions have chemically 
bonded with the CO3

2-  molecules, CO3
2-  and 

HCO3
- will accumulate in solution, increasing 

the alkalinity of the water source and also 
raising the pH. 

Al, As, Cd, Ca, 
Cu, Fe, Pb, 
Mg, Mn, K, 
Na, and  Zn 

Metal leaching into the environment is 
the principal concern of acidic 
drainage. Metal analysis is one of the 
key parameters in assessing the impacts
of mine waste and for determining the 
effectiveness of reclamation.  

Metal analyses of water samples are applicable 
for evaluating the quality of water that will 
contact mine waste, determining and monitoring 
the water quality of runoff, receiving surface 
water, and groundwater after it has contacted 
mine waste.  

 

Metals  

(Surface 
water - total 
and 
dissolved 
metals.) 

(Mine water 
samples - 
total metals 
only.) 

(Ground-
water - total 
metals only.) 

Hardness, 
Total  as 
CaCO3 

The Total Hardness of water represents 
primarily the total concentration of 
Calcium and Magnesium ions 
expressed as calcium carbonate.  

Freshwater Aquatic Life Standards shown in 
DEQ-7 for Cd, Cu, Cr, Pb, Ni, Ag, and Zn are 
expressed as a function of total hardness (mg/l, 
CaCO3). 

Soil: 

Acid Potential  
w/ Sulfur 

Forms 

Acid-Base Accounting (ABA) is the 
balance between the acid-production 
and acid-consumption properties of a 
mine-waste material. The Modified 
Acid Base Accounting method 
calculates AP based on the sulfide 
sulfur content. 

Minerals in mine waste material (mostly 
sulfides) react with water and oxygen to produce 
sulfuric acid.  Acid leaches metals from material 
and introduces them into the environment.  The 
type of sulfide minerals present affects the rate 
of acid generation. 

Acid/Base 
Potential 

AP is the sulfur content (expressed in 
weight percent) of a sample multiplied 
by the conversion factor 31.25. 

The net neutralizing potential (NNP), or acid-
base account (ABA) is determined by 
subtracting the AP from the NP and is a measure 
of the difference between the neutralizing and 
acid forming potentials. The value for NNP may 
be either positive or negative.  

Acid Base 
Accounting 

Neutralization 
Potential 

Neutralization potential (NP) is a 
measure of the carbonate material 
available to neutralize acid. 

NNP values less than 20 (kg CaCO3/ton) are 
likely to form acid. Those with NNP values 
greater than 20 are not likely to form acid.  For 
NNP values between -20 and 20 it is difficult to 
determine the acid potential. 



SAP/QAPP for Site Characterization of Lilly/Orphan Boy Mine, Powell Co., MT 

 
10

Conduct-
ivity 

Saturated  
Paste 

Conductivity 

Electrical conductivity (EC) is the most 
common measure of soil salinity. The 
sample is saturated with distilled water 
and mixed to the consistency of a paste.
After standing for one hour, the salts 
will dissolve and the electrical 
conductivity of water extracted from 
the paste is measured using electrodes. 

Salinity is a soil property referring to the amount 
of soluble salt in the soil. It is generally a 
problem in arid and semiarid regions.  Plants are 
detrimentally affected, both physically and 
chemically, by excess salts in some soils and by 
high levels of exchangeable sodium in others. 

Metals - 
Total  

Al, As, Cd,  
Cu, Fe, Pb, 
Mn, and Zn 

Metal leaching into the environment is 
the principal concern of acidic 
drainage. Metal analysis is one of the 
key parameters in assessing the 
weathering characteristics of mine 
waste. 

Metal analyses of soil samples are applicable for 
evaluating the quantity of material that will 
require reclamation, predicting the water quality 
of runoff, and determining the reclamation 
techniques to be implemented.  

 

 

1.4.4 Define the Boundaries of Cleanup and Remediation 

1.4.4.1 Target Population 

The target population(s) for these sampling efforts includes soils from approximately 0-3 inches 
in depth, surface water samples of Telegraph Creek upstream and downstream of the subject site, 
groundwater samples collected from new monitoring wells and piezometers installed at the site, 
and mine water samples obtained while dewatering the underground mine workings and 
performing the activities included in the Hydrogeology Investigation Plan.   

1.4.4.2 Spatial Boundaries 

Data collection will be concentrated on areas within the Lilly patented claim site and along 
Telegraph Creek upstream and downstream of the subject site.  The locations of the soil, mine 
water, and groundwater sampling sites are shown on Figure 2.  The locations of the surface water 
sampling sites are shown on Figure 3.  Some sampling efforts may extend outside these 
boundaries as deemed appropriate by DEQ. 

1.4.5 Time Frame 

Updates to this document will occur on an as-needed basis to accommodate changes to the 
sampling program.   

Field work and quarterly surface water sampling shall be performed in accordance with the 
schedule included in the task order to perform the work.  TerraGraphics will develop a tentative 
schedule for sampling and analysis as well as submittal of a Phase II Reclamation Investigation 
(Phase II RI) Report in accordance with the schedule included in the task order to perform the 
work. 

1.4.5.1 Constraints 

Holding time limitations for water samples are presented in Table 4.   

Practical constraints on collecting environmental data include sample refusals caused by 
excessive vegetation, tree roots, hard rock areas, and other sampling obstacles.  If obstacles are 
encountered, a new subsample location will be chosen.   
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Constraints also include equipment failures, which will be resolved within 24 hours or as soon as 
feasibly possible.   

Sampling may also be hindered by weather constraints such as snow cover and blizzards (winter 
and spring sampling periods) and/or thunderstorms.  Sampling activities will recommence after 
weather hazards have cleared.  

1.4.6 Develop a Decision Rule 

1.4.6.1 Decision Parameters and Action Levels 

The reporting limits for water and soil samples are presented in Table 1.  Analytical results for 
the constituents of concern from water samples collected prior to any remedial or reclamation 
action will be compared to the standards presented in Circular DEQ-7 to gain an understanding 
of the baseline water quality data for the site. 

The subject site does not have suitable sources of borrow or cover soil, nor is there an 
appropriate location for a repository that could accept the volume of on-site mine waste.  As part 
of the Phase II RI Report, a GIS evaluation of possible borrow sources and repository locations 
will be made through review of aerial photographs, USGS topographic quadrangles, and land 
ownership layers.  A search radius of approximately 10 miles will be used to complete this 
evaluation.   

1.4.6.2 Decision Rule 

The potential receptor at the site is a recreational user.  Targeted reclamation of the site will be 
necessary if levels of COCs in the soil samples exceed the recreational risk-based clean-up goals 
developed in the Reclamation Investigation Report (Tetra Tech 2009).  The recreational risk-
based clean-up goals are based on the 50 day gold panner/rock hound scenario.  A reclamation 
plan targeting the removal of the COC’s is anticipated to ensure removal of other potential 
contaminants associated with the previous mining operations at the site. 

1.4.7 Specify Tolerable Limits on Decision Errors 

There are inherent errors throughout the data collection and analysis process.  These errors can 
be introduced during physical sample collection, sample handling, sample preparation, sample 
analysis, data reduction, transmission, and storage.  Samples will be collected and analyzed in 
accordance with the sampling methodologies described in Section 2.1 and handled following the 
procedures discussed in Section 2.6.  In addition, the quality assurance/quality control (QA/QC) 
requirements and data review and validation procedures discussed in Section 2.3 and Section 4.0 
will be applied to samples collected during each sampling event.  Therefore, the amount of error 
throughout the data collection and analysis process will be reduced and the ramifications of these 
errors are anticipated to be few. 

Section 2.0 outlines all the specified tolerable limits and decision errors for the data obtained 
during this project. 

1.4.8 Optimize the Design for Obtaining Data 

Some degree of judgment was used in siting the sample locations shown on Figures 2 and 3.  
Actual field conditions may require adjustment of the final sample locations based on physical  
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barriers or the judgment of the sampler.  The locations of the sampling sites were selected using 
best professional judgment based on: i) regulatory requirements; ii) information known about the 
site from site visits, geologic maps, historic data, and aerial photographs; and iii) the goals of the 
Phase II RI.  Sample locations will be recorded with a sub-meter accuracy GPS (Trimble 
GeoXM or GeoXT). 

1.5 Documentation and Records 

This section describes sample handling and documentation procedures.  The procedures 
described are designed to provide a thorough record of events surrounding the collection of each 
sample, and to ensure, as far as can be accomplished in the field, that data collected are usable. 

1.5.1 Field Operation Records 

Permanently bound field logbooks with water-proof paper will be used due to their compact size, 
durability, and secure page binding (e.g., Rite in the Rain®).  Field logbooks will be pre-
numbered and will contain the date and signature lines.  Entries will be made in black, 
waterproof, indelible ink throughout each workday. 

Logbooks will document the procedures performed by field personnel.  Each entry should be 
dated, legible, and contain accurate and complete documentation of the individual’s activities.  
Documentation in the field logbook will be at a level of detail sufficient to explain and 
reconstruct field activities without relying on recollection by the field team members.  Because 
the logbook is a complete documentation of field procedures, it should contain only facts and 
observations.  Language should be objective, clear, concise, and free of personal interpretation or 
terminology which might be misconstrued. 

No erasures will be allowed.  If an incorrect entry is made, the information will be crossed out 
with a single strike mark and the change initialed and dated by the team member making the 
change. 

Field logbooks will be identified by the project name and a project-specific number, and stored 
in the field project files when not in use.  Field logbooks will be photocopied after the field 
investigation, and photocopies will be provided to DEQ in the Phase II RI Report and stored in 
the project files.  

1.5.1.1 Sample Collection Records 

Entries into the logbook or other relevant sampling forms for sampling events may include, but 
are not limited to, the following: 

 The name of the project and sampling personnel. 

 The date, time, number, and media of the sample. 

 The sample preservation and the analyses requested. 

 Type and quantity of containers used for each sample. 

 A cross-reference of numbers for field duplicates and blank samples. 
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 A sketch and description of the geographical location of the sample location in reference 
to site facilities or structures (e.g. trees, roads, etc.).  Sample locations will be recorded 
with a sub-meter accuracy GPS (Trimble GeoXM or GeoXT). 

 Information such as well depth, well diameter, sampling device, pump placement, water 
level (static), water level (pumping), and pump rate. 

 The method of sampling, including procedures, equipment, and any departure from the 
procedures specified in the SAP/QAPP. 

 The results of field measurements (e.g., water quality measurements). 

 Weather conditions at the time of sampling and other events which may influence the 
representative nature of a sample.  At a minimum, include the temperature and sky cover. 

 Descriptions of photographs including: why it was taken, the date and time it was taken, 
the location and compass direction of the picture, and photograph number. 

 Disposition of the sample (i.e., where it is being analyzed). 

 Tracking number of sample shipment when applicable. 

 Other pertinent observations, such as the presence of other persons on the site (those 
associated with the job or members of the press, special interest groups, or passersby), 
and actions by others that may affect performance of site tasks. 

Each collected sample will have a unique identification code that will catalog the sample site, the 
sample type, and the sampled depth.  The field sample ID number will be recorded on the sample 
tag and/or label and coded as follows:  

1. The first three numbers will identify the project area:  

 LOB - Lilly/Orphan Boy 

2. The next four positions identify the sample location and the sample number: 

 SW01 – Surface water sample from station 1  

 SG02 – Soil grab sample from location 2 

 MW03 – groundwater sample from monitoring well 3. 

 SH01 – Mine water sample number 1 from the shaft 

o Notes in log book or sample sheet will include depth sample was obtained and 
any other pertinent information 

 AD01 – adit discharge water sample 1 

3. The next letter indicates if the sample is a QA/QC sample: 

 A – Actual Sample 

 B – Field Blank 

 C – Rinsate Blank 

 D – Duplicate 
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4. The last eight numbers are the date  

 20100723 for July 23, 2010 

An example of a complete sample ID number could be: LOB-SW04-D-20100709, which is the 
Lilly/Orphan Boy site, surface water sample, and is a duplicate collected on July 9, 2010.   

Sample labels, whether blank or pre-printed, will contain an abbreviated summary of the logbook 
entry for the sample.  The following information should be included on sample container labels: 

 Sample identification number, 

 Date and time of sampling, 

 Initials of sampling personnel, and 

 Type of sample preservatives added. 

1.5.1.2 Chain-of-Custody Records 

Verifiable sample custody is an integral part of all field and laboratory operations associated with 
this site investigation.  The primary purpose of chain-of-custody procedures is to document the 
possession of the samples from collection through storage and analysis to reporting.  Chain-of-
custody forms will become the permanent record of sample handling and shipment.  The Field 
Manager, or his/her designee, will be responsible for monitoring compliance with chain-of-
custody procedures.   

Field sampling personnel are responsible for the care and security of samples from the time the 
samples are collected until they have been turned over to the analytical laboratory.  A sample is 
considered to be in one’s custody if it is in plain view at all times, in the physical possession of 
the sampler, or stored in a locked place where tampering is prevented.  All samples will be stored 
in shipping coolers immediately following sample collection.   

Chain-of-custody forms will be filled out at the end of each day.  Each chain-of-custody form 
will contain the following information: 

 Sample identification numbers; 

 Date and time of sampling; 

 Sample matrix; 

 Number of sample containers associated with each sampling point; 

 List of analyses requested; 

 Name and signature of sampling personnel; 

 Shipping number, when applicable; and  

 Spaces for transfer of custody acknowledgment. 

When the chain-of-custody form is complete, field team members will cross-check the form 
against the labeled samples for possible errors.  Any corrections will be made to the record with 
a single strike mark that is dated and initialed.  The person who initials corrections will be the 
same person that relinquishes custody of the samples. 
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Samples will be delivered to the analytical laboratory by the sampling crew.  The chain-of-
custody form will be signed and dated, placed in a sealable plastic bag, and either placed on top 
of the samples or taped to the inside lid of the cooler.  If additional coolers are required, each 
cooler will have a chain-of-custody form for the contained samples. 

1.5.1.3 Quality Assurance/Quality Control Sample Records 

Quality Assurance/Quality Control (QA/QC) samples (i.e., field and equipment rinsate blanks, 
and field duplicates) will be documented in the field logbook.  This documentation will include 
custody seals, calibration history, level of standards, and the frequency and type of the QA/QC 
sample.   

1.5.1.4 General Field Procedures 

All field procedures will be documented in the field logbook and will specify the method of 
collection, location, and other potential areas of difficulty in the actual gathering of the 
specimens.  

1.5.1.5 Corrective Action Reports 

Should the primary method of sample collection fail, the corrective action or alternative method 
will be documented in the field logbook and reported in the subsequent final Phase II RI Report. 

1.5.2 Laboratory Records 

1.5.2.1 Sample Data 

The laboratory will follow the Final USEPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review (EPA 2004), which includes the recording of the dates 
and times that samples were analyzed to verify holding times were met.  The overall number of 
samples, sample location information, and date will be reported as well as any corrective action 
procedures for samples violating the work plan protocol. 

1.5.2.2 Sample Management Records 

The laboratory will provide original sample analysis documentation to TerraGraphics and to 
Pebbles Clark, of DEQ.  After a technical data review the data will be included in the Phase II RI 
Report. 

1.5.2.3 Test Methods 

The test methods used will be those identified as appropriate for the specific analyses listed in 
Table 1.  Should an alternative analysis be required, the laboratory will document and describe 
how the analyses were carried out in the laboratory.  This will include sample preparation and 
analysis, instrument standardization, detection and reporting limits, and test-specific QC criteria. 

1.5.2.4 Quality Assurance/Quality Control Reports 

Laboratory QA/QC will follow EPA guidance (EPA 2004).  The report will include blanks, 
matrix spikes, matrix spike duplicates, and laboratory duplicates.  TerraGraphics will complete 
an internal QA/QC to ensure the validity and usability of the data. 
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1.5.3 Data Handling Records 

The laboratory’s quality assurance personnel will perform the preliminary QA/QC.  
TerraGraphics will perform the data validation.  The data validation will convert raw data into 
reportable quantities and units by the proper use of significant figures, recording extreme values, 
and identification of any data qualifiers.  The data will then be transmitted electronically to 
TerraGraphics which will perform an internal data validation, and report the data in summary 
tables in the Phase II RI Report.  

Section 2.0 Measuring Data Acquisition 

This section describes the field activities that will be conducted at the Lilly/Orphan Boy site.  
The field activities consist of the following: 

 Surficial soil sampling to delineate the extent of surface contamination as it extended 
further than anticipated in the 2008 RI activities. 

 Drilling and installation of 5 monitoring wells and up to 4 piezometers around the 
underground workings for the evaluation of groundwater flow, groundwater connection 
with the workings, and groundwater quality (in the monitoring wells only). 

 Sampling of the raw mine water as it is removed from the workings and monitoring of 
treated water to meet water quality requirements. 

 Quarterly sampling of surface water from Telegraph Creek to establish a baseline on the 
water quality prior to any removal activities.  At this time we anticipate that quarterly 
sampling will occur for one year; however, the length of time will be per approval of 
DEQ. 

2.1 Sampling Process Design 

2.1.1 Soil Sample Collection 

Up to 13 soil samples will be obtained from 0-3 inches below ground surface using clean 
trowels.  Soil samples will be placed in quart-size or larger Ziploc® bags or whirl-pak bags and 
labeled with the sample number, location, time, date, and other required information.  The soil 
samples will be analyzed for the constituents shown in Table 1. 

2.1.2 Groundwater Sample Collection 

Five groundwater wells will be installed at the site as part of the Reclamation Investigation Work 
Plan (RWP) (Figure 4).  The monitoring wells are proposed to be sampled one time prior to 
commencement of dewatering activities.  The hydrogeology investigation methods to be used 
during the Phase II RI are discussed in the Hydrogeology Investigation Plan.  The methods for 
collecting groundwater will vary depending on well depth and completion details.  The proposed 
methods include: hand bailing, peristaltic pumping, and submersible pumping.  The samples will 
be analyzed for total metals to allow comparison with the mine water quality.  The samples will 
be deposited directly into pre-preserved, laboratory supplied bottles as described in Table 4.  
Table 4 also lists preservation requirements for groundwater constituents. 
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2.1.2.1 Monitoring Well Purging Procedure 

If a pump is used for purging, the pump intake will be positioned at a level at/or slightly above 
the mid-point of the screened interval.  During pump deployment, care will be taken to gently 
insert the pump to minimize the disruption of potential fine-grained sediment that may have 
accumulated in the well.  The flow rate will be measured by filling a 5-gallon container and 
measuring the rate of filling using a stop watch.  During purging, the water level in the well will 
be monitored using a water level meter.   

A low-flow, minimal drawdown technique will be used for groundwater purging and sampling 
depending on the depth to groundwater.  This technique is described below and in Low-Flow 
(Minimal Drawdown) Ground-Water Sampling Procedures (Puls and Barcelona 1996) and 
Standard Operating Procedure for Low-Stress (Low Flow)/Minimal Drawdown Ground-Water 
Sample Collection (USEPA 2008b).  This procedure minimizes disturbance to the aquifer and is 
designed to ensure that samples collected from the well are representative of groundwater. 

Purging and sampling of the groundwater monitoring wells will be performed with a non-
dedicated bladder pump suitable for low-flow sampling.  The pump will be attached to a 
chemically inert discharge line and an air line, and suspended in the well.  The air line will 
extend to the ground surface where it will be connected to an oil-less compressor.  The 
chemically inert discharge hose will also extend to the surface where it will be attached to a 
discharge port.  Purging will proceed by pumping groundwater from the well at a rate of 
approximately 0.2-0.3 liters per minute.  During purging, the water level in the well will be 
monitored to ensure that the water level drawdown is stable and that water is not allowed to 
cascade down the sides of the well screen. 

During purging, specific conductance, temperature, pH, dissolved oxygen (DO), and oxidation-
reduction potential (ORP) will be measured using either a flow cell or in a 5-gallon bucket.  The 
flow cell will be calibrated each morning prior to sampling according to manufacturers’ 
instructions.  The well will be purged by using the parameter stabilization method, which is the 
preferred method for low-flow sampling.  Water quality measurements will be taken at the start 
of the purging, and when readings have stabilized over three measurements, purging may cease 
and samples may be collected.  According to Puls and Barcelona (1996), the general order of 
stabilization is pH, temperature, and specific conductance followed by ORP and DO.  
Stabilization is reached when three successive readings are within  0.2 for pH;  0.3 milligrams 
per liter (mg/L) for DO; and  20 millivolts for ORP.  All water quality measurements made 
during purging will be recorded on a groundwater sampling sheet.  A copy is included in 
Appendix D.  If one or more of the readings have not stabilized within 45 minutes after the three 
well volumes have been purged, samples will be collected, and the unstable readings will be 
noted on the sampling form. 

If a standard purge and sample technique is employed, a minimum water volume equivalent to 
three times the well volume of standing water will be purged from the well.  The volume of 
water present in each well shall be computed based on the length of the water column and well 
casing diameter.  The water volume shall be computed using the following formula: 

 12
2041.0 ddDV   

where: V = volume in gallons 

 D = inside diameter of well casing in inches 

 2d  = total depth of well in feet 
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 1d = Depth to water surface in feet  

Field notes shall reflect the single well volume calculations or determinations that clearly 
identify the purge volume goal.  Stabilization should be achieved within three well volumes.  If 
stabilization is not achieved after removing three well volumes of groundwater, purging will 
continue until it does or to a maximum of five well volumes.  The TerraGraphics field manager 
shall determine when the most representative sample can be obtained based upon available site 
information.  With respect to groundwater chemistry, the following conditions can generally be 
used to determine purge stabilization: specific conductance varies no more than ten percent, and 
temperature and pH are constant for at least three consecutive readings.  During sample 
collection, these field parameters will be measured and recorded. 

In some instances a well may be pumped or bailed dry (evacuated).  When this occurs, the well 
can be assumed to be adequately purged and the well can be sampled following sufficient 
recovery (enough volume to allow filling all sample containers).  Sampling will commence as 
soon as possible after purging.   

2.1.2.2 Sample Collection Protocol 

After field parameters have stabilized or at least three well volumes have been purged, one 
sample will be collected from each well.  The pump will not be turned off, nor will the pumping 
rate be changed, between purging and sample collection.  The unfiltered samples will be 
obtained directly from the discharge port and will be collected prior to the filtered samples.  The 
filtered samples will be collected using an in-line, disposable, cartridge filter capable of filtering 
to 0.45 micrometers.  The cartridge filter will be attached to the sample discharge line and the 
filtered samples will be collected into the sample container directly from the discharge end of the 
cartridge filter.  The field crew will collect both filtered and non-filtered samples from each well 
with the filtered sample being collected last.  The filtered and unfiltered samples will be analyzed 
for the constituents identified in Table 1.  All sample containers will be filled with minimal 
turbulence by allowing the groundwater to flow from the tubing gently down the inside of the 
container. 

2.1.3 Mine Water Sample Collection 

A minimum of 20 raw mine water samples will be obtained during mine dewatering operations.  
Through observation of water levels in the wells during mine dewatering operations, the 
information gathered will be used to estimate groundwater flow direction, infiltration rates, 
equilibrium levels, and hydrologic connection with the underground mine workings.  The mine 
dewatering will include either water treatment to water quality standards determined by DEQ or 
land applied on the Lilly Claim and/or adjacent patent claims if permission is given by the 
landowners.  The frequency of sampling will be based on the water treatment or application rate.   

Field parameters (temperature, pH, DO, conductivity, and ORP) of the raw and treated mine 
water will be monitored while dewatering or land application operations are being performed.  
The field parameters will be recorded hourly during the day, when possible or as practical, and at 
least once each night, if dewatering is continuous. 
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2.1.4 Surface Water Sample Collection 

Four surface water samples will be collected on Telegraph Creek on a quarterly basis to obtain 
baseline information regarding surface water chemistry upstream and downstream of the 
immediate area.  Quarterly sampling will be performed as access allows.  Field tasks associated 
with the surface water investigation will include: identifying and surveying each sampling station 
with a handheld global positioning system (GPS); measuring stream discharge at each station; 
field measurement and recording of chemical and physical parameters; and collecting surface 
water samples for laboratory analyses according to the constituents identified in Table 1.  
Surface water sample locations are shown in Figure 3 and are described in Table 2. 
 

Table 3. Proposed Surface Water Sampling Locations 

Station Identification 
(from upstream to downstream) 

Surface Water Sample Location 

LOB-0SW05 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 

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

LOB-SW03a Approximately 190 feet downstream of Waste Rock Pile 3 

Notes: 

a. Same sample location as Reclamation Investigation Report (Tetra Tech 2009). 

Surface water samples will be collected in general accordance with the United States Geological 
Survey (USGS) techniques used for water-resource investigations (Wilde et al. 1998) and 
summarized in Section 2.3.1.  Table 4 illustrates the sample containers, preservation, and 
necessary filtration to use during sampling.  Sample collection will proceed in a downstream to 
upstream direction to avoid possible contamination of downstream samples due to upstream 
sampling activities. 

This surface water sampling procedure has been developed in general accordance with the 
National Manual for the Collection of Water Quality Data (Wilde, F.D., et al. 1998).  The 
methods described below may vary or change as required depending on site conditions, lack of 
accessibility, and/or limitations imposed by the procedure itself.  Information regarding each 
sample station and the samples collected will be recorded in the logbook and on the Surface 
Water Sampling Record Sheet attached in Appendix A.  Surface water sampling will be 
accomplished through the use of one of the following methods that best suits the sampling 
situation. 

2.1.4.1 Direct Method 

The Direct Method will be utilized to collect water samples directly into the sample container 
when conditions warrant such an approach.  For shallow stream situations, water will be 
collected from below the water surface and in an upstream direction.  The sample bottles will be 
triple rinsed with stream water at the sample site prior to obtaining the sample. 
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This method is not suitable when retrieving representative samples from multiple depths, or 
when the approach to the sampling point interferes with flow conditions or substrate that would 
subsequently affect the sample.  This method is also not suitable when using pre-preserved 
sample bottles as the method may dilute the preservative concentration required for proper 
preservation. 

2.1.4.2 Dip Sampler 

The Dip Sampler will be utilized to collect samples from an outfall pipe or along a bank where 
access is limited.  The water sample will be collected from a distance so as not to disturb the 
slope of the bank or other surrounding substrate.  Samples will be transferred directly from the 
Dip Sampler into sample containers.  The Dip Sampler will be decontaminated between sample 
locations. 

2.1.4.3 Peristaltic Pump 

Using a small portable generator as a power source, a “low-flow” peristaltic pump will be used 
to collect all filtered and possibly some unfiltered surface water samples directly from the 
streams.  The pump intake tubing will be positioned at the mid-point of the water column using 
care to gently insert the pump tubing into the stream to minimize disturbing the stream 
sediments.  The pump speed will be adjusted to achieve a uniform, laminar flow at the discharge 
point.  Once the optimum pump speed is achieved, the pump will be allowed to run for an 
additional 30 seconds prior to collecting the samples.  Pump speeds may need to be adjusted 
when using an in-line cartridge to filter the samples.  The same pump speed adjustment process 
described above will be repeated after the filter has been installed.  All sample containers will be 
filled directly from the peristaltic pump tubing/filter discharge with minimal turbulence by 
allowing the surface water to flow from the tubing gently down the inside of the container. 

2.1.4.4 Stream Flow Measurements 

Flow measurements will consist of one or more of the following methods: 1) Area-velocity 
method with an electronic hand-held flowmeter using wading technique; 2) Portable flume 
method; or 3) Timed volumetric method.  Field personnel will estimate flow at sample locations 
when gauging limited amounts of water or when gauging a specific cross-section is difficult.  In 
these cases, field personnel may estimate flow using the time-velocity method.  The USGS 
Method for Measurement and Computation of Stream Flow is attached in Appendix B (Rantz, 
S.E., et al. 1982).  Data collected during flow measurement at each sample location will be 
recorded in the logbook and on the Stream Discharge Form attached in Appendix C.   

2.1.5 Sample Preservation 

Soil samples will be secured in either plastic bags or whirl-pak bags, and stored in a custody-
sealed cooler.  Water samples will be cooled to 4ºC in a custody-sealed cooler.  The custody-
sealed coolers will be shipped to the DEQ contracted laboratory for analyses.  The 6 month 
holding time for metals for soil samples should not be exceeded.   
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Table 4. Recommended Container, Preservation, and Holding Times for Samples 

Analysis Container 
and Type 

Preservation Holding Time 

Surface water, Mine water, and Groundwater 

Total Recoverable 
Metals 

250 mL 
polyethylene 

HNO3 to pH < 2;  
Iced to 4°C 

6 months 

Dissolved Metals 250 mL 
polyethylene 

Filtered through 0.45 
micron filter;  
HNO3 to pH < 2;  
Iced to 4°C 

6 months 

Ions / 
Physiochemical 

500 mL 
polyethylene 

Iced to 4°C pH Upon arrival at 
lab 

Total dissolved & 
suspended solids 

7 days 

Acidity, Bicarbonate, 
and Carbonate 

14 days 

Specific Conductivity, 
Chloride, Sulfate 

28 days 

Common Cations and 
Hardness 

6 months 
 

Soil 

EPA 6010 Metals Quart size 
Ziploc® bag 

Ice 180 days 

2.1.6 Decontamination Procedures 

2.1.6.1 Soil Collection Equipment 

Field personnel will wear disposable gloves while decontaminating equipment at the project site 
and will be required to take precautions against contaminating themselves with the wash water 
and rinse water used in the decontamination process.  The following procedures will be followed 
to ensure that non-disposable sampling equipment is thoroughly decontaminated between sample 
collections. 

1. Visually inspect sampling equipment for soil; a stiff brush will be used to remove any 
visible material. 

2. Wash the field equipment with phosphate-free soap (Liqui-Nox® or equivalent) and 
water.  Rinse the field equipment with distilled water and air dry or wipe with disposable 
paper towels.   

3. Disposable items such as paper towels, gloves, and washcloths will be deposited into a 
garbage bag and disposed of in a solid waste landfill.  Wash and rinse water will be 
disposed of on site so as not to flow into an active water way. 
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Heavy equipment, such as excavators and drilling equipment will be scraped free of material 
remaining on the excavator bucket or down-hole drilling implements prior to moving to another 
site.  The scraped materials will be placed back into the holes or land applied. 

2.1.6.2 Groundwater Sample Collection Equipment 

Meter probes that encounter sample water will be thoroughly rinsed with distilled water to 
prevent cross-contamination from one well to another.  The water level indicator probe and 
attached tape will be thoroughly washed with a solution of laboratory-grade detergent and 
distilled water at the start of each monitoring event, and rinsed with distilled water prior to use in 
each well.   

Bailers: 

1. Use a dedicated, one-time bailer if a bailer is used to purge the well.  A single bailer will 
not be used at multiple well sites to prevent cross-contaminating the wells.   

2. The wetted (contaminated) portion of the bailer cord will be cut off and disposed of with 
the bailer. 

Pumps and tubing: 

1. If a pump is used to purge/sample the wells, one gallon of distilled water will be pumped 
through the tubing immediately after each use.   

2. Wash the exterior surfaces of the pump and hose with phosphate-free soap (Liqui-Nox® 
or equivalent) and water. 

3. Rinse with tap water and then rinse three times with distilled or deionized water.   

4. Air dry the equipment before reuse. 

2.1.6.3 Surface Water Collection Equipment 

If surface water samples are collected using the direct method, decontamination is not necessary 
as new sampling containers are used at each sampling location.  For the dip sampling and 
peristaltic sampling techniques, the following decontamination procedure will be used to ensure 
that non-disposable sampling equipment is thoroughly decontaminated between sample 
collections. 

1. Wash the interior and exterior surfaces with phosphate-free soap (Liqui-Nox® or 
equivalent) and water.   

2. Rinse the field equipment with distilled or deionized water three times. 

3. Air dry the decontaminated equipment.   

4. Disposable items such as paper towels, gloves, and washcloths will be deposited into a 
garbage bag and disposed of in a solid waste landfill.  Wash and rinse water will be 
disposed of on site so as not to flow into an active water way. 

2.2 Analytical Methods Requirements 

The analytical parameters list for this project has been identified as the constituents exceeding 
Montana water quality standards as listed in Circular DEQ-7 (DEQ 2008).  The DEQ-7 water 
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quality standards for metals are defined as total recoverable metals, except for aluminum.  If the 
field measured pH for the surface water samples is between 6.5 and 9.0, an aluminum water 
sample will be field filtered with a 0.45 micron filter and will be analyzed for dissolved 
aluminum.  If the field measured pH is below 6.5 or above 9.0, the aluminum water sample will 
be analyzed for total aluminum in general accordance with Circular DEQ-7 (DEQ 2008).  For the 
groundwater and mine water quality comparison of water quality, only total metals will be 
analyzed.  Tables 1 and 4 summarize laboratory analytical parameters, analytical method 
numbers, reporting limits, required bottle sizes, sample preservation, and holding times.  

2.3 Quality Control Requirements 

Quality control (QC) samples will be employed to evaluate data quality.  QC sample results are 
used to review data quality and to calculate the accuracy and precision of the chemical analysis 
program.  The purpose of each type of QC sample, collection and analysis frequency, and 
evaluation criteria are described in this section.  

2.3.1 Field Quality Control Requirements 

Sample QC protocols will include the collection of one field blank for every batch of samples to 
be submitted blind to the laboratory.  Soil samples will be sent to the analytical laboratory in one 
batch unless DEQ requests additional testing.   

2.3.1.1 Field Duplicate Samples 

Field duplicates will be used as QC indicators to ensure that field sampling and laboratory 
methods are consistent and reliable.  One field duplicate will be completed for each batch of 
water samples and for every 20 soil samples.  Only one duplicate soil sample will be obtained; 
one surface water duplicate will be obtained per quarterly sampling event;  one duplicate 
groundwater sample will be obtained per sampling event; and one duplicate mine water sample 
will be obtained during the mine investigation activities. 

2.3.1.2 Field Blank Samples 

Field blanks ensure that contaminants are not originating from the water (distilled or deionized) 
that is used for decontaminating field equipment.  Field blanks are prepared by filling a 250 mL 
polyethylene container with a stream of distilled or deionized water directly from the container.  
Field blanks are preserved as needed for the requested analyses.  

2.3.1.3 Rinsate Blank Samples 

Rinsate blanks ensure non-disposable equipment is properly decontaminated and reduce the risk 
of cross-contamination between different sample depths and areas.  The following procedure will 
be used to prepare a rinsate blank: 

1. Spray a stream of distilled water on a decontaminated piece of equipment, such as a 
trowel or shovel. 

2. Collect the water directly into a 250 mL polyethylene container without touching the 
opening of the bottle. 

3. Add specified preservative (only for bottles that are not pre-preserved). 
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4. Screw on the cap. 

2.3.2 Laboratory Quality Control Requirements 

The laboratory QC requirements for this project were selected to meet the project DQOs.  While 
the utmost effort will be made to achieve the project DQOs, there may be cases in which it is not 
possible to meet the specified goals.  Any limitation in data quality due to analytical problems 
(e.g., elevated detection limits due to highly contaminated samples) will be identified within 48 
hours and brought to the attention of the TerraGraphics Project Manager.  In addition, this 
information will be discussed in the Phase II RI Report. 

The QC procedures and requirements are based on current analytical protocols described in the 
following: 

 Final USEPA Contract Laboratory Program National Functional Guidelines for 
Inorganic Data Review (EPA 2004); 

 Superfund Analytical Services/Contract Laboratory Program Multi-Media, Multi-
Concentration Inorganic Analysis Statement of Work, ILM05.4 (EPA 2007); 

 EPA Publication SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods (EPA 2008a);  

All QC measurements and data assessment for this project will be conducted from and within 
batches of samples from this project alone; in other words, no “other project” samples will be 
used with samples from this project for assessment of data quality.  Examples of laboratory QC 
samples include method blanks, spikes, and duplicates.  Documentation will include custody 
seals, calibration history, level of standards, and the frequency and type of the QA/QC sample.  
The QC sample frequencies are summarized in Table 5. 
 

Table 5. Quality Control Sample Frequency 

Quality Control Check Frequency 

Duplicates 

Field Duplicate 
Laboratory Duplicate 

 

1:Batch/matrix 
1:Batch/matrix 

Blanks 

Field Blank 
Rinsate Blank 

 

1:Batch 
1:Batch 

Laboratory Matrix Spike 1:Batch 

Notes: 

One batch equals 20 samples for soil 

2.4 Instrument Calibration and Frequency 

Instrument calibration and frequency will follow the guidance outlined in the EPA CLP SOW 
(EPA 2007), the Final USEPA CLP National Functional Guidelines for Inorganic Data Review 
(EPA 2004) or the EPA publication SW-846, Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods (EPA 2008a).  Metals analysis will use ICP-ICPMS instrumentation 
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with appropriate calibration and frequencies for the constituents of concern.  All laboratory 
instruments will be maintained as specified in the QA plans submitted by the project laboratory 
and according to manufacturers’ instructions. 

Field instrumentation will be examined and tested prior to being put into service and will be 
maintained according to the manufacturer’s instructions.  Sampling personnel will maintain a 
supply of typical maintenance replacement items available in the field to help prevent downtime 
because of equipment malfunctions.  Examples of typical equipment maintenance items may 
include but are not limited to: filters, tubing, fittings, sample containers, batteries, and calibration 
standards. 

2.5 Data Acquisition Requirements 

The DQOs for the project are designed to ensure sufficient data accuracy and precision and to 
certify that the data will be useful for decision making related to any proposed reclamation or 
remedial action, analysis or additional investigation.  The data quality parameters presented in 
this section are: precision, accuracy (bias), completeness, and comparability.  

2.5.1 Precision 

Precision is a measure of data variation when more than one measurement is taken on the same 
sample.  The precision estimate for duplicate measurements can be expressed as the RPD: 
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where: RPD = relative percent difference 

 C1 = concentration of QA/QC sample 

 C2 = concentration of associated original  

The resultant RPD will be compared to the acceptance criteria present in Table 6 and deviations 
from specified limits will be reported.  If the objective criteria are not met, the laboratory will 
supply a justification of why the acceptability limits were exceeded and implement the 
appropriate corrective actions.  The RPD will be evaluated during data quality review, deviations 
from the specified limits will be noted, and the effect on reported data commented upon by the 
data reviewer.  Laboratory duplicate measurements will be obtained for each set of samples 
submitted and analyzed. 

2.5.2 Accuracy 

Accuracy of laboratory analysis is assessed by measuring spiked samples.  Laboratory reference 
materials are utilized to calibrate laboratory measurement instruments. 

Spike recovery is determined by splitting a sample into two portions, spiking one portion with a 
known quantity of a constituent of interest, and analyzing both portions to determine spike 
recovery.  Spike recovery is expressed as percent recovery: 
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where: %RS = percent recovery of spike 

 SC = spiked sample concentration 

 OC = original concentration 

 TV = true value of the added spike  

The resultant percent recoveries will be compared to the acceptance criteria presented in Table 6 
and deviations from specified limits will be reported.  If the objective criteria are not met, the 
laboratory will supply a justification of why the acceptability limits were exceeded and 
implement the appropriate corrective actions.  Percent recoveries will be reviewed during data 
quality review, and deviations from the specified limits will be noted and the effect on reported 
data commented upon by the data reviewer. 

2.5.3 Completeness 

Completeness is an estimate of the amount of valid data obtained from the analytical 
measurement system for a given set of data.  Percent completeness is defined as the number of 
samples analyzed that meet the data quality goals, divided by the total number of samples 
analyzed, multiplied by 100.  The completeness goal for this project is 95%. 
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where: %C = percent completeness 

 Nq = number of quality samples 
(i.e., those that meet data quality acceptance criteria) 

 Nt = total number of samples analyzed  

Non-valid data (i.e., data qualified as “R” rejected) will be identified during the QA review 
(section 2.6.1). 

2.5.4 Comparability 

Using standard EPA protocols, all matrix-specific samples will be collected, processed, and 
analyzed at sufficient detection limits, precision, and accuracy for correlation with other data 
collected at the Lilly/Orphan Boy Mine. 

Table 6. Data Quality Criteria 

Data Quality Parameter Acceptable Criteria 

Precision ±20% 

Accuracy 75% - 125% 

Completeness 95% 

2.6 Data Management 

2.6.1 Data Recording 

The laboratory will maintain detailed procedures for laboratory record keeping supporting the 
validity of all analytical work.  Each data report package submitted to TerraGraphics will contain 
written certification that the requested analytical method was run and that all QA/QC checks 
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were performed.  The laboratory program administrator will provide TerraGraphics with QC 
reports of their external audits if appropriate, which will become part of the central project files. 

2.6.2 Data Transformation 

Laboratory qualifiers as described and defined in the laboratory QA plans will include: 

 Concentration below required reporting limit, 

 Estimated concentration due to poor spike recovery, 

 Concentrations of the chemical also found in laboratory blank, and 

 Other sample-specific qualifiers necessary to describe QC conditions. 

2.6.3 Data Transmittal 

The laboratory will provide the following hard copy information for each analytical data package 
submitted for the project: 

 The cover sheet will list the samples included in the report, provide narrative comments 
describing problems encountered in analysis, and identify any analyses not meeting 
quality control criteria, including holding times. 

 Chain-of-custody forms and cooler receipt forms will be provided. 

 Tabulated results and reporting limits will be provided for all analytes shown.  All 
analytes will be reported for each sample as a detected concentration or as not detected 
above the reporting limits, which must be stated.  The laboratory will also report dilution 
factors, date of extraction, extraction batch number, date of analysis, and analytical batch 
number for each sample.   

 Analytical results will be provided for QC sample spikes, laboratory duplicates, initial 
and continuing calibration verifications of standards and laboratory blanks, standard 
procedural blanks, laboratory control samples, surrogates, laboratory reference materials, 
interference check samples, and detection limit check samples. 

 Data reduction and QC review steps will be documented, signed, and dated by an 
authorized representative. 

2.6.4 Data Reduction 

The laboratory will perform in-house analytical data reduction under the direction of the 
laboratory Project Manager.  Data reduction will be conducted as follows: 

 Raw data produced by the analyst will be processed and reviewed: for attainment of QC 
criteria as outlined in this SAP/QAPP and/or established in EPA methods; for overall 
reasonableness; and for transcription or calculation errors. 

 The laboratory Project Manager will decide whether any sample re-analysis is required 
and will discuss re-analysis of the samples with the appropriate TerraGraphics personnel 
as soon as possible.  If corrective actions have been taken and data still do not meet 
project QA requirements, the TerraGraphics Project Manager will be notified within 48 
hours of the corrective action. 
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Laboratory data reduction procedures will be: those specified in the EPA Publication SW-846, 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (EPA 2008); those 
specified for the analytical test methods presented in Section 2; and those described in the 
laboratory SOPs.  The data reduction steps will be documented, signed, and dated by the analyst. 

2.6.5 Data Tracking 

The laboratory review will be conducted by a laboratory QA reviewer who has the initial 
responsibility for the correctness and completeness of the data.  The laboratory QA reviewer will 
evaluate the quality of the work based on an established set of laboratory guidelines and this 
SAP/QAPP to ensure that: 

 Sample preparation information is correct and complete, 

 Analysis information is correct and complete, 

 Appropriate procedures have been followed, 

 Analytical results are correct and complete, 

 QC sample results are within appropriate QC limits, 

 Laboratory blanks are within appropriate QC limits, 

 Special sample preparation and analytical requirements have been met, and 

 Documentation is complete (all anomalies in the preparation and analysis have been 
documented; holding times are documented). 

2.6.6 Data Storage and Retrieval 

The laboratory will prepare and retain (as per in-house laboratory procedures) full analytical and 
associated QC documentation.  All data submitted to TerraGraphics for this project will be 
retained for 5 years or until termination of the contract.  An electronic copy of the data will be 
sent to DEQ with the Phase II RI Report. 

Section 3.0 Assessment/Oversight 

3.1 Assessment and Response Actions 

3.1.1 Readiness Review 

The ultimate responsibility for maintaining quality throughout the sampling event rests with the 
TerraGraphics Project Manager.   

3.1.2 Surveillance 

The day-to-day responsibility for assuring the quality of field and laboratory data rests with the 
TerraGraphics Project Manager and the DEQ approved laboratory Project Manager, respectively. 
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3.1.3 Technical Systems Audit 

Nonconformance with the established QC procedures will be expeditiously identified and 
controlled.  Where procedures are not in compliance with the established protocol, corrective 
actions will be taken immediately.  Subsequent work which depends on the nonconforming 
activity will not be performed until the identified nonconformance is corrected. 

3.1.4 Performance Evaluation Audits 

The TerraGraphics Field Manager will review the procedures being implemented in the field for 
consistency with the established protocols.  Sample collection, preservation, labeling, etc. will be 
checked for completeness.  Where procedures are not strictly in compliance with the established 
protocol, the deviations will be field documented and reported to the TerraGraphics Project 
Manager.  Corrective actions will be defined by the TerraGraphics Field and Project Managers 
and will be documented and implemented as appropriate. 

3.1.5 Audit of Data Quality 

TerraGraphics will review the data generated for this project to ensure that all project QA/QC 
objectives are met.  Should nonconformance be identified in the field procedures, sample 
collection procedures, field documentation procedures, laboratory analytical and documentation 
procedures, or data evaluation and quality review procedures, the impact of said nonconformance 
on the overall project objectives will be assessed.  Appropriate actions, including re-sampling 
and re-analysis may be recommended, as directed by the TerraGraphics Project Manager, so that 
the project objectives can be accomplished. 

3.2 Reports Management 

Results of the QA/QC review and validation will be included in the Phase II RI Report, which 
will provide a basis for meaningful interpretation of the data quality and evaluate the need for 
corrective actions and/or comprehensive data validation.  The data quality review will be 
summarized in a technical memorandum and included as an Appendix of the Phase II RI Report. 

Section 4.0 Laboratory Data Deliverables, Quality Assurance 
Review, and Reporting 

The chemical data reduction and review process for this project will include data generation and 
reduction and QA review.  TerraGraphics will prepare a Phase II RI Report to summarize the 
analytical results and the QA/QC review.  Data quality review responsibilities are summarized in 
Table 7. 
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Table 7. Data Quality Review Responsibilities 

Task Project Laboratory TerraGraphics 

Laboratory data quality review and 
data reduction 

X  

Data Quality Review  X 

Phase II RI (include summary of 
QA/QC review) 

 X 

4.1 Laboratory Data Reduction Procedures 

The laboratory will perform in-house analytical data reduction under the direction of the 
laboratory Project Manager.  Data reduction will be conducted as follows: 

 
 Raw data produced by the analyst will be processed and reviewed for attainment 

of QC criteria as outlined in this SAP/QAPP and/or established in USEPA 
methods, for overall reasonableness, and for transcription or calculation errors. 

 
 The laboratory Project Manager will decide whether any sample re-analysis is 

required and will discuss re-analysis of the samples with the appropriate 
TerraGraphics personnel as soon as possible.  If corrective actions have been 
taken and data still do not meet project QA requirements, the TerraGraphics 
Project Manager will be notified within 48 hours of the corrective action. 

Laboratory data reduction procedures will be those specified in the EPA Publication SW-846, 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (EPA 2008); those 
specified for the analytical test methods presented in Section 2, and; those described in the 
laboratory SOPs.  The data reduction steps will be documented, signed, and dated by the analyst. 

4.2 Laboratory Qualifiers 

Laboratory qualifiers as described and defined in the laboratory QA plans will include: 

 Concentration below required reporting limit, 
 Estimated concentration due to poor spike recovery, 
 Concentrations of the chemical also found in laboratory blank, and 
 Other sample-specific qualifiers necessary to describe QC conditions. 

4.3 Laboratory Recordkeeping 

The laboratory will maintain detailed procedures for laboratory recordkeeping in order to support 
the validity of all analytical work.  Each data report package submitted to TerraGraphics will 
contain written certification that the requested analytical method was run and that all QA/QC 
checks were performed.  The laboratory program administrator will provide TerraGraphics with 
QC reports of their external audits if appropriate, which will become part of the central project 
files. 
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4.4 In-House Laboratory Data Review 

The laboratory review will be conducted by a laboratory QA reviewer who has the initial 
responsibility for the correctness and completeness of the data.  The laboratory QA reviewer will 
evaluate the quality of the work based on an established set of laboratory guidelines and this 
SAP/QAPP to ensure that: 

 Sample preparation information is correct and complete, 
 Analysis information is correct and complete, 
 Appropriate procedures have been followed, 
 Analytical results are correct and complete, 
 QC sample results are within appropriate QC limits, 
 Laboratory blanks are within appropriate QC limits, 
 Special sample preparation and analytical requirements have been met, and 
 Documentation is complete (all anomalies in the preparation and analysis have 

been documented; holding times are documented). 

4.5 Data Deliverables 

To ensure that project chemical data are sufficient to meet both qualitative and quantitative 
DQOs, the laboratory will provide laboratory data deliverables that will permit a limited data 
quality assessment following the general requirements of the Final USEPA Contract Laboratory 
Program National Functional Guidelines for Inorganic Data Review (USEPA 2004); USEPA 
Publication SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods 
(USEPA 2008a); and USEPA Guidance on Environmental Data Verification and Data 
Validation (USEPA 2002a). 

Information provided will be sufficient to review the data with respect to: 

 
 Holding times and conditions, 
 Detection/quantitation limits, 
 Surrogate recoveries, 
 Laboratory duplicates and MS/MSDs, 
 Precision and accuracy, 
 Representativeness, 
 Comparability, 
 Completeness, and 
 Method SOP adherence. 

All data submitted to TerraGraphics for this project will be retained for five years or until 
termination of the contract.  An electronic copy of the data will be sent to DEQ with the Phase II 
RI Report. 

The laboratory will prepare and retain (as per in-house laboratory procedures) full analytical and 
associated QC documentation.  The laboratory will report the data as an analytical batch of 20 
samples or less, along with associated QC reporting data.  The final analytical data will be 
provided in a limited deliverable data format as described below.   
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The analytical results will be submitted to TerraGraphics via hard copy and electronic files.   

 

The laboratory will provide the following hard copy information for each analytical data package 
submitted for the project: 

 
 The cover sheet will list the samples included in the report; provide narrative 

comments describing problems encountered in analysis; and identify any analyses 
not meeting quality control criteria, including holding times. 

 
 Chain-of-custody forms and cooler receipt forms will be provided. 

 
 Tabulated results and reporting limits will be provided for all analytes shown.  All 

analytes will be reported for each sample as a detected concentration or as not 
detected above the specific limits of quantitation, which must be stated.  The 
laboratory will also report dilution factors, date of extraction, extraction batch 
number, date of analysis, and analytical batch number for each sample.   

 
 Analytical results will be provided for QC sample spikes, laboratory duplicates, 

initial and continuing calibration verifications of standards and laboratory blanks, 
standard procedural blanks, laboratory control samples, surrogates, laboratory 
reference materials, interference check samples, and detection limit check 
samples. 

 
 Data reduction and QC review steps will be documented, signed, and dated by an 

authorized representative. 

 

4.6 Data Quality Review / Data Validation 

The second level of review will be performed by TerraGraphics and will include a review of 
laboratory performance criteria and sample-specific criteria.  One hundred percent of the data 
will be reviewed.  Additionally, TerraGraphics will determine whether the DQOs have been met 
and will calculate the data completeness for the project.   

Data quality review is a process to determine if the data meet project-specific DQOs.  The data 
quality review will include verification of the following: 

 
 Compliance with the SAP/QAPP, 
 Proper sample collection and handling procedures, 
 Holding times, 
 Field QC results, 
 Instrument calibration verification, 
 Laboratory blank analysis, 



SAP/QAPP for Site Characterization of Lilly/Orphan Boy Mine, Powell Co., MT 

 
36

 Detection limits, 
 Laboratory duplicates, 
 MS/MSD percent recoveries and relative percent differences, 
 Surrogate percent recoveries, 
 Data completeness and format, and 
 Data qualifiers assigned by the laboratory. 

Qualifiers that may be applied to the data include the following: 

U The analyte was analyzed for but was not detected above the reporting limit. 

J The analyte was positively identified; the associated numerical value is an estimate of the 
concentration of the analyte in the sample. 

UJ The analyte was not detected above the sample reporting limit.  However, the reporting 
limit is approximate and may or may not represent the actual limit of quantitation 
necessary to accurately and precisely measure the analyte in the sample. 

R The sample results are rejected due to serious deficiencies in the ability to analyze the 
sample and meet quality control criteria.  The presence or absence of the analyte cannot 
be verified. 

Results of the QA review and/or validation will be included in the Phase II RI Report, which will 
provide a basis for meaningful interpretation of the data quality and evaluate the need for 
corrective actions.   
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Water Sampling Record Sheet 

 



*Fill in prior to field work 

 
 

SURFACE WATER SAMPLING RECORD 

 
PROJECT:  STATION NAME:   

PROJECT NUMBER:    SAMPLE NUMBER: 

LOCATION: WEATHER: 

DATE:                         TIME: SAMPLERS: 

 

WATER QUALITY PARAMETERS 

 

pH 

Temperature 

(
o
C) 

S.C. 

 (___/cm) 

D.O.  

(mg/l) 

D.O.  

(% Sat) 

ORP  

(mV) 

      

 

SAMPLES 

Analyte*      

Sample ID      

Time      

Preservative      

Filtered?      

Container      

 

Analyte*      

Sample ID      

Time      

Preservative      

Filtered?              

Container      

 

Streambank Description: _________________________________________________ 

Water Flow Type (circle one):  Laminar   Stagnant  Turbulent  Other(describe):  

Stream-bed Description: __________________________________________________ 

Water Quality Description (i.e. cloudy, odor, etc.): ____________________________ 

 

FLOW MEASUREMENTS: 

Area (ft
2
): 

Velocity (ft/sec): 

Discharge (Q) (cfs): 

 

NOTES: 
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CHAPTER 5.-MEASUREMENT OF DISCHARGE BY 
CONVENTIONAL CURRENT-METER METHOD 

INTRODUCTION 

Streamflow, or discharge, is defined as the volume rate of flow of 
water, including any substances suspended or dissolved in the water. 
Discharge is usually expressed in cubic feet per second or cubic me- 
ters per second. 

Discharge measurements are made at each gaging station to de- 
termine the discharge rating for the site. The discharge rating may be 
a simple relation between stage and discharge or a more complex 
relation in which discharge is a function of stage, slope, rate of change 
of stage, or other factors. Initially the discharge measurements are 
made with the frequency necessary to define the station rating, as 
early as possible, over a wide range of stage. Measurements are then 
made at periodic intervals, usually monthly, to verify the rating or to 
define any changes in the rating caused by changes in stream- 
channel conditions. 

Discharge measurements may he made by any one of the methods 
discussed in chapters 5-8. However, the conventional current-meter 
method is most commonly used in gaging streams. When using this 
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method, observations of width, depth, and velocity are taken at inter- 
vals in a cross section of the stream, while the hydrographer is wad- 
ing or supported by a cableway, bridge, ice cover, or boat. A current 
meter is used to measure velocity. This chapter describes the con- 
ventional current-meter method. 

GENERAL DESCRIPTION OF A CONVENTIONAL 
CURRENT-METER MEASUREMENT 

OF DISCHARGE 

A current-meter measurement is the summation of the products of 
the subsection areas of the stream cross section and their respective 
average velocities. The formula 

Q = Zu u) (9) 

represents the computation, where Q is total discharge, a is an indi- 
vidual subsection area, and u is the corresponding mean velocity of 
the flow normal to the subsection. 

In the midsection method of computing a current-meter measure- 
ment, it is assumed that the velocity sample at each vertical repre- 
sents the mean velocity in a rectangular subsection. The subsection 
area extends laterally from half the distance from the preceding ob- 
servation vertical to half the distance to the next, and vertically from 
the water surface to the sounded depth. (See fig. 41.1 

The cross section is defined by depths at verticals 1,2,3,4, . . . n. At 
each vertical the velocities are sampled by current meter to obtain 
the mean velocity for each subsection. The subsection discharge is 
then computed for any subsection at vertical x by use of the equation, 

4s = u.r [ 
a- - h-1,) + (b,+,, - b.I-) 

2 2 1 & 
= u, (s+l) - be,, 

2 1 d s (10) 
where 

qx = discharge through subsection x, 
u,r = mean velocity at vertical x, 
b, = distance from initial point to vertical x, 

b,,.-,, = distance from initial point to preceding vertical, 
bm+,, = distance from initial point to next vertical, and 

d,. = depth of water at vertical x. 
Thus, for example, the discharge through subsection 4 (heavily 

outlined in fig. 41) is 
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q4 = u4 [ 1 bs - 6s 
2 

d 
4. 

The procedure is similar when x is at an end section. The “preced- 
ing vertical” at the beginning of the cross section is considered coinci- 
dent with vertical 1; the “next vertical” at the end of the cross section 
is considered coincident with vertical n. Thus, 

41 = UI [ 1 b-b, d 
2 1 

and 

bn 
b-1) 

I 

EXPLANATION 

1,2,3 . . . . . . . . n Observation verticals 

bl.bz,tq, . . ..b. Distance, in feet or meters, from the 
initial point to the observation vertical 

dl,dz,dg. . . ..d. Depth of water, in feet or meters, at the 
observation vertical 

Dashed lines Boundaries of subsections; one 
heavily outlined is discussed in text 

FIGURE 41.-Definition sketch of midsection method of computing cross-section area 
for discharge measurements. 
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For the example shown in figure 41, q, is zero because the depth at 
observation point 1 is zero. However, when the cross-section bound- 
ary is a vertical line at the edge of the water as at vertical n, the depth 
is not zero and velocity at the end vertical may or may not be zero. 
The formula for q, or q,t is used whenever there is water only on one 
side of an observation vertical such as at piers, abutments, and is- 
lands. It is necessary to estimate the velocity at an end vertical, 
usually as some percentage of the adjacent vertical, because it is 
impossible to measure the velocity accurately with the current meter 
close to a boundary. There is also the possibility of damage to the 
equipment if the flow is turbulent. Laboratory data suggest that the 
mean vertical velocity in the vicinity of a smooth sidewall of a 
rectangular channel can be related to the mean vertical velocity at a 
distance from the wall equal to the depth. The tabulation below gives 
values that define the relation. 

Lhstance porn lmll, as a Mean uertrcal uelm1ty, as 
ram of the depth related to V,, 

0.00 
.25 

O:g;$J 

.50 .95v:: 
1.00 LOOV,, 

NOTE-V, IS the mean vertrcal velocity at a distance from the vertical wall equal to the depth. 

The summation of the discharges for all the subsections-usually 
25 to 30 in number-is the total discharge of the stream. An example 
of the measurement notes used by the U.S. Geological Survey is 
shown in figure 42. 

The mean-section method, used by the U.S. Geological Survey prior 
to 1950, differs from the midsection method, described above, in com- 
putation procedure. In the older method discharges are computed for 
subsections between successive observation verticals. The velocities 
and depths at successive verticals are each averaged, and each sub- 
section extends laterally from one observation vertical to the next. 
Subsection discharge is the product of the average of two mean veloci- 
ties, the average of two depths, and the distance between observation 
verticals. In both methods total discharge is the sum of the subsection 
discharges. A study by Young (1950) concluded that the midsection 
method is simpler to compute and is a slightly more accurate proce- 
dure than the mean-section method. 

Current-meter meaurements are usually classified in terms of the 
means used to cross the stream during the measurement, such as 
wading, cableway, bridge, boat, or ice cover. 

INSTRUMENTS AND EQUIPMENT 

Current meters, timers, and a means of counting meter revolutions 
are needed for the measurement of discharge, along with additional 
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FIGURE 42.-Computation notes of a current-meter measurement by the midsection 
method. 
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equipment that depends on the manner in which the measurement is 
to be made-that is, whether by wading, cableway, bridge, boat, or 
from ice cover. Instruments and equipment used in making the 
current-meter measurements are described in this section of the 
manual under the following categories: current meters, sounding 
equipment, width-measuring equipment, equipment assemblies, and 
miscellaneous equipment. 

CURRENT METERS 

A current meter is an instrument used to measure the velocity of 
flowing water. The principle of operation is based on the pro- 
portionality between the velocity of the water and the resulting angu- 
lar velocity of the meter rotor. By placing a current meter at a point 
in a stream and counting the number of revolutions of the rotor dur- 
ing a measured interval of time, the velocity of water at that point is 
determined. 

The number of revolutions of the rotor is obtained by an electrical 
circuit through the contact chamber. Contact points in the chamber 
are designed to complete an electrical circuit at selected frequencies 
of revolution. Contact chambers can be selected having contact points 
that will complete the circuit twice per revolution, once per revolu- 
tion, or once per five revolutions. The electrical impulse produces an 
audible click in a headphone or registers a unit on a counting device. 
The intervals during which meter revolutions are counted are timed 
with a stopwatch. A discussion of the required time interval follows. 

Turbulent flow, which is ordinarily found in natural streams and in 
artificial channels, is always accompanied by local eddying, which 
results in pulsations in the velocity at any point. Figure 43, taken 
from a study by Pierce (19411, shows the pulsations observed in a 
laboratory flume for two different mean velocities. The greater mag- 
nitude of the pulsations, relative to the mean, at the lower velocity 
explains why current-meter observations at a point should cover a 
longer period when low velocities are being measured than when 
higher velocities are being measured. At high velocities, pulsations 
have only minor effect on the current-meter observations. In the 
U.S.A. it is customary to observe velocity at a point by current meter 
for a period that ranges from 40 to 70 s. It is recognized that the use of 
a period of from 40 to 70 s is not long enough to insure the accuracy of 
a single point-observation of velocity. However, because the pulsa- 
tions are random and because velocity observations during a dis- 
charge measurement are made at 25 to 30 verticals, usually with two 
observations being made in each vertical, there is little likelihood 
that the pulsations will bias the total measured discharge of a stream. 
(See p. 181-182.) Longer periods of current-meter observation at a 
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point are not used, because it is desirable to complete a discharge 
measurement before the stage changes significantly and because the 
use of longer observation periods may add significantly to the operat- 
ing cost of a large number of gaging stations. 

Current meters generally can be classified with respect to two main 
types: those meters having vertical-axis rotors and those having 
horizontal-axis rotors. The comparative characteristics of these two 
types are summarized below: 
1. Vertical-axis rotor with cups or vanes. 

a. Operates in lower velocities than do horizontal-axis meters. 
b. Bearings are well protected from silty water. 
c. Rotor is repairable in the field without adversely affecting the 

rating. 
d. Single rotor serves for the entire range of velocities. 

2. Horizontal-axis rotor with vanes. 
a. Rotor disturbs flow less than do vertical-axis rotors because of 

axial symmetry with flow direction. 
b. Rotor is less likely to be entangled by debris than are vertical- 

axis rotors. 
c. Bearing friction is less than for vertical-axis rotors because 

bending moments on the rotor are eliminated. 

VERTICAL-AXIS CURRENT METERS 

A common type of vertical-axis current meter is the Price meter, 
type AA. (See fig. 44.) This meter is used extensively by the U.S. 
Geological Survey. The standard Price meter has a rotor 5 in (0.127 
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FIGURE 43.-Comparison of pulsations for two different mean velocities measured in a 
laboratory flume, 12 ft wide. 
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m) in diameter and 2 in (0.05 m) high with six cone-shaped cups 
mounted on a stainless-steel shaft. A pivot bearing supports the rotor 
shaft. The contact chamber houses both the upper part of the shaft 
and a slender bronze wire (cat’s whisker) attached to a binding post. 
With each revolution an eccentric contact on the shaft makes contact 
with a bead of solder at the end of the cat’s whisker. A separate 
reduction gear (pentagear), wire, and binding post provide a contact 
each time the rotor makes five revolutions. A tailpiece keeps the 
meter pointing into the current. 

In addition to the standard type AA meter for general use there is a 
type AA meter for low velocities. No pentagear is provided. This 
modification reduces friction. The shaft usually has two eccentrics 
making two contacts per revolution. The low-velocity meter normally 
is rated from 0.2 to 2.5 ft/s (0.06 to 0.76 m/s) and is recommended for 
use when the mean velocity at a cross section is less than 1 ft/s (0.3 
m/s). 

In addition to the type’AA meters, the U.S. Geological Survey uses 
a Price pygmy meter in shallow depths. (See fig. 44.) The pygmy 
meter is scaled two-fifths as large as the standard meter and has 
neither a tailpiece nor a pentagear. The contact chamber is an inte- 
gral part of the yoke of the meter. The pygmy meter makes one 
contact per revolution and is used only with rod suspension. 

The U.S. Geological Survey has recently developed a four-vane 
vertical-axis meter. (See fig. 45.) This meter is useful for meas- 
urements under ice cover because the vanes are less likely to fill with 
slush ice and because it requires a much smaller hole for passage 
through the ice. One yoke of the vane meter is made to be suspended 
at the end of a rod and will fit holes made by an ice drill. Another yoke 

FIGURE 44.-Price type AA meter, top; Price pygmy meter, bottom. 
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is made for regular cable or rod suspension. (See fig. 45.) The vane 
meter has the disadvantage of not responding as well as the Price 
type AA meter at velocities less than 0.5 ft/s (0.15 m/s). 

A new contact chamber has been designed by the U.S. Geological 
Survey to replace the wiper contact of the type AA and vane meters. 
The new contact chamber contains a magnetic switch, glass enclosed 
in a hydrogen atmosphere and hermetically sealed. The switch as- 
sembly is rigidly fixed in the top of the meter head just above the tip 
of the shaft. The switch is operated by a small permanent magnet 
rigidly fastened to the shaft. The switch quickly closes when the 
magnet is alined with it and then promptly opens when the magnet 
moves away. The magnet is properly balanced on the shaft. Any type 
AA meter can have a magnetic switch added by replacing the shaft 
and the contact chamber. The magnetic switch is placed in the special 
contact chamber through the tapped hole for the binding post. The 
rating of the meter is not altered by the change. An automatic 
counter (p. 130) is used with the magnetic-switch contact chamber. If 
a headphone is used, arcing may weld the contacts. 

A Price meter accessory that indicates the direction of flow is de- 
scribed on page 129. 

Vertical-axis current meters do not register velocities accurately 
when placed close to a vertical wall. A Price meter held close to a 
right-bank vertical wall will underregister because the slower water 
velocities near the wall strike the effective (concave) face of the cups. 
The converse is true at a left-bank vertical wall. (The terms “left 
bank’ and “right bank” designate direction from the center of a 
stream for an observer facing downstream.) The Price meter also 

FIGURE 45.-Vane ice meter, top; vane meter with cable suspension yoke, bottom. 
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underregisters when positioned close to the water surface or close to 
the streambed. 

HORIZONTAL-AXIS CURRENT iMETERS 

The types of horizontal-axis meters most commonly used are the 
Ott, Neyrpic, Haskell, Hoff, and Braystoke. The Ott meter is made in 
Germany, the Neyrpic meter in France, and both are used extensively 
in Europe. The Haskell and Hoff meters were developed in the United 
States, where they are used to a limited extent. The Braystoke meter 
is used extensively in the United Kingdom. The Ott meter (fig. 46) is 
a precision instrument but is not widely used in the U.S.A. because it 
is not as durable as the Price meter under extreme conditions. The 
makers of the Ott meter have developed a component propeller that 
in oblique currents automatically registers the velocity component at 
right angles to the measuring section for angles as great as 45” and 

FIGURE 46.-Ott current meter. 

FIGURE 47.-Velocity components measured by Ott and Price current meters. 
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for velocities as great as 8 ft/s (2.4 m/s). For example, if this compo- 
nent propeller were held in the position AB in figure 47 it would 
register V cos a rather than V, which the Price meter would register. 

The Neyrpic meter is used rarely in the U.S.A. for the same reason 
that the Ott meter is rarely used there. 

The Haskell meter has been used by the U.S. Lake Survey, Corps of 
Engineers, in streams that are deep, swift, and clear. By using propel- 
lers with a variety of screw pitches, a considerable range of velocity 
can be measured. The Haskell meter is more durable than most other 
horizontal-axis current meters. 

The Hoff meter (fig. 48) is another current meter used in the U.S.A. 
The lightweight propeller has three or four vanes of hard rubber. The 
meter is suited for the measurement of low velocities but is not suited 
for rugged use. 

COMPARISON OF PERFORMANCE OF VERTICAL-AXIS AND 
HOKIZONTAL-AXIS CURRENT METERS 

Comparative tests of the performance of vertical-axis and 
horizontal-axis current meters, under favorable measuring condi- 
tions, indicate virtually identical results from use of the two types of 
meter. That was the conclusion reached in 1958 by the U.S. Lake 
Survey, Corps of Engineers, after tests made with the Price, Ott, and 
Neyrpic current meters (Townsend and Blust, 1960). The results of 
one of their tests is shown in figure 49. 

Between the years 1958 and 1960, the U.S. Geological Survey made 
19 simultaneous discharge measurements on the Mississippi River 
using Price and Ott meters. The average difference in discharge be- 
tween results from the two meters was -0.15 percent, using the 
measurements made with the Price meter as the standard for com- 
parison. The maximum differences in discharge measured by the two 
meters was -2.76 and +1.53 percent. 

FIGURE 48.-Hoff current meter. 
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OPI‘ICAL CURRENT METER 

In recent years the U.S. Geological Survey has developed an optical 
current meter (fig. 50). The meter and its use have been described by 
Chandler and Smith (1971). The optical current meter is designed to 
measure surface velocities in open channels without immersing 
equipment in the stream. However, because it measures only surface 
velocity, the optical meter is not considered a substitute for con- 
ventional equipment in those situations where good measurements 
can be made by standard techniques. It is a device that has extended 
the capability of making discharge measurements to a range of situa- 
tions under which standard current-meter techniques cannot be used. 
Those situations include flood velocities that are too high to be meas- 
ured by conventional meter-for example, supercritical velocities in 
floodways-or the presence of a debris load during flood periods that 
makes it hazardous to immerse a current meter. 

Basically, the meter is a stroboscopic device consisting of a low- 
power telescope, a single oscillating mirror driven by a cam, a 
variable-speed battery-operated motor, and a tachometer. The water 
surface is viewed from above through the meter, while gradually 
changing the speed of the motor to bring about synchronization of the 

FIGURE 50.-Optical current meter. 
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angular velocity of the mirror and the surface velocity of the water. 
Synchronization is achieved when the motion of drift or disturbances 
on the water surface, as viewed through the meter, is stopped. A 
reading of the tachometer and height of the meter above the water 
surface are the only elements needed to compute the surface velocity. 

The velocity measurement may be made from any bridge, walkway, 
or other structure that will support the optical meter. The vertical 
axis of the meter must be perpendicular to the water surface. Surface 
velocity (Vs,) is computed from the equation 

V, = KRD, 

where K is the constant for the meter, R is the readout from the 
tachometer, and D is the distance to the water surface in feet. The 
tachometer is scaled to produce a value of K equal to 1.00. The surface 
velocity computed from the above equation must be corrected by an 
appropriate coefficient to obtain the mean velocity in the vertical. The 
precise coefficient applicable is, of course, unique to the particular 
stream and to the location of the vertical in the stream cross section. 
However, data abstracted from conventional current-meter meas- 
urements show that application of a coefficient of 0.90 will not intro- 
duce errors of more than 25 percent in concrete-lined channels. For 
natural channels a coefficient of 0.85 has been used. 

A unique feature of the optical current meter is the automatic 
correction that is made for variations in the direction of the 
streamlines of flow. If the flow approaches the cross section at an 
angle other than the perpendicular, and if the axis of the oscillating 
mirror in the meter is parallel to the cross section, then at the null 
point of observation, the water will appear to move laterally across 
the field of view. The meter measures only the velocity vector normal 
to the cross section, and there is no need to apply horizontal angle 
corrections. 

The range of velocities that can be measured with the optical 
current meter is limited at the lower end by the accuracy of the 
tachometer and at the upper end by the physical limitations of the 
human eye. Table 1 shows the range of velocities that can be meas- 

TABLE l.-Range of velocities that can be measured with optical current meter 

Observatmn heqht CD) MaxImum velocity Mmmwm velocity for 
z5 percent resolution 

(it) (m) m/s) (m/s) Ws) (m/s) 

5 1.52 25 7.62 1.6 0.49 
10 3.05 

B8 4.57 6.10 100 7”: 

15.2 3.2 .98 

22.9 30.5 4.8 6.4 1.46 1.95 
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ured from various heights above the water surface with the U.S. 
Geological Survey model of the meter. The minimum velocities shown 
in column 3 of the table can be measured with an error of 25 percent; 
the higher velocities at the various observation heights will be meas- 
ured with lesser error. 

CARE OF -fHE CURRENT MIXER 

To insure reliable observations of velocity it is necessary that the 
current meter be kept in good condition. The care of conventional 
meters will be discussed first. 

Before and after each discharge measurement the meter cups or 
vanes, pivot and bearing, and shaft should be examined for damage, 
wear, or faulty alinement. Before using the meter its balance on the 
cable-suspension hanger should be checked, the alinement of the 
rotor when the meter is on the hanger or wading rod should also be 
checked, and the conductor wire should be adjusted to prevent inter- 
ference with meter balance and rotor spin. During measurements, the 
meter should periodically be observed when it is out of the water to be 
sure that the rotor spins freely. 

Meters should be cleaned and oiled daily when in use. If meas- 
urements are made in sediment-laden water, the meter should be 
cleaned immediately after each measurement. For vertical-axis me- 
ters the surfaces to be cleaned and oiled are the pivot bearing, pen- 
tagear teeth and shaft, cylindrical shaft bearing, and thrust bearing 
at the cap. 

After oiling, the rotor should be spun to make sure that it operates 
freely. If the rotor stops abruptly, the cause of the trouble should be 
sought and corrected before using the meter. The duration of spin 
should be recorded on the field notes for the discharge measurement. 
A significant decrease in the duration of spin indicates that the bear- 
ings require attention. In vertical-axis current meters the pivot re- 
quires replacement more often than other meter parts, and it there- 
fore should be examined after each measurement. The pivot and pivot 
bearing should be kept separated, except during measurements, by 
use of the raising nut provided in the Price meter or by replacing the 
pivot with a brass plug in the pygmy meter. Fractured, worn, or 
rough pivots should be replaced. 

Meter repairs by the hydrographer should be limited to minor 
damage only. That is particularly true of the rotor, where small 
changes in shape can significantly affect the meter rating. In 
vertical-axis meters, minor dents in the cups can often be 
straightened to restore the original shape of the cups, but in case of 
doubt, the entire rotor should be ‘replaced with a new one. Badly 
sprung yokes, bent yoke stems, misalined bearings and tailpieces 
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should be reconditioned in shops equipped with the specialized 
facilities needed. 

There are only few details connected with care of the optical 
current meter. The meter should be transported in a shock-proof car- 
rying case and the battery should be checked periodically. Field per- 
formance of the tachometer should also be checked periodically. 
Three steps are involved in the checking process. First, a cam speed is 
measured by counting and timing mirror oscillations with a stop- 
watch, and the corresponding dial reading of the tachometer is ob- 
served. Next, a tachometer dial readout is computed from the meas- 
ured cam speed and the known scale factor of the tachometer dial. In 
the final step the observed dial reading and the computed dial readout 
are compared. 

RATING OF CURRENT METERS 

To determine the velocity of the water from the revolutions of the 
rotor of a conventional current meter, ti relation must be established 
between the angular velocity of the rotor and the velocity of the water 
that spins the rotor. That relation is known as the rating of the 
current meter. The rating is established by first towing the meter at a 
constant velocity through a long water-filled trough, and then relat- 
ing the linear and rotational velocities of the current meter. The 
following paragraphs describe the rating of meters by the U.S. 
Geological Survey at the Hydrologic Instrumentation Facility in 
Mississippi. 

The rating trough used is a sheltered concrete tank 450 ft (137 m) 
long, 12 ft (3.7 m) wide, and 12 ft (3.7 m) deep. An electrically driven 
car rides on rails extending the length of the tank. The car carries the 
current meter at a constant rate through the still water in the basin. 
Although the rate of travel can be accurately adjusted by means of an 
electronic regulating gear, the average velocity of the moving car is 
determined for each run by making an independent measurement of 
the distance it travels during the time that the revolutions of the 
rotor are electrically counted. Eight pairs of runs are usually made 
for each current meter. A pair of runs consists of two traverses of the 
basin, one in each direction, at the same speed. Practical consid- 
erations usually limit the ratings to velocities ranging from 0.1 to 
about 15 ft/s (0.03 to about 4.6 m/s), although the car can be operated 
at lower speeds. Unless a special request is made for a more extensive 
rating, the lowest velocity used in the rating is about 0.2 ft/s (0.06 
m/s), and the highest is about 8.0 ft/s (2.5 m/s). 

For convenience in field use, the data from the current-meter rat- 
ings are reproduced in tables, a sample of which is shown in figure 51. 
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The velocities corresponding to a range of 3 to 350 revolutions of the 
rotor within a period of 40 to 70 s are listed in the tables. This range 
in revolution and time has been found to cover general field require- 
ments. To provide the necessary information for extending a table for 
the few instances where extensions are required, the equations of the 
rating table are shown in the spaces provided in the heading. The 
term, R, in the equations refers to revolutions of the rotor per second. 
The equation to the left of the figure in parentheses (2.20 in fig. 51) is 
the equation for velocities less than 2.20 ft./s (0.67 m/s), and the equa- 
tion to the right is for velocities greater than 2.20 ft/s. The velocity 
2.20 ftls is common to both equations. 

It should be noted that the equations given are those of the rating 
table and not necessarily those of the actual rating. If a rating table 
already on file matches a rating within close tolerances, that table is 
selected in preference to preparing a new one. The tolerances are 
listed below: 

Reuolutxms of rotor Tolerance, zn 
per second (RI percent 

Lessthan 1.0~---------------------------------------- 1.0 
1.0 and greater----___----______________________----- .5 

Because of the rigid control in the manufacture of the Price meter, 
virtually identical meters are now being produced, and their rating 
equations tend to be identical. Therefore, the U.S. Geological Survey 
now feels no need to calibrate the meters individually. Instead, an 
average standard rating is established by calibrating a large number 
of meters that have been constructed to U.S. Geological Survey 
specifications, and that rating is then supplied with each meter. To 
insure that all meters are virtually identical, the dies and fixtures for 
the construction of Price meters are supplied to the manufacturer. 

Price meters that have been first rated using a wading-rod suspen- 
sion, and then rated using a cable suspension with U.S. Geological 
Survey Columbus-type weights and hangers, have not shown 
significant differences in rating. Therefore, no suspension coefficients 
are needed, and none should be used, if Columbus-type weights and 
hangers are properly used. Tests that compared meters were dis- 
cussed on pages 89-90. In those tests Columbus-type weights were 
used with all meters. The close agreement of results for all meters 
indicate that no suspension coefficients are required when 
horizontal-axis current meters are used with Columbus-type weights. 

The rating of the optical current meter is relatively simple. Its 
operation is based on precise mathematical principles, and, given an 
accurate tachometer, meter accuracy is dependent only on the config- 
uration of the cam that oscillates the mirror. A master cam is used in 
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the manufacture of the individual meter cams. The meter is rated by 
observation of a long endless belt driven at constant speed. That 
known belt speed is checked against the speed computed by multiply- 
ing the height of the meter above the belt by the tachometer reading. 
If the comparison of known and computed speeds shows a lack of 
agreement, the tachometer scaling is changed to bring about agree- 
ment. 

SOUNDING EQUIPMENT 

Sounding (determination of depth) is usually done mechanically, 
the equipment used being dependent on the type of measurement 
being made. Depth and position in the vertical are measured by a 
rigid rod or by use of a sounding weight suspended from a cable. The 
cable length is controlled either by a reel or by a handline. A sonic 
sounder is also available, but it is usually used in conjunction with a 
reel and a sounding weight. 

Sounding equipment used by the U.S. Geological Survey is de- 
scribed in the following categories: wading rods, sounding weights, 
sounding reels, handlines, and sonic sounder. 

WADING RODS 

The two types of wading rods commonly used are the top-setting rod 
and the round rod. The top-setting rod is preferred because of the 
convenience in setting the meter at the proper depth and because the 
hydrographer can keep his hands dry in the process. The round rod 
can be used in making ice measurements as well as wading meas- 
urements and has the advantage that it can be disassembled to 1-ft 
(0.3-m) lengths for storing and transporting. 

The top-setting wading rod has a l/2-in (12.7-mm) hexagonal main 
rod for measuring depth and a 3%in (9.5mm) diameter round rod for 
setting the position of the current meter (fig. 52). 

The rod is placed in the stream so the base plate rests on the 
streambed, and the depth of water is read on the graduated main rod. 
When the setting rod is adjusted to read the depth of water, the meter 
is positioned automatically for the 0.6-depth method. (See p. 134.)The 
0.6-depth setting might also be described as the 0.4-depth position 
measured up from the streambed. When the depth of water is divided 
by 2 and this new value is set, the meter will be at the 0.2 depth 
position measured up from the streambed. When the depth of water is 
multiplied by 2 and this value is set, the meter will be at the 0.8- 
depth position measured up from the streambed. These two positions 
represent the conventional 0.2- and O.&depth positions. (See p. 134.) 

The round wading rod consists of a base plate, lower section, three 
or four intermediate sections, sliding support, and a rod end (not 
essential). The parts are assembled as shown in figure 53. The meter 
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FIGURE 52.-Top-setting wading rod with 
meter attached. 
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FIGURE 53.-Round wading rod with meter attached. 
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is mounted on the sliding support and is set at the desired position on 
the rod by sliding the support. 

The round rod is also used in making ice measurements. Inter- 
mediate sections of the round rod are screwed together to make an ice 

FIGURE 54.-Lower section of ice rod for 
use with vane ice meter. 
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rod of desired length (fig. 54). The most convenient length for an ice 
rod is about 3 ft (1 m) longer than the maximum depth of water to be 
found in a cross section. About 12 ft (4 m) is the maximum practical 
length for an ice rod; depths greater than 10 ft (3 m) are usually 
measured with a sounding weight and reel. The base plate, sliding 
support, and lower section are not used on an ice rod. Instead, a 
special lower section is screwed directly into the top of the contact 
chamber of the vane ice meter. (See fig. 54.) If a Price meter is used 
under ice cover, another special lower section is used to hold the 
meter by means of the hanger screw. (See fig. 55.) All lower sections 
for ice rods are now made so that the center of the vanes or cups is at 
the 0-ft point on the rod. 

SOUNDING WEIGHTS AND ACCESSORIES 

If a stream is too deep or too swift to wade, the current meter is 
suspended in the water by cable from a boat, bridge, or cableway. A 
sounding weight is suspended below the current meter to keep it 

FIGURE 55.-Lower section of ice rod for use with Price meter. 
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stationary in the water. The weight also prevents damage to the 
meter when the assembly is lowered to the streambed. 

The sounding weights now used in the U.S.A. are the Columbus 
weights, commonly called the C type. (See fig. 56.) The weights are 
streamlined to offer minimum resistance to flowing water. Each 
weight has a vertical slot and a drilled horizontal hole to accommo- 
date a weight hanger and securing pin. 

The weight hanger (fig. 57) is attached to the end of the sounding 
line by a connector. The current meter is attached beneath the con- 
nector, and the sounding weight is attached to the lower end of the 
hanger by means of the hanger pin. 

In addition to the weights shown in figure 56, weights of 150, 200 
and 300 lb (68, 91, and 136 kg) are used for measuring the discharge 
of deep, swift rivers. The sounding-weight hangers shown in figure 57 
are designed to accommodate the weights of the various sizes. The 
height of the meter rotor above the bottom of the sounding weight 
must be considered in calculations to position the meter for velocity 
observations at various percentages of the stream depth. 

SOUNDING REELS 

A sounding reel has a drum for winding the sounding cable, a crank 
and ratchet assembly for raising and lowering the weight or holding 
it in any desired position, and a depth indicator. The U.S. Geological 
Survey has five types or sizes of sounding reel in common use, the 
choice of reel being dependent on the depth of water to be measured 
and on the weight required for sounding. The lightest of the reels, 
known as the Canfield reel (fig. 581, can be used with either single- or 
two-conductor cable; the other four reels use two-conductor cable, 
whose diameter ranges from 0.084 in to 0.125 in (2.13 to 3.18 mm), 

FIGURE 56.-Columbus 15-, 30-, 50-, 75, and loo-lb sounding weights. 
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depending on the weight to be handled. The three smaller reels have 
a hand crank for raising and lowering the meter and weight (fig. 58); 

FIGURE 57.-Sounding-weight hangers and hanger pins. 
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Appendix C  

Stream Discharge Form 

 



Field Crew:  _______________________

Tape                

(ft)

Width             

(ft)

Depth                

(ft)

Area           

(ft
2
)

Velocity 

(ft/sec)

Velocity 

(ft/sec)

Discharge 

(cfs)

LWE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

RWE

Total Flow:

Comments:

Discharge Measurements

Site:  ____________________

TerraGraphics                                   

Stream Discharge Form

Date:  ____________________

Gage Reading:  ____________  Gage Time: ____________

Levelogger:  Yes    /    No    (circle one) Download Time:  ____________________

Discharge Time:  ____________________
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Appendix D  

Groundwater Sampling Sheet 

 



 

302 N. Last Chance Gulch, Suite 409
Helena, Montana  59601

(406) 441-5441  FAX (406) 441-5443

GROUNDWATER SAMPLING RECORD 
Project: Well Number: 
Project Number: Sample Number: 
Location: Weather: 
Date: Sampler(s): 
 
Depth to Bottom: Purge Time: 
Depth to Water: Purge Method: 
DTB-DTW:  
 
GROUNDWATER DATA 

Dissolved Oxygen 
Time pH 

Cond 
(___/cm) 

Temp (oC)
mg/L % 

ORP (mV) 

       
       
       
       
       
       
       
       
Sampling Date: Sampling Method: Time Sampled: 
Container Volume Preservative Cooled Filtered Other 
      
      
      
      
      
Chain of Custody:  Yes/No Duplicate Sample Number: 
Chain of Custody Number: Replicate Sample Number: 
Laboratory: 
Method of Shipment: 
Split With: 

Notes: 
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Table 1. Health and Safety Plan Commitment to Comply Signature Sheet 
Health and Safety Plan Commitment to Comply:  Signature below indicates that each individual 
has reviewed the attached Heath and Safety Plan, has received site-specific training (briefing), 
and agrees to comply with the requirements of this plan.   

Printed Name Signature Date 
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Section 1.0 Scope of Work & Background 

1.1 Site Information & Description 

Site: Lilly/Orphan Boy Mine, Powell County, Montana 

Client: Pebbles Clark, Project Manager 

Montana Department of Environmental Quality 

(406) 841-5028 office; (406) 461-3660 cell 

Sr. Project Manager: Tom Bourque, TerraGraphics 

Project Engineer: Tom Smith, TerraGraphics 

Dates of Site Work: As requested by DEQ, July and August 2010 

Location: About 10.5 miles south of Elliston, MT  

Township 8 N, Range 6 W, Section 15 

1.2 Purpose 

The goals of this project are as follows: 

 Characterize the spatial extent of heavy metals contamination on the site; 

 Characterize surface and mine water; 

 Identify locations of potential borrow sources for cover and topsoil;   

 Identify potential repository sites; and 

 Identify all mine investigation activities necessary to characterize the mine workings to 
support a detailed evaluation of source control alternatives. 

 

1.3 Site History 

The Lilly/Orphan Boy Mine site is located approximately 10.5 miles south of Elliston, Montana 
near the headwaters of Telegraph Creek (Figure 1).  The mine is situated at an elevation of 
approximately 6,800 feet above mean sea level (amsl) and is composed of approximately 1.5 
acres of land contaminated by historical metal mining along Telegraph Creek.   

The Lilly lode and the adjacent Orphan Boy lode were likely discovered in the early summer of 
1890 by a group of four men with the Grand Republic Mining Company.  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.  Significant site characteristics include a steel headframe and 250-foot deep shaft, 
three collapsed adits, and three waste rock piles. The Problem Definition/Background section of 
the SAP/QAPP contains a summary of the history surrounding the mining and land ownership of 
the Lilly and Orphan Boy Mines. 
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1.4 Scope of Work 

TerraGraphics Environmental Engineering, Inc. developed a Phase II Reclamation Work Plan 
(RWP), on behalf of the Montana Department of Environmental Quality (DEQ), to provide 
guidance for field investigation activities at the Lilly/Orphan Boy Mine Site.  The Phase II RWP 
addresses the Hydrogeology Investigation and Mine Investigation, where the platforms in the 
shaft are being removed, the mine workings dewatered, the shaft rehabilitated, and workings 
investigated for geology and water infiltration areas.  Soil sampling; groundwater monitoring 
well installation; and surface water, mine water, and groundwater sampling in selected areas are 
proposed.  Further details regarding the field investigation methods to be used are provided in the 
applicable sections of the Phase II RWP. 

Subcontractors for this project will work under their own Health and Safety Plans. 

1.5 Potential Site Hazards 

The subject site is located within the Lilly/Orphan Boy Mine site.  Several mining operations of 
various scales have occurred in this site and care must be observed when traveling through the 
area to identify and stay clear of potential obscured workings or buried objects.  Since several 
areas have underground workings, subsidence is a concern.  Avoid traveling over depression 
areas or above underground entries. 

Dusts containing heavy metals may be encountered during soil sampling and drilling operations.  
Excessive noise during drilling and/or excavation equipment may be encountered. 

Table 2 address potential site hazards that may be encountered during work at Lilly/Orphan Boy 
Mine.  Section 3.0 contains specific job steps to reduce work and site hazards. 
 

Table 2. Potential Site Hazards 

Traffic accidents associated with travel to and from the site. 

Abandoned mine site hazards associated with surface and underground workings. 

Physical hazards (trips/falls, burns, cuts/contusions, etc.). 

Exposure to onsite contaminants (heavy metals). 

Exposure working around a drill rig, crane and other heavy equipment. 

Exposure to a water treatment plant and caustic chemicals (mainly lime). 

Exposure to loud noise generated by drilling and/or excavation equipment. 

Contact with powered, pressurized, and/or hydraulic equipment. 

Biological hazards (wildlife – bears, wolves, and moose, poisonous plants, stinging insects, venomous spiders, etc.). 

Exposure to temperature extremes. 

1.6 Identified Site Contaminants 

Table 3 lists contaminant characteristics which may be encountered at the site. 
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Table 3. Possible Contaminant Characteristics 

Waste Type(s): 

Liquid X Solid X Sludge X* Gas  Dust X 

Characteristic(s): 

Corrosive  Ignitable  Radioactive  Volatile  Toxic X 

Reactive X** Unknown  Other      

*sludge is a possibility if water treatment is performed on site. 

**If lime is used for water treatment. 

1.6.1 Exposure Pathways 

1.6.1.1 Ingestion 

All listed chemicals, including any brought onto the site to treat the mine water, have the 
potential for accidental ingestion; however, in work place settings it is not considered a primary 
route of entry.  All accidental ingestions should be addressed by referring to the Materials Safety 
Data Sheets (MSDS) and seeking immediate medical attention. 

1.6.1.2 Inhalation 

Listed chemicals, including any brought onto the site to treat the mine water, capable of 
inhalation routes of entry should be maintained below the established exposure limits.  If there is 
indication that the exposure limits are being exceeded, appropriate respiratory protection should 
be used.   

1.6.1.3 Contact / Absorbance 

Listed chemicals, including any brought onto the site to treat the mine water, presenting 
absorbance or contact hazards should be handled only with the use of appropriate Personal 
Protective Equipment (PPE).  Waste rock and mine water at the subject site contain heavy metals 
and should be handled with care.  Subcontractors bringing chemicals to the site to treat mine 
water shall deliver MSDS for those chemicals. 

1.6.2 Identified Contaminant Information 

Table 4 gives information on potential site contaminant exposure pathways, symptoms, and 
target organs. 

Table 4. Identified Contaminant Information (2 pages) 

Contaminant Exposure 
Pathway 

Symptoms Target Organs 

Aluminum 
(metal or 
powder) 

Ingestion, 
Inhalation, 
Contact. 

Eyes, skin, and respiratory tract irritant.  Not 
carcinogenic. 

Eyes, skin, respiratory 
tract. 
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Table 4. Identified Contaminant Information (2 pages) 

Contaminant Exposure 
Pathway 

Symptoms Target Organs 

Arsenic 
(inorganic 
compounds as 
As) 

Ingestion, 
Inhalation, 
Contact, 
Absorbance. 

Ulceration of nasal septum, dermatitis, GI 
disturbances, peripheral neuropathy, 
respiratory irritation, and hyperpigmentation 
of skin.  Carcinogenic. 

Liver, kidneys, skin, lungs, 
and lymphatic system 
(lung and lymphatic 
cancer). 

Cadmium  
(dust and fumes) 

Ingestion (dust), 
Inhalation. 

Pulmonary edema, dyspnea, cough, tight 
chest, substernal pain, headache, chills, 
muscle aches, nausea, vomiting, diarrhea, 
loss of smell, emphysema, proteinuria, and 
mild anemia.  Carcinogenic. 

Respiratory system, 
kidneys, prostate, and 
blood (prostate and lung 
cancer). 

Chromium 
(Chromic acid 
and chromates as 
Cr(VI)) 

Ingestion, 
Inhalation, 
Contact. 

Respiratory system irritation, nasal septum 
perforation, liver and kidney damage, 
leukocytosis, leukopenia, monocytosis, 
eosinophilia, eye injury, conjunctivitis, skin 
ulceration, and sensitization dermatitis.  
Carcinogenic. 

Blood, respiratory system, 
liver, kidneys, eyes, and 
skin (lung cancer). 

Chromium 
(metal & 
compounds as 
Cr(III)) 

Ingestion, 
Inhalation, 
Contact. 

Eye irritation and sensitization dermatitis.  
Not carcinogenic. 

Eyes, skin. 

Copper (dusts, 
mists, and 
fumes) 

Ingestion, 
Inhalation, 
Contact. 

Dusts and mists - Irritant (eyes, nose, 
pharynx), nasal perforation, metallic taste, 
and dermatitis.   
Fumes - Irritant (eyes, upper respiratory 
system), metal fume fever, chills, muscle 
ache, nausea, fever, cough, exhaustion, 
metallic/sweet taste, and discoloration. 
Not carcinogenic. 

Eyes, skin, respiratory 
system, liver, and kidneys. 
(Increased risk of Wilson's 
disease.) 

Iron Oxide (dust 
and fumes) 

Inhalation. Benign pneumoconiosis with X-ray shadows 
indistinguishable from fibrotic 
pneumoconiosis (siderosis).  Not 
carcinogenic. 

Respiratory System. 

Lead (elemental 
and other 
compounds as 
Pb) 

Ingestion, 
Inhalation, 
Contact. 

Weakness, exhaustion, insomnia, facial 
pallor, anorexia, weight loss, malnutrition, 
constipation, abdominal pain, colic, anemia, 
tremor, wrist and ankle paralysis, 
encephalopathy, kidney disease, eye 
irritation, and hypotension.  Not 
carcinogenic. 

Eyes, GI tract, central 
nervous system, kidneys, 
blood, and gingival tissue. 

Manganese 
(metal, 
compounds, and 
fumes) 

Ingestion, 
Inhalation.  

Parkinson's; asthenia; insomnia, mental 
confusion; metal fume fever: dry throat, 
cough, chest tightness, dypsnea, rales, flu-
like fever; low-back pain; vomiting, malaise; 
fatigue; and kidney damage.  Not 
carcinogenic. 

Respiratory system, 
central nervous system, 
blood, and kidneys. 
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Table 4. Identified Contaminant Information (2 pages) 

Contaminant Exposure 
Pathway 

Symptoms Target Organs 

Mercury 
(elemental and 
inorganic 
compounds as 
Hg) 

Ingestion, 
Inhalation, 
Contact, 
Absorbance. 

Irritant (eyes, skin), cough, chest pain, 
dyspnea, bronchial pneumonitis, tremor, 
insomnia, irritability, indecision, headache, 
fatigue, weakness, stomatitis, salivation, 
proteinuria, GI disturbance, and weight loss.  
Not carcinogenic. 

Eyes, skin, respiratory 
system, central nervous 
system, and kidneys. 

Silver (metal and 
soluble 
compounds as 
Ag) 

Ingestion, 
Inhalation, 
Contact 

Blue-gray eyes, irritant (eyes, skin, nasal 
septum, throat), skin ulceration, and GI 
disturbance.  Not carcinogenic. 

Nasal septum, skin, and 
eyes. 

Zinc Oxide (dust 
and fume) 

Inhalation Metal fume fever, chills, muscle ache, 
nausea, fever, dry throat, cough, weakness, 
exhaustion, metallic taste, headache, blurred 
vision, low back pain, vomiting, fatigue, 
tight chest, dyspnea, and decreased 
pulmonary function.  Not carcinogenic. 

Respiratory system. 

Section 2.0 Site Specific Information and Emergency Information 

2.1 Hospital Directions and Maps 

St. Peter’s Community Hospital 

2475 East Broadway Street 

Helena, MT 59601  

(406) 442-2480 

Total Travel Estimate: 54 minutes / 34.23 miles 

Table 5 outlines driving directions from Lilly/Orphan Boy Mine to St. Peter’s Hospital in 
Helena.  Figures 2 and 3 show the mapped route from Lilly/Orphan Boy Mine to St. Peter’s 
Hospital. 
 

Table 5. Driving Route to St. Peter’s Hospital, Helena, MT 

Step Street Names and Directions Miles 

1. Start out going north toward Telegraph Creek Road. 0.3 mi 

2. Turn slight left onto Telegraph Creek Road. 0.9 mi 

3. Turn right to stay on Telegraph Creek Road. 0.1 mi 

4. Telegraph Creek Road becomes Copper Queen Road. 0.1 mi 

5. Turn slight left. 0.7 mi 

6. Turn slight left onto Telegraph Creek Road. 3.5 mi 

7. Telegraph Creek Road becomes Hahn Creek Road/NF-1856. 0.1 mi 
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8. Hahn Creek Road/NF-1856 becomes Telegraph Creek Road. 0.8 mi 

9. Telegraph Creek Road becomes NF-1857. 0.2 mi 

10. NF-1857 becomes NF-495/Telegraph Creek Road. 0.4 mi 

11. NF-495/Telegraph Creek Road becomes Little Blackfoot River Road. 3.0 mi 

12. Turn sharp right onto US-12. 22.3 mi 

13. Turn left onto 11th Avenue/I-15 BR E/US-12 E. Continue to follow 11th Avenue. 1.0 mi 

14. 11th Avenue becomes Colonial Drive. 0.6 mi 

15. Turn right onto East Broadway Street. 0.3 mi 

16. 2475 East Broadway Street is on the right.  
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Figure 2.  Complete Driving Route to St. Peter’s Hospital, Helena, MT 

 

Figure 3.  End Driving Route to St. Peter’s Hospital, Helena, MT 
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2.2 Personal Protective Equipment (PPE) 

Site-specific personal protective equipment varies by project type and quantity of 
contaminants/chemicals encountered.  In this case, no construction activities will be performed 
and only minimal contact with metals contaminated materials is expected.  Subcontractors may 
deliver chemicals, such as lime, to treat the mine water.  The appropriate level of PPE for this 
project has been designated as Level D (see Table 6).  If site conditions change or if the site 
safety manager/project manager recognizes potential health risks not identified in this plan, the 
PPE level will be upgraded accordingly.  Subcontractors on this project are responsible for their 
own PPE and will operate under their Health and Safety Plan. 

The site safety manager/project manager will ensure that applicable safety equipment and 
supplies are available on-site to meet the needs of project personnel during site visits.  Examples 
of safety supplies to be maintained on-site include fire extinguisher(s), first aid kit, and eyewash.   
This equipment is to be inspected monthly by the site safety manager/project manager.   

Due to field work generally coinciding with the forest fire season, either the excavation 
contractor or driller may be required to have a water truck or water tank onsite at all times to 
extinguish any fire that may start as a result of field activities.  If the fire cannot be controlled, 
personnel shall evacuate the site and notify authorities (dial 911) about the fire immediately. 
 

Table 6. Site Required Personal Protective Equipment 

Project 
Required 

PPE Level Definition 

X Level D A work uniform affording minimal protection: used 
for nuisance contamination only.  

 Level C The concentration(s) and type(s) of airborne 
substance(s) is/are known and the criteria for using 
air purifying respirators are met.   

 Level B The highest level of respiratory protection is 
necessary but a lesser level of skin protection is 
needed.   

 Level A To be selected when the greatest level of skin, 
respiratory, and eye protection is required.  The 
following constitute Level A equipment: pressure 
demand full-face SCBA or supplied air respirator 
plus a totally encapsulating chemical-protective 
suit. 

2.3 Emergency Reporting 

The TerraGraphics project manager or engineer will contact emergency response organizations 
(if needed) and notify: 

 Jeremy Mickey, TerraGraphics H&S Officer at (406) 360-6505 during business hours or 
(406) 859-6505 after business hours, 

 TerraGraphics Division Manager,  
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 Program Manager, and  

 DEQ (as appropriate).  

If the Senior Project Manager is not available, the project manager or engineer will contact the 
TerraGraphics Division Manager or other project managers, as necessary.   

2.4 Emergency Evacuation 

In the event that an emergency requires evacuation, all TerraGraphics personnel will assemble on 
the main road of the site (Figure 4). 

Do not rely on e-mail or voice mails when reporting incidents.  It is appropriate to leave a voice 
mail or send an e-mail, but all incidents shall be reported to a manager in person or on the phone.  
The person placing the calls shall continue to place phone calls using the list of personnel in the 
Incident Notification Contact List in Table 9 until a manager is reached in person. 

2.5 Emergency Communication 

See the Emergency Reporting section (Section 2.3), and Incident Notification Contact List 
(Table 9in this Health and Safety Plan for the emergency communication contacts.   

Call emergency agencies for assistance.  If Life Flight or other emergency medical caregivers are 
required, Table 7 contains the longitude and latitude coordinates that may be required for a 
meeting place. 

Table 7. Life Flight Landing Coordinates 

Helicopter Landing Site Longitude Latitude 

Site Location (landing not likely possible). 112°20'30.99"W 46°26'33.71"N 

Access road at Boy Scout tree planting area 2.3 miles 
down the road from the Lilly/Orphan Boy Mine site. 112°20'24.86"W 46°26'33.57"N 

2.5.1 Protect people 

 Clear the immediate danger area.   
 Follow directions to the assembly point so the project manager can account for all onsite 

personnel. 
 Keep all unauthorized personnel out of the emergency area. 

2.5.2 Control the source 

 Eliminate ignition sources. 
 Shut down unnecessary equipment and power sources. 
 Extinguish fires if within your skill and training. 
 Contain spills and releases. 

2.5.3 Attend to injured workers 

 Do not attempt to rescue people; wait for emergency responders. 
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 Make the injured worker comfortable.  Do not move the injured workers unless there is 
imminent danger. 

 Give first aid to the level of your training. 

2.5.4 Minimize losses to equipment 

 Protect or remove exposed equipment, if safe to do so. 
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2.6 First Aid Procedures 

If emergency response personnel (ambulance, fire, police, etc.) are called to the site, the site 
safety manager will send a member of the field team to the main access road to direct responders 
to the location of the emergency.  In the event the nature of the emergency precludes sending an 
individual to the main access road (fire, toxic gas cloud, etc.) the site safety manager, or a 
designee, will call 911 to provide additional details of the emergency to the 911 dispatcher.  See 
Table 7 for GPS coordinates of the Lilly/Orphan Boy Mine site and the preferred landing site for 
life flight helicopter if needed. 

For all major and minor injuries (e.g., minor cuts and bruises), immediately contact your local 
human resources official if workers compensation applies, and complete an incident report.  

For serious injuries refer to the first aid manual in the first aid kit, stabilize the person, and seek 
medical attention immediately.  For any injury that occurs on the job and requires medical 
treatment, notify the hospital or treating facility that the injury is a workers compensation injury. 

2.6.1 Insect Stings 

Remove the stinger (if applicable), wash the sting area, and apply a cold compress to reduce 
swelling.  If the victim is allergic to insect or bee stings, seek medical attention immediately.  
Ask the victim if they carry an allergic epinephrine-pen (epi-pen) with them; encourage them to 
use it if applicable.  Review the first aid manual in the first aid kit for further instructions.   

2.6.2 Minor Cuts, Scrapes, and Bruises 

Don appropriate PPE, nitrile gloves, and apply pressure to limit bleeding.  Wash the wound and 
then apply bandage and cold compress to reduce swelling.  If bleeding persists, stabilize the 
victim and seek medical attention. 

2.6.3 Difficulty Breathing 

Move the victim to fresh air and/or a shaded area for heat stress, allow the victim to rest, and 
provide respiratory support (rescue breathing) if necessary.  Call 911 if respiratory support is 
used or if there is any trouble with breathing normally. 

2.6.4 Difficulty Swallowing 

Seek medical attention immediately.  Call 911. 

2.6.5 Personal Decontamination Procedures 

Site activities and tasks could potentially cause the skin to become exposed to tailings or dust 
containing heavy metals.  After potential exposure of this nature:  

 Thoroughly wash hands and face with soap and water before eating, drinking, or 
smoking.  If water is not available, use pre-moistened towelettes to wash face and hands. 

 Do not track contaminated soils, tailings, slimes, mud, and dust off-site. 
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2.7 Safety Equipment and Supplies 

Each team will have access to a first aid kit, clean water, paper cups, and pre-moistened 
towelettes.  TerraGraphics personnel will ensure appropriate safety gear is available for site 
operations.  The site supervisor will also be equipped with a cell phone in case of an emergency 
requiring outside assistance.  Cell service has been available at the site; however, in the event it 
is not available (as the subject site is remote), climbing or driving (if possible) to the top of a hill 
or mountain may be necessary to receive a signal strong enough to make a call.  Table 8 lists 
safety equipment and supplies that are required for work at the site. 
 

Table 8. Safety Equipment and Supplies 

Equipment Type Required 

SAFETY GLASSES WITH SIDE SHIELDS  X- during drilling/excavation 

HARD HAT  X- during drilling/excavation 

STEEL-TOED BOOTS  X- during drilling/excavation 

GLOVES  X- during drilling/excavation 

RESPIRATOR WITH CARTRIDGES   

HEARING PROTECTION  X- during drilling/excavation 

HIGH VISIBILITY WEAR Vest/Coat X- during drilling/excavation  

WASTE DISPOSAL BAGS / LABELS   

FIRE EXTINGUISHER  X 

EYE WASH BOTTLE   

FIRST AID KIT  X 

DRINKING WATER  X 

WASH WATER  X 

SOAP  X 

INSECT REPELLENT  X 

UV PROTECTION  X 

FOOD  X 

TOOL KIT  X 

BEAR SPRAY  X 
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2.8 Incident Notification Contact List 

Table 9 outlines the TerraGraphics incident notification contact list. 

Table 9. TerraGraphics Incident Notification Contact List  

Name Agency Office Phone  Cell Phone 

Tom Smith 

 

TerraGraphics (406) 441-5441 (406) 461-5974 

Tom Bourque 

 

TerraGraphics (208) 882-7858 (509) 330-1701 

Jeremy Mickey 

 

TerraGraphics (406) 441-5441 (406) 360-6505 

Jerry Lee 

 

TerraGraphics (208) 882-7858 (509) 330-1700 

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

Section 3.0 Analysis of Job Safety 

Field staff must review the Phase II RWP and coordinate with the project manager to verify that 
all up-front logistics are completed prior to starting work including, but not limited to: 
permitting, access agreements, and notification to the required contacts (e.g., site managers, 
inspectors, clients, subcontractors, etc.).  Additionally, a tailgate safety meeting must be 
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performed and documented at the beginning of each work day (Table 1).  Also consider weather 
conditions – heat, cold, rain, snow, ice, lightning, wind, hail, etc. 

3.1 Driving 

3.1.1 Personal Protective Equipment 

All company vehicles used for the project will have a complete first aid kit, a fire extinguisher, 
road-side emergency kit, and a cell phone (that is off during the trip). 

3.1.2 Pre-Trip Job Steps 

Check weather conditions prior to the start of the trip.  Consider the worst case outcomes of 
vehicle operations (e.g., blowout, collision, injury, etc.).  Inclement weather such as snow, ice, 
rain, fog, severe weather, and high winds significantly increase accident risk.  Assess the 
potential hazards associated with driving.  Analyze how to reduce the risk, and act to ensure safe 
operation of the vehicle.  Consider cancellation or postponement of the trip when appropriate. 

Prior to driving, perform a perimeter walk-around of the vehicle to inspect for damage or unusual 
conditions such as, but not limited to: flat tires; leaking fluids; vehicle damage; broken head 
lights, brake lights, or turn signals; defective horn, and broken windshield wiper.  Assure the 
vehicle tires are properly inflated and there is sufficient tread on the tires.  Additionally, look for 
cuts or bulges in the tires.  Assure the windshield and windows are clean and the vehicle contains 
washer fluid.  Lift wiper arms and check wiper blades for damage or deterioration.   

Adjust the seat so that the back is fully supported, the upper arms are close to the body, and the 
pedals are within easy reach.  Lower the steering wheel so that the hands are below the shoulders 
and the shoulders are relaxed.  Check mirror adjustments each time the vehicle is restarted in 
order to reduce “blind spots”. 

Assure that the seat belts are in good condition and work correctly.  Assure all passengers and 
the driver have fastened their seat belts prior to starting the vehicle.  The seatbelts should never 
be removed during vehicle operation. 

Check the gauges and warning lights of the vehicle.  If the engine light is on, do not drive the 
vehicle until the condition is thoroughly analyzed and fixed.  Also check the fluids (e.g., oil, fuel, 
radiator, etc.) of the vehicle to prevent an overheated engine or a breakdown due to lack of 
critical fluids. 

3.1.3 During the Trip Job Steps 

Driving speed should neither be too fast nor too slow for driving conditions.  Keep the vehicle 
from rolling by adjusting for driving conditions.  Scan the mirrors frequently for changes in 
weather visibility, other drivers, and road conditions.   

Demonstrate an eye lead time consistently in excess of 15 seconds.  See and evaluate relevant 
information from among distant objects.  The following distance to other vehicles should be 4 
seconds; however, avoid being unnecessarily boxed in.  Make and execute decisions early and 
choose the lane of least resistance.  Check all mirrors and over the shoulder before changing 
lanes to ensure there is sufficient room in the new lane for your vehicle and there are not “blind 
spots”.  Be aware that “blind spots” may change slightly from vehicle to vehicle depending on 
the type and make. 



HASP for Lilly/Orphan Boy Mine, Powell County, Montana 

 
18

When parking, park away from other cars and always set the parking brake.  If possible, your 
first move when restarting the vehicle should be forward; however, if backing is necessary, be 
sure to check for obstructions behind the vehicle prior to entering the car and again before 
backing-up the vehicle. 

3.1.4 Post-Trip Job Steps 

Immediately report all vehicle problems, mechanical problems, and/or maintenance issues to the 
company/rental car agency upon vehicle return. 

3.2 Surface Water, Mine Water, and Groundwater Sampling 

3.2.1 Personal Protective Equipment 

Wear a hard hat within 25 feet of overhead hazards or as otherwise required by the property 
owner, client, or subcontractors. 

Wear safety glasses with side shields when handling water in an open container.  Also wear 
safety glasses with side shields when low-flow purging and sampling of surface water, mine 
water, and groundwater wells. 

Wear appropriate footwear at all times while working onsite.  At a minimum, this will include 
leather work boots that cover the ankles.  No tennis shoes, sandals, or other footwear not 
designed for heavy construction-type work will be worn on site. 

Knee pads or kneeling pads will be available for samplers during soil sampling. 

Wear nitrile gloves during soil sampling, surface water sampling, mine water sampling, and 
groundwater sampling. 

3.2.2 Surface Water, Mine water, Groundwater, and Soil Sampling Job Steps 

Complete a pre-job inventory of all sample bottles and containers.  Wear nitrile gloves and safety 
glasses during the inventory to protect against acids that have leaked from pre-preserved sample 
bottles and containers.  Ensure that none of the sample containers are cracked or broken. 

During sampling, verify that the working surface is free of any debris or materials that could 
cause loose or slippery footing or contact if kneeling.  If sampling equipment uses batteries, use 
only the batteries recommended for the equipment.  If no batteries are available, use the vehicle 
battery by making the final connection away from the battery or using the power take-off.  Use 
the vehicle fire extinguisher (extinguishers are rated 2A and 5BC and are serviced annually and 
checked monthly) in all fuel use areas or in areas where fire is likely. 

All site workers should have 40 hours of hazardous materials training (as defined by 29 CFR 
1910.120) and current, annual refreshers.  An additional 8 hours of training is recommended for 
all onsite supervisors.  Site-specific training must address chemicals used onsite, site-specific 
hazards, and proper handling of potentially contaminated materials such as samples.  This 
training will occur at the start of every work day and all site workers will sign the Health and 
Safety Plan Commitment to Comply sheet (Table 1).  Ensure there are correct and current 
MSDSs onsite for all chemicals in use.  
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Always wear nitrile gloves when handling potentially contaminated material, chemical 
containers labeled with preservatives, and/or samples.  After handling hazardous waste and/or 
samples, thoroughly wash hands before eating, drinking, or smoking.   

Inspect sampling areas for biological hazards such as plants and organisms.  Avoid areas where 
these hazards are common or found, if possible.  Review the route to the hospital if the site 
contains any biological hazards.  Wear clothing that covers potentially affected body parts and 
seal pants legs against contact with plants and access by organisms (e.g., ticks, chiggers, etc.).  
Additionally, use insect/tick repellant whenever possible.  Wear boots with ankle protection to 
prevent snake bites and be aware of snake habitats like underbrush, high grass, and rubble or 
loose rock.  If poisonous plants (i.e., poison ivy, poison oak, and poison sumac) are in the 
working areas of the site, thoroughly wash hand with detergent prior to touching unprotected 
body parts, drinking, eating, or smoking.  After the work day is complete, check the body 
thoroughly to detect ticks and/or chiggers.  Take a hot shower after field work and wash 
thoroughly. 

Temperature stress is a threat to all site workers.  If the temperature is above 80°F or below 
40°F, administrative controls will be implemented (cooled or warmed drinks, routine breaks in 
heated or shaded area(s), and provisions for emergency heating or cooling as necessary).  If 
temperature related injuries occur at the site, immediately call 911 and take the proper course of 
action to slow the victim’s injuries while waiting for medical attention. 

3.3 Drilling, Crane, and Work Around Equipment 

3.3.1 Personal Protective Equipment 

Wear a hard hat at all times when the crane, drill rig, or heavy equipment are on-site. 

Wear high-visibility, reflective safety vests at all times when the crane, drill rig, and/or heavy 
equipment are on-site. 

Wear safety glasses with side shields or goggles, as appropriate, when working at or near the 
drill rig, crane, heavy equipment, pump, generator, and/or water treatment plant. 

Wear hearing protection within 25 feet of operating equipment, as needed. 

Wear nitrile gloves for safe handling of potentially contaminated materials or water treatment 
chemicals, as needed. 

Wear appropriate footwear at all times while working onsite. 

In order to control/alert traffic and to exclude unauthorized personnel, use safety cones, 
barricades, and caution tape, where appropriate. 

Maintain visibility with equipment operators so they know where you are and stay out of their 
blind spots while they are operating heavy equipment. 

3.3.2 Drilling, Crane, and Heavy Equipment Job Steps 

In order to prevent being struck by equipment, always ensure the equipment operator is aware of 
your location.  If visibility is limited, move to an area where you can be seen by the operator.  
All rigs, cranes, utility trucks, and heavy equipment will be equipped with functional backup 
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alarms.  Artificial lighting will be provided for even lighting (5-foot candles per 29 CFR 
1926.26) in the work area, if necessary.   

Clear all working areas of all unnecessary equipment and slip/trip hazards.  Additionally, the 
Field Manager and drill rig, crane, or equipment operators will ensure that each boring location 
or work area has been cleared to preclude contact with buried or overhead utilities.  If structures 
fall within the radius of the raised mast, the operators and the Field Manager will establish an 
exclusion zone boundary that unauthorized personnel cannot cross.  No workers will work under 
suspended loads.  Only experienced operators will be allowed to operate the rig, crane, and other 
equipment.  The rig or crane will be operated per the subcontractor’s standard procedures or per 
the manufacturer’s directions; all hoses and cables will be inspected daily.  Drill rigs will have 
two functional automatic control shutdown switches or “kill/dead-man switches”.  All personnel 
working around the rig will have knowledge of how these switches operate and where they can 
be found. 

Use safe work practices when handling knives, shovels, or any other sharpened equipment.  
Avoid loose fitting gloves and clothing and tie back hair when working around rotating 
equipment.  Allow all moving parts to stop before handling them.  Identify, mark, and 
communicate pinch points on equipment.  Ensure all hands are clear of potentially moving parts 
before energizing equipment. 

Use proper hearing protection when within 25 feet of working machinery or whenever it is 
necessary to raise your voice to be heard over the machinery. 

Work on or around the pump, generator, water treatment plant or land application system shall 
be directed by the water treatment subcontractor or project manager.  Depending on how the 
dewatering and water handling process is set up, follow all subcontractor instructions and 
procedures for operation. 

Keep a fire extinguisher (extinguishers are rated 2A and 5BC and are serviced annually and 
checked monthly) in all fuel use areas or in areas where fire could occur.   

3.4 Abandoned Mine Entry 

TerraGraphics personnel are not trained to enter any part of the abandoned mine workings at the 
site.  Entrance into these areas will only be performed by trained professionals and will be 
completed by subcontract workers.  Subcontract workers are responsible for their own site-
specific health and safety plans regarding entrance into abandoned mine workings.  These plans 
will be prepared to ensure the safety of all personnel working at, near, and in the abandoned 
mine workings.  Once the site has been declared safe for entry, TerraGraphics personnel will be 
escorted by the trained subcontract workers during the performance of hydrogeology and mine 
investigations   Access without the subcontractor escort shall not be permitted. 

 

 



HASP for Lilly/Orphan Boy Mine, Powell County, Montana 

 
21

Section 4.0 References 

29 CFR 1910.120. Occupational Safety and Health Standards: Hazardous waste operations and 
emergency response. 

29 CFR 1926.26. Safety and Health Regulations for Construction: Illumination. 

TerraGraphics Environmental Engineering, Inc. 2010. Sampling and Analysis Plan 
(SAP)/Quality Assurance Project Plan (QAPP) for Site Characterization of Lilly/Orphan 
Boy Mine, Powell County, Montana. Prepared for MT DEQ. 
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Crane Subcontractor Cost Estimates



 



Lilly/Orphan Boy 

Cranes Contact Phone Number Email
Dick Irvin, Inc. Dwayne (406) 450-0962

H&H Enterprises* Tom (406) 452-4614 hhenter@3rivers.net

Montana Crane Service Greg Poncelet (406) 586-0909 info@montanacraneservice.com

Tom's Crane Service Tom (406) 431-0575

*Propose hiring this subcontractor.

Cost estimate received

Cost estimate received

Contacted Crane Contractors
Notes

Not able to submit a cost estimate

Crane capacity is 10 tons, good for
unloading & loading from delivery 
truck & setting pump



Lilly/Orphan Boy Scope of Work to Prepare a Proposal and Cost Estimate: 
Township 8 North, Range 6 West, Section 15, Powell County, Montana. 

 
 
We are requesting cost estimates for performing the following crane work at the Lilly/Orphan 
Boy abandoned mine site located approximately 10.5 miles south of Elliston, Montana near the 
headwaters of Telegraph Creek.  The mine is situated at an elevation of approximately 6,800 feet 
above mean sea level (amsl) and is composed of approximately 1½ acres of land contaminated 
by historic metal mining along Telegraph Creek.  The site has a shaft where MSE Technologies 
of Butte performed a study where they lowered 2 platforms into the two-chambered shaft down 
to a level approximately 125’ below existing grade.  On these platforms, a total of approximately 
60 cubic yards of compacted manure, straw, and wood chips (with the majority being the 
manure) were placed on the suspended platforms.  Four cables approximately 1-inch in diameter 
suspend each platform and are connected to a steel frame at the surface that was also constructed 
by MSE for their study.  MSE constructed their frame around a 1950s wooden headframe that 
cannot be disturbed.  You can move the cables at the surface but cannot see the platforms as the 
water is approximately 73’ below the surface.  There are two steel cross members bolted onto the 
top of the steel frame that will need to be removed as they are in the way of the platform 
removals.  Also, each cable is suspended by rings with screw-in connectors.  If these cannot be 
removed, they can be cut; however, if the platforms cannot be removed then the cables will need 
to be reconnected.  The platforms can be set off to the side out of the way once removed.   
 
We are requesting cost estimates to either remove the platforms or lower them to the 
bottom of the shaft.  The depth of the shaft is approximately 250 feet and it is at a slight incline 
of approximately 5 degrees from vertical.  We would prefer to remove the platforms, but if 
lowering them to the bottom is easier and cheaper, than please let me know.  This project is to be 
funded by the Montana Department of Environmental Quality – Abandoned Mine Land Section.  
We have discussed this project with you some, but the DEQ is requesting a formal cost estimate 
so a contractor can be selected.  Attached are a site map and site photographs.  A chain link fence 
is located around the shaft and working area.  A gate opening just under 12 feet in width is 
located from the access road on the southern side.  Portions of the fence can be removed if 
needed.  The site map is scaled for you to measure what may need to be done to the site to 
perform the requested work.  Please have a cost estimate to me by Friday, August 6th.  If you 
would need a support vehicle with tools and equipment, please include those costs as well.  Also 
feel free to call with any questions.  Thank you. 
 



Proposal
DATE

8/20/2010

Prop #

2471

NAME / ADDRESS

TerraGraphics
Attn:  Tom Smith
302 Last Chance Gulch
Helena, MT  59601

H & H Crane Service,
P.O. Box 437
Black Eagle, MT  59414-0437
Phone (406) 452-4614
Fax (406) 771-4942

APPROVED BY:_________________________________...

DESCRIPTION

Supply Crane, service truck, rigging to remove (2) suspended platforms in the Lilly/Orphan Boy
Mine Shafts

H & H will first try to lift the platforms out of the shafts and place off to the side. If the
platforms get hung up, we will then lower them to the bottom of the shaft.

Total Price:  $12,500.00



Corporate Office
209 East Cedar . Bozeman, Montana 59715

Phone: (406) 586-0909 . 1-800-406-LIFT . Fax: (406) 586-3836
Email : info@montanacraneservice.com

June 23,2010

Via Regular Mail and Email tom.smith @terragraphics.com

Terra Graphics Environmental Engineering, Inc.
Attn: Tom Smith, PE, PG
302 North Last Chance Gulch. Suite 409
Helena, MT 59601

RE: Crane Seruice Quote: Lilly/Orphan Boy Mine

Dear Tom,

We appreciate the opportunity to quote this project. There is a lot of planning to be completed
in order to pull this project off smoothly. We need to complete a work plan in order to effectively
quote this; we are willing to work with you on this if need be. The site is not an easy one to get
in or out of and we may have to build a pad for the crane to set up on. Due to these issues we
have put together an estimafed preliminary budget. The first part of the estimate is for the
removal of the mine shaft platforms. This portion is further broken down into mobilization and
site tasks costs. We have quoted our Bozeman based 70 Ton Link belt HTC 8670LB for the
first part of the project, The second part of the project utilizes a Helena based 30 Ton National
Boom Truck.

We provide many services with our large fleet of equipment and employ many experienced and
hard working individuals. We would like to extend our services to the variety of other tasks this
project may require. Please find our time and materials pricing (MCS/MRM 2010 price lists)
enclosed for your reference. We would be happy to put together numbers for other tasks.

Following your review of the quote, please call us with any questions you may have.

Estimated Preliminary Budget
REMOVAL of Mine Shaft Platforms

Init ial  si te visi t  and prel iminary l i f t  plan.. . . . . . . .  . . . . . .400.00
Fol low up si te visi t  and lay out. . . . .  . . . . . . .800.00
Specia l  r igg ing. . . . .  . . . . . . . . . . : . . . . .  1 ,200.00

Site visit/s and special rigging sub-total ........ $2,400.00

Tena Crlaphics Environmental Engineering, Inc.
P^e"!{sfu . &afre&a7rna*



70T Link Belt HTC 8670L8...
MDor permits.... . .*.-"- '".. . . . . . .  1'794'oo

. . . . . .221.00
Dump Truck and Equipment Trai ler (D5, KX161, ASV3O).. . . . . .  . . . . . . .  1,145.00
1T Service Truck (welding and mechanical equipment, rigging and blocking) ................ 944.00

Mobilization subiotal ............... .....$9,160.00
Day 1
Site Task: Off Load, stage equipment, set up crane and rig to platform (Day 1 includes mob)

Hourly crew and equipment (estimated at 5 hours) ......1,g7S.00
Over  t ime. . . . . . . . .  t  20.OO

Day 1 Crew and equipment subiotat............$2,095.00

Dai ly  crew t rave1. . . . . . . . . . . . . . .  . .  150.00
Per Diem 27O.OO

Day 1 Crew travel and per Diem sublotal.......$420.00

Day 2
Site Task: Craning, rigging and handling to remove both suspended mine shaft manure
containments.

Hourly crew and equipment (est imated 10 hours).. . . . . . . . .  . . .  3,950.00
Over  t ime. . . . . . . . .  120.00

Day 2 Crew and equipment sublotal.. $4,070.00

Daily crew travel . . . . . . . . . . . . . . .  300.00per Diem 2TO.OO
Day 2 Crew travel and per Diem sub-totat....... $S7O.OO

Day 3
Site Task: Tear crane down, return to staging area, load out equipment and prepare for
departure.

Hourly crew and equipment (estimated 3 hours) 1.ggg.5o
Day 3 Crew and Equipment Sub4otal.. $t,SS/.S0

Removal of Mine shaft pratforms: Estimated rotal $14,0s4.50

INSTALLATION of Pumps and Accessories

30T National Boom Truck (Helena based) ......594.00
1T Service Truck (welding and mechanical equipment, rigging and blocking, Bozeman based) ......... g44.00

Mobilization sub-total ............... ..... $t,S7S.0O

Terra G'aphics Environmental Engineering, lnc
page 2 of 5



Dav 1
Site Task: Off load, set up crane (Day 1 includes mob)

Hourly crew and equipment (estimated 2 hours) 4g0.00
Day 1 Crew and equipment sub-tota|..............$450^00

Dai ly  crew t rave1. . . . . . . . . . . . . . .  100.00
Per Diem 90.00

Day 1 Travel and per Diem sub-total.. $190.00

Day 2
Site Task: Craning, rigging and handling in order to place pumps and accessory equipment.
Tear down boom truck and return to staging area.

Hourfy crew and equipment (est imated 10 hours).. . . .  . . . . . . . .  2,4OO.OO
Over t ime. . . . . . . . .  . .  gO.0O

Day 2 Crew and equipment sub-totat.. $2,490.00

Daily crew travel . . . . . . . . . . . . . . .  10O.OO
Per Diem 90.00

Day 2 Travel and per Diem sub-totat.. $190.00Day 3
Mobilize from staging area, included in mobilization.

Installation of Pumps and Accessories: Estimated rotal .......$4,g7g.00

ESTIMATE D project Totar (Removar/rnstar ration) ........ $1 g,932.50

Site Specific Notes (Read carefulty before signing.)

1) We will transport and store existing rigging for up to one year should it need to be reused. lf
it does not get reused within one year we will retain possession to cover these handling costs.

SPECIAL CONDITIONS, Montana Crane Service, Ltd: (Read carefully before signing)

* Scheduling of a crane is on a first come first serve basis upon return of a siqnedquote.

* Unforeseen circumstances which affect cost to complete a priced item will be billed as
an extra charge on a time and materials basis.

* Standby tim-e for the crane quoted due to the following and related circumstances will becharged at 60% of the hourly operated rate.
! poor site accessibility and in route'delays
n not enough space to maneuver the crane or the trucks
tr additional excavation required to make level, enlarge set area, or improve access
tr additional compacting or blocking because of insufTicient compaction or soft ground

Tena Crlaphics tlnvironmental Engineering, Inc
Pagc 3 of 5



n
n
n
!
n

passageways being too narrow
waiting for power lines to be turned off or dropped
high winds
late or non-arrival of crew
late or non-arrival of materials

Per Diem, if applicable, is charged at the rate of $90.00 per man, per night.

Overtime hours, if not specifically addressed in the quote, will be charged at the rate of
$20.00 per hour per man for all hours over eight per day.

Prevailing Wage hours, if not specifically addressed in the quote, will be charged at the
rate of $ 15.00 per hour for all applicable hours.

Montana Crane Service, Ltd. assumes liability for legibly marked util it ies. Montana Crane
Service, Ltd. will not pay for non-located, miss-marked, or il legibly marked util it ies.

Montana Crane Service will not be held liable for any problems or costs or delays
associated with Montana Department of Transportation ovenrueight and oversize
permitting.

Detours, "return to base", or unforeseen extra travel or transport due to special road
weight restrictions and height restrictions or limitations, government bridge weight
restrictions or private bridges determined unsafe to cross by the crane operator will be
charged for.

Montana Crane Service will not be liable for damage caused by overloading of
structures to be crossed over or structures adjacent to set up area.

Our mobilization price includes the cost to transport fully assembled all of the equipment
necessary to complete this project as priced. lf it becomes necessary to disassemble the
quoted equipment, to transport additional equipment, or to transport the quoted
equipment extra times because of circumstances out of our control, we will charge
extra.

Credit arrangements must be made in advance if you want to charge on account.
Montana Crane Service will finance our services over a 12-month period. Financing
must be pre-approved; down payment and monthly installments can be adjusted on an
individual basis.

Customer agrees to pay full attorney fees and collection costs if payment is not
received on a timely basis. Customer also agrees to pay periodic seruice charges on
past due balances. Notice is hereby given of intent to file a lien if payment is not made
when due. Service Charge is 1% monthly, 12o/o dtltlually; minimum charge is
$1.0O/month.

Certificates of Worker's Compensation and Liability Insurance will be provided upon
request by the customer.

Tena Craphics Environmental Engineering, Inc.
Page 4 of 5
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* We carry $ 250,000.00 in hook insurance. Increased coverage requires a quote from the
underuriter. lf additional hook insurance is required, the additional cost will be
charged to the customer at cost plus 15olo.

* We have all the necessary rigging in our possession to do this work safely and efficiently.
The cost to build or purchase special rigging may be charged to customer.

* Please review the quote for completeness. We will be glad to offer pricing on any
additional items you may need.

QUOTED BY:

ACCEPTED BY:

Name

Enclosures: MCS 2010 Hourly Price List
MRM 2010 Hourly Price List

Title

Tena (haphics Environmental Engineering, Inc
Page 5 of 5
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-Iuloq 
Gvcrphic 5.^ corporate office

L il[q I Otrfl}i," l]nr pltrnc 209 East cedar . Bozeman, Montana 59715
Jr  , -  ! -  .  rPhone:(406)586-0909 '  1-800-406-LIFT '  Fax (406)586-3836

06
03
05
08
09
20
22
25
26
21
27
24
41

.x44
43
90

r Requires oversize & overweight permits at an additional cost
2 Requires lowboy transport to & from most job sites

iF LiftSupervisor. $ 80.00ihr
operator travet /zi;; il;;; ;;;k. :. :. :....... $ 50.00/hr

/f Operator travel 1 Ton Service Truck.............. $ 60.00/hr
Pilot car and driver... . . . . . . . . . . . . : . . . . . .  .  $ 50.00/hr
6-Axle 40{on lowboy (plus permits)................ $1 00.00/hr
7-Axle 50ton lowboy (plus permits)................ $1 1 0.00/hr
I Axle 55-ton lowboy (plus permits)................ $120.00/hr
11 Axle 65-ton lowboy (plus permits).............. $150.00/hr

J U V - V J V J  I  r u , \ . \ r

Email : info@montanacraneservice.com

3 Requires piiot car on some two lane roads
a Requires additional equipment for assembly & transport

Tractorffrailers - various sizes ...... $80.00-140.00/hr
Service Truck ( T. Ton ).. . . . . . . . . . . . . . . . .  $ 20.00/hr
Service Truck ( lTon )......... ... $ 30.00/hr

ff'Rigger/1aborer........... $ 50.00/hr
Manbasket or work platform ... $ 10.00/hr

.- Davis-Bacon, prevailingwage $ 15.00/hr
'fi Overtime $ 20.00/hr

ftPer Diem.... . . . . . . .  . . .$ 90.00/day

afLae+t*n
nanrc serulw Effective January 12, 201 O

20L0 Hourly Price List
Cranes priced by the hour with licensed operatoi Port to Port - Bare rental rates available.

Call Toll Free e 1-800-40GLIFT (5438)
inf o@montanacraneservice.com

Please see reverse for additional services, billing policies & guidelines

Bozeman Based
14 Ton RO Single Axle Boom Truck.... . . . . . .  . . . .  73'hei9ht... . . . . . .  . . . . . . . .$ 95.00
15 Ton National Tandem Axle Boom Truck.... . . . . . .  101' height .. . . . . . . . . . . . . . .$ 100.00
22Ton NationalTandem Axle Boom Truck.... . . . . . .  148'height .. . . . . . . . . . . . . . .$ 110.00
23 Ton National Tandem Axle Boom Truck.... . . . . . .  105' height .. . . . . . . . . . . . . . .$ 110.00
30 Ton NationalTandem Axle Boom Truck.... . . . . . .  161'height .. . . . . . . . . . . . . . .$ 120.00
22Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 120.00
22Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 120.00
28 Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 125.00
28 Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 125.00
30 Ton Linkbelt 4WD Rough Terrain Crane .161'height $ 135.00
30 Ton Linkbelt 4WD Rough Terrain Crane .161'height .. . . . . . . . . . . . . . .$ 135.00
50 Ton Linkbelt 4WD Rough Terrain Cranel '2'3. 172' height .. . . . . . . . . . . . . . .$ 155.00
50 Ton Linkbelt Hyd Truck Crane 168'height .. . . . . . . . . . . . . . .$ 160.00
70 Ton Linkbelt Hyd Truck Crane - Long Booml 200' height ................$ 195.00
100 Ton Linkbelt Hyd Truck Crane 225' height ................$ 225.00
140 Ton Linkbelt Conventional Truck Crane .305' height ................$ 250.00
TH63 Cat Extended Reach 4WD Forkl i f ts ' . . . . . . . . . . . . . . . .  . . . . . . .  42'height (6,000 lb)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$ 90.00
TH103 Cat Extended Reach 4WD Forkl i f ts ' . . . . . . . . . . . . . . .  . . . . .  44'height (10,000 lb) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$ 95.00
966F Cat 4WD Fork-Equipped Loader 14' height (36,000 lb)... . . . . . . . . . . . .  . .$ 150.00

Helena Based
14 Ton RO Single Axle Boom Truck.... . : . . . .  . . . .  73'height .. . . . . . . . . . . . . . .$
23 Ton NationalTandem Axle Boom Truck.... . . . . . .  120' height .. . . . . . . . . . . . . . .$
30 Ton NationalTandem Axle Boom Truck.... . . . . . .  157' height .. . . . . . . . . . . . . . .$
22Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$
75 Ton L inkbel t  Hyd Truck Cranel . . . . . . . .  . . . . . . . . .182 'height  . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . .$
TH63 Cat Extended Reach 4WD Forkl i f t  . . . . . . .  ,42'height (6,OOO lb)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$

07
04

,t 10
23
45

95.00
110 .00
120.00
120.00
195.00
90.00

All heights are maximum boom tip heights, including jibs
We provide most spreader bars and rigging required at no additional charge

A 0% to 5% fuel surcharge will be assessed on all equipment and vehicle time; subject to change without notice.

TOWER CRANE: SALES o RENTAL O LEASING o SERVICE oINSPECTION O TRAINING

RENTAL IfiMS: CAT ERENDED REACH 4WD (TELEHANDERS) O PORTABLE STORAGE UNITS

INDUSTRIAL MACHINERY MOVING
&o7z* tan .&Q(c ta , '&a l te
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SPECIAL NOTES & BILLING POLICIES

Written and verbal quotes are available upon request for all your lifting needs.

A 0o/o to 5%fuel surcharge will be assessed on all equipment and vehicle time, and is
subject to change without notice.

Customer is responsible for equipment until equipment is off site, this includes a safe
adequate tow back to dry ground if the equipment is required to leave paved or graveled
roadway. All tows will be paid by the customer.

Rigging and other items not normally carried with a specific crane require loading prior to
departure and offloading upon return. Additional labor and equipment charges will be billed
for the completion of these tasks.

Rigging and other items that cannot be carried on the crane require separate transport.
Additional labor and equipment associated with transport will be billed to the customer.

Jobs requiring specialized or limited application rigging must be quoted. All or part of the
cost to build or purchase special rigging will be billed to the customer.

Specific crane tasks or job sites can require written lift plans. Costs to complete written lift
plans will be billed to the customer. Lift plans, and quotes to complete, are available upon
request.

Personneltravel and transport to and from the job site are not included in overtime charge
calculations. Saturdays and hours over eight hours per day on site will be charged as
overtime hours.

Crane set up and tear down is billed at the hourly crane rate. Set up and tear down can
require additional labor and equipment which will be billed at the hourly rates included
travel and transport. Written quotes are available upon request for difficult or time
consuming set up and tear down.

Lowboy transport costs will include loading prior to departure and otfloading upon return.

Montana Department of Transportation oversize permits are required for the transport of all
cranes on lowboys and for the travel of all hydraulic truck and conventional cranes. All
associated costs are billed to the customer. Written quotes are available upon request.

Standard hook insurance is $ 250,000.00. Additional coverage requires quote from
insurance underwriter and will be charged to the customer at cost plus 15%.

A20% Insurance surcharge will be assessed on all work involving machine and equipment
moving requiring forking, jacking, rolling, or inside building placement. Written quotes are
available upon request.

Installation of tires chains, in-route, on-site, or pre-loading, will be billed to the customer at
the labor and equipment rates listed.

Job site conditions and specific crane tasks can require additional personnel. Additional
labor will be billed to the customer at the labor rates listed.

Prevailing wage adjustments will be added to listed rates if applicable.

Montana Crane Service, Ltd. reserves the right to change rates and policies without notice.



Greg Poncelet, President
209 East Cedar . Bozeman. MT 59715

Phone: (406) 586-1234
Fax: (406) 586-3836

Effective January 12, 2O1A
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201 O CONSTRUCTION SEASON
EQUIPMENT RATES

All equipment is quoted per hour, with operator, basis. Additional charges listed below may apply.

TRUCKINGl'2
Dump Truck 4-axle ..$ AO.OO
Dump rruck M 2-aAe pup t ra i rer . . . . . . . . : : : . . : : . : : . . . : . . . : . . . : : . : : : . : : . : : : :  . . , . . . , . . , , . . . , . .g100.00
Dump Truck w/3-ax le pup t ra i ler . . . . . . . . . .  , . . . . . . . . . .$110.00
Dump Trucks w/3-axle equipment trai ler.. . . . . . . . .  . . . . . . . . . . . . . . . . . .$100.00
Transport Tractor d4O-ton Lowboy.... . . .  . , . . . . . . .$100.00
Transport Tractor w/SO-ton Lowboy.... . . .  . . . . . . , . .$110.00
Transport Tractor wi55-ton Lowboy.... . . .  . . . . . . . . .$120.00
Transport Tractor w/65-ton Lowboy (depending on components) .. . . . . . . . . . . . . . . . . . . . . . . . . . .$1 15.00 to $150.00
Tractor-Trailer Units (various sizes)(flats and vans) ..........$ 80.00 to $140.00
500 Gallon Water Truck.... . . . . . .  . .$ 65.00
4000 Gallon Water Truck.,.. . , . . . ,  . .$ aO.OO
Transport Tractor w/hydraulic rol l  off trai|er.. . . . . . . . . .  . . . . . . . . . . . . .$1 10.00

EXCAVATINGl'2
Skid  Steer  -  Case 1840. . . . . . . . . . . .  . . . .  $  AS.OO
Tracked Skid Steer -  ASV 30.. . . .  . .  $ 85.00
Whee l  Loader  -  Cat  966,  4 ,5  cy . . . . . . . . . . . , . . . . . . . . . . .  $1  25 .00
Crawler Loader -  Cat 955, 2.25 cy w/r ipper. . . .$100.00
Crawler Loader -  Cal977,3.5 cy w/r ipper . . . . . .  $125.00
Compactor -  Cat 168D, Vib. smooth drum .. . .  $ SS.OO
Compactor - Bomag K301 , 4WD Sheepsfoot $1 10.00_
Telehandler Cat TH63 $ 90.00"

ADDITIONAL CHARGES & SERVICES
A 0% to 5% Fuel Surcharge willbe assessed on all equipment and vehicle time.

Surcharge subject to change without notice

.#  Per  D iem (per  day) . . . . . . . . . . . . .  $  90 .00  ;1ROO for  each hour  over t ime. . . . . . , . . . . . . . . . . .  . . .  $  2O.OO
Regular Labor. . . . . . . . . . .  . . .  $ 50.00 *- 'Add for Prevai l ing or Union Wa9e.. . . . . . . . ,  .  $ 15.00
Cler ical  Service.. . . . . . .  . . . .  $ SS.OO - 'Add for OSHA 40 trained personnel . . . . . . .  $ 2O.OO
Truck Driver Labor .......... $ 55.00 tAdd for Concrete Breaker Attachment ... $ 40.00
1zz T Service Truck.......... $ 20.00 oAdd for Sheep's Foot Wheel Packer Attachments .... $ 25.00

I 1T Service Truck . . . . . . . . .  $ 30.00 uAdd for v ibratory plate attachment. . . . . . . . . . . . . . .  $ 30.00'  
Operator Labor. . . . . . . . . .  . .  $ 65.00 tAdd for demol i t ion grapple attachment . .  $ 3O.OO
Supervisor Labor. . . . . . . . . .  $ 90.00 'Add for Heavy Roci,  Heavy Frost,  Demoli t ion . . . . . . . . . . .  $ 2O.OO
Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$110.00  'Add fo r  Work ing  in  Water . . . . . .  $  20 .00
Mechanic. . . .  $ sO.OO uAdd for man basket or work platform . . . . .  $ 10.00
Welder . . . . .  $ SO.OO Pi lot  or f lag cars $ 50.00
Shop Charge . . . . . . . . . . . . . . . . .  $  15 .00  Add fo r  MDOT Cer t i f ied  F lagger . . . . . . .  . . . . . . . .  $  5 .00
Engineer. . . . .  $100.00 Add for sweeper attachment $ 30.00

MORE EOUIPMENT & SERVICES ARE AVAILABLE.
CALL OUR OFFICE IF YOU NEED SOMETHING NOT LISTED ON THESE TWO PAGES

PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE.

Backhoes - Case 5903'4'6... , . . , .  . . . . .  $ 95.00
'd"-Excavator - Kubota KX41 w/thumb.... . . . . . . . . . . . . . .  $ 85.00
rf Excavator - Kubota KX161 w/thumb $100.00

Excavator - John Deere 690E LC' $120.00
Dozer,6-way - Cat D3 w/ripper .. .  $100.00

)fDozer,6-way - Cat D5 high track $120.00
Grader  -Cat120,14 'b lade. . . . .  . . . .$120.00
Tracked Dump Truck, 1/2 cy Kubota.... . . . . . . . . . .  $ 75.00

.  BACK HOE
r EXCAVATOR

. COMPACTOR
. SCRAPER

. DOZER

READY
. EXCAVATION
. SAND AND GRAVEL
. ROADS AND PARKING
r SEWER AND WATER
. BIO-REMEDIATION

MIX CONCRETE
r SITE DEVELOPMENT

. DEMOLITION
o FORMING MATERIALS

. TILT-UP CONCRETE
. UST REMOVAL & INSTALLATION

CRANE SERVICE
.  TRACK LOADER
o WHEEL LOADER
. GRADER
. DUMP TRUCK
. CONCRETE BREAKER



GRAVEL, TOPSOIL, FILL DIRT- Prices on these items vary. Please callfor a quote.

WE SELL CONCRETE SEPTIC TANKS

STORAGE TRAILER RENTAL
w/steps . $60.00/month
w/steps . $90.00/month

8P0 Ocean Going Container with side entry door............ ..$60.00/month
8x40 Ocean Going Container with side entry door............ ,.$90.00/month
Bp8 Skid-Mounted Ground LevelTrailer ........$65.00/month
Delivery and Pickup Charges (round tr ip).. . . . . . . . . . . .  . . . . . . . . . . . . . . .$70.00/hour

Damage of any kind for any reason whatsoever to the storage trailer
or its contents is solely the responsibility of the Lessee.

Customer is responsible for a safe adequate tow of all equipment back to dry ground if the equipment is required to
leave paved or graveled roadway. Alltows willbe paid by customer.

EXTENDED REACH FORKLIFTS $200.00/day $750.00/week $2250.00/month
Note: Special low long term rates available. Please request separate price list.

LIFTINGl'5
Boom Trucks -  RO Stinger 14 Ton Hydraul ic (SA) . . . . . . . . . . .  . . . . . . .  73 f t  height . . . . .$ SS,OO
Boom Truck - National 14 Ton Hydraulic 101 ft height .,...$100.00
Boom Truck -  Nat ional 22Ton Hydraul ic 148 f t  height . . . . .$1 10.00
Boom Truck -  Nat ional 23 Ton Hydraul ic 148 f t  height . . . . .$1 10.00
Boom Truck - National 30 Ton Hydraulic 161 ft height .....$120.00
Truck Crane - Linkbelt  50 Ton Hydraul ic. . . .  . . . . . . . . . .  168 f t  height . . . . .$160.00
Truck Crane - Linkbelt  70 Ton Hydraul ic -  Long Boom .. . . . . . . . .  .  200 f t  height . . . . .$195.00.
Truck Crane - Linkbelt  75 Ton Hydraul ic. . . . .  . . . . . . . . . .182 f t  height . . . . . . . . . . , . . . . . . . . . . . . . .$195.00.
Truck Crane - Linkbelt  100 Ton Hydraul ic 225 f t  height . . . . .$195.00.
Truck Crane - 2384 140 Ton Convent ional . . . . , . . . , . . . . . . . . .  320 f t  height . . . . .$250.00"
4WD RT Cranes - Linkbelt  22Fon Hydraul ic. . . .  . . . .122 f t  height . . . . ,$120.00
4WD RT Cranes - Linkbelt  28 Ton Hydraul ic. . . .  . . . .122 f t  height . . . .  $125.00
4WD RT Cranes - Linkbelt  30 Ton Hydraul ic. . . .  . . . .161 f t  height . . . . .$ '135.00-
4WD RT Crane - Linkbelt  50 Ton Hydraul ic. . . . .  . . . . .172 f t  height . . . . .$155.00.
4WD Telescoping Cat TH63 Mater ial  Handlers . . .6-8000 |bs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .$90.00
4WD Telescoping Cat TH103 Mater ial  Handler . . .  10,000 |bs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$95.00

All heights are maximum boom tip heights, including jibs.
All rates include operator.

*These cranes require an additional overweight permit.
4WD RT Cranes require lowboy transport to and from job sites.
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Lilly/Orphan Boy 

Driller Contact Phone Number Email
Ace Drilling Dave Bick 1-406-883-3300 acedrilling@hotmail.com

O'Keefe Drilling Terry 1-406-494-3310 office@okeefedrilling.com

Axis Drilling Lyle Ballenger 1-406-570-3030 axisdrilling@q.com

Hayes Drilling Will Hayes 1-406-222-3745 hayesdrilling@3riversdbs.net
1-406-586-2499

H and L Drilling Shawn 1-406-227-7435

Boland Drilling* Chris Boland 1-406-799-3121 chris@bolandconstruction.net
*Propose hiring this subcontractor.

cost estimate received

cost estimate received

cost estimate received

Contacted Drilling Contractors
Notes



Lilly/Orphan Boy Scope of Work to Prepare a Proposal and Cost Estimate: 
Township 8 North, Range 6 West, Section 15, Powell County, Montana. 

 
Perform drilling and installing 5 monitoring wells on the Lilly/Orphan Boy mine site for 
Montana DEQ-AML.  The bedrock in this area is Butte Quartz Monzonite and is fairly shallow. 
 
Attached are the site map of the claim and the location map for directions to the mine.  The old 
head frame is in place over a newer frame which can be seen from the road.  The locations of the 
wells have not been marked in the field but will be prior to moving on site. 
 
Scope of work: 
 
Drill & install 5 monitoring wells and develop the wells.  We will collect chip samples at 5' 
intervals or at lithology changes.  All wells shall be PVC with 6" or 8" steel collars and caps. 
 
Below are the well numbers, PVC casing diameters, and estimated depths: 
MW-1: 2" well to 125' 
MW-2: 6" well to 125' 
MW-3: 2" well to 30' 
MW-4: 2" well to 25' 
MW-5: 2" well to 55' 
 
Anticipate drilling to start in mid-August.  The wells will need to be developed. The bottom 20' 
will need to be screened for all wells.  If additional screen is needed in the wells, include the 
change in cost.  







Tom Smith 

From: Chris Boland [chrisboland@prodigy.net]

Sent: Friday, August 06, 2010 4:23 PM

To: Tom Smith

Subject: Re: Lilly/Orphan Boy monitoring wells

Page 1 of 2

8/10/2010

Tom, Enclosed is the cost estimate for the Lilly/Orphan Boy mine site.
  
Mobilize and demobilize - 2,000.00 
Per diem - 2 @ 300.00 each - 600.00 
Drilling Footage - 360' @ 22.00 per foot - 7,920.00 
4- 2" pvc bottom points @ 15.00 each - 60.00 
80' - 2" pvc screen @ 4.00 per foot- 320.00 
160' - 2" pvc casing @ 2.50 per foot - 400.00 
1 - 6" pvc bottom point @ 85.00 each - 85.00 
20' - 6" pvc screen @ 10.00 per foot - 200.00 
110' - 6" pvc casing @ 4.50 per foot - 495.00 
60 - sacks sand @ 15.00 each - 900.00 
70 - sacks bentonite chips @ 8.00 each - 560.00 
4 - 6" steel risers w/ locking caps and cemented @ 150.00 each - 600.00 
1 - 8" steel riser w/ locking cap and cemented @ 185.00 each - 185.00 
  
Total - $14,325.00 
  
If you have any questions or need more information please let me know. 
  
Respectfully, 
  
Chris Boland 
  
  
 
--- On Fri, 7/30/10, Tom Smith <tom.smith@terragraphics.com> wrote: 

 
From: Tom Smith <tom.smith@terragraphics.com> 
Subject: Lilly/Orphan Boy monitoring wells 
To: chris@bolandconstruction.net 
Date: Friday, July 30, 2010, 8:55 PM 
 
Chris, 
 
As we discussed over the phone today, we are requesting a cost estimate for drilling and installing 5 
monitoring wells on the Lilly/Orphan Boy mine site for Montana DEQ-AML.  The bedrock in this area is 
Butte Quartz Monzonite and is fairly shallow. 
 
Attached are the site map of the claim and the location map for directions to the mine.  The old head frame 
is in place over a newer frame which can be seen from the road.  The locations of the wells have not been 
marked in the field but will be prior to moving on site. 
 
Scope of work: 
 



Drill & install 5 monitoring wells and develop the wells.  We will collect chip samples at 5' intervals or at 
lithology changes.  All wells shall be PVC with 6" or 8" steel collars and caps. 
 
Below are the well numbers, PVC casing diameters, and estimated depths: 
MW-1: 2" well to 125' 
MW-2: 6" well to 125' 
MW-3: 2" well to 30' 
MW-4: 2" well to 25' 
MW-5: 2" well to 55' 
 
We are anticipating drilling in mid-August.  The wells will need to be developed. The bottom 20' will need 
to be screened for all wells.  If additional screen is needed in the wells, what would the change in cost be?  
 
Please call if you need more information.  Thanks and have a good weekend! 
 
Regards, 
Tom Smith, PE, PG 
TerraGraphics Environmental Engineering, Inc. 
302 N. Last Chance Gulch, Suite 409 
Helena, MT  59601 
Office: (406) 441-5441 
Cell: (406) 461-5974 
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Estimate
Date

7/13/2010

Estimate #

1782

TerraGraphics Environmental Engineering,
Jamie Mongoven, PE
302 N. Last Chance Gulch, Suite 409
Helena, MT  59601

H & L Drilling, Inc.

P.O. Box 919
4150 Hwy 12 East
East Helena, MT 59635

P.O. No.

Lilly/Orphan Boy

Phone # 406-227-7435 Fax # 406-227-8949

handldrilling@msn.com www.handldrilling.com

Total

Description Qty Cost Total

6" x 2" Monitor Well -  20' Screen; 2" PVC Monoflex; Sand Pack
and Bentonite Seal  to Surface

235 41.00 9,635.00

10" x 6" Monitor Well - 20' Screen; 6" PVC Monoflex; Sand Pack
and Bentonite Seal to Surface

125 54.00 6,750.00

Well Air Development 5 200.00 1,000.00

Drill Rig Standby            $125.00 per Hour 0.00 0.00

$17,385.00



Client: TerraGraphics Environmental Engineering Date: 06-Aug-10
Attention: Tom Smith Cell: 406-441-5441
Project: Lilly/Orphan Boy Mine Fax:  406-441-5443

Type of Rig: Air Rotary Number of Wells: 4
Location: Lilly/Orphan Boy Mine Depth of Wells: Various (125, 30, 25', 25')

Formation: Gravels/Bed Rock Hole Size: 6

Sampling: Chip Samples Completion PVC Size: 2

Decontamination: Yes Screen Length: 20

Other Details: Number of Wells: 1

Depth of Wells: 125

Hole Size: 8

Completion PVC Size: 4

Screen Length: 50

Task Unit Number of Total Cost

Cost Units

Mobilization/Demobilization

Drill Rig 195.00$       Per Hour 5 975.00$                            

Support Vehicle 150.00$       Per Hour 5 750.00$                            

Interm Travel 150.00$       Per Hour -$                                  

Per Diem Crew Members

Motel 2 70.00$         
Per Person 

Per Day  5 700.00$                            

Food 2 32.00$         
Per Person 

Per Day  5 320.00$                            

Soil Boring Installation

6" Drilling 32.00$         Per Foot 360 11,520.00$                       

Monitor Well Installation

2" Construct 30.00$         Per Foot 360 10,800.00$                       

Soil Boring Installation

8" Drilling 36.00$         Per Foot 125 4,500.00$                         

Monitor Well Installation

4" Construct 35.00$         Per Foot 125 4,375.00$                         

Drilling Standby & Safety Meeting

Prior Approval Needed 175.00$       Per Hour -$                                  

OTHER

Well Development 350.00$       Per Hour -$                                  
Operating Rate 350.00$       Per Hour

Total Project Expenses 33,940.00$                

Soil Boring/Monitoring Well Installation

Unit Cost Worksheet

P.O. Box 3810 Butte Montana 59702

406-494-3310 Fax 406-494-3301

PROJECT SPECIFICATIONS:



Reclamation Work Plan for Phase II RWP- Lilly/Orphan Boy Mine, Powell Co., MT 

 

 E

APPENDIX E 

Rain for Rent Cost Estimate 



 















Reclamation Work Plan for Phase II RWP- Lilly/Orphan Boy Mine, Powell Co., MT 

 

 F

 APPENDIX F 

Mining Subcontractor Cost Estimate 



 



Lilly/Orphan Boy 

Miners Contact Phone Number Email
SMD Ron Guill (208) 338-8880 rguill@undergroundmining.com

Blue Range Engineering* Larry Hoffman, PE (406) 782-9354 blueranger@theglobal.net

New Millennium Mining Ben Gunsinger (406) 442-4870 newmillenniummining@bell.net
*Propose hiring this subcontractor.

Contacted Mining Contractors
Notes

cost estimate received

cost estimate received

Too busy to perform the work



Lilly/Orphan Boy Scope of Work to Prepare a Proposal and Cost Estimate: 
Township 8 North, Range 6 West, Section 15, Powell County, Montana. 

 
Perform a site investigation to identify hazards associated with further investigation of the 
abandoned underground mine workings.  The investigation shall specifically identify hazards 
associated with opening/entering the discharging adit, stability of the mine workings, and 
identification of all other potential hazards associated with mine investigation activities.  Please 
address the following in your proposal and cost estimate; 
 
Plan for reopening/entering the discharging adit to investigate the mine workings, including but 
not limited to: 

     All equipment necessary for opening the mine and entering the workings.  
 Methods for determining if the mine can be safely entered.  If Contractor 

determines that the mine cannot be safely entered, the mine shall not be 
entered.  If Contractor determines the mine can be safely entered, 
investigation of the mine shall proceed. 

 List personnel qualified to assess mine safety, determining the structural 
integrity of the mine, and determining if the mine can be safely entered. 

 List personnel qualified for entering the mine and performing investigation 
activities. 

 Identify location and describe and construction of potential sedimentation 
basins if opening the collapsed adit for entry into the workings.  

 Identify areas for placement of excavated material.  
 The mine will be dewatered; however, if there are areas that require additional 

dewatering, the contractor shall delineate methods for pumping water out of 
the mine workings. 

 Describe methods for stabilization of the mine entrance.  
 Describe methods to monitor air quality and provide fresh air to mine 

workings.  
 Describe methods for securing the mine to prevent unauthorized entry. 
 Describe methods for closing the mine after completion of investigation 

activities.  
 Provide a map showing the proposed locations for all investigation activities, 

storage of equipment, placement of excavated materials, and other significant 
uses of the Site. 

 
Once the mine has been entered, upon being determined safe for entry: 
 Identify all mine investigation activities necessary to characterize the mine workings to support 

a detailed evaluation of source control alternatives.  These investigation activities shall include 
but not be limited to: 

o Provide a physical layout of the mine 
o Describe obstructions in the mine workings and locations 
o Describe geology, stability, and rock quality in the workings. 
o Verify elevations of adit intersection at the shaft and wells. 
o    Identify mineralization zones within the mine workings. 
o Identify locations of water infiltration and estimate flow rates into the mine workings. 



Blue Range Engineering Co., Inc. 
56 E. Mercury St. 
Butte, MT 59701 

406-782-9354 Phone                                         406-782-4990 FAX 
blueranger@theglobal.net 

 
May 17, 2010 

 
 
TerraGraphics Environmental Engineering, Inc. 
Suite 409 
302 N. Last Chance Gulch 
Helena MT 59601 
 
Attention: Jamie Mongoven, Thomas L. Smith 
 
Dear Jamie and Tom: 
 
Attached is your scope of work with notes. Assuming TerraGraphics will be doing the 
pumping and all the related environmental permitting and preparation, I allowed for a 
week of underground work, including personnel, equipment, and travel, at a cost of  
$18,000. This includes some contingency to help, if necessary, with the pumping, as well 
as assistance with the underground geologic mapping which I assumed Tom would be 
doing. It also includes the cost of repair timber and other materials to create safe access 
wherever possible. Any serious obstacles would have to be addressed separately. 
 
I hope this covers what you need. If you have any questions or need further detail, please 
let me know. 
 
Thanks for the opportunity to work with you on this project. 
 
Sincerely, 
 
Via email 

 
Larry C. Hoffman, P.E. 
President   



 
Draft Proposal and Cost Estimate 

Examination of Underground Mine Workings 
Lilly/Orphan Boy Property 

Elliston Mining District 
Powell County 

Montana 
 

Submitted to TerraGraphics Environmental Engineering, Inc. 
302 N. Last Chance Gulch, Suite 409  

Helena, MT 59601 
 
 

Lilly/Orphan Boy Scope of Work to Prepare a Proposal and Cost Estimate:  
Township 8 North, Range 6 West, Section 15, Powell County, Montana.  

Perform a site investigation to identify hazards associated with further investigation 
of the abandoned underground mine workings. The investigation shall specifically 
identify hazards associated with opening/entering the discharging adit, stability of the 
mine workings, and identification of all other potential hazards associated with mine 
investigation activities. Please address the following in your proposal and cost 
estimate;  

Plan for reopening/entering the discharging adit to investigate the mine workings, 
including but not limited to:  

 
1. All equipment necessary for opening the mine and entering the workings.  

a. Vehicles to transport personnel, equipment and supplies 
b. Generator, 3-phase, wire and controls (TG) 
c. Submersible pump, pipe, hose and fittings as necessary to pump shaft (TG) 
d. Ventilation fan and fabric duct 
e. Portable ladders and planking for staged descending access 
f. Personal Protective Equipment, including mine lights  
g. Harnesses and fall arresting equipment 
h. Air quality monitor, first aid supplies 
i. Internal and area communications equipment 
j. Spill containment supplies (TG) 
k. Heavy equipment if necessary for opening adit 
l. Lumber and tools to install/repair ground support 
m. Compressor, pipe, hose, drill, rock bolts if necessary for ground stabilization 
n. Air hoist for materials transport in shaft. 

 
2. Methods for determining if the mine can be safely entered. If Contractor 

determines that the mine cannot be safely entered, the mine shall not be 
entered. If Contractor determines the mine can be safely entered, investigation 



of the mine shall proceed.  
a. Physical inspection in progressive stages by a Registered Professional 

mining engineer with extensive experience in re-opening small mines 
as well as MSHA underground instructor certification and current First-
Aid qualification. 

 
3. List personnel qualified to assess mine safety, determining the structural 

integrity of the mine, and determining if the mine can be safely entered.  
a. Above specified mining engineer 
b. Experienced and MSHA-trained underground miners 

 
4. List personnel qualified for entering the mine and performing investigation 

activities.  
a. Same as (3) above 
b. Personnel approved, site-specific trained, and accompanied by personnel 

in (3) 
 

5. Identify location and describe and construction of potential sedimentation basins 
if opening the collapsed adit for entry into the workings.  

a. TerraGraphics domain 
 

6. Identify areas for placement of excavated material.  
a. Same 

 
7. The mine will be dewatered; however, if there are areas that require additional 

dewatering, the contractor shall delineate methods for pumping water out of the mine 
workings.  

a. All dewatering should be done from the shaft, isolating the adit and each 
level to identify water influx sources and quality. 

 
8. Describe methods for stabilization of the mine entrance.  

a. The vertical shaft collar would be stabilized with additional wood structures 
as determined to be necessary by the engineer and underground personnel 

b. If the adit is excavated, the opening would most likely be secured by standard 
mine sets, 8”x8” timbers with 2”-3” lagging boards, with blocking to secure 
the sets against the rock and angle-bracing as necessary.  

 
9. Describe methods to monitor air quality and provide fresh air to mine 

workings.  
a. Standard air-quality meter displaying O2, CO, methane, and LEL, 

with calibration gas. 
b. Small (8” discharge) mine ventilation fan and 8” fabric ventilation 

duct  
 



10. Describe methods for securing the mine to prevent unauthorized entry.  
a. Steel gates and grates locked when not open for use 

 
11. Describe methods for closing the mine after completion of investigation 

activities.  
a. Standard methods applicable to the desired final treatment and 

disposition of the site and its problems. Methods may include 
backfilling, bulkheads, gratings/doors, polyurethane foam (PUF), and 
combinations thereof. 

 
12. Provide a map showing the proposed locations for all investigation activities, 

storage of equipment, placement of excavated materials, and other significant uses 
of the Site.  

a. TerraGraphics domain 

Once the mine has been entered, upon being determined safe for entry:  

 
13. Identify all mine investigation activities necessary to characterize the mine workings 

to support a detailed evaluation of source control alternatives. These investigation 
activities shall include but not be limited to:  

 Provide a physical layout of the mine  
 Describe significant features (obstructions, hazards, etc.) in the mine 

workings and locations  
 Describe geology, stability, and rock quality in the workings.  
 Verify elevations of adit and level intersection at the shaft and wells.  
 Identify mineralization zones within the mine workings. Included in 

geology  
 Identify locations of water infiltration and estimate flow rates into the mine 

workings.  
 Characterize individual water sources re contents and ORP 

 
Has anyone thought to isolate the workings from air infiltration and see what happens to 
the discharge water quality? 



July 22, 2010 
 
Tom Smith 
Project Engineer 
Terra Graphic’s Environmental Engineering, Inc. 
302 North Last Chance Gulch, Suite 409 
Helena, MT  59601 
 
Dear Mr. Smith, 
 
This quote is for the rehabilitation work at the Lily/Orphan Boy Mine in Montana, at your request. 
 
The shaft at the Lily/Orphan Boy Mine is 250’ deep.  New Millennium Mining & Contracting, LLC will install a 
new man‐way and timber slide and ventilation to the 250 ft level,we will also map the water inflow and rate of 
water in the tunnels. 
 
New Millennium’s time frame for  installing a new man‐way down the shaft to make it safe for all personnel to 
enter the mine will be four weeks, working a 10 hour shift, 7 days per week.  This is if all shaft timber is in good 
condition.  In the event of unforeseen problems, cave‐ins, bad timber, etc., New Millennium and Terra 
Graphics will work together to resolve them on a cost‐plus rate of manpower/equipment/and materials 
 
Terra Graphics is responsible for water discharge permit and all other permits pertaining to this job.   
 
Price for installing new man‐way to the 250’ level and mapping is as follows: 
$114,723.00 labor/equipment and materials ‐ estimated 4 weeks completion.  
Daily cost plus rates are $4,100.00 per 10 hour day – this includes labor and equipment. 
  
I wish to thank you for the opportunity to quote on this work and hope that we can be of service to you.  If this 
bid is successful we will provide our standard contract incorporating the above for appropriate signatures. 
 
Sincerely, 
 
 
Ben Gunsinger,  
President 
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Price Quotation 
Project Name: Lilly/Orphan Boy Mine 

Creation Date: August 23, 2010 
 

Contact Name:  Tom Smith     Quote #: 10082301.cjn revision 

Company:  TerraGraphics Environmental Engineering Initiator:  Chris Norman  

 

Address:  302 North Last Chance Gulch, Suite 409 

City, State Zip:  Helena, MT 59601 

Email:  tom.smith@terragraphics.com 

Phone:  1 406 441-5441 

 

Pace PM:  Denise Jensen   

Start Date:  

Project TAT:  10-15 Work Days   

Project Location:  Montana  

Data Package:  Level 2    

 

Invoice To:  Montana DEQ   

Report To:  Tom Smith   

 

Pace Lab:  Pace Montana   

EDD:  Pace Standard    

Certification:   

Prog. Req.: RCRA, MDEQ, CWA   
 

Additional Comments:  Our reporting limit for sulfate by method 300.0 will be 5 mg/l, not 1 mg/l as requested. Acid 

Base accounting reporting limits are provided herein.  These differ from those required by the SAP. Dissolved 

metals with reporting limits in mg/l are Al (0.03 ), As (0.003), Cd (0.00008), Ca (1.0), Cu (0.001),Fe (0.05), Pb 

(0.0005), Mg (1.0), Mn (0.005), K (1.0), Na (1.0) Zinc (0.01)   Total metals with reporting limits in mg/l are Al 

(0.03 ), As (0.003), Cd (0.00008), Cu (0.001),Fe (0.05), Pb (0.0005), Mn (0.005), Zinc (0.01) 

 

This quote was prepared using the assumption that standard Pace Analytical QA/QA, reporting limits, and terms and 

conditions apply. 

 

Surface Water pricing is valid for 4 quarterly sampling events. 

 

 

 

 

 

 

 

 

 

 

 

 



Qty Matrix Analysis/Method Unit Price TAT

Rush 

Surcharge  Total Price 

Ground Water

8 Water A4500-H B 0.1 s.u. 5.00$        10 days 40.00$            

8 Water Conductivity A2510 B 1umhos/cm 5.00$        10 days 40.00$            

8 Water Total Dissolved Solids b A2540 C 10 mg/L 8.00$        10 days 64.00$            

8 Water Total Susp Solids b A2540 D 06 10 mg/L 8.00$        10 days 64.00$            

8 Water Acidity-Total as CaCO3 by A2310B 12.00$      10 days 96.00$            

8 Water Dissolved Bicarb & Carb to 4 mg/l 2320B 8.00$        10 days 64.00$            

8 Water Dissolved Cl & SO4 EPA 300.0 1 &5mg/L 16.00$      10 days 128.00$          

8 Water Unfiltered Alkalinity, Total A2320 B 4 mg/L 6.00$        10 days 48.00$            

8 Water Unfiltered Bicarb & Carbonate to 4 mg/l 8.00$        10 days 64.00$            

8 Water Unfiltered Cl & SO4 EPA 300.0 to 1 &5mg/l 16.00$      10 days 128.00$          

8 Water Single Metal by 200.8 15.00$      10 days 120.00$          

8 Water 7 Additional Metals by 200.8 42.00$      10 days 336.00$          

Surface Water (Quarterly)

5 Water A4500-H B 0.1 s.u. 5.00$        10 days 25.00$            

5 Water Conductivity A2510 B 1umhos/cm 5.00$        10 days 25.00$            

5 Water Total Dissolved Solids b A2540 C 10 mg/L 8.00$        10 days 40.00$            

5 Water Total Susp Solids b A2540 D 06 10 mg/L 8.00$        10 days 40.00$            

5 Water Acidity-Total as CaCO3 by A2310B 12.00$      10 days 60.00$            

5 Water Dissolved Bicarb & Carb to 4 mg/l 2320B 8.00$        10 days 40.00$            

5 Water Dissolved Cl & SO4 EPA 300.0 1 &5mg/L 16.00$      10 days 80.00$            

5 Water Unfiltered Alkalinity, Total A2320 B 4 mg/L 6.00$        10 days 30.00$            

5 Water Unfiltered Bicarb & Carbonate to 4 mg/l 8.00$        10 days 40.00$            

5 Water Unfiltered Cl & SO4 EPA 300.0 to 1 &5mg/l 16.00$      10 days 80.00$            

5 Water Single Metal by 200.8 15.00$      10 days 75.00$            

5 Water 7 Additional Metals by 200.8 42.00$      10 days 210.00$          

5 Water 12 Dissolved Metals by 200.7 and/or 200.8 72.00$      10 days 360.00$          

5 Water Total Hardness / Calculation -$         10 days -$                

Mine Water

21 Water A4500-H B 0.1 s.u. 5.00$        10 days 105.00$          

21 Water Conductivity A2510 B 1umhos/cm 5.00$        10 days 105.00$          

21 Water Total Dissolved Solids b A2540 C 10 mg/L 8.00$        10 days 168.00$          

21 Water Total Susp Solids b A2540 D 06 10 mg/L 8.00$        10 days 168.00$          

21 Water Acidity-Total as CaCO3 by A2310B 12.00$      10 days 252.00$          

21 Water Dissolved Bicarb & Carb to 4 mg/l 2320B 8.00$        10 days 168.00$          

21 Water Dissolved Cl & SO4 EPA 300.0 1 &5mg/L 16.00$      10 days 336.00$          

21 Water Unfiltered Alkalinity, Total A2320 B 4 mg/L 6.00$        10 days 126.00$          

21 Water Unfiltered Bicarb & Carbonate to 4 mg/l 8.00$        10 days 168.00$          

21 Water Unfiltered Cl & SO4 EPA 300.0 to 1 &5mg/l 16.00$      10 days 336.00$          

21 Water Single Metal by 200.8 15.00$      10 days 315.00$          

21 Water 7 Additional Metals by 200.8 42.00$      10 days 882.00$          

Soils

16 Soil Acid Potential w/ Sulfur Forms Sobek Modified 0.5 t/kt 45.00$      15 days 720.00$          

16 Soil Acid/Base Potential Sobek Modified 0.5 t/kt -$         15 days -$                

16 Soil Neutralization Potential Sobek Modified 0.5 t/kt 9.00$        15 days 144.00$          

16 Soil Preparation of Saturated Paste 5.00$        15 days

16 Soil Conductivity Sat Paste  ASA10-3 0.01 mmhos/c 5.00$        15 days 80.00$            

16 Soil Soil prep to include air dry, disaggreate & sieve at 2mm 15.00$      na 240.00$          

16 Soil Single metal by 6010 with 3050 digestion 15.00$      15 days 240.00$          

16 Soil 7 additional metals by 6010 with 3050 digestion 42.00$      15 days 672.00$          

Estimated Total = 7,522.00$       
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Quote #: 10082301.cjn revision 

Project Name: Lilly/Orphan Boy Mine 

 

Project Considerations: 

• Price proposal is valid for 60 days. 

• Payment Terms: “Pace Net 30” from CRM 

• Price Proposal includes cost of all containers, preservatives, coolers, and COCs. 

• Pace Analytical reserves the right to return highly hazardous, toxic, or radioactive samples. 

• All soil samples will be reported on dry weight basis unless otherwise requested. 

• Quoted prices include Standard Pace Analytical QA/QA, reporting limits, and terms and conditions unless 

specifically indicated otherwise. 

• TAT (Turn Around Time) is in work days. 

• Any deviation from the above quoted scope of work, including sample arrival date and volume, may result in an 

adjustment of the listed prices. 

• The laboratory does not accept responsibility for missed hold times due to clients delay in holding samples prior 

to shipping to the laboratory. 

• Please include proposal number on Chain-of-custody to ensure proper billing. 

 

 

 

        August 23, 2010 
 

Submitted by Date 

 

 

 
Client Signature        Date 

 

 

 

 



Submitted By: Jonathan HagerCompany: MT DEQ

Contact: Pebbles Clark

Address: PO Box 200901 

Helena, MT  59620-0901

Project: Lilly/Orphan Boy Abandoned Mine

TAT: 10 Working days

QC Level: STD
Phone: (406) 841-5028 Fax: Expires: 31-Dec-11

 Matrix Test Name Test TotalUnit Price# SampTest Remarks

29-Apr-10

Quotation for Analytical Services #

Quote Date:

527H

Table 1. Surface waterSchedule:  No. Samples: 20
Aqueous 1 $15.00 $300.00A2310 BAcidity, Total as CaCO3 Analyze if pH is <4.5 1

1 $10.00 $200.00A2320 BAlkalinity 1

1 $10.00 $200.00A2320 BAlkalinity Dissolved needs to be filtered 1

1 $0.00 $0.00A2340 BHardness as CaCO3 1

1 $10.00 $200.00A2510 BConductivity 1

1 $15.00 $300.00A2540 CSolids, Total Dissolved 1

1 $0.00 $0.00A2540 CPreparation for TDS 1

1 $15.00 $300.00A2540 DSolids, Total Suspended 1

1 $0.00 $0.00A2540 DPreparation for TSS 1

1 $10.00 $200.00A4500-H BpH 1

1 $15.00 $300.00E200.2Metals Digestion by EPA 200.2 1

1 $210.00 $4,200.00E200.7_8Metals by ICP/ICPMS, Dissolved 1

1 $170.00 $3,400.00E200.7_8Metals by ICP/ICPMS, Tot. Rec. 1

1 $20.00 $400.00E300.0Anions by Ion Chromatography 1

1 $20.00 $400.00E300.0Anions by Ion Chromatography Dissolved needs to be filtered 1

Schedule Sample Price: $520.00

Schedule Total: $10,400.00

SoilSchedule:  No. Samples: 16
Soil 1 $55.00 $880.00Test GroupAcid Base Potential w/Sulfur Forms 1

1Sobek Modified*Acid/Base Potential 1

1Sobek Modified*Sulfur Forms 1

1USDA23c*Lime Percentage 1

1 $15.00 $240.00ASA10-3Conductivity 1

1 $80.00 $1,280.00E6010.20Metals by ICP/ICPMS, Total 1

1 $25.00 $400.00SW3050 BDigestion, Total Metals 1

1 $0.00 $0.00USDA2Saturated Paste Extraction 1

Schedule Sample Price: $175.00

Schedule Total: $2,800.00

Table 1. Groundwater and Mine waterSchedule:  No. Samples: 29
1 $15.00 $435.00A2310 BAcidity, Total as CaCO3 Analyze if pH is <4.5 1

1 $10.00 $290.00A2320 BAlkalinity 1

1 $10.00 $290.00A2320 BAlkalinity Dissolved needs to be filtered 1

1 $0.00 $0.00A2340 BHardness as CaCO3 1

1 $10.00 $290.00A2510 BConductivity 1

1 $15.00 $435.00A2540 CSolids, Total Dissolved 1

1 $0.00 $0.00A2540 CPreparation for TDS 1

1 $0.00 $0.00A2540 DPreparation for TSS 1

To assure that the quoted analysis and pricing specifications are provided, please include the Quote ID number 
referenced above on the Chain of Custody or sample submittal documents .

1 of 2

* Methods and/or parameters included in the indicated test group.
Subcontracting of sample analyses to an outside laboratory may be required.  If so, Energy Laboratories will utilize its branch laboratories or qualified 
contract laboratories for this service.  Any such laboratories will be indicated within the Laboratory Analytical Report.

8/20/2010 2:51:36 PM



Submitted By: Jonathan HagerCompany: MT DEQ

Contact: Pebbles Clark

Address: PO Box 200901 

Helena, MT  59620-0901

Project: Lilly/Orphan Boy Abandoned Mine

TAT: 10 Working days

QC Level: STD
Phone: (406) 841-5028 Fax: Expires: 31-Dec-11

 Matrix Test Name Test TotalUnit Price# SampTest Remarks

29-Apr-10

Quotation for Analytical Services #

Quote Date:

527H

Table 1. Groundwater and Mine waterSchedule:  No. Samples: 29
1 $15.00 $435.00A2540 DSolids, Total Suspended 1

1 $10.00 $290.00A4500-H BpH 1

1 $15.00 $435.00E200.2Metals Digestion by EPA 200.2 1

1 $170.00 $4,930.00E200.7_8Metals by ICP/ICPMS, Tot. Rec. 1

1 $20.00 $580.00E200.7_8Metals by ICP/ICPMS, Dissolved 1

1 $20.00 $580.00E300.0Anions by Ion Chromatography 1

1 $20.00 $580.00E300.0Anions by Ion Chromatography Dissolved needs to be filtered 1

Schedule Sample Price: $330.00

Schedule Total: $9,570.00

Quote Sub Total: $22,770.00
Misc: $0.00
Discount: 25.00%
WO Adjustment: $0.00

QUOTE TOTAL: $17,077.50

Quote 
Comments:

Shipping is $10.00 per cooler.

General
Comments:

To assure that the quoted analysis and pricing specifications are provided, please include the Quote ID number 
referenced above on the Chain of Custody or sample submittal documents .

2 of 2

* Methods and/or parameters included in the indicated test group.
Subcontracting of sample analyses to an outside laboratory may be required.  If so, Energy Laboratories will utilize its branch laboratories or qualified 
contract laboratories for this service.  Any such laboratories will be indicated within the Laboratory Analytical Report.
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Tom Smith 

From: Chris Boland [chris@bolandconstruction.net]

Sent: Wednesday, August 18, 2010 3:12 PM

To: Tom Smith

Subject: RE: Lilly/Orphan Boy monitoring wells

Page 1 of 2Lilly/Orphan Boy monitoring wells

8/20/2010

Tom, 
  
The cost for back-hoe/dozer and grout mixing are: 

-       Mobilize and demobilize – 300 miles @ $2.25 per mile 
-       Hourly operating rate - $95.00 per hour 
-       Portland Cement - $15.00 per sack 

If you have any questions or need more information please let me know.  Thank you. 
  
Chris Boland 
Boland Drilling Company 
4701 North Star Blvd. 
Great Falls, MT 59405 
Phone: (406) 761-1063 
Fax: (406) 761-1076 
www.bolandconstruction.net 
  

From: Tom Smith [mailto:tom.smith@terragraphics.com]  
Sent: Friday, July 30, 2010 8:55 PM 
To: chris@bolandconstruction.net 
Subject: Lilly/Orphan Boy monitoring wells 
  

Chris, 
 
As we discussed over the phone today, we are requesting a cost estimate for drilling and installing 5 monitoring 
wells on the Lilly/Orphan Boy mine site for Montana DEQ-AML.  The bedrock in this area is Butte Quartz 
Monzonite and is fairly shallow. 
 
Attached are the site map of the claim and the location map for directions to the mine.  The old head frame is in 
place over a newer frame which can be seen from the road.  The locations of the wells have not been marked in the 
field but will be prior to moving on site. 
 
Scope of work: 
 
Drill & install 5 monitoring wells and develop the wells.  We will collect chip samples at 5' intervals or at lithology 
changes.  All wells shall be PVC with 6" or 8" steel collars and caps. 
 
Below are the well numbers, PVC casing diameters, and estimated depths: 
MW-1: 2" well to 125' 
MW-2: 6" well to 125' 
MW-3: 2" well to 30' 
MW-4: 2" well to 25' 
MW-5: 2" well to 55' 
 
We are anticipating drilling in mid-August.  The wells will need to be developed. The bottom 20' will need to be 
screened for all wells.  If additional screen is needed in the wells, what would the change in cost be?  
 
Please call if you need more information.  Thanks and have a good weekend! 
 



Regards, 
Tom Smith, PE, PG 
TerraGraphics Environmental Engineering, Inc. 
302 N. Last Chance Gulch, Suite 409 
Helena, MT  59601 
Office: (406) 441-5441 
Cell: (406) 461-5974 
 

Page 2 of 2Lilly/Orphan Boy monitoring wells

8/20/2010



Reclamation Work Plan for Phase II RWP- Lilly/Orphan Boy Mine, Powell Co., MT 

 

 I

APPENDIX I 

Technical Memorandums 



 



 
 

121 S. Jackson St., Moscow, ID 83843 
Phone: (208) 882-7858; Fax: (208) 883-3785 

 

108 W. Idaho Ave., Kellogg, ID 83837 
Phone: (208) 786-1206; Fax: (208) 786-1209 

 

3501 W. Elder St., Ste. 102, Boise, ID 83705 
Phone: (208) 336-7080; Fax: (208) 908-4980 

 

10905 E. Montgomery Dr., Ste. 3  
Spokane Valley, WA 99206-6606 

Phone: (509) 928-1063; Fax: (509) 928-1067 
 

302 N. Last Chance Gulch, Ste. 409 
Helena, MT 59601 

Phone: (406) 441-5441; Fax: (406) 441-5443 
 

7000 Smoke Ranch Rd. Las Vegas, NV 89128 
Phone: (702) 685-2229; Fax: (702) 685-2223  

www.terragraphics.com

 
T E C H N I C A L  M E M O R A N D U M  
     
To: Pebbles Clark, MT DEQ - AML, Helena 
 
From: Tom Smith, PE, PG, TerraGraphics, Helena 
 
Date: July 14, 2010 
 
Project Code:  09210 
 
Subject: Removal or Lowering of Platforms from Shaft at Lilly/Orphan Boy Mine Site 
 

1 Introduction and Background 

This technical memorandum has been prepared for the dewatering pilot test or mine dewatering 
that will help determine the selection of a mine dewatering process at the Lilly/Orphan Boy Mine 
site to facilitate the Mine Investigation Plan.  Before the pilot test or dewatering is performed, we 
recommend the suspended platforms in the Lilly shaft be removed or lowered to the bottom of 
the shaft, which will allow access to the water in the lower mine workings. 

The Lilly mine shaft contains a suspended platform (reportedly installed at the 125-foot level) in 
each of its two compartments that suspends a total estimated volume of 60 cubic yards of 
substrate, which is composed of compacted cow manure, straw, and wood chips.  The substrate 
was used as the source for sulfate reducing bacteria (SRB) and a method for reducing acid mine 
drainage from the collapsed adit that drains into Telegraph Creek.  Figure 1 shows the figure that 
was included in MSE Technology Applications’ (MSE) final report, In Situ Control of Acid 
generation Using Sulfate Reducing Bacteria (MSE, 2008) at the site. 

Figure 1: Figure from MSE Report on Lilly/Orphan Boy Cross Section of Workings and Substrate 

 

The MSE Request for Proposal for Construction Services (MSE, 1994) specifies a minimum 
crane capacity of 10 tons.  We reviewed the construction photos provided by MSE and it appears 
two cranes were used for constructing the steel frame above the Lilly shaft and for installing the 
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platforms.  A Pettibone 30 crane (15 ton capacity) and a crane from Otto’s Crane and Rigging 
(an approximate 60 ton capacity) are shown in the photographs; one is included in Figure 2. 

Figure 2: MSE Photo of Cranes Setting the Steel Headframe Prior to Installation of Platforms and Substrate 

 

The August 14, 2009 submittal letter from MSE states “that 60 cubic yards of substrate were 
placed on the platforms within the shaft”.  This volume of substrate material appears to require at 
least a 30-ton crane for removing the platforms if the volume is split evenly between the 
platforms (assuming a unit weight of 65 pounds per cubic foot for the compacted substrate). 

2 Recommendations 

We recommend the suspended platforms in the Lilly shaft either be removed or lowered to the 
bottom of the shaft by a crane subcontractor.  If the platforms cannot be removed, then we 
recommend leaving the platforms suspended in the shaft, which will limit the extent of the 
dewatering and the mine investigation to the areas that can be accessed.  This will also limit the 
mapping of the mineralized zones and water producing zones in the mine.  Nevertheless, since 
mine water flows through the Lilly tunnel, we may still obtain sufficient information to prepare 
and evaluate closure alternatives in the upcoming EEE/CA. 

3 Cost Estimates 

The crane subcontractors we contacted operate on an hourly basis.  Hourly rates were received 
from H&H Enterprises and Dick Irvin Inc.  A quote was received from Montana Crane Services 
for the site preparation, handling of the fence, platform removals, purchase of special rigging, 
installation of pumps, and accessories.  Their cost in Table 1 is for the site preparation and 
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removing of platforms.  Their time estimate covered 18 hours of time for mobilization, setup, 
removing the platforms, and demobilizing from the site.  Only Montana Crane Services has made 
a visit to the site and has a better understanding of the access to the site and site conditions than 
the other crane subcontractors.  Applying the hourly rates to a 24-hour time estimate for the other 
crane contractors, since they have not visited the site, provides the following estimated costs 
shown in Table 1.  Based on several unknowns about the underground mine workings and the 
fact that the shaft is inclined at 85 degrees, more time and effort may be necessary.  We will not 
know the required amount of time and effort until a subcontractor is on site and attempts to either 
remove the platforms or lower them to the bottom of the Lilly shaft. 

Table 1 – Crane Subcontractor Cost Estimates 

Crane Subcontractor Hourly 
Cost 

Total 
Estimated Cost 

Notes 

H&H Enterprises 

Great Falls, MT 

$175.00 $5,800 for 24 hours 60-ton crane. 

Travel costs $5.25/mile. 

If more than one day of work, add $100/day 
for per diem. 

Hourly cost does not include mobilizing other 
equipment if site preparation is needed prior 
to working on platforms.  

Dick Irvin Inc. 

Shelby, MT 

$175.00 $6,650 for 24 hours 50-ton crane. 

Travel costs at hourly rate.  14 hours 
estimated from Shelby, MT to site. 

Hourly cost does not include mobilizing other 
equipment if site preparation is needed prior 
to working on platforms. 

Montana Crane Services* 

Helena and Bozeman, MT 

(Crane and crew coming from 
Bozeman, MT) 

$195.00 $14,054.50 70-ton crane. 

Cost includes $1,200 for special rigging to 
connect to the lines of the platform cables. 

Costs include 18 hours estimated from 
Bozeman, MT, fence removal, and site 
preparation to get in and start working on the 
platforms. 

Tom’s Crane Service 

Helena, MT 

$125.00  10-ton crane. 

Crane does not appear large enough for the 
platforms but can be used for adjusting pump 
levels while dewatering the mine and 
unloading/loading of the water treatment 
equipment.  

Rate is charged from time leaving the office 
until the crane returns. 

* Quote is attached.  Total cost will be based on amount of time spent on site. 
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4 Conclusions 

Based on our discussions with the crane subcontractors, we recommend subcontracting either 
Montana Crane Services or H&H Enterprises.  We also recommend subcontracting Tom’s Crane 
Service for unloading and loading water treatment equipment and setting and removing the 
pump(s) from the shaft. 
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Corporate Office
209 East Cedar . Bozeman, Montana 59715

Phone: (406) 586-0909 . 1-800-406-LIFT . Fax: (406) 586-3836
Email : info@montanacraneservice.com

June 23,2010

Via Regular Mail and Email tom.smith @terragraphics.com

Terra Graphics Environmental Engineering, Inc.
Attn: Tom Smith, PE, PG
302 North Last Chance Gulch. Suite 409
Helena, MT 59601

RE: Crane Seruice Quote: Lilly/Orphan Boy Mine

Dear Tom,

We appreciate the opportunity to quote this project. There is a lot of planning to be completed
in order to pull this project off smoothly. We need to complete a work plan in order to effectively
quote this; we are willing to work with you on this if need be. The site is not an easy one to get
in or out of and we may have to build a pad for the crane to set up on. Due to these issues we
have put together an estimafed preliminary budget. The first part of the estimate is for the
removal of the mine shaft platforms. This portion is further broken down into mobilization and
site tasks costs. We have quoted our Bozeman based 70 Ton Link belt HTC 8670LB for the
first part of the project, The second part of the project utilizes a Helena based 30 Ton National
Boom Truck.

We provide many services with our large fleet of equipment and employ many experienced and
hard working individuals. We would like to extend our services to the variety of other tasks this
project may require. Please find our time and materials pricing (MCS/MRM 2010 price lists)
enclosed for your reference. We would be happy to put together numbers for other tasks.

Following your review of the quote, please call us with any questions you may have.

Estimated Preliminary Budget
REMOVAL of Mine Shaft Platforms

Init ial  si te visi t  and prel iminary l i f t  plan.. . . . . . . .  . . . . . .400.00
Fol low up si te visi t  and lay out. . . . .  . . . . . . .800.00
Specia l  r igg ing. . . . .  . . . . . . . . . . : . . . . .  1 ,200.00

Site visit/s and special rigging sub-total ........ $2,400.00

Tena Crlaphics Environmental Engineering, Inc.
P^e"!{sfu . &afre&a7rna*



70T Link Belt HTC 8670L8...
MDor permits.... . .*.-"- '".. . . . . . .  1'794'oo

. . . . . .221.00
Dump Truck and Equipment Trai ler (D5, KX161, ASV3O).. . . . . .  . . . . . . .  1,145.00
1T Service Truck (welding and mechanical equipment, rigging and blocking) ................ 944.00

Mobilization subiotal ............... .....$9,160.00
Day 1
Site Task: Off Load, stage equipment, set up crane and rig to platform (Day 1 includes mob)

Hourly crew and equipment (estimated at 5 hours) ......1,g7S.00
Over  t ime. . . . . . . . .  t  20.OO

Day 1 Crew and equipment subiotat............$2,095.00

Dai ly  crew t rave1. . . . . . . . . . . . . . .  . .  150.00
Per Diem 27O.OO

Day 1 Crew travel and per Diem sublotal.......$420.00

Day 2
Site Task: Craning, rigging and handling to remove both suspended mine shaft manure
containments.

Hourly crew and equipment (est imated 10 hours).. . . . . . . . .  . . .  3,950.00
Over  t ime. . . . . . . . .  120.00

Day 2 Crew and equipment sublotal.. $4,070.00

Daily crew travel . . . . . . . . . . . . . . .  300.00per Diem 2TO.OO
Day 2 Crew travel and per Diem sub-totat....... $S7O.OO

Day 3
Site Task: Tear crane down, return to staging area, load out equipment and prepare for
departure.

Hourly crew and equipment (estimated 3 hours) 1.ggg.5o
Day 3 Crew and Equipment Sub4otal.. $t,SS/.S0

Removal of Mine shaft pratforms: Estimated rotal $14,0s4.50

INSTALLATION of Pumps and Accessories

30T National Boom Truck (Helena based) ......594.00
1T Service Truck (welding and mechanical equipment, rigging and blocking, Bozeman based) ......... g44.00

Mobilization sub-total ............... ..... $t,S7S.0O

Terra G'aphics Environmental Engineering, lnc
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Dav 1
Site Task: Off load, set up crane (Day 1 includes mob)

Hourly crew and equipment (estimated 2 hours) 4g0.00
Day 1 Crew and equipment sub-tota|..............$450^00

Dai ly  crew t rave1. . . . . . . . . . . . . . .  100.00
Per Diem 90.00

Day 1 Travel and per Diem sub-total.. $190.00

Day 2
Site Task: Craning, rigging and handling in order to place pumps and accessory equipment.
Tear down boom truck and return to staging area.

Hourfy crew and equipment (est imated 10 hours).. . . .  . . . . . . . .  2,4OO.OO
Over t ime. . . . . . . . .  . .  gO.0O

Day 2 Crew and equipment sub-totat.. $2,490.00

Daily crew travel . . . . . . . . . . . . . . .  10O.OO
Per Diem 90.00

Day 2 Travel and per Diem sub-totat.. $190.00Day 3
Mobilize from staging area, included in mobilization.

Installation of Pumps and Accessories: Estimated rotal .......$4,g7g.00

ESTIMATE D project Totar (Removar/rnstar ration) ........ $1 g,932.50

Site Specific Notes (Read carefulty before signing.)

1) We will transport and store existing rigging for up to one year should it need to be reused. lf
it does not get reused within one year we will retain possession to cover these handling costs.

SPECIAL CONDITIONS, Montana Crane Service, Ltd: (Read carefully before signing)

* Scheduling of a crane is on a first come first serve basis upon return of a siqnedquote.

* Unforeseen circumstances which affect cost to complete a priced item will be billed as
an extra charge on a time and materials basis.

* Standby tim-e for the crane quoted due to the following and related circumstances will becharged at 60% of the hourly operated rate.
! poor site accessibility and in route'delays
n not enough space to maneuver the crane or the trucks
tr additional excavation required to make level, enlarge set area, or improve access
tr additional compacting or blocking because of insufTicient compaction or soft ground

Tena Crlaphics tlnvironmental Engineering, Inc
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n
n
n
!
n

passageways being too narrow
waiting for power lines to be turned off or dropped
high winds
late or non-arrival of crew
late or non-arrival of materials

Per Diem, if applicable, is charged at the rate of $90.00 per man, per night.

Overtime hours, if not specifically addressed in the quote, will be charged at the rate of
$20.00 per hour per man for all hours over eight per day.

Prevailing Wage hours, if not specifically addressed in the quote, will be charged at the
rate of $ 15.00 per hour for all applicable hours.

Montana Crane Service, Ltd. assumes liability for legibly marked util it ies. Montana Crane
Service, Ltd. will not pay for non-located, miss-marked, or il legibly marked util it ies.

Montana Crane Service will not be held liable for any problems or costs or delays
associated with Montana Department of Transportation ovenrueight and oversize
permitting.

Detours, "return to base", or unforeseen extra travel or transport due to special road
weight restrictions and height restrictions or limitations, government bridge weight
restrictions or private bridges determined unsafe to cross by the crane operator will be
charged for.

Montana Crane Service will not be liable for damage caused by overloading of
structures to be crossed over or structures adjacent to set up area.

Our mobilization price includes the cost to transport fully assembled all of the equipment
necessary to complete this project as priced. lf it becomes necessary to disassemble the
quoted equipment, to transport additional equipment, or to transport the quoted
equipment extra times because of circumstances out of our control, we will charge
extra.

Credit arrangements must be made in advance if you want to charge on account.
Montana Crane Service will finance our services over a 12-month period. Financing
must be pre-approved; down payment and monthly installments can be adjusted on an
individual basis.

Customer agrees to pay full attorney fees and collection costs if payment is not
received on a timely basis. Customer also agrees to pay periodic seruice charges on
past due balances. Notice is hereby given of intent to file a lien if payment is not made
when due. Service Charge is 1% monthly, 12o/o dtltlually; minimum charge is
$1.0O/month.

Certificates of Worker's Compensation and Liability Insurance will be provided upon
request by the customer.

Tena Craphics Environmental Engineering, Inc.
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* We carry $ 250,000.00 in hook insurance. Increased coverage requires a quote from the
underuriter. lf additional hook insurance is required, the additional cost will be
charged to the customer at cost plus 15olo.

* We have all the necessary rigging in our possession to do this work safely and efficiently.
The cost to build or purchase special rigging may be charged to customer.

* Please review the quote for completeness. We will be glad to offer pricing on any
additional items you may need.

QUOTED BY:

ACCEPTED BY:

Name

Enclosures: MCS 2010 Hourly Price List
MRM 2010 Hourly Price List

Title

Tena (haphics Environmental Engineering, Inc
Page 5 of 5
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-Iuloq 
Gvcrphic 5.^ corporate office

L il[q I Otrfl}i," l]nr pltrnc 209 East cedar . Bozeman, Montana 59715
Jr  , -  ! -  .  rPhone:(406)586-0909 '  1-800-406-LIFT '  Fax (406)586-3836

06
03
05
08
09
20
22
25
26
21
27
24
41

.x44
43
90

r Requires oversize & overweight permits at an additional cost
2 Requires lowboy transport to & from most job sites

iF LiftSupervisor. $ 80.00ihr
operator travet /zi;; il;;; ;;;k. :. :. :....... $ 50.00/hr

/f Operator travel 1 Ton Service Truck.............. $ 60.00/hr
Pilot car and driver... . . . . . . . . . . . . : . . . . . .  .  $ 50.00/hr
6-Axle 40{on lowboy (plus permits)................ $1 00.00/hr
7-Axle 50ton lowboy (plus permits)................ $1 1 0.00/hr
I Axle 55-ton lowboy (plus permits)................ $120.00/hr
11 Axle 65-ton lowboy (plus permits).............. $150.00/hr

J U V - V J V J  I  r u , \ . \ r

Email : info@montanacraneservice.com

3 Requires piiot car on some two lane roads
a Requires additional equipment for assembly & transport

Tractorffrailers - various sizes ...... $80.00-140.00/hr
Service Truck ( T. Ton ).. . . . . . . . . . . . . . . . .  $ 20.00/hr
Service Truck ( lTon )......... ... $ 30.00/hr

ff'Rigger/1aborer........... $ 50.00/hr
Manbasket or work platform ... $ 10.00/hr

.- Davis-Bacon, prevailingwage $ 15.00/hr
'fi Overtime $ 20.00/hr

ftPer Diem.... . . . . . . .  . . .$ 90.00/day

afLae+t*n
nanrc serulw Effective January 12, 201 O

20L0 Hourly Price List
Cranes priced by the hour with licensed operatoi Port to Port - Bare rental rates available.

Call Toll Free e 1-800-40GLIFT (5438)
inf o@montanacraneservice.com

Please see reverse for additional services, billing policies & guidelines

Bozeman Based
14 Ton RO Single Axle Boom Truck.... . . . . . .  . . . .  73'hei9ht... . . . . . .  . . . . . . . .$ 95.00
15 Ton National Tandem Axle Boom Truck.... . . . . . .  101' height .. . . . . . . . . . . . . . .$ 100.00
22Ton NationalTandem Axle Boom Truck.... . . . . . .  148'height .. . . . . . . . . . . . . . .$ 110.00
23 Ton National Tandem Axle Boom Truck.... . . . . . .  105' height .. . . . . . . . . . . . . . .$ 110.00
30 Ton NationalTandem Axle Boom Truck.... . . . . . .  161'height .. . . . . . . . . . . . . . .$ 120.00
22Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 120.00
22Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 120.00
28 Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 125.00
28 Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$ 125.00
30 Ton Linkbelt 4WD Rough Terrain Crane .161'height $ 135.00
30 Ton Linkbelt 4WD Rough Terrain Crane .161'height .. . . . . . . . . . . . . . .$ 135.00
50 Ton Linkbelt 4WD Rough Terrain Cranel '2'3. 172' height .. . . . . . . . . . . . . . .$ 155.00
50 Ton Linkbelt Hyd Truck Crane 168'height .. . . . . . . . . . . . . . .$ 160.00
70 Ton Linkbelt Hyd Truck Crane - Long Booml 200' height ................$ 195.00
100 Ton Linkbelt Hyd Truck Crane 225' height ................$ 225.00
140 Ton Linkbelt Conventional Truck Crane .305' height ................$ 250.00
TH63 Cat Extended Reach 4WD Forkl i f ts ' . . . . . . . . . . . . . . . .  . . . . . . .  42'height (6,000 lb)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$ 90.00
TH103 Cat Extended Reach 4WD Forkl i f ts ' . . . . . . . . . . . . . . .  . . . . .  44'height (10,000 lb) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$ 95.00
966F Cat 4WD Fork-Equipped Loader 14' height (36,000 lb)... . . . . . . . . . . . .  . .$ 150.00

Helena Based
14 Ton RO Single Axle Boom Truck.... . : . . . .  . . . .  73'height .. . . . . . . . . . . . . . .$
23 Ton NationalTandem Axle Boom Truck.... . . . . . .  120' height .. . . . . . . . . . . . . . .$
30 Ton NationalTandem Axle Boom Truck.... . . . . . .  157' height .. . . . . . . . . . . . . . .$
22Ton Linkbelt 4WD Rough Terrain Crane .122'height .. . . . . . . . . . . . . . .$
75 Ton L inkbel t  Hyd Truck Cranel . . . . . . . .  . . . . . . . . .182 'height  . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . .$
TH63 Cat Extended Reach 4WD Forkl i f t  . . . . . . .  ,42'height (6,OOO lb)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$

07
04

,t 10
23
45

95.00
110 .00
120.00
120.00
195.00
90.00

All heights are maximum boom tip heights, including jibs
We provide most spreader bars and rigging required at no additional charge

A 0% to 5% fuel surcharge will be assessed on all equipment and vehicle time; subject to change without notice.

TOWER CRANE: SALES o RENTAL O LEASING o SERVICE oINSPECTION O TRAINING

RENTAL IfiMS: CAT ERENDED REACH 4WD (TELEHANDERS) O PORTABLE STORAGE UNITS

INDUSTRIAL MACHINERY MOVING
&o7z* tan .&Q(c ta , '&a l te
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SPECIAL NOTES & BILLING POLICIES

Written and verbal quotes are available upon request for all your lifting needs.

A 0o/o to 5%fuel surcharge will be assessed on all equipment and vehicle time, and is
subject to change without notice.

Customer is responsible for equipment until equipment is off site, this includes a safe
adequate tow back to dry ground if the equipment is required to leave paved or graveled
roadway. All tows will be paid by the customer.

Rigging and other items not normally carried with a specific crane require loading prior to
departure and offloading upon return. Additional labor and equipment charges will be billed
for the completion of these tasks.

Rigging and other items that cannot be carried on the crane require separate transport.
Additional labor and equipment associated with transport will be billed to the customer.

Jobs requiring specialized or limited application rigging must be quoted. All or part of the
cost to build or purchase special rigging will be billed to the customer.

Specific crane tasks or job sites can require written lift plans. Costs to complete written lift
plans will be billed to the customer. Lift plans, and quotes to complete, are available upon
request.

Personneltravel and transport to and from the job site are not included in overtime charge
calculations. Saturdays and hours over eight hours per day on site will be charged as
overtime hours.

Crane set up and tear down is billed at the hourly crane rate. Set up and tear down can
require additional labor and equipment which will be billed at the hourly rates included
travel and transport. Written quotes are available upon request for difficult or time
consuming set up and tear down.

Lowboy transport costs will include loading prior to departure and otfloading upon return.

Montana Department of Transportation oversize permits are required for the transport of all
cranes on lowboys and for the travel of all hydraulic truck and conventional cranes. All
associated costs are billed to the customer. Written quotes are available upon request.

Standard hook insurance is $ 250,000.00. Additional coverage requires quote from
insurance underwriter and will be charged to the customer at cost plus 15%.

A20% Insurance surcharge will be assessed on all work involving machine and equipment
moving requiring forking, jacking, rolling, or inside building placement. Written quotes are
available upon request.

Installation of tires chains, in-route, on-site, or pre-loading, will be billed to the customer at
the labor and equipment rates listed.

Job site conditions and specific crane tasks can require additional personnel. Additional
labor will be billed to the customer at the labor rates listed.

Prevailing wage adjustments will be added to listed rates if applicable.

Montana Crane Service, Ltd. reserves the right to change rates and policies without notice.



Greg Poncelet, President
209 East Cedar . Bozeman. MT 59715

Phone: (406) 586-1234
Fax: (406) 586-3836

Effective January 12, 2O1A
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201 O CONSTRUCTION SEASON
EQUIPMENT RATES

All equipment is quoted per hour, with operator, basis. Additional charges listed below may apply.

TRUCKINGl'2
Dump Truck 4-axle ..$ AO.OO
Dump rruck M 2-aAe pup t ra i rer . . . . . . . . : : : . . : : . : : . . . : . . . : . . . : : . : : : . : : . : : : :  . . , . . . , . . , , . . . , . .g100.00
Dump Truck w/3-ax le pup t ra i ler . . . . . . . . . .  , . . . . . . . . . .$110.00
Dump Trucks w/3-axle equipment trai ler.. . . . . . . . .  . . . . . . . . . . . . . . . . . .$100.00
Transport Tractor d4O-ton Lowboy.... . . .  . , . . . . . . .$100.00
Transport Tractor w/SO-ton Lowboy.... . . .  . . . . . . , . .$110.00
Transport Tractor wi55-ton Lowboy.... . . .  . . . . . . . . .$120.00
Transport Tractor w/65-ton Lowboy (depending on components) .. . . . . . . . . . . . . . . . . . . . . . . . . . .$1 15.00 to $150.00
Tractor-Trailer Units (various sizes)(flats and vans) ..........$ 80.00 to $140.00
500 Gallon Water Truck.... . . . . . .  . .$ 65.00
4000 Gallon Water Truck.,.. . , . . . ,  . .$ aO.OO
Transport Tractor w/hydraulic rol l  off trai|er.. . . . . . . . . .  . . . . . . . . . . . . .$1 10.00

EXCAVATINGl'2
Skid  Steer  -  Case 1840. . . . . . . . . . . .  . . . .  $  AS.OO
Tracked Skid Steer -  ASV 30.. . . .  . .  $ 85.00
Whee l  Loader  -  Cat  966,  4 ,5  cy . . . . . . . . . . . , . . . . . . . . . . .  $1  25 .00
Crawler Loader -  Cat 955, 2.25 cy w/r ipper. . . .$100.00
Crawler Loader -  Cal977,3.5 cy w/r ipper . . . . . .  $125.00
Compactor -  Cat 168D, Vib. smooth drum .. . .  $ SS.OO
Compactor - Bomag K301 , 4WD Sheepsfoot $1 10.00_
Telehandler Cat TH63 $ 90.00"

ADDITIONAL CHARGES & SERVICES
A 0% to 5% Fuel Surcharge willbe assessed on all equipment and vehicle time.

Surcharge subject to change without notice

.#  Per  D iem (per  day) . . . . . . . . . . . . .  $  90 .00  ;1ROO for  each hour  over t ime. . . . . . , . . . . . . . . . . .  . . .  $  2O.OO
Regular Labor. . . . . . . . . . .  . . .  $ 50.00 *- 'Add for Prevai l ing or Union Wa9e.. . . . . . . . ,  .  $ 15.00
Cler ical  Service.. . . . . . .  . . . .  $ SS.OO - 'Add for OSHA 40 trained personnel . . . . . . .  $ 2O.OO
Truck Driver Labor .......... $ 55.00 tAdd for Concrete Breaker Attachment ... $ 40.00
1zz T Service Truck.......... $ 20.00 oAdd for Sheep's Foot Wheel Packer Attachments .... $ 25.00

I 1T Service Truck . . . . . . . . .  $ 30.00 uAdd for v ibratory plate attachment. . . . . . . . . . . . . . .  $ 30.00'  
Operator Labor. . . . . . . . . .  . .  $ 65.00 tAdd for demol i t ion grapple attachment . .  $ 3O.OO
Supervisor Labor. . . . . . . . . .  $ 90.00 'Add for Heavy Roci,  Heavy Frost,  Demoli t ion . . . . . . . . . . .  $ 2O.OO
Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$110.00  'Add fo r  Work ing  in  Water . . . . . .  $  20 .00
Mechanic. . . .  $ sO.OO uAdd for man basket or work platform . . . . .  $ 10.00
Welder . . . . .  $ SO.OO Pi lot  or f lag cars $ 50.00
Shop Charge . . . . . . . . . . . . . . . . .  $  15 .00  Add fo r  MDOT Cer t i f ied  F lagger . . . . . . .  . . . . . . . .  $  5 .00
Engineer. . . . .  $100.00 Add for sweeper attachment $ 30.00

MORE EOUIPMENT & SERVICES ARE AVAILABLE.
CALL OUR OFFICE IF YOU NEED SOMETHING NOT LISTED ON THESE TWO PAGES

PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE.

Backhoes - Case 5903'4'6... , . . , .  . . . . .  $ 95.00
'd"-Excavator - Kubota KX41 w/thumb.... . . . . . . . . . . . . . .  $ 85.00
rf Excavator - Kubota KX161 w/thumb $100.00

Excavator - John Deere 690E LC' $120.00
Dozer,6-way - Cat D3 w/ripper .. .  $100.00

)fDozer,6-way - Cat D5 high track $120.00
Grader  -Cat120,14 'b lade. . . . .  . . . .$120.00
Tracked Dump Truck, 1/2 cy Kubota.... . . . . . . . . . .  $ 75.00

.  BACK HOE
r EXCAVATOR

. COMPACTOR
. SCRAPER

. DOZER

READY
. EXCAVATION
. SAND AND GRAVEL
. ROADS AND PARKING
r SEWER AND WATER
. BIO-REMEDIATION

MIX CONCRETE
r SITE DEVELOPMENT

. DEMOLITION
o FORMING MATERIALS

. TILT-UP CONCRETE
. UST REMOVAL & INSTALLATION

CRANE SERVICE
.  TRACK LOADER
o WHEEL LOADER
. GRADER
. DUMP TRUCK
. CONCRETE BREAKER



GRAVEL, TOPSOIL, FILL DIRT- Prices on these items vary. Please callfor a quote.

WE SELL CONCRETE SEPTIC TANKS

STORAGE TRAILER RENTAL
w/steps . $60.00/month
w/steps . $90.00/month

8P0 Ocean Going Container with side entry door............ ..$60.00/month
8x40 Ocean Going Container with side entry door............ ,.$90.00/month
Bp8 Skid-Mounted Ground LevelTrailer ........$65.00/month
Delivery and Pickup Charges (round tr ip).. . . . . . . . . . . .  . . . . . . . . . . . . . . .$70.00/hour

Damage of any kind for any reason whatsoever to the storage trailer
or its contents is solely the responsibility of the Lessee.

Customer is responsible for a safe adequate tow of all equipment back to dry ground if the equipment is required to
leave paved or graveled roadway. Alltows willbe paid by customer.

EXTENDED REACH FORKLIFTS $200.00/day $750.00/week $2250.00/month
Note: Special low long term rates available. Please request separate price list.

LIFTINGl'5
Boom Trucks -  RO Stinger 14 Ton Hydraul ic (SA) . . . . . . . . . . .  . . . . . . .  73 f t  height . . . . .$ SS,OO
Boom Truck - National 14 Ton Hydraulic 101 ft height .,...$100.00
Boom Truck -  Nat ional 22Ton Hydraul ic 148 f t  height . . . . .$1 10.00
Boom Truck -  Nat ional 23 Ton Hydraul ic 148 f t  height . . . . .$1 10.00
Boom Truck - National 30 Ton Hydraulic 161 ft height .....$120.00
Truck Crane - Linkbelt  50 Ton Hydraul ic. . . .  . . . . . . . . . .  168 f t  height . . . . .$160.00
Truck Crane - Linkbelt  70 Ton Hydraul ic -  Long Boom .. . . . . . . . .  .  200 f t  height . . . . .$195.00.
Truck Crane - Linkbelt  75 Ton Hydraul ic. . . . .  . . . . . . . . . .182 f t  height . . . . . . . . . . , . . . . . . . . . . . . . .$195.00.
Truck Crane - Linkbelt  100 Ton Hydraul ic 225 f t  height . . . . .$195.00.
Truck Crane - 2384 140 Ton Convent ional . . . . , . . . , . . . . . . . . .  320 f t  height . . . . .$250.00"
4WD RT Cranes - Linkbelt  22Fon Hydraul ic. . . .  . . . .122 f t  height . . . . ,$120.00
4WD RT Cranes - Linkbelt  28 Ton Hydraul ic. . . .  . . . .122 f t  height . . . .  $125.00
4WD RT Cranes - Linkbelt  30 Ton Hydraul ic. . . .  . . . .161 f t  height . . . . .$ '135.00-
4WD RT Crane - Linkbelt  50 Ton Hydraul ic. . . . .  . . . . .172 f t  height . . . . .$155.00.
4WD Telescoping Cat TH63 Mater ial  Handlers . . .6-8000 |bs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .$90.00
4WD Telescoping Cat TH103 Mater ial  Handler . . .  10,000 |bs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$95.00

All heights are maximum boom tip heights, including jibs.
All rates include operator.

*These cranes require an additional overweight permit.
4WD RT Cranes require lowboy transport to and from job sites.
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T E C H N I C A L  M E M O R A N D U M  
     
To: Pebbles Clark, MT DEQ – AML, Helena 
 
From: Matt Culpo, PE, TerraGraphics, Helena 
 Tom Smith, PE, PG, TerraGraphics, Helena 
 
Date: July 21, 2010, revised August 18, 2010 
 
Project Code:  09210 
 
Subject: Lilly/Orphan Boy Mine Workings Dewatering Evaluation  

performed for the Work Plan 
 

 

1.0 Introduction 

This technical memorandum was prepared to evaluate various dewatering alternatives of the 
impounded water and groundwater inflows in the mine workings at the Lilly/Orphan Boy Mine 
so that a subsequent Mine Investigation can be conducted.  This memorandum is to be used as a 
tool for DEQ to select a mine dewatering alternative and allow completion of the upcoming 
Work Plan.  Once the alternative is selected as part of the Work Plan, the treatment system and 
associated costs can be refined and developed for implementation.  Initially, the focus of the 
dewatering work plan was to provide alternatives that met the most stringent surface water 
quality standards provided by Circular DEQ-7 Montana Numeric Water Quality Standards 
(MDEQ, 2008), hereinafter referred to as DEQ-7.  After an initial evaluation of direct discharge 
systems to meet DEQ-7 standards, system costs were found to be considerable and alternatives to 
direct discharge systems were requested to be considered which included evaluating alternatives 
to meeting the initially requested discharge standards. 

In general, the dewatering system requirements include: setup, operation and removal in a 
remote location, and initial dewatering.  Initial estimates range from approximately 400,000 
gallons for the mine pool volume that could extend to 2,400,000 gallons, depending on the 
groundwater inflow and dewatering rate for an estimated 4 to 6 week time period.  The following 
discussion presents a summary of the findings from our investigation and evaluation of the water 
quality standards, existing conditions, dewatering alternatives, cost estimates, schedule, risks and 
presents a recommended alternative.   

2.0 Water Quality Standards 

This section discusses the water quality standards initially evaluated for discharge of treated 
water into Telegraph Creek.  Numeric standards for surface and groundwater quality are 
contained in DEQ-7.  The reference surface water quality standards for this investigation and 
evaluation are the lowest allowable concentration of human health, chronic or acute aquatic life 
concentrations.  These standards were requested by the MDEQ - Abandoned Mine Lands Section 
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Project Manager (AML) for discharges from dewatering the mine.  Alternatives to these 
standards are presented in the evaluation of the dewatering alternatives discussed below.  The 
contaminants of concern (COCs) identified in the Final Reclamation Investigation Report, 
Lilly/Orphan Boy Mine Site (Tetra Tech, 2009) for human health and ecological risk are arsenic, 
cadmium, copper, iron, lead, manganese, and zinc.  The DEQ-7 limits for these contaminants are 
shown in Table 1.  

Table 1. DEQ-7 Water Quality Standards 

DEQ-7 
Surface 
Water 

Standards 

Arsenic 
(mg/L) 

Cadmium* 
(mg/L) 

Copper*
(mg/L) 

Iron 
(mg/L) 

Lead* 
(mg/L) 

Manganese 
(mg/L) 

Zinc* 
(mg/L) 

Acute 0.34 0.00052 0.00379 -- 0.01398 -- 0.037 

Chronic 0.15 0.000097 0.00285 1.0 0.000545 -- 0.037 

Human 
Health 

0.01 0.005 1.3 
0.3 

(aesthetic) 
0.015 

0.05 
(aesthetic) 

2.0 

Notes: 

Acute and Chronic levels are for aquatic life standards as listed in Circular DEQ-7, 2008 

--  Indicates no standard 

*  These aquatic life standards are hardness dependent. Levels shown are at 25 mg/L hardness. 

ND Not detected at the reporting limit 

 Most stringent standard to be met for water treatment and discharging into Telegraph Creek. 

3.0 Existing Conditions 

A discussion of the site’s existing surface conditions is included in the Final Reclamation 
Investigation Report, Lilly/Orphan Boy Mine Site (RI).  A summary of the existing conditions as 
they pertain to dewatering of the underground mine workings, in addition to supplemental data 
collected for this investigation and evaluation, are discussed below.  The existing site facilities 
and water sample locations are shown on Figure 1. 
 
3.1 Mine Water Quality 
 
Lilly/Orphan Boy mine water samples were obtained for the RI in 2008 by Tetra Tech and on 
April 30, 2010 by TerraGraphics for laboratory analysis.  The sample from the RI was obtained 
from flow discharging from the collapsed adit.  The sample taken in 2010 was obtained from the 
Lilly mine shaft.  The upper 10-15 feet of the mine shaft water was mixed to the extent practical 
prior to sampling.  The results of the analysis for both samples are comparable with a difference 
of less than five times the concentration for any analyte.  The mine water in the shaft and the adit 
discharge exceeds several of Montana’s surface water quality standards including all of the 
COCs (arsenic, cadmium, copper, lead, and zinc).  The mine water concentrations for the COCs 
are shown in Table 2.  Laboratory analysis results for the 2008 and 2010 results are included in 
Attachment A. 
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Table 2. Water Quality Comparison of the Adit Discharge and the Mine 
Shaft Water 

Water 
Sample 

Arsenic 
(mg/L) 

Cadmium
(mg/L) 

Copper
(mg/L) 

Iron 
(mg/L) 

Lead 
(mg/L) 

Manganese 
(mg/L) 

Zinc 
(mg/L) 

Adit 
Discharge 

2009 
0.874 0.163 0.04 29.6 0.07 5.64 17.7 

Mine 
Shaft 2010 

3.94 0.791 0.032 26.2 0.315 5.16 11.3 

3.2 Surface Water Quality 

Surface water samples from Telegraph Creek were taken at four locations along the site; at the 
discharging adit, upstream, downstream, and at the toe of the waste rock dump (WR3) in 
Telegraph Creek as part of the RI (See Figure 1).  The laboratory analytical results are shown in 
Table 3.  The results of the laboratory analyses show exceedances of the DEQ-7 water quality 
standards for arsenic, cadmium, and zinc downstream of the site.  Iron and manganese levels are 
relatively high as well; however, the DEQ-7 human heath water quality standards are based on 
aesthetic properties.  The results of the laboratory analyses also show non-detection for several 
metals (antimony, barium, chromium, mercury, and silver analyses below detection levels with 
mercury and silver having detection limits above DEQ-7 water quality standards).  The surface 
water upstream of the site does not show any exceedances of the DEQ-7 water quality standards 
based on the detection limits.   Laboratory analysis results from the surface water samples are 
contained in Attachment A. 

Table 3. Telegraph Creek Surface Water Analytical Results 

DEQ-7 
Surface 
Water 

Standards 

Arsenic 
(mg/L) 

Cadmium
(mg/L) 

Copper
(mg/L) 

Iron 
(mg/L) 

Lead 
(mg/L) 

Manganese 
(mg/L) 

Zinc 
(mg/L) 

Detection 
Limit 

0.005 0.001* 0.01* 0.03 0.01* 0.01 0.01 

SW-01 
Telegraph 

Creek 
Upstream 

ND ND ND 0.37 ND 0.18 0.03 

SW-03  
Telegraph 

Creek 
Downstream 

0.014 0.003 ND 0.61 ND 0.74 0.61 

SW-04 
Telegraph 

Creek       
Toe of WR3 

0.854 0.067 0.10 8.28 0.05 5.25 9.31 

Notes: 

ND Not detected at the reporting limit. 
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* Detection limit exceeds the DEQ-7 surface water quality standard. 

 Exceeds Circular DEQ-7 Surface Water Quality Standards 

3.3 Mine Pool Volume 

The mine pool volume appears to remain relatively constant as groundwater flows in and out of 
the mine workings and as water flows through the Lilly tunnel and discharges out of the 
collapsed adit.  The mine workings are inundated to the 73-foot level, as measured from the 
collar of the shaft.  Mine water flows through the Lilly tunnel and discharges through the 
collapsed adit at an approximate elevation of 6,790 feet.  The impounded water volume in the 
mine workings below this level is estimated at 375,000-400,000 gallons, not accounting for 
groundwater inflow.  This volume is based on the Lilly Mine, Geologic and Assay Plan (MW 
Rankin, July, 1950) and estimated drift dimensions of 5 feet by 7 feet (TerraGraphics verbal 
communication with Dave Newman, January 2010).  Calculations for the mine water volume are 
contained in Attachment B. 

3.4 Adit Discharge Rate  

The adit discharge rate was measured during a period from September 1994 to August 2001 as 
part of the In Situ Control of Acid generation Using Sulfate Reducing Bacteria (MSE, 2008).   
Measurements were generally taken monthly with some missing data or days when the weir was 
noted as being frozen.  The measured flow rate ranged from 0.1 gallons per minute (gpm) to 7.6 
gpm with a peak occurring in late spring and early summer before quickly declining to about 0.5-
2 gpm by late summer.  Based on verbal communication with TerraGraphics, these flow rate 
estimates were considered by MSE Technology Applications (MSE) to be rough estimates only 
and are included in Attachment B. 

3.5 Groundwater Inflow Rate 

The groundwater inflow rate to the mine is unknown and could be highly variable depending on 
seasonal conditions, water level in the mine, and hydraulic gradient effects during dewatering.  
Historical accounts from Dave Newman, one of the last miners to work the site, suggested that 
the groundwater inflow rate during operation and active dewatering in the 1960s at the 200-foot 
level was approximately 20 gpm (TerraGraphics verbal communication with Dave Newman, 
January 2010).  The relatively rapid changes and range of adit discharge rates measured by MSE 
and discussed above also indicate the potential for variability in the groundwater inflow rate both 
seasonally and during the planned Mine Investigation. 
 
During the spring runoff periods, we have observed groundwater flow into the shaft occurring at 
a height of 34 feet below the shaft collar (June 10, 2010 site visit).    We have also observed 
water collecting in an offsite depression on a benched area to the east and above the mine. This 
pond is shown in Figure 2 and may be a source of surface water infiltration into the mine 
workings.    At one time, it appears that the benched area may have had a drainage ditch running 
to the north that may have drained this pond.  Re-establishing this ditch, or excavating a new 
ditch, to drain the bench is recommended to limit surface water infiltration into the mine 
workings.  This benched area is located on the adjacent Orphan Boy claim, which is currently 
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owned by Dan Newman, and consent will be required.  Based on our observations, control of 
surface water at and around the site will be important to the closure design of the mine. 

4.0 Dewatering Alternatives Comparison 

As part of our preparation for the Mine Investigation Work Plan at the Lilly/Orphan Boy mine 
site, we evaluated several alternatives for dewatering the mine.  These evaluations and associated 
cost estimates were prepared to a feasibility level for comparison of the alternatives.  We 
requested cost estimates for treatment of water at an assumed 60 gpm to permit dewatering of the 
impounded water for an estimated time period of 4 to 6 weeks, which was our preliminary 
estimated time frame for performing the upcoming mine investigation.  The time frame allows 1 
to 2 weeks for dewatering and up to 4 weeks for performing the mine investigation.  Actual field 
conditions will vary and have an impact on the costs.  If inflow rates are greater, the amount of 
water treated will increase and also impact the cost.  On the other hand, if less time is required to 
perform the mine investigation, the water treatment costs could decrease.  A summary of the 
alternatives are discussed below and do not include TerraGraphics costs. 

4.1 Water Treatment Discharge Water Quality Standards 

Dewatering the mine could be accomplished with a temporary water treatment system and direct 
discharge to the Telegraph Creek.  Five water treatment contractors were contacted, of which 
three provided preliminary cost estimates and estimated treated water quality.  In some instances, 
water treatment contractors claimed that they could meet the DEQ-7 water quality standards but 
would not provide a guarantee while others will only reduce the concentrations.  Based on our 
discussions with the water treatment contractors, we are cautionary in our acceptance of their 
ability to meet DEQ-7 standards.  However, we believe that high water quality can be achieved 
through water treatment such that if DEQ-7 is not meet, the current loading from the COCs to 
Telegraph Creek would be reduced during the investigation.   

To meet the current loading, the total pounds of COCs flowing to the Telegraph Creek from the 
mine adit discharge would be compared to the total pounds of COCs discharging from the water 
treatment plant.  As long as the total pounds discharging from the plant are lower than that 
discharging from the adit, the impacts from the Mine Investigation would be lower than the 
current conditions.   

Loading to the Telegraph Creek could be estimated based on the discharge flow rate from the 
mine adit as measured by MSE, at a rate of 0.1-7.6 gpm, and as previously discussed.  Based on 
the flow measurement data, discussions with MSE and TerraGraphics’ observations of the flow 
measurement system, the accuracy of the measured flow rates appear questionable.  
TerraGraphics observed the potential for significant infiltration losses between the adit opening 
and the flow measuring device.  If a loading comparison is to be incorporated into the water 
treatment dewatering plan, accurate measurements of the adit drainage during operation will 
improve the validity of the results.  An improved flow measuring device could be installed at the 
collapsed adit which would attempt to reduce the mine drainage losses prior to measurement and 
provide a higher and more accurate loading estimate.   
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A summary of the water treatment contractor’s proposals and associated water treatment plans 
are included below.  Below are the three most viable alternatives we found that will meet, or 
come close to meeting, the DEQ-7 standards. 

4.1.1 Water Treatment Alternative 1: Environmental Solutions 

The proposal is for rental, set-up, and operation and maintenance of a pH adjustment and 
oxidation water treatment system.  Environmental Solutions obtained a mine water sample and 
performed a bench scale test and shipped the water back to TerraGraphics for analysis by Energy 
Laboratories.  The treated water did not meet DEQ-7 water quality standards; however, 
Environmental Solutions believes that they could achieve improved water quality results due to 
the lower than optimum pH measured in the treated water sample.  According to Environmental 
Solutions, the optimum pH for removal of metals is 9.0 as compared with the treated water 
sample of 7.7.  Table 4 shows the summary of the treated water quality results from 
Environmental Solutions.  All the metals exceed the DEQ-7 water quality standards except for 
iron and nickel which were below the standard.  The quote and information pertaining to the 
Environmental Solutions water treatment system are contained in Attachment C. 

Table 4. Environmental Solutions Treated Water Quality 

Water 
Sample 

Arsenic 
(mg/L) 

Cadmium 
(mg/L) 

Copper
(mg/L) 

Iron 
(mg/L) 

Lead 
(mg/L) 

Manganese 
(mg/L) 

Nickel 
(mg/L) 

Zinc 
(mg/L) 

ES 
Treated 
Water 

0.134 0.0113 0.013 0.10 0.004 1.77 ND 1.68 

The Environmental Solutions process also produces an estimated 2,000 gallons of sludge that 
will require disposal either on site or in a RCRA facility.  Additional considerations for this 
process include costs, power, a pumping system, and a 6-week lead time.  Table 5 contains the 
cost estimate for this alternative. 

Table 5. Environmental Solutions Water Treatment Cost Estimate 

Item Description Quantity Unit Unit Cost Cost 

ES Mine Pool Water 1 400,000 gal $47,000 $47,000 

ES Base Inflow 6 Week $5,000 $30,000 

Generator 1 Each $2,000 $2,000 

Submersible pump (200 ft) 1 Each $4,000 $4,000 

Piping 1 Each $3,000 $3,000 

Site preparation 1 Square Yard $3,000 $3,000 

Subtotal  $89,000 

Contingency 20% $17,800 

Operations Management 10% $8,900 

Total  $115,700 
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4.1.2 Water Treatment Alternative 2: Blue Water Technologies Inc. 

This proposal is for the purchase of a continuously regenerating reactive filtration water 
treatment system.  Blue Water’s proposal is for the sale of two optional equipment systems; 
rental systems are not available.  Option 1 has a buy back option at the end of the project.  Blue 
Water’s treated water quality is estimated to meet DEQ-7 water quality.  Blue Water did not 
perform any testing on the mine water and will not guarantee discharge water quality without 
performing a pilot test.  Pilot testing is estimated at $5,000-$10,000.  Bench scale testing could 
also be performed at $1,000 per pH adjustment but will not provide guaranteed results.  Blue 
Water’s system has an 8-12 gpm reject water stream of concentrates which will need to be 
disposed of on site by recirculation in the mine or hauled off site for disposal.  Blue Water 
requires long lead times, approximately 18-24 weeks, for design, construction, and delivery of 
the system.  Option 1 is estimated at $325,000 with a buy back at approximately 30-40%.  
Option 2 is estimated at $500,000 and does not have a buy back option.  Neither option included 
operator costs nor other equipment needed at the site for operation.  Due to costs, lead times and 
availability of resources to deal with reject concentrates the cost for this alternative was not 
evaluated any further.  The quote and information pertaining to the Blue Water treatment system 
are contained in Attachment C. 

4.1.3 Water Treatment Alternative 3: Rain for Rent  

This proposal is for rental of a pH adjustment followed by mechanical filtration and an ion 
exchange water treatment system.  Rain for Rent’s system is a partnership with Siemens.  Rain 
for Rent obtained a water sample for bench scale testing and provided results that met DEQ-7 
water quality standards except for cadmium which was less than 0.001 parts per million (ppm), 
compared with the standard of 0.000097 ppm.  Rain for Rent does not guarantee meeting the 
treatment water quality standard.  Rain for Rent’s proposal includes all cost to deliver, install, 
and remove the equipment from the site.  Rain for Rent did not include operation costs.  Rain for 
Rent estimates that two operators will be needed initially until the system is running and 
conditions are optimized, at which point only one operator is required.  Disposal of bag filters 
and cartridge filters are necessary either on site or in a Resource Conservation and Recovery Act 
(RCRA) facility.  Table 6 contains the cost estimate for this alternative.  The quote and 
information pertaining to the Rain for Rent water treatment system are contained in Attachment 
C. 

Table 6. Rain for Rent Water Treatment Cost Estimate 

Item Description Quantity Unit Unit Cost Cost 

R for R Treatment System 1 Lump Sum $130,577 $130,577 

Operator* 840 Hours $100 $84,000 

Generator 1 Each $2,000 $2,000 

Submersible pump (200 ft) 1 Each $4,000 $4,000 

Piping 1 Each $3,000 $3,000 

Site preparation 1 Square Yard $3,000 $4,000 

Subtotal  $227,577 
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Table 6. Rain for Rent Water Treatment Cost Estimate 

Item Description Quantity Unit Unit Cost Cost 

Contingency 20% $45,515 

Operations Management 10% $22,757 

Total  $295,850 
Notes: 

Two operators for 12 hours per day for 2 weeks plus one operator for 12 hours per day for 6 weeks. 
 

4.2 Land Application with Pre-Treatment 

Dewatering of the mine can be accomplished by land applying untreated or pre-treated water to 
the ground surface at a rate that permits infiltration.  The simplicity and relatively low cost of 
land application makes this alternative attractive; however, discharging untreated mine water 
may result in adverse impacts to the site.  The adverse impacts may affect the soil, vegetation 
and surface water and may include metals loading, vegetation die-off and/or degraded surface 
water quality in Telegraph Creek downstream of the site.  Due to these risks, land application of 
untreated water was rejected in favor of pre-treatment with Environmental Solutions system and 
land application.   

In order to evaluate the pre-treatment and land application process, we performed an analysis to 
estimate the metal loading to the soils using a conservative approach by estimating the metals 
loading of untreated mine water.  Using the analytical data from the shaft mine water sample 
included in Table 2, the estimated weight of metals in the mine water to be land applied were 
estimated.  Reviewing the NRCS soil survey data for the site (included in Attachment D), the site 
soils have a saturated hydraulic conductivity ranging from an estimated 4 μm/s to 42 μm/s.  
When converted to inches per hour (in/hr), the range is approximately 0.6 inches per hour (in/hr) 
to 2 in/hr.  Since these conductivity measurements likely were not performed on or near the 
subject site, the use of a conservative infiltration rate of the fine soils fraction (silt or silty clay) 
appears suitable to account for the 20-30% slopes.  If we estimate the infiltration rate of only the 
fine soils fraction to be 0.05 in/hr, obtained from a chart of typical soils permeability values, a 
minimum area of approximately 2 acres will be necessary to dewater the mine at 40 gpm without 
surface runoff as shown in Attachment D.  A copy of the soil permeability chart is included in 
Attachment D.  To refine the soils infiltration rate, percolation or infiltration tests should be 
performed on site.  Without these tests, the project will utilize 0.05 in/hr as a conservative 
estimate. 

Although the 2 acre area is available at the Lilly claim the topography is steep which increases 
the risk of runoff or will require a larger infiltration area or multiple land application zones that 
can be rotated when they become saturated.  Regardless, we estimated the metals loading to the 
soil by assuming the metals will be absorbed in the top 1-inch of soil as shown in Table 7.  Based 
on our review, the metals loading appears to be negligible when compared with recreational 
limits in the RI. 

Pre-treatment will not meet DEQ-7 water quality standards but will improve the water quality.  
Environmental Solutions water treatment system is relatively simple involving a pH adjustment 
with oxidation.  The Environmental Solutions system will require pilot testing, design, 



TABLE 7:
LILLY/ORPHAN BOY LAND APPLICATION METAL LOADING ANALYSIS

LAND APPLICATION METAL LOADING TO SOIL AND VEGETATION ESTIMATES:
As Cd Cu Fe Pb Mn Zn

mine water concentration, mg/L 3.94 0.0791 0.032 26.2 0.315 5.16 11.3

As Cd Cu Fe Pb Mn Zn
lbs lbs lbs lbs lbs lbs lbs

13.15 0.26 0.11 87.46 1.05 17.22 37.72 estimated volume standing in workings
24.66 0.50 0.20 163.99 1.97 32.30 70.73 estimated total discharge volume

conversions: 1 mg/L = 8.34538E-06 lbs/gallon

LAND APPLICATION METAL LOADING TO SOIL AND VEGETATION ESTIMATES:
As Cd Cu Fe Pb Mn Zn

lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre
2.07 0.04 0.02 13.78 0.17 2.71 5.94 total land available
4.11 0.08 0.03 27.33 0.33 5.38 11.79 estimated area suitable for land app.
7.05 0.14 0.06 46.85 0.56 9.23 20.21 for preliminary sprinkler line assessment

The available on site acreage does not take into account the slope or suitability for infiltration. Testing is recommended.

Land App Area lbs/sf lbs/sf lbs/sf lbs/sf lbs/sf lbs/sf lbs/sf
6 acres 0.0000944 0.0000019 0.0000008 0.0006274 0.0000075 0.0001236 0.0002706

3.5 acres 0.0001618 0.0000032 0.0000013 0.0010756 0.0000129 0.0002118 0.0004639

If we assume the metals will collect in the top 1 inch of soil, then we can estimate the concentration of metals applied to the soils:
Volume = 6 acres * 1 inch = 21,780 cubic feet
Volume per square foot = 1' *1' * 1 inch = 0.083 cf
Assume a soil units weight of 125 lbs/cf 10.42 lbs

METAL CONCENTRATION INCREASE ADDED TO THE SOILS THROUGH LAND APPLICATION:
Land App Area Water Volume As Cd Cu Fe Pb Mn Zn

acres gallons/acre mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
6 125,000 9.06 0.18 0.07 60.23 0.72 11.86 25.98

3.5 214,286 15.53 0.31 0.13 103.26 1.24 20.34 44.53
323 * * * 2,200 7,330 *

* Not identified as a risk in RA (2009 RI).
2009 RI Recreational Limits

750,000
400,000
gallons

3.5

MINE WATER VOL.

6
11.9

On-site area (acres)
Available Land Application

Pumped Volume to Land App.
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procurement, and installation.  The estimated time for the Environmental Solutions system is 
approximately 6-8 weeks from the notice to proceed, which may delay the current project 
schedule.  

The preferred method for pilot testing is to run a small scale land application test.  Alternatively, 
percolation testing or ring infiltration tests could be used to estimate the infiltration rate for 
sizing a land application system.  Pilot testing may determine that multiple land application areas 
are needed so that they can be rotated to allow saturated areas to infiltrate.  Table 8 shows the 
cost estimate for the Environmental Solutions alternative. 

 

Table 8. Environmental Solutions Pre-Treatment with Land Application Cost 
Estimate 

Item Description Quantity Unit Unit Cost Cost 

Pilot Testing 1 Lump Sum $6,000 $6,000 

ES Mine Pool Water 1 400,000 gal* $47,000 $47,000 

ES Base Inflow 6 Week $5,000 $30,000 

Pumps 3 Each $2,500 $7,500 

Generator 1 Each $2,000 $2,000 

Land Application System 1 Each $6,000 $6,000 

Site Preparation 1 Lump Sum $4,000 $4,000 

Subtotal  $102,500 

Contingency 20% $20,500 

Operations Management 10% $10,250 

Total  $133,250 
 

4.3 Evaporation 

Dewatering of the mine may be accomplished by mechanical evaporation.  Lake evaporation was 
considered impractical at this site due to cost, site constraints, reliability, and an estimated low 
net reduction in water volume.  Mechanical evaporation involves pumping mine water through 
high pressure nozzles designed to atomize the water molecules which results in high evaporation 
rates capable of meeting the project needs.   

The benefit of evaporation is that there will be no discharge from the site if properly managed.  
The evaporation process could result in up to approximately 80% return flows, depending on 
conditions, which will need to be collected and routed back to the mine or evaporators.  Wind 
speed and direction will present challenges with sizing and locating a return flow area.   
Collection of unevaporated mine water would need to occur on a lined portion of the site.  Some 
risk exists for overspray and discharge of untreated water offsite.  Table 9 contains the cost 
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estimate for this alternative.  Manufacture’s information related to evaporators in contained in 
Attachment D.  
 

Table 9. Evaporation Cost Estimate 

Item Description Quantity Unit Unit Cost Cost 

Evaporator 2 Each $35,000 $70,000 

Evaporator Pump (150 psi) 1 Each $40,000 $40,000 

Lined Area (180 ft x180 ft) 3600 Square Yard $10 $36,000 

Generator 1 Each $2,000 $2,000 

Submersible Pumps 3 Each $2,500 $7,500 

Collection Trench 100 Linear Foot $20 $2,000 

Site preparation 600 Square Yard $5 $3,000 

Piping and Fittings 1 Lump Sum $3,000 $3,000 

Subtotal  $163,500 

Contingency 20% $32,700 

Operations Management 10% $16,350 

Total  $212,550 

4.4 Land Application or Evaporation with Temporary Mine Water Storage 

Temporary storage of the estimated 400,000 gallons of mine water currently impounded in the 
mine workings with land application of evaporation of the groundwater infiltration into the 
workings would improve the project schedule and limit evaporation, pre-treatment, and land 
applications requirements.  Mine water could initially be pumped to a temporary storage facility 
until the Mine Investigation is complete and then pumped back into the mine.  Temporary 
storage could occur in either a lined pond or in water storage bags.   

A lined pond is necessary to minimize exfiltration of untreated mine water from the pond.  The 
benefit of using a pond over water storage bags is that it provides an area to capture un-
evaporated water droplets that may otherwise return to the ground for the evaporation alternative.   

Temporary storage in water storage bags provides several benefits over a lined pond including: 
potentially lower cost, minimal design, limited site constraints issues, minimal construction, and 
shorter schedule.  However, they do not provide an area to capture unevaporated mine water.  
The cost of the temporary water storage bags are high enough that their cost effectiveness is not 
substantiated.  One 100,000 gallon water storage bag costs approximately $45,000.  At least four 
bags will be necessary to store the estimated mine water volume of 400,000 gallons at a cost of 
approximately $200,000.  Additional bags may be necessary for storing infiltrating groundwater 
while the Mine Investigations are being performed.  Manufacture’s information and cost data 
associated with evaporation and temporary storage are contained in Attachment D.  
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4.5 Reinjection  

Dewatering of the mine through an injection well was evaluated for this site.  An injection well 
involves pumping mine water back into the groundwater system through geologic features with 
adequate hydraulic conductivity and an acceptable flow path such that no direct discharges to 
surface water occur.  This alternative requires testing in a monitoring well to evaluate the 
hydraulic conductivity of the subsurface features and their potential flow paths.  The evaluation 
would assess the potential for hydraulic connections with the mine workings and the local 
ground surface or surface water.  If either of these conditions is present, this alternative would 
not work.  Based on the known geology in the area which consists of Butte quartz monzonite, a 
fractured system with sufficient capacity to accept the mine dewatering flows is unlikely without 
any information from wells in the area and the well’s capacities.  Reviewing the Montana 
Ground-Water Information Center (GWIC) online database, the flow rates for wells within a one 
mile radius of the site reportedly produce only 12 gpm.  Since no wells exist in the vicinity 
where this alternative may appear to be feasible, new wells would need to be developed for 
testing.  Due to the limited ability to test this alternative, project schedule and existing geology, 
this alternative was rejected. 

4.6 In-Situ Treatment 

In situ treatment of the mine water was requested to be investigated by DEQ as a water handling 
alternative.  This method involves either pumping or gravity feeding liquid caustic soda down 
the shaft into the mine water. Based on the volume of water impounded within the mine 
workings, a pilot test volume between 2,000 and 5,000 gallons of liquid caustic soda are 
estimated to be needed to observe any neutralizing effects on the mine water at an estimated 
material cost of $6,000 to $15,000.   

Mixing options are limited in the mine thereby making the overall neutralization of the 
impounded 400,000 gallons of mine water difficult.  Dumping granular or powdered caustic soda 
into the shaft is not recommended because the material may collect on the timbers which could 
result in damage making the shaft rehabilitation and Mine Investigation more difficult and 
expensive.  The caustic soda is also an exposure hazard to the workers as they are in a confined 
space (the shaft).  Since MSE loaded the shaft and the Lilly tunnel with organics and timbers 
were used to rehabilitate the shaft to allow their work to proceed, bulk loading into the workings 
could cause a reaction where hydrogen sulfide gas could be released.  Sulfate reducing bacteria 
create hydrogen sulfide as a byproduct of their conversion of organic matter (substrate).  
Hydrogen sulfide is also soluble in water.  The reaction of the mine water with the dumping of 
caustic soda could release the dissolved hydrogen sulfide.  Adding caustic soda will also increase 
the pH which can increase bacterial reactions and produce additional hydrogen sulfide.   

In addition, dissolved aluminum has been reported in the analytical report of the April 30, 2010 
shaft mine water sampling event (Energy Labs sample for dissolved aluminum = 0.8 mg/L and 
Siemens reported total aluminum at 1.34 mg/L and dissolved at 1.29 mg/L).  The reaction of 
mixing liquid caustic soda with acidic water could also generate heat and react with the 
aluminum in the mine water to generate hydrogen gas.  Hydrogen gas in the workings could 
create an explosive situation.  The dissolved metals will begin to precipitate, and when combined 
with the generated heat, hydrogen and hydrogen sulfide gases, will cause cavitation and deposits 
in the suction pipe and pump, decreasing the pump efficiency and shortening its operational life.  
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These situations increase the hazards of the following Mine Investigation work and are not cost 
effective as these new conditions must be dealt with prior to entering the workings.  These 
situations are also why we propose pumping the mine water to the surface to a treatment system 
where controlled volumes of mine water and treatment chemicals can be mixed in a controlled 
environment and monitored.  Since we know little about the mine layout, conditions, contents, 
and operations and due to the hazardous conditions which may be generated due to the addition 
of liquid caustic soda to the acidic mine water this alternative is not recommended. 

 
4.7  Evaporation or Land Application with pH Adjustment 
 
Based on the risks, costs, schedule limitation and treatment results from the analysis of the 
various alternatives above we are including this treatment system which provides effective water 
disposal at the site to meet multiple objectives.  Partial evaporation with pH adjustment involves 
adjusting the pH of the mine water to approximate natural rain water around pH 5.5 and 
discharging the adjusted water using mechanical evaporation over the waste rock piles below the 
mine workings.  Mechanical evaporation does not evaporate all water unless the unevaporated 
water is captured and recirculated through the evaporators.  The alternative does not propose to 
recirculate the water in order to provide a cost effective system.  See Section 4.3 - Evaporation 
for system costs and requirements for recirculation.  Mechanical evaporation rates can vary 
highly 20% to 60% depending on various equipment and environmental factors.  For this 
alternative, unevaporated water will generally fall on the waste rock piles below the mine 
workings unless on-site management of the system cannot compensate for the effects of wind.  
Table 10 shows the cost estimate for this alternative.  The quote and information pertaining to 
the Rain for Rent’s evaporation with pH adjustment system are contained in Attachment E.  This 
method is not preferred since the water may infiltrate through the waste rock piles and back into 
the mine workings.  In this event, land application can be implemented as an alternative to 
evaporation.  With this alternative, risks include the potential for the water to collect and drain 
down to Telegraph Creek 
 
Table 10 Modified Rain for Rent Pre-Treatment with Land Application Cost Estimate 

Item Description Quantity Unit Unit Cost Cost 

pH Adjusting System, 
Pump and Generator 

1 28 days        
(4 weeks) 

$61,400 $33,550 

Load & Unload System 1 Each $2000 $2000 

Evaporation System or 
Land Application System 

1 Each $6,000 $6,000 

Site Preparation 1 Lump Sum $4,000 $4,000 

Subtotal  $45,550 

Contingency 20% $9,110 

Operations Management 10% $4,555 

Total  $59,215 
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5.0 Recommended Alternative 
If system costs were not a concern, we recommend a high quality water treatment system like 
Rain for Rent that will provide treated water quality at or very close to DEQ-7 standards. 

Alternatively, to provide a cost effective system that has the highest likelihood of meeting the 
multiple objectives at this site, we recommend the modified Rain for Rent pre-treatment and land 
application system as discussed above Section 4.7.  As with any of the systems evaluated, some 
risks are attributed to this alternative which include runoff and erosion.  Some of which could 
end up in Telegraph Creek.  Although these risks exists for this system, we believe that with 
careful on-site management they can be effectively managed so that the mine can be dewatered 
and the subsequent Mine Investigation can be safely carried out. 

As a result of a meeting with MDEQ on June 22, 2010, a pilot test involving in-situ treatment 
was requested.  Based on our evaluation of in-situ treatment, we do not recommend in-situ 
treatment as a viable treatment alternative for this application.  If pilot testing remains desirable, 
we propose to test the land application or evaporation with pH adjustment system.  If this system 
proves effective it may be possible to coordinate pilot testing with operation; however, some 
downtime and additional expenses are expected.  If pilot testing is requested, we recommend that 
the platforms within the shaft either be removed or lowered to the bottom of the shaft to open the 
shaft for subsequent dewatering operation and the Mine Investigation.  The removal of the 
platforms and the Mine Investigation are addressed under a separate technical memorandum. 

Based on this evaluation and our recommended dewatering alternatives, the following direction 
needs to be provided prior to completion of the Mine Investigation Work Plan for the 
Lilly/Orphan Boy Mine: 

1. Select a dewatering alternative. 
2. Authorize pilot testing for the land application with pH adjustment, if selected or 

authorize other pilot testing if another dewatering alternative is selected. 
3. Authorize installation of a flow measuring device at the adit to monitor the metals 

loading to Telegraph Creek. 
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Figure 2: 1993 MSE Map. Note the pond above the shaft. Not to scale. 
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