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1.0 INTRODUCTION 

1.1 General Information 

Crown Resources Corporation (Crown) proposes to develop an underground gold mine on Buckhorn 

Mountain in the Myers Creek mining district, Okanogan County, in north-central Washington 

(Figure 1).  This proposal will be reviewed by regulatory agencies as described below and will be 

subject to an environmental impact analysis and study as part of the permitting process.  The proposal 

described in this document in future tense is Crown’s preferred project design based on information 

available at the time of submission.  As part of the regulatory review the proposal will be one 

alternative for future action.  However, any and all development on the part of the proponent is 

contingent upon regulatory approval.    

The Buckhorn Mt. deposit was discovered by Crown exploration geologists in 1988 and further 

delineated by Battle Mountain Gold Corporation (BMG) during the period 1990 – 1992.  An 

economic feasibility study, completed by BMG in 1992, indicated that the deposit was commercially 

viable as an open pit mine with an on-site milling facility.  The deposit was considered one of the 

largest gold skarns in North America with estimated proven and probable reserves of 1.6 million 

ounces.  In 2000, BMG withdrew from its joint venture with Crown and the project assets reverted to 

100 percent Crown ownership.  Mine claims owned or controlled by Crown Resources for this project 

are listed in Appendix A. 

Crown proposes to develop the deposit as an underground gold mine on Buckhorn Mt. approximately 

3.5 air miles east of Chesaw, Washington with a satellite milling facility two miles south of Chesaw.  

The majority of the project will be developed on private land with some minor facility components 

and access roads on public lands.  The public lands include lands administered by the U.S. Forest 

Service (USFS) Okanogan National Forest (Tonasket Ranger District), and the State of Washington. 

Following the protocol of the National Environmental Policy Act (NEPA) and the Washington State 

Environmental Policy Act (SEPA), this plan of operations (POO) is submitted to the governing 

agencies for the purpose of review of the project proposal and preparation of environmental 

documents as required by law as a prerequisite to any application of permits necessary for operation. 
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This POO presents details of the proposed new project.  The document builds in part on the previous 

work developed by BMG relating to the Crown Jewel Project, a proposed open pit gold/silver mine at 

Buckhorn Mountain.  BMG submitted a POO pertaining to that proposal in 1992 and its subsequent 

revisions in 1993, 1997, and 1998.  This POO is also based in part on studies performed during the 

environmental review of the BMG proposal.  It contains similar information relative to the location, 

access, topography, surface ownership, and site environmental characteristics.  The information has 

been revised and updated to reflect the significant changes in the proposed mining operations 

including operating facilities and reclamation, mitigation, and monitoring plans. 

1.2 Summary of Previous Work 

The Buckhorn Mt. area has a long history of mining.  The town of Chesaw was initially developed to 

service mineral exploration and mining activities in the small mining districts of Myers Creek, Bodie, 

and Wauconda.  Various other companies and individuals explored the Buckhorn Mt. area prior to the 

discovery of the Buckhorn Mt. deposit by Crown.  Crown worked on the Buckhorn Mt. Project for 

two years defining parts of the mineralization contained within the deposit. 

After forming a joint venture with Crown in 1990 and changing the name of the project to Crown 

Jewel, BMG performed numerous studies on the geologic, hydrogeologic, geotechnical, 

archeological, wildlife, air, vegetation, soils, visual resources, and threatened and endangered species 

conditions present at the Buckhorn Mt. Project.  These studies and previously projected impacts were 

evaluated by the USFS/BLM and DOE.  The existing environment at the various components of the 

Buckhorn Mt. Project have been thoroughly described in the Final Environmental Impact Statement 

(FEIS) completed in 1997 by the Washington Department of Ecology (DOE) and the USFS as lead 

agencies and assembled by TerraMatrix Engineering and Environmental Services (TerraMatrix).  

Substantial differences in the project plan exist between the current project proposal and all of the 

alternatives studied and assessed in the Crown Jewel permitting process.  However, much of the 

technical information from the earlier studies is relevant for this project, particularly those relating to 

the existing environment.  Extensive baseline work has been compiled and can be reviewed in the 

selected studies performed by BMG, its contractors and the agencies and contractors who assessed the 

project as part of the earlier EIS and permitting process.  Additionally, new baseline data has been 

collected by Crown to augment previously collected data and new programs of monitoring are 

planned where appropriate. 
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Table 1 (appended) is a reference list of pertinent major submittals associated with the Crown Jewel 

project.  These documents provide an extensive database that is applicable for the environmental and 

regulatory review of this proposed underground mine.   

1.3 Applicant Information 

Crown Resources Corporation is incorporated in the State of Washington and is focused on 

developing the Buckhorn Mt. Project.  It also holds an interest in Solitario Resources Corporation, a 

diversified mineral exploration company with properties in South America.   

Buckhorn Mt. Project  
Crown Resources Corporation 
624 Central Ave.  
P.O. Box 1988 
Oroville, WA  98844 
(509) 476-2301 

Crown Corporate Headquarters 
Crown Resources Corporation 
4251 Kipling Street, Suite 390 
Wheat Ridge, Colorado 80033 USA 
(303) 534-1030 

 

1.4 Permits, Approvals, and Regulatory Requirements 

In addition to receiving agency approval on the POO, Crown must comply with other federal, state, 

and local laws and regulations.  As part of the scoping process governmental agencies will determine 

what permits will be required for operation of the mine and which existing or new environmental 

information will be necessary to review in order to determine any mitigation measures which must be 

undertaken to address identified impacts.  Table 2 lists the likely permits, approvals, and 

authorizations currently identified as being necessary in connection with the construction, operation, 

and closure of the Project. 
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TABLE 2 

PERMIT LIST 

Federal Government 
U.S. Forest Service Plan of Operations 

Special Use Permits (Rights-of-Ways, etc) 
Plan of Operations Record of Decision 
Utilities Easement 

Environmental Protection Agency Spill Prevention Control and Countermeasure 
(SPCC) Plan 
Notification of Hazardous Waste Activity (Review 
Only, No Permit Required) 

Federal Communications Commission Radio Authorizations 
Dept. of Homeland Security (Department of 
Alcohol, Tobacco, and Firearms) 

Explosives User Permit 

Mine Safety and Health Administration Mine Identification Number (No permit Necessary) 
Legal Identity Report 
Miner Training Plan Approval 
Notice of Start of Operations 

State of Washington 
Washington Department of Ecology National Pollution Discharge Elimination System 

(NPDES)/Construction Activities Storm Water 
General Permit and Operational Permit 
Water Quality Certification (section 401-Federal 
Clean Water Act) 
Waste Water Discharge permit 
EPCRA Sara Title III compliance 
Dam Safety Permits 
Notice of Construction Approval (Air Quality) 
Air Contaminant Source Operation Permit 
Water Rights/Change of Use  

Washington Department of Fish and Wildlife Hydraulic Project Approvals 
Washington Department of Health Sewage Disposal Permit 

Public Water Supply Approval 
Washington Department of Natural Resources Road Maintenance and Improvement 

Forest Practices Act 
Utilities Easement 

Washington Department of Labor and 
Industries 

Explosives License 
Safety Regulation Compliance (No Permit) 

Wash., Dept of Community Development, 
Office of Archaeology and Historic 
Preservation 

SHIP/106 Review 
 
 

Wash. Dept of Health Sewage Disposal Permit 
Public Water Supply Approval 
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Local Government 
Okanogan Planning Department Conditional Use Permit/Zoning Requirements 

Building Permits 
Pipeline Franchise 
Utilities Easement 
Shoreline Management Permits 
Joint Aquatic Resource Permits 
Maximum Environmental Noise Levels 
(Compliance Item) 
Socioeconomic Impact Analysis Approval 
Growth Management Critical Areas Regulations 

Okanogan County Health District Solid Waste Handling 
Septic Tanks and Drain Field Approval 

Okanogan Public Works Department Road Construction and/or Realignment 
Okanogan Public Utility District Power Service Contract 



May 2003 -6- 023-2002 
 

 Crown Resources Corporation 

2.0 PROJECT OVERVIEW 

The proposed project area and facilities are located on private land and on land partially within the 

boundaries of the Okanogan National Forest and certain lands belonging to the State of Washington, 

all in Okanogan County, Washington.  The proposed underground mine is located on the eastern flank 

of Buckhorn Mountain approximately 3.5 air miles or nine miles by road to the east of the town of 

Chesaw.  The mineral deposit itself lies under both private and USFS land.  The proposed mine site is 

accessible by paved and unpaved county and USFS roads as shown on Figure 1. 

A processing facility (mill) and a tailings disposal facility (TDF) are proposed to be located on private 

land two miles south of the town of Chesaw.  

The ore will be transported from the mine to the mill by road in highway-legal trucks.  The majority 

of underground mined areas will be filled with backfill upon completion of mining in each area.  The 

backfill will consist of development rock from the mine or of gravel from a storage site located at the 

mill/TDF site.  Haul trucks will transport the backfill gravel to the mine. 

Water used in the processing facility will be obtained through the use of existing surface and ground 

water rights controlled by Crown.  Water will be conveyed in a buried pipe from the location of the 

water rights to the mill for process use. 

Figure 1 shows the proposed access route for employee and supply transportation from Oroville to 

Chesaw.  The proposed route continues south of Chesaw to the mill and then east to the mine site via 

county and USFS roads. 

2.1 Project Area and Ownership 

The mine site will consist of approximately 27 acres of fenced area surrounding surface facilities 

located above the ore deposit.  Parts of the deposit are located on private land with surface and 

mineral title belonging to Crown.  The majority of the ore deposit is located under USFS surface 

rights.  Since 1987, Crown has held the mineral rights to the area of the deposit through unpatented 

mining claims and fee land.  A list of mining and mill site claims in the area of the mine that are 

owned or controlled by Crown are presented in Appendix A. 
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The mill/TDF site will occupy approximately 90 acres located exclusively on private land controlled 

by Crown.  A transportation route from the mine to the mill is proposed along a road alignment 

approximately seven miles long.  To utilize this alignment for ore hauling, Crown is proposing to 

construct or upgrade some portions of the existing roads while other portions will need no 

improvement.  Figure 2 shows the land ownership of the area in relation to the proposed facilities.   

2.2 Employee Access 

The estimated number of employees is 90 at the peak of construction activities and 150 during 

operations, including full time contract trucking employees.  Most of these employees will likely 

reside in the areas around Chesaw, Oroville, or Tonasket.  Although some shift staggering may occur, 

it is anticipated that most mine and mill employees will be assigned to one of two daily 10-hour 

shifts, three 8-hour shifts or two 12-hour shifts. 

In order to minimize traffic on local roads, bus or van pooling transportation will be provided by the 

company for most employees from points in Oroville and Chesaw to the mine and mill sites.  

2.3 Project Schedule 

After issuance of required permits, the construction of surface facilities at the mine site and collaring 

of development workings will commence.  Approximately eight months of underground development 

work is required prior to initial ore production.  The 88,000 tons of development rock generated 

during this initial period will be temporarily staged on the surface until placed underground for rock 

stability purposes. 

Concurrent construction of the mill, administrative offices, and the TDF will occur.  Initial throughput 

of ore at the mill will likely occur during the ninth or tenth month following construction 

commencement.  Full-scale production of fifteen hundred tons of ore per day should begin in the 

eleventh or twelfth month. 

Road upgrading will also be initiated soon after permits are obtained.  Transport of gravel for use in 

the mine as backfill will commence based upon scheduled backfill requirements but is not anticipated 

before the ninth month. 
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Initially, development workings in the mine will be driven south and west of the portal to establish a 

ventilation loop near the west end of the Southwest Zone of the deposit (Figure 3).  Subsequently, 

test-mining areas (stopes) will be started to confirm grades and rock characteristics.  Shortly after 

initial stope development in the Southwest Zone, the access drifts to the Gold Bowl area will be 

driven.  Prior to commercial production mining in the Gold Bowl area, underground ore definition 

drilling may be required from the development drifts to provide information necessary for mining of 

these ore bodies. 

After the initial eight to ten month construction phase, commercial production is projected to continue 

for approximately 90 months (7.4 years).  Active physical decommissioning of the site facilities will 

continue for two additional years upon mining cessation, followed by a minimum of three additional 

years of reclamation monitoring and final closure.  
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3.0 SITE CHARACTERISTICS 

3.1 Topography and Physiography 

The Buckhorn Mt. deposit is located in north-central Washington State several miles south of the 

Canadian (British Columbia) border in the northwestern portion of the Okanogan Highlands 

geomorphic province.  The mine site area lies near the top of Buckhorn Mountain on portions of its 

eastern flank.  The region consists of a group of north-south ridges with rounded tops and steeper-

walled valleys.  The terrain in the mine area commonly has slopes of 2 horizontal (H): 1 vertical (V).  

The intervening north-south valleys between the ranges are wide and gentle reflecting their glacial 

origin.  Steeper east-west tertiary drainages flow into the larger secondary drainages of Myers and 

Toroda Creeks.   

Regional elevations range from just over 900 feet above mean sea level (amsl) in the Okanogan River 

Valley to the west to 5,598 feet amsl at the summit of Buckhorn Mountain (Figure 1).  The town of 

Chesaw and the proposed mill/TDF facility site in the Myers Creek drainage are about 3,000 feet 

amsl.  The proposed portal location lies at an elevation of approximately 5,000 feet amsl. 

Buckhorn Mt. and the mine area are drained to the east by Nicholson Creek and Marias Creek.  These 

creeks are third order streams that ultimately drain to Kettle River via Toroda Creek.  The proposed 

mill and TDF sites are located in the Myers Creek drainage west of Buckhorn Mt.  Gold Creek and 

Bolster Creek drain the west side of Buckhorn Mountain and flow into Myers Creek.  Myers Creek 

flows north into British Columbia, where it joins the Kettle River upstream from its confluence with 

Toroda Creek. 

Although Buckhorn Mt. has historically been covered in timber, much of the terrain immediately 

surrounding the local mine site area has been disturbed by earlier logging in the 1980’s associated 

with part of the Buckhorn Timber Sale.  The mill site in the Myers Creek drainage has historically 

been used as cultivated land and for grazing.  

The proposed mine-to-mill access route generally transects timbered terrain in its upper reaches and 

grassland in the lower portions.   
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3.2 Land Use 

The mine area includes private land and public lands within the Okanogan National Forest 

(USFS 1989), managed by the Tonasket Ranger District.  Current and past land uses include hunting, 

fishing, gathering, logging, mineral exploration and extraction, agriculture, residential development, 

timber sale, firewood gathering, grazing, and general recreation.   

Logging has been one of the dominant land management uses in the vicinity of this project.  Over the 

past 35 years, about 8,000 acres have been logged in and around the mine site.  Approximately 

560 acres of timber were harvested during the 1979 USFS’s Buckhorn Mountain Sale. 

The State of Washington and BLM have harvested their lands within the vicinity of Buckhorn Mt. 

using both shelterwood and overstory removal methods.  Most private lands around the project area 

have been harvested at some time in the past. 

Historically native populations have used the land of the region for traditional uses and continue to 

reserve rights for hunting, fishing, and gathering on the traditional north half of the Colville Indian 

Reservation.  

Management of the USFS land is guided by a land and resource management plan (RMP) developed 

by the USFS (USFS 1989).  The proposed mine is consistent with the USFS RMP as amended by the 

Spokane Resource Management Plan Record of Decision (ROD) (BLM 1987).  The ROD states that 

all operations associated with mining development shall adhere to 43 CFR 3809 and 3802 which 

requires reclamation of all mining operations and compliance to air and water quality state and federal 

standards. 

The private land at the mill/TDF site has been dominantly used for livestock grazing and was recently 

subdivided in recent years.   

Although there are no developed recreation facilities in the immediate vicinity of the project, 

recreation is another land use in the general area.  USFS and the BLM-managed lands in the region 

are used for hunting, hiking, fishing, camping, sightseeing, and picnicking. 
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3.3 Geology/Seismicity 

The mine is situated west of the western margin of the Eocene-aged Toroda Creek Graben and on the 

northern edge of the Okanogan Metamorphic Core Complex.  The rocks within the mine area are 

comprised of Cretaceous- to Tertiary-aged intrusive rocks and Permian- to Triassic-aged, volcanics, 

and clastic sediments that have been variably metamorphosed. 

Host rocks for the Buckhorn Mt. mineral deposit consist of a sequence of folded and faulted volcanic 

and volcaniclastic rocks, shallow to deep marine clastic rocks, and carbonate rocks.  Locally the 

volcanic rocks overlie sedimentary, carbonate, and volcaniclastic rocks.  The sequence has been 

intruded by numerous small diorite bodies and the larger Buckhorn Mountain granodiorite pluton.  

Figure 4 presents a geology map of the mine site area.  

The Buckhorn Mt. deposit is a mineralized skarn formed by the hydrothermal interaction of hot 

silicate magmas and cooler sedimentary rocks.  A skarn deposit that can be mined largely for its 

contained gold is classified as a gold skarn. 

Buckhorn Mt. gold mineralization is directly associated with the skarn alteration which 

mineralogically includes pyroxene-, garnet-, and magnetite-dominant skarn zones reflecting the 

varied hydrothermal fluid reaction in host rocks.  Skarn fluid pathways included folds, faults, 

chemically reactive rocks, and permeable hosts.  Most faulting and shearing in the area predated skarn 

development and mineralization.  The overprint of early faulting and shearing by skarn minerals has 

healed the fractures and renders the structures, along with the enclosing host rocks relatively 

impermeable.  Permeability within the rocks within and surrounding the deposits is now controlled by 

closely-spaced small fractures and by the broken rock within the North Lookout fault zone (Figure 4).  

This condition is termed secondary permeability.  Gold occurs as fine-grained disseminations varying 

in grade within the skarn mineral assemblages.  The geology of the deposit is understood based on 

surface mapping and detailed examination, analysis, and interpretation of approximately 280,000 feet 

of reverse circulation drilling and 100,000 feet of diamond drilling core. 

Structurally, rocks in the Buckhorn Mt. area near the deposit average a strike of north-northwest and 

range in dip from 0-20 degrees to the northeast.  Northeast trending, southeast dipping, and nearly 

horizontal sinuous shear zones locally cut all rock types.  These sinuous shears have been healed by 

the overprint of skarn alteration.   
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Regionally, major faulting after the Jurassic or Cretaceous skarnification event was related to Tertiary 

volcanism.  Geologic structural interpretation, historic seismic records and data on active faults in 

Washington indicate a lack of active faulting and the lack of moderate to strong seismic activity in the 

area in recent geologic time.  A formal review of local seismicity will update existing information as 

part of the final TDF design planned for the project. 

3.4 Climate 

The climate at the Buckhorn Mt. Project is influenced by the topography, elevation, its location 

relative to the Cascade Mountains and the Pacific Ocean, as well as latitude and longitude.  The 

prevailing westerly winds and weather fronts generally have origins from the Pacific Ocean and the 

Artic Ocean. 

Climatic data was collected from near the top of Buckhorn Mt. from 1989 to 2000.  BMG operated 

sensors for wind speed, wind direction, and temperature at the site beginning in 1991.  Precipitation 

data was collected and analyzed starting in mid-1993.  Total average annual precipitation near the 

summit of Buckhorn Mt. is provided in the Meteorological Data Set, Crown Jewel Project, Chesaw, 

Washington (ENSR 1996).  These data have been statistically correlated and corrected by the use of 

long-term averages from the nearby monitoring stations of Republic and Molson.  Yearly average 

precipitation at the site is calculated to be 20.0-inches per year using data to 1996, which includes 

snowfall yielding 7.1 inches of water. 

Most precipitation between mid-December and mid-February falls as snow, with some snow 

occurring before and after these dates.  Rain can occur at any time, however, and occasionally may be 

mixed with snow.  The months with the highest average precipitation are May and June with 

2.3 inches and 2.4 inches, respectively.  September and October are the months with the lowest 

average monthly precipitation at 1.2 inches of water. 

Monthly maximum, minimum, and average temperature data were collected continuously at 2.0 and 

8.8 meter levels.  Wind speed and direction were recorded at the 10-meter level.  Average and 

maximum 1-hour average wind speeds (m/s) were compiled on a monthly and annual basis for both 

levels.  Frequency of occurrence of wind speed by direction were developed graphically (windrose) 

and in tabular form for each quarter and annually.  In addition to precipitation data, other water 

balance related parameters were collected on site.  Relative humidity (2 meter), solar radiation 
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(3 meter) and barometric pressure (1.8 meter) data were all collected on a continuous basis for the 

site.  Monthly, quarterly, and annual evaluations were made for relative humidity (percent, monthly 

average, monthly 1-hour maximum and minimum), solar radiation (watts/m², monthly average, 

monthly 1-hour maximum) and barometric pressure (in Hg, monthly average, monthly 1-hour 

maximum, and minimum).   

Precipitation data for the mill/TDF and mine site areas for 24-hour storm events at 2-, 10-, 25-, and 

100-year frequencies (NOAA Atlas II Precipitation – Frequency Atlas of Western United States, 

Volume IX – Washington) are listed below in Table 3.  This information will be used in the detailed 

design and sizing of mine and mill/TDF stormwater management structures and channels. 

TABLE 3 

PRECIPITATION DATA FOR 24-HOUR STORM EVENTS 

Storm Recurrence Period 
(year) 

Mine Site Precipitation 
(inches) 

TDF Site Precipitation 
(inches) 

2 1.4 1.2 
10 2.0 1.8 
25 2.4 2.2 

100 2.7 2.6 
 

The climatic conditions at the mill/TDF site are more temperate.  Less rainfall and snowfall occur as a 

result of the lower elevation.  Average monthly maximum temperatures at the site range from 21° (F) 

in January to 74° (F) in August.  Average monthly precipitation at the nearby Chesaw site as 

referenced in Golder (1996) are summarized below in Table 4. 

TABLE 4 

AVERAGE MONTHLY PRECIPITATION AT CHESAW 

Month (in/month) (mm/month) 
January 1.25 31.8 
February 0.90 22.9 
March 0.75 19.1 
April 1.05 26.7 
May 1.54 39.1 
June 1.60 40.6 
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Month (in/month) (mm/month) 
July 0.86 21.8 
August 1.31 33.3 
September 1.00 25.4 
October 0.71 18.0 
November 1.29 32.8 
December 1.66 42.2 
Total Annual 13.92 353.7 

 

Pan evaporation rates for the Buckhorn Mt. mine site were calculated by adjusting historical data that 

were available from a National Weather Service station in Republic, Washington for the Buckhorn 

Mt. site (Golder 1996).  The adjustments to the Republic evaporation data included modifications for 

temperature, wind speed, and humidity at the mine site.  The estimated average annual pan 

evaporation for the Buckhorn Mt. mine site using the Priestly and Taylor model was about 

38.6 inches (Golder 1996).  The average monthly pan evaporation ranges from a maximum of about 

7.3 inches in July to a minimum of 0.2 inches in January.  Estimated average monthly potential 

evapotranspiration values for the site were developed by Golder (1996) and are summarized in 

Table 5, where the potential evapotranspiration is estimated at approximately 0.7 times the pan 

evaporation.  As part of the planned TDF design the climatic information will be updated to support 

development of a detailed water balance and facility sizing.   

TABLE 5 

ESTIMATED AVERAGE MONTHLY POTENTIAL EVAPOTRANSPIRATION VALUES 
FOR THE MINE SITE 

Month (in/month) (mm/month) 
January 0.08 2.03 
February 0.12 3.05 
March 0.61 15.5 
April 1.66 42.2 
May 3.17 80.5 
June 4.22 107.2 
July 5.44 138.2 
August 4.39 111.5 
September 2.69 68.3 
October 1.03 26.2 
November 0.00 0.00 
December 0.00 0.00 
Annual Total 23.41 594.68 
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3.5 Water Resources 

Extensive baseline water resource characterization studies for surface water and groundwater have 

been conducted at the site.  These programs are discussed briefly in the following sections and more 

extensively in the previous studies shown on Table 1. 

3.5.1 Surface Water Hydrology 

The Buckhorn Mt. mine site area is drained by Nicholson Creek and Marias Creek that generally flow 

east to Toroda Creek.  On the western side of Buckhorn Mt., Ethel Creek, Thorp Creek, Bolster 

Creek, and Gold Creek flow west to Myers Creek.  Myers Creek is approximately three miles to the 

west of the proposed Buckhorn Project and flows north into Canada eventually discharging into the 

Kettle River.  Toroda Creek is about six miles east of the project and flows northeast and then east to 

the Kettle River. 

To characterize baseline surface water resources, monitoring stations were established in six principal 

drainages in or near the area of the mine and related facilities.  The drainages were extensively 

monitored from 1990 to 1996 over a period of six years and included Nicholson Creek, Marias Creek, 

Bolster Creek, Gold Creek, Ethel Creek, and Myers Creek.  A total of eighteen surface water sites 

were established as part of the baseline water quality characterization program and were sampled for 

an extensive suite of field and laboratory parameters.  Not all eighteen sample sites were monitored 

the entire period as modifications to the operational program refocused monitoring on certain 

drainages and sites.  However, from 1990 to 1996 the majority of these sites were sampled on a 

monthly basis.  Samples were analyzed for as many as 138 different field and laboratory parameters 

including trace metals (total, total dissolved, dissolved & total recoverable), major cations and anions, 

nutrients, radionuclides and physical characteristics.  In addition, pH, temperature, conductivity, flow 

rate, dissolved oxygen (DO) and ferrous iron (Fe²+) were also recorded as field parameters at each 

station at the time of sample collection.  Over this time period for the 18 different surface water sites 

approximately 32,000 individual analyses were performed.  

3.5.2 Surface Water Quality 

Due to similarities observed in water quality conditions, an overall summary of water quality 

characteristics on the project area is summarized here instead of a basin by basin description.  Based 
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on field analyses surface waters are alkaline and contain measurable oxygen, with field pH values 

ranging from 6.9 to 9.3.  Dissolved oxygen (DO) ranges from 1.5 mg/l to 13.8 mg/l.  Surface water 

temperatures vary seasonally, with measurements ranging from -0.7 oC (30.7 oF) during the winter to 

16.9 oC (62.5 oF) during the summer.  Field measurements of ferrous iron in site surface waters were 

negative. 

Laboratory analyses indicate that calcium and bicarbonate are the dominant cation and anion 

measured, respectively, in site surface waters.  The pH range and the predominance of calcium and 

bicarbonate in solution indicate that the major-ion chemistry and the acid-base conditions of the 

surface waters at the site are due to dissolution of carbonate minerals.  The bicarbonate alkalinity 

characteristic of the surface water indicates that the system has natural acid buffering capabilities.  

One exception is the station located at the headwaters of Gold Creek.  Sulfate instead of bicarbonate 

was the dominant anion. 

At most stations the total dissolved solids (TDS) ranged from 62 mg/l to 324 mg/l.  One station 

(SW 10) had the highest TDS measurements, ranging from 290 mg/l to 482 mg/l. 

Dissolved trace metal concentrations were generally at or below analytical detection limits.  Both 

arsenic and strontium were frequently detected at levels above detection limits.  Arsenic 

concentrations ranged from less than 0.001 mg/l (detection limit) to 0.014 mg/, and averaged 

0.002 mg/l.  Strontium concentrations ranged from less than 0.01 mg/l (detection limit) to 0.77 mg/l, 

and averaged 0.3 mg/l.  These metals are commonly detected at trace levels in natural waters as a 

result of the interaction with sediments and bedrock. 

Total concentrations of iron and aluminum were higher than associated dissolved concentrations at 

several stations.  This is not uncommon and is attributed to the occurrence of colloidal material and/or 

suspended solids in the water column which are removed during sample filtration. 

Nutrient levels were low in most surface water samples.  Ammonia concentrations ranged from below 

0.05 mg/l (detection limit) to 0.27 mg/l.  The presence of ammonia may be the result of cattle grazing.  

Average ammonia concentrations were less than 0.05 mg/l.  Nitrate plus nitrite concentrations ranged 

from below 0.02 mg/l (detection limit) to 1.09 mg/l.  Average nitrate/nitrite concentrations were 

0.1 mg/l. 
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Analysis of gross alpha and gross beta activities indicates that background radioactivity is generally 

near detection limits. 

Total and WAD cyanide concentrations were generally below analytical detection limit.  The highest 

concentration of total cyanide was 0.029 mg/l.  The highest concentration of WAD cyanide was 

0.02 mg/l.  Cyanide does occur naturally in the environment and its detection during baseline 

monitoring may indicate a natural source. 

3.5.2 Groundwater Hydrogeology 

The regional groundwater system in the vicinity of the Buckhorn Mt. project area occurs as three 

hydrogeologic systems; alluvial sediments, glacial deposits, and bedrock.  Bedrock is the primary 

hydrogeologic unit in the immediate area of the proposed mine.  In close proximity to the mine area 

significant thicknesses of alluvial materials are absent and groundwater flow is limited to glacial 

deposits and bedrock systems.  The water resource data collected and evaluated for the Crown Jewel 

FEIS is extensive and directly applicable to this project. 

Alluvial valley sediments have developed along the valley bottoms of the regional drainages and are 

generally saturated where the thickness of the sediments is more than approximately ten feet.  

Unconsolidated sediments along regional streams are typically comprised of clays, silts, sands, and 

gravel.  The alluvial sediments are recharged by precipitation and snowmelt, by stream flow losses, 

and by discharge from the bedrock groundwater system.  The regional surface and groundwater 

system is interdependent with groundwater contributing to stream baseflows in some areas.   

Unconsolidated glacial deposits are saturated with groundwater near their bases in many areas near 

the project, particularly where the deposits are located in valleys.  The glacial deposits exhibit 

permeability and porosity depending primarily on the gradation and clay content. 

Groundwater is present in varying degrees in all bedrock in the mine area.  Groundwater flow 

direction generally mimics topography; however preferential flow may occur on a small scale in the 

fractured bedrock.  The fracture systems are influenced by structural faulting and folding that have 

affected the ability of the bedrock to store and transmit groundwater 
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Mine Site Hydrogeology 

To evaluate the baseline groundwater resources in the area, nine monitoring wells were installed in 

1992 to establish pre-mining groundwater quality conditions for the drainage basin potentially 

affected by mine development.  The location of each well was selected in consultation with DOE and 

the USFS to provide water quality data within and downgradient of the proposed open pit mine and 

waste rock disposal areas of the Crown Jewel proposal.  Wells were sampled monthly for field and 

laboratory analytical parameters.  Selection of groundwater wells specific for this project will be in 

conjunction with the DOE and the USFS. 

Groundwater monitoring began in November 1990 with the collection of water samples from an 

existing well, GW-1.  The formal baseline groundwater monitoring program began with the 

installation of nine monitoring wells between March and June 1992.  Most of the wells were located 

in proximity to the proposed Crown Jewel project facilities and each was completed with a dedicated 

submersible pump to reduce the potential for cross-contamination of samples.  Baseline monitoring 

was performed on a monthly basis, weather, and access permitting, from May 1992 to June 1995; 

sampling was then conducted on a semi-annual basis.  In 1999 seven additional wells were drilled and 

completed at the request of the state agencies to further evaluate groundwater quality specific to 

certain proposed facilities for the Crown Jewel project.  These wells were sampled monthly for 

13 consecutive months.  In addition, a series of existing wells were also sampled on a quarterly basis 

to provide a comparative data-base for these seven new wells.  Field parameters such as static water 

level were routinely recorded during sampling. 

In addition to the groundwater monitoring wells, a series of historic adits located within the project 

area were sampled and analyses conducted.  There are a total of four mine adits that make up this 

component of the overall historic groundwater monitoring efforts on site.  Although the number of 

total analyses performed was much lower for these sites than that of the monitoring wells, the 

extensive parameter suite was similar (over 100 different parameters analyzed) and over 

5,000 individual analyses were analyzed from the four sites from 1990 - 1996. 

A number of groundwater investigations in both bedrock and glacial hydrogeologic systems have 

been completed at the site.  A general summary of these data indicate that groundwater fluctuate 

seasonally by about one to two feet in the glacial system, while seasonal fluctuations ranging from 

50 to 200 feet locally occur within the bedrock groundwater system.  Permeability and porosity are 
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low within the mine area bedrock system, and groundwater flow is governed by secondary fractures 

and joints that are closely spaced, indicating that the flow is similar to that of a porous media on a 

moderate to large scale.  Aquifer recharge is via infiltration of precipitation and snowmelt for the 

bedrock system plus direct infiltration from local streams and flow from bedrock groundwater in the 

case of glacial till formations.  The groundwater flow in the vicinity of the deposit appears to be 

influenced on a small-scale by the North Lookout Fault which crosses the site from southwest to 

northeast, dipping 60 to 70 degrees to the southeast.  In the general project area, the fractured rock 

associated with the fault zone is approximately 70 to 200 feet wide at the surface. 

A groundwater divide exists along the top of Buckhorn Mountain.  This divide is based on water 

elevation measurements (Hertzman 1996).  This divide separates the Toroda Creek groundwater basin 

to the east from the Myers Creek groundwater basin to the west. 

Depths to groundwater are greatest on the ridge tops (generally between 100 and 300 feet below 

ground level (bgl)) and less in the valley bottoms (less than 50 feet bgl) depending on the season.  

Groundwater elevations in the bedrock range from 4,700 to over 5,200 feet amsl.  Historic data 

indicate that groundwater levels rise rapidly in the spring in response to snowmelt and spring runoff.  

Groundwater elevations subsequently decline over a period of several weeks to months in late spring 

and early summer.  And then decline very slowly throughout the remainder of the year. 

The mine portal will be situated at an elevation of approximately 5,030 feet amsl.  At this location the 

elevation of the decline portal will be above the high water table elevation.  Most of the mine 

workings will extend below the water table, and as a consequence, groundwater will enter the 

workings as mining proceeds.  Because part of the mine workings in the Southwest Zone extend into 

the Myers Creek drainage, the workings will intercept some of the upgradient recharge east of the 

groundwater divide during mining.  In addition, it is predicted that drawdown in the vicinity of the 

workings will result in a migration of the groundwater divide to the west, effectively diverting and 

capturing some of the groundwater recharge that would otherwise feed the Myers Creek groundwater 

basin to the west.  Preliminary groundwater modeling indicate that potential inflows to the 

underground workings and the displacement of the groundwater divide associated with the proposed 

mining operation during and after mining will likely be minimal. 

Groundwater modeling work was conducted (May 2, 2003) in order to provide estimates of the 

potential impacts to the physical groundwater system associated with the proposed underground 
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mining operation on Buckhorn Mountain.  Specifically, modeling was conducted to determine the 

following: 

• Estimated groundwater inflows to the underground workings during mining, 

• Any change during operation in the location of the groundwater divide between 
the Myers Creek drainage and the Toroda Creek drainage basins, and 

• Any final post-closure impacts to the hydrogeologic system. 

The modeling results are presented in Appendix B.  The results illustrate that the displacement of the 

groundwater divide associated with the proposed mining operation during and after mining will be 

minimal.   

The estimated maximum groundwater inflows to the underground workings during the mine life 

range from an annual average of 15 to 42 gpm.  Water collected within the mine and discharged will 

be returned to the local drainage basins after water quality treatment.   

Groundwater Quality 

Groundwater quality monitoring wells were completed in both the bedrock units and in glacial 

deposits.  The bedrock units included andesite and/or basalt; clastics and granodiorite; and 

undifferentiated skarn, garnet skarn, and diorite.  Groundwater quality was analyzed for both bedrock 

and glacial deposit wells and is discussed separately below.  Similar to the surface water monitoring 

program, an extensive parameter suite was evaluated for each well over the period of 1990 - 2000.  

Over this time period over 113 different analytical parameters were evaluated totaling over 

25,000 individual sample analyses.  Groundwater analyses included trace metals (total, total 

dissolved, & dissolved), major cations and anions, nutrients, radionuclides, total petroleum 

hydrocarbons (TPH), total organic carbon (TOC) and physical characteristics.  In addition pH, 

temperature, conductivity, flow rate, depth to water, dissolved oxygen (DO) and ferrous iron (Fe²+) 

were also recorded as field parameters at each well at the time of sample collection.  
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Bedrock Wells 

Field analyses indicate that the groundwater is near neutral to moderately alkaline.  Values of pH 

ranged from 6.2 to 9.2.  Groundwater temperature ranged from 4.0° C (39° F) to 7.9° C (46° F).  DO 

levels ranged from 3.1 mg/l to 12.3 mg/l.  Field measurements of ferrous iron in groundwater were 

negative. 

Laboratory analyses indicated that, with the exception of one well, MW-1, calcium, and bicarbonate 

are the dominant cation and anion measured, respectively, measured in all wells, including the glacial 

wells.  Sodium (rather than calcium) was the dominant cation measured in MW-1.  TDS ranged from 

92 mg/l to 250 mg/l in the bedrock wells.  Average TDS in the glacial wells was 190 mg/l.  TDS 

concentrations in the surface water averaged 235 mg/l.  These similar TDS levels between surface 

water and groundwater suggest a close interrelationship between the two hydrologic systems and 

between the bedrock and glacial aquifers. 

In general, dissolved trace metal concentrations in bedrock groundwater were generally at or below 

analytical detection limits.  However, three trace metals (arsenic, barium, and strontium) were 

commonly detected at levels above detection limits.  Dissolved arsenic concentrations ranged from 

less than 0.001 mg/l (detection limit) to 0.011 mg/l, and averaged 0.004 mg/l.  Dissolved strontium 

concentrations ranged from less than 0.09 mg/l to 0.8 mg/, and averaged 0.3 mg/l.  Dissolved barium 

concentrations ranged from less than 0.01 mg/l (detection limit) to 0.03 mg/, and averaged 0.01 mg/l.   

Total trace metal concentrations were typically higher than associated dissolved concentrations in 

both bedrock and glacial deposit wells. 

Nutrient levels in the bedrock wells were low.  Ammonia concentrations ranged from below 

0.05 mg/l (detection limit) to 0.12 mg/l.  Average ammonia concentrations were less than 0.05 mg/l.  

Nitrate plus nitrite concentrations ranged from below 0.02 mg/l (detection limit) to 3.5 mg/l and 

averaged 0.94 mg/l.  

TOC concentrations ranged from less than 1 mg/l to 53 mg/l and averaged 3 mg/l.  These 

concentrations may indicate impacts related to organic matter.  TPH concentrations were negative in 

both bedrock and glacial deposit wells. 
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Hydrogen sulfide concentrations ranged from less than 0.02 mg/l to 0.30 mg/l. 

Total and WAD cyanide concentrations were generally below analytical detection limit.  Cyanide was 

occasionally detected in both bedrock and glacial deposit wells.  Total cyanide concentrations ranged 

from less than the detection limit to 0.03 mg/l.  WAD cyanide concentrations ranged from less than 

the detection limit to 0.04 mg/l.  Cyanide does occur naturally in the environment and its detection 

during baseline monitoring may indicate a natural source. 

Analysis of gross alpha and gross beta activities indicates that background radioactivity is generally 

near detection limits. 

Glacial Deposit Wells 

Field analyses indicate that the groundwater is near neutral to slightly alkaline.  Values of pH ranged 

from 6.0 to 8.3.  Groundwater temperature ranged from 3.1 oC (38 oF) to 8.5 oC (47 oF).  DO levels 

ranged from 2.3 mg/l to 13.3 mg/l.  Field measurements of ferrous iron were negative. 

Laboratory analyses indicated that calcium and bicarbonate are the dominant cation and anion 

measured, respectively, measured in all wells, including the glacial wells.  TDS ranged from 76 mg/l 

to 344 mg/l in the bedrock wells.  Average TDS was 190 mg/l. 

The same trace metals were typically detected at levels above analytical detection limits in the glacial 

deposit and bedrock wells, except iron and manganese which were below detection limits in the 

bedrock wells.  Iron and manganese concentrations in the glacial wells may be unique to the glacial 

materials. 

Dissolved arsenic concentrations ranged from less than 0.001 mg/l (detection limit) to 0.44 mg/, and 

averaged 0.006 mg/l.  Dissolved strontium concentrations ranged from less than 0.13 mg/l to 

0.54 mg/l, and averaged 0.29 mg/l.  Dissolved barium concentrations ranged from less than 0.01 mg/l 

(detection limit) to 0.04 mg/, and averaged 0.01 mg/l.  Iron concentrations ranged from less than 

0.02 mg/l to 0.20 mg/l and averaged 0.02 mg/l.  Manganese concentrations ranged from less than 

0.01 mg/l to 0.70 mg/l and averaged 0.07 mg/l. 
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Nutrient levels in the glacial deposit wells were low.  Ammonia concentrations ranged from below 

0.05 mg/l (detection limit) to 0.49 mg/l.  Average ammonia concentrations were 0.06 mg/l.  Nitrate 

plus nitrite concentrations ranged from below 0.02 mg/l (detection limit) to 1.53 mg/l and averaged 

0.15 mg/l.  

TOC concentrations ranged from less than 1 mg/l to 77 mg/l and averaged 3 mg/l.  These 

concentrations may indicate impacts related to organic matter.  TPH concentrations were negative in 

both bedrock and glacial deposit wells. 

Hydrogen sulfide concentrations ranged from less than 0.02 mg/l to 0.80 mg/l. 

Analysis of gross alpha and gross beta activities indicates that background radioactivity is generally 

near detection limits.  Gross alpha activities measured in the glacial deposit wells ranged from less 

than 1 pCi/l to 17.4 pCi/l and averaged 4 pCi/l.  Gross beta activities ranged from less than 3 pCi/l to 

33 pCi/l and averaged 3 pCi/l. 

Radium 226 was measured in both bedrock and glacial deposit wells when gross alpha activities 

exceeded 5 pCi/l.  Radium activities ranged from less than 1 pCi/l (detection limit) to 8.6 pCi/l and 

averaged less than 1 pCi/l.  Radium activities were above the detection limit in all but three wells. 

Seasonal trends in groundwater quality were noted to occur.  TDS and temperature were the only 

parameters affected.  There appeared to be little or no seasonal variability in the levels of nutrients, 

trace metals, or radionuclides. 

Seeps and Springs 

A series of springs (30) and seeps (18) were monitored as a component of the overall site 

groundwater monitoring program.  A spring and seep survey was conducted over an area of 

approximately 10 square miles that was delineated by the Washington DOE.  This area includes 

watersheds that may have been potentially affected by development of the Crown project and 

adjoining facilities.  Groundwater in the glacial deposits discharges into springs and seeps and into 

the surface water streams in the lower reaches of the local drainages.  Springs and seeps within the 

study area were identified by examining color aerial photographs, geologic maps, and topographic 

maps, and by physically walking the drainage areas.  Springs and seeps were designated based on the 
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presence of observable flow: sources with observable overland flow were classified as springs, while 

sources characterized as areas of very shallow standing water or saturated soil were classified as 

seeps.  Samples from springs and seeps were analyzed for a wide spectrum of parameters 

(approximately 120), including trace metals, major cations and anions, nutrients, radionuclides, and 

physical characteristics.  Where possible, flow, temperature, pH, conductivity, DO, and ferrous iron 

were measured and recorded as field parameters for each spring and seep.   

Mill Site Hydrogeology 

No groundwater investigations have been completed to date in the area of the proposed mill/TDF.  

The area is located on glacial deposits in the Myers Creek drainage basin.  A program of water quality 

monitoring of both surface and groundwaters is being formulated and implemented according to 

recommendations of the DOE.  

3.6 Geotechnical Characteristics 

The geotechnical rock strength characteristics of the host rocks of the Buckhorn Mt. deposit are 

favorable for stability during underground mining.  Uniaxial rock strengths are summarized below in 

Table 6 for the rock types that will be encountered in the workings.  These strengths are typical of 

competent lithologies, particularly for the skarn, clastics, and andesite, which are the “hanging wall” 

rocks of the ore found directly above the planned mining stopes.  The weaker marble lithology 

typically comprises the “footwall” of the stopes so its strength is of lesser importance for stability in 

the workings. 

TABLE 6 

UNIAXIAL ROCK STRENGTHS PARAMETERS 

Measured Unconfined Compressive Strengths 
Lithology Average Compressive Strength (psi) 
Andesite 13,900 
Clastics 23,200 
Skarn 18,000 

Marble 7,600 
 



May 2003 -25- 023-2002 
 

 Crown Resources Corporation 

Engineered backfill placed into stope areas will facilitate stability in the underground workings so 

that safety standards are met.  Additionally, backfill will support the rock mass as a whole and will 

minimize the amount of normally occurring fracturing, relaxation and subsidence in the rock 

immediately overlying the mined-out stopes.  Surface disturbance caused by subsidence will be 

prevented by the use of backfill and the appropriate placement of pillars and ground support. 

A geotechnical assessment of each stoping area will be completed prior to final design of mining and 

backfilling.  These studies will continue throughout the mine life.  Design criteria for the stopes and 

for backfilling will be based on geotechnical information obtained from drill core and detailed data 

obtained in the mine workings.  This underground information is acquired by mapping of fractures 

with particular emphasis placed on logging of orientation, spacing, planarity, roughness, alteration, 

and continuity.  These data will be used in conjunction with measurements of uniaxial compressive 

strengths of the host rock to model the rock strength characteristics of the ore body.  The objective for 

the design performance of the mine backfill specifications will be to achieve insignificant subsidence-

related surface disturbance above the mined areas. 

The North Lookout Fault crosses the northwestern part of the Southwest Zone of the Buckhorn Mt. 

Deposit and to the south of the majority of the Gold Bowl ore bodies.  This fault is characterized by a 

zone of broken rock that dips, on average, 65 degrees from vertical to the southeast.  Within the 

uppermost andesite this fault zone is estimated to average about 20 feet in width and is characterized 

by blocky to rubbly fracturing adjacent to the fault trace itself over variable widths.  In the more 

competent skarn and adjacent mylonite and hornfels lithologies, the zone of broken rock is more 

confined and less broken.  In either case, where workings intercept the North Lookout Fault zone 

ground support is anticipated to be required to maintain a high degree of safety in the mine workings.  

This support may take the form of rock bolts, shotcrete, or steel sets, as required. 

3.7 Geochemistry Characteristics 

The geochemical behavior of the rock to be mined and processed for the Buckhorn Mt. Project has 

been extensively characterized by BMG (Adrian Smith Consulting Inc. 1992, Kea Pacific 1993a, 

1993b, 1993c, BMG 1993, BMG in association with Geochimica and Golder 1996, TerraMatrix 

1995, and Geochimica 1996) and in the Crown Jewel FEIS (USFS and DOE 1997).  The proposed 

project will mine and process the same materials but at reduced volumes and without any permanent 

surface waste rock disposal facilities.  As discussed in the project description Section 4.0, there will 
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be a temporary development rock stockpile near the mine and there will be temporary ore stockpiles 

at the mine and mill.  The available geochemical information and analysis conducted previously to 

support definition of the environmental behavior of the waste rock and tailings is valid and provides 

adequate characterization information for this proposed project.  The proposed new underground 

mine plan, which incorporates management strategies for the temporary surface ore and development 

rock stockpiles, significantly reduces, or eliminates any potential environmental issues related to the 

geochemistry of the materials.  These plans have been developed to address and utilize the results of 

the extensive geochemical characterization for the Crown Jewel project. 

3.7.1 Materials Characterized 

During the assessment of the Crown Jewel Project geochemical characterization programs were 

developed to be representative of the geologic materials encountered in the mine and to evaluate the 

environmental behavior of waste rock, ore and low grade ore, and tailings.  Based on these studies the 

following waste rock groups were identified: 

• Altered Andesite 

• Unaltered Andesite 

• Garnet Skarn 

• Magnetite skarn 

• Undifferentiated Skarn 

• Altered Clastics 

• Unaltered Clastics 

• Marble, and, 

• Intrusives 

Ore and low grade ore included: 

• Andesite/garnetite skarn 
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• Magnetite skarn, and  

• Undifferentiated skarn 

Tailings developed by bench scale milling of the ore materials were also analyzed.   

All of these materials were evaluated by whole rock chemistry (XRF), leachability tests (US EPA 

Method 1312), acid base accounting (ABA), and humidity cell tests (HCT).  Additionally, the tailings 

had pore water extraction and testing and waste classification testing.  These test procedures are 

consistent with standard of care currently used for the characterization of mine waste materials and 

are considered appropriate for the analysis of this project. 

3.7.2 Geochemical Characterization Results 

As summarized in the Crown Jewel FEIS (USFS and DOE 1997), the following key conclusions 

where reached: 

1. Whole rock chemistry identified the presence of trace metals that could be 
potentially leachable in the environment including arsenic, chromium, cobalt, 
copper, lead, molybdenum, nickel, strontium, thorium, tin, vanadium, and zinc. 

2. However, leachability tests indicated a low potential for short-term leaching.  
Due to the nature of the test (US EPA Method 1312), this information does not 
provide specific predictive information for the water quality but merely indicates 
that the following metals may be leachable: arsenic, iron, and aluminum.  The 
leachability of metals would be facilitated if acidic conditions exist. 

3. ABA testing indicated that the overall geologic materials characterized will not 
be acid generating due to the availability of net acid neutralizing potential.  A 
portion of two individual rock types (magnetite skarn and altered clastics) were 
identified to be marginally potentially acid generating based on the ABA testing.  
Likewise a portion of two ore rock types were also identified to be potentially 
acid generating on the basis of the ABA testing.  Tailings were found to have a 
low potential for acid generation.   

4. HCT results for the ore and tailings indicated that these materials are not acid 
generating. 

Management of the temporary ore and development rock stockpiles is discussed below in Section 4.0.  

However, based on the geochemical characterization and the proposed storm water management plans 
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in Section 4.0, no environmental impacts related to the geochemistry of the rock are anticipated.  Also 

as discussed in Section 4.0, the tailings will be managed as zero-discharge closed facility with lined 

containment to prevent environmental impacts.  The underground mine provides the only other 

potential concern for environmental impacts related to geochemical interaction with groundwater.  

Based on the studies completed to date, the mine is expected to be net acid neutralizing.  The existing 

geochemical database is extensive and provides suitable background to support the environmental 

impact analysis phase. 
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4.0 PROJECT DESCRIPTION 

The Buckhorn Mt. Project proposes to mine and process gold ore from the Buckhorn Mt. deposit 

located in Okanogan County, Washington approximately 20 miles east of the town of Oroville.  

During operation the project would employ about 150 people, of which approximately 25 will work 

directly for a full time trucking contractor.  Additional contractors will be retained on an as-needed 

basis to perform road maintenance, mechanical repair and maintenance, engineering, special mining 

projects etc.  The mine and the mill will operate on a 24-hour basis with transportation limited to a 

shorter daily schedule. 

The proposed project consists of two principal facility locations, one at the mine site and one at the 

mill/TDF site.  These locations will be interconnected by an access (haul) road.  Site maps of the two 

facilities are shown on Figures 5 and 6 respectively and of the overall location of facilities on 

Figure 7.  Surface water diversion for the mill site is on Figure 8.  Key Project components at each of 

the two principal facility sites are introduced below. 

Mine Site 

• Mine Portal and Underground Workings 

• Mine Ventilation Equipment 

• Office, Shop and Change Room Building 

• Mine Rescue Building 

• Substation 

• Fuel Storage 

• Explosives Storage 

• Development Rock Temporary Storage 

• Backfill Stockpile and Batch Plant 

• Topsoil Stockpile 
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• Water Tank/Well 

• Water Treatment Plant 

• Stormwater Diversion, Capture and Infiltration Structures 

• Security Fencing 

Mill/TDF Site 

• Mill Building and Equipment 

• Temporary Ore Stockpile 

• Backfill Stockpile 

• Tailings Disposal Facility/Reclaim Pond 

• Freshwater Pond 

• Office Building 

• First Aid and Training Building 

• Change Room / Waiting Building 

• Shop and Warehouse 

• Reagent Storage 

• Equipment Laydown Area 

• Substation 

• Employee Parking 

• Security Fencing 
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A freshwater pond for water storage is proposed for a site on private land owned by Crown.  A buried 

water pipe would convey water to the Mill/TDF site from Crown’s water right for use as process 

water.  Potable water will be provided by installation of a water well or from commercial sources.   

4.1 Underground Mining 

Commercial ore production at the Buckhorn Mt. Project is proposed to utilize primarily room and 

pillar and drift and fill underground mining methods combined with extensive use of backfill for 

ground support.  Access to mining areas and drifting (tunneling) in ore will be accomplished by the 

use of drill jumbos and conventional blasting techniques.  A jumbo is a rubber-tire mining machine 

that drills near-horizontal holes in a mining face to be blasted.  The method results in drifts that can 

be driven on the level or on an incline, either up or down, of up to 15 percent grade.  Most ongoing 

development and mining will be accomplished by this method.   

A lesser quantity of ore will be extracted by longhole methods.  The primary machine used for 

preparing blast holes is the longhole drill that drills vertical or near vertical holes to excavate vertical 

slices of rock.  

Prior to commercial mining development, drifting will be done to provide access to the areas for 

production.  A primary access ramp will be developed to the south of the mine portal which will split 

to access the Southwest Zone and the Gold Bowl mining areas (Figure 3).  Development access will 

continue throughout the mine life as new areas are selected for mining. 

Certain mining practices will always be followed regardless of the specific mining method used.  The 

injection of water or water mist is necessary during drilling of the blast holes to cool the drill bit, 

suppress dust and to wash the drilled rock from the blast hole.  This water will be obtained from 

sumps located throughout the mine.  No drilling additives will be used with this water. 

The holes will be loaded with an ammonium nitrate-based explosive such as ANFO, water gel, or 

emulsion.  It is anticipated that ANFO will be the most appropriate primary explosive material based 

on existing ground conditions and the relatively dry rock conditions anticipated.  Approximately 

1.2 lb of ANFO per ton of ore will be required for mining.  Non-electric blasting caps will be the 

detonation devices for the explosives.  Safety precautions will be taken in the handling of explosive 

materials to optimize safety of workers and minimize spillage of bulk materials.   
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After blasting and prior to reentry, the mining area will be ventilated to meet air standards prescribed 

by the Mining Safety and Health Administration (MSHA).  Water spray will be applied to the ore pile 

after blasting to control dust in the mine air.   

4.1.1 Underground Mining Method in Near-Horizontal Bodies 

Mining in near-horizontal ore zones such as in most of the Southwest Zone will be done with a room-

and-rib-pillar, cut, and fill technique or by long hole open stoping.  Once an initial drift (tunnel) of up 

to 14 x 16 feet is established through the ore zone, extraction of the walls of the drift will be 

facilitated using a drill jumbo to achieve a full maximum stope width of up to 32 feet.  Further 

definition drilling will then be completed both up and down to determine the full height of the ore 

zone.  Extraction of ore below the drift level (if necessary) will be followed by filling of the opening 

by cemented backfill which will provide a solid floor on which to mine additional ore above the 

initial drift level, if present.  Cemented backfill will ultimately be placed in the mined out stope as 

tightly as feasible to provide rock support to the overlying rock mass. 

When complete, another stope will be mined parallel to the initial stope leaving a pillar of ore 

between these two primary stopes.  When the cemented backfill in these stopes has fully hardened, 

the extraction of the pillar will be done in the same manner as previously described and filled as 

before but with unconsolidated (uncemented) fill to provide ground support in the secondary stope. 

Where vertical ore thicknesses exceed about sixty feet the ore may be removed by a longhole open 

stoping technique.  This method utilizes blast holes collared in one drift in the ore (sublevel) and 

drilled upwards or downwards toward the adjacent sublevel.  These holes are loaded with explosives 

and the ore between the levels is blasted and falls into the lower level of the active stope where it is 

removed.   

Filling of stopes by cemented backfill will be accomplished in a similar manner to thinner zones and 

intervening secondary stopes will be filled by unconsolidated fill where required. 

In some areas it may be possible to fill the primary stopes with a core of uncemented fill armored 

with cemented fill on either side and above. 
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4.1.2 Underground Mining Method in Inclined Ore Zones 

Mining in steeply dipping bodies is accomplished in much the same way as described above.  Initial 

drifts of up to 14 x 16 feet will be established through the ore and drilling will be done to locate the 

limit of the ore laterally.  Slashing (ore extraction) to the full ore width of approximately thirty feet 

will be followed by stoping of the ore above the drift and by filling where needed.  Where vertical ore 

thicknesses are sufficient, long hole open stoping can be used to more efficiently extract the ore.  In 

all cases, filling of the open stopes will be done where appropriate to minimize natural stoping (or 

caving) resulting in surface subsidence.   

Production drill hole configuration in the longhole method is determined by stope width.  In narrower 

stopes, parallel long hole drilling and blasting would be completed.  In wider stopes where spans are 

too great for full width sublevels, ring drilling patterns may be designed. 

It is anticipated that stope boundaries in the majority of the inclined ore zones of the Gold Bowl area 

will be determined and engineered prior to initial cuts in the ore.  This definition of ore boundaries 

can be accomplished by close spaced drilling of the body from a development drift outside of the ore.  

While this is more expensive and time consuming than boundary definition drilling from the interior 

of the stope, this method gives the highest degree of confidence in the stope engineering and layout 

for more complex geometries of individual ore bodies. 

4.1.3 Ore and Development Rock Transfer Procedures 

Broken development rock and ore will be loaded into low profile diesel powered underground haul 

trucks at or near the face (end) of the working stopes or at draw points designed for this purpose.  

Low profile diesel powered front-end loaders will load the rock into the mine trucks.  Development 

rock will be transported to the surface and deposited into the development rock temporary storage 

areas near the mine as shown on Figure 5.  Construction design of the storage areas is discussed in 

Section 4.2.1.  All of the development rock will ultimately be transported underground and used as 

backfill material as described in Section 4.1.4. 

Mined ore by the longhole method will be loaded and hauled from the ore face or at draw points at 

the lowest level of an active longhole stope.  The ore will then be transported to the temporary ore 
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stockpile area on the surface as shown on Figure 5.  Where required, underground loading of rock 

will be done using remote controlled equipment to reduce human exposure to falling rock. 

Transportation of ore from the stockpile to the mill is described in Section 4.2. 

4.1.4 Backfilling 

The voids produced during mining will be selectively backfilled after stoping is completed.  

Backfilling will promote rock stability and prevent surface disturbance by minimizing subsidence of 

the rock immediately overlying the stopes.  Backfill will consist of either development rock from 

other parts of the mine or of gravel transported from the backfill storage site.  Some of the backfill 

will contain up to 6 percent (average 5 percent) cement that will bind the unconsolidated rock and 

provide additional strength to support load.  Uncemented development rock used as backfill may be 

brought directly from another working area within the mine or from the development rock storage 

area on the surface.   

In the case of cemented gravel backfill, underground trucks will load the backfill at the underground 

backfill facility by an automated system as shown on Figure 9.  The unconsolidated gravels for 

cemented backfill will be transported from the backfill storage area near the mill to the mine site by 

the haul trucks when they return to the mine from the mill/TDF.  The gravel will be stored on the 

surface at the temporary backfill storage location shown on Figure 5.  The gravel is dumped by a 

loader into the backfill pass where it falls by gravity onto a conveyor underground and is carried to a 

rotating mixer.  Cement is added directly onto the conveyor from a screw feed mechanism fed from 

cement storage silos located on the surface.  The gravel with cement is conveyed directly to 

underground trucks as required and is hauled to a mining area. 

The use of cemented backfill will be determined based on the requirement for stope stability 

depending on stope geometry, size, depth from surface, and mine sequencing.   

Approximately 1.6 million yd3 of total backfill will be required during the mine life.  Of this amount, 

about 900,000 yd3 will be uncemented fill and 700,000 yd3 will require cement additive.  All of the 

cemented backfill will be composed of glacial gravel.  Of the uncemented fill, approximately 300,000 

to 400,000 yd3 will come from development rock. 
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4.2 Ore Processing 

The processing of ore at the Buckhorn Mt. Project will follow procedures developed for the Crown 

Jewel Plan of Operations.  The nature of the Buckhorn Mt. ore from the standpoint of mineralogy and 

metallurgical process is identical.  The only difference is that the volumes are less.  A simplified flow 

sheet of the mill process is shown on Figure 10. 

The processing of the ore will occur within a closed system where water used for gold extraction and 

tailings conveyance will be recirculated and reused in the process. 

After primary crushing, ore will be transported by truck from the mine temporary ore storage to the 

mill temporary ore storage.  Generally these storage sites will contain from 0 to 20,000 tons of ore.  

However, during the spring thaw period when road conditions restrict truck traffic, the mine site ore 

stockpile will be allowed to expand to 50,000 tons.  Similarly, prior to spring thaw the mill temporary 

stockpile will be augmented to allow for continuous processing during periods when ore cannot be 

delivered to the mill. 

4.2.1 Mill Ore Stockpile 

The mill site ore stockpile will be located adjacent to the mill building as shown in Figure 6.  This 

stockpile will be placed on a compacted pad comprised of neutralizing gravel or similar material.  As 

discussed in Section 3.7, the ore is not predicted to be acid generating.  Also the stockpiled materials 

will not reside in place long enough to be oxidized to any significant degree.  However, metals 

leaching is a potential concern and surface water controls will be installed to prevent run-on of storm 

water and to minimize the potential for contact surface water.  Contact water due to direct 

precipitation will be routed to a sedimentation basin and infiltrated.  A program of sampling and 

analysis will monitor the chemistry of the water. 

4.2.2 Crushing 

The ore hauled from underground will be fed directly into a jaw crusher and stockpiled at the mine 

site temporary ore stockpile prior to transport to the mill.  The jaw crusher is designed to reduce the 

ore size to fragments of maximum dimension of six inches. 
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4.2.3 Grinding 

The crushed ore will be transferred by loader or conveyor from the temporary mill ore stockpile to the 

mill building where it will be fed directly into the semi-autogenous grinding (SAG) circuit.  The SAG 

mill reduces the size of ore particles using steel balls and the rock itself through tumbling action 

within a large rotating drum.  Water will be added to the SAG mill to assist in grinding as well as 

cement or lime to prepare the ore for the cyanidization process. 

From the SAG mill, ore will be transferred to the ball mill for further size reduction.  The ball mill 

utilizes steel balls in a rotating drum to produce the very finely ground rock required for the gold and 

silver recovery process.  

4.2.4 Carbon-in-Leach Process 

Finely ground ore in slurry will be pumped from the ball mill circuit to a thickener tank where 

flocculent is added to aid in settling the solids to create a thickened slurry.  The thickened slurry will 

be pumped from the bottom of the thickener tank to the leach circuit.  Water will be decanted from 

the top of the thickener and recycled back to the grinding circuit. 

From the thickener, the slurry will flow through a series of agitated tanks.  Gold and silver will be 

extracted from the ore by a conventional process known as carbon-in-leach or CIL.  Compressed air 

or oxygen is bubbled through the slurry in a dilute cyanide solution that is used to dissolve gold and 

silver.  At all times, strict pH control is maintained to keep the cyanide in solution.  A small amount 

of lead nitrate is also added to enhance the recovery process.  This cyanide leaching process takes 

place in steel tanks.  The tanks are located within cement containment structures sized to hold in 

excess of the entire volume of liquid in the tanks. 

Granular carbon will be present in the CIL tanks.  The gold and silver in solution are adsorbed onto 

this carbon.  Screens allow the slurry to flow through a series of CIL tanks while prohibiting carbon 

from flowing between the tanks.  Periodically, the carbon is advanced countercurrent to the slurry 

flow and fresh or reactivated carbon is added to the last tank.  From the CIL circuit, carbon is 

screened and transferred to the acid wash system for further processing.  The barren slurry (tailings) 

from the CIL tanks report to the cyanide detoxification system. 
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4.2.5 Cyanide Detoxification 

Crown will use the INCO / SO2 / O2 (INCO) process to detoxify cyanide contained in the tailings.  

This process employs a sulfur dioxide (SO2) and air or oxygen injection system for detoxification.  

The process has a well-documented and proven track record of detoxification in cyanide bearing 

tailings for similar ores.   

The INCO process occurs in a closed vessel and uses SO2 in combination with air or oxygen in the 

presence of a small amount of copper catalyst in the form of a copper sulfate solution to detoxify 

(oxidize) the cyanide.  Since the process also oxidizes the SO2, slaked lime is added to the vessel to 

neutralize the solution, maintaining the pH at approximately 8.5.  The INCO process will detoxify the 

tailings to less than an average of 10 mg/L WAD cyanide. 

Following detoxification, the tailing slurry will be pumped to the TDF for disposal.  At the TDF, 

solids settle from the slurry and the liquid fraction is recycled to the mill for reuse. 

4.2.6 Gold and Silver Recovery from Carbon 

The gold- and silver-bearing (loaded) carbon from the CIL circuit is transferred to the acid wash 

vessel.  A dilute acid solution is circulated through the loaded carbon to remove calcium carbonate 

scale.  This step improves gold and silver recovery in subsequent processing steps.  Following the 

acid wash, the acid solution is neutralized and circulated through the carbon to wash residual acid 

from the carbon. 

The acid-washed carbon is pumped to the stripping vessel.  A heated solution containing dilute 

sodium hydroxide and sodium cyanide is used to strip gold and silver from the loaded carbon.  This 

resulting gold- and silver-bearing solution (pregnant solution) is passed through an electrowinning 

cell, which plates the metals onto cathodes through an electrolysis procedure.  The solution is 

recycled through the stripping vessel until metal recovery is complete. 

The final step in this process is to reactivate the carbon by passing it through a heated kiln for thermal 

reactivation.  The reactivated carbon is returned to the leach tanks. 
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Periodically, gold and silver are removed from the cathodes in the electrowinning circuit and smelted 

in a furnace.  Most impurities are removed in the smelting process, and dore bullion is produced 

containing gold and silver and minor amounts of other trace metals.  Dore bullion is shipped offsite 

for further refining. 

4.3 Tailings Management 

4.3.1 General Site Description 

The Buckhorn Mt. project will use a geomembrane lined tailings disposal facility (TDF) for 

permanent disposal of the detoxified mill tailings.  The facility will also have a small reclaim pond.  

An extensive analysis of possible sites for the TDF was made and the most appropriate is located at 

the Dry Gulch site as shown on Figure 2.  A plan layout of the TDF is provided on Figure 6.  The site 

is located within a basin-shaped hanging valley dissected in glacial gravels.  No surface water 

drainage or wetlands occur within the footprint of the site and it has virtually no surface water 

catchment upgradient.  Groundwater flow beneath the site surfaces a short distance to the north and 

contributes to the drainage catchment and recharge area which supplies water to a small unnamed 

tributary of Myers Creek.  This tributary headwaters to the east and southeast on the western slopes of 

Buckhorn Mt. and has been blocked by road construction fill on County Road 9480, forming a small 

pond and associated wetland referred to as the Pine Chee wetlands in BMG environmental permitting 

and documentation.  

Detailed geotechnical investigations have not yet been conducted to date at the site to characterize the 

foundation materials and their suitability for earthworks construction borrow sources.  However, 

based upon the sediments encountered in similar glacial deposits, it is anticipated that sandy and 

gravely materials should provide suitable materials for founding and constructing an impoundment, 

with lesser quantities of low permeability fine grained deposits suitable for a soil liner.  Necessary 

geotechnical studies of the foundation and potential construction materials are scheduled for 

completion in 2003. 

4.3.2 General Design Considerations 

The Buckhorn Mt. Project plan has several significant changes from that previously proposed by 

BMG, which control the viability and suitability of tailing disposal sites.  The most significant is that 
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the volumetric requirement for tailings disposal has been reduced from 9.1 Mt to approximately 4 Mt.  

This reduced tailings volume allows for the adaptation of a smaller and more compact TDF site such 

as Dry Gulch.  Additionally, a mine plan emphasizing minimal surface disturbance and wetland 

avoidance makes this proposed plan and location a more desirable alternative to the previously 

proposed Marias Creek site.  Ore will be transported from the mine to a mill located adjacent to the 

TDF (Figures 6 and 7).  Following milling and gold extraction, the tailings stream will be subjected to 

the INCO cyanide destruction process and then conveyed via a pipeline to the lined impoundment.   

The tailings slurry will be thickened to a density of approximately 45 percent to 50 percent solids and 

deposited using thin-layer rotational subaerial deposition techniques to develop a stable, high density, 

low permeability deposit.  An additional advantage of thickening the tailings prior to deposition is to 

maximize the amount of water that is recycled back to the mill, thereby minimizing the water 

entrained in the tailings.  In addition to removal of water at the mill from the tailings stream, the 

supernatant waters that form a pond above the tailings solids will be reclaimed and returned to the 

process system to complete the closed circuit.  In order to minimize the size of the supernatant pond 

and maximize the consolidation and density of the tailings following deposition, the supernatant 

waters will be decanted and will flow by gravity to the reclaim pond.  Water collected from the 

overdrain and underdrain will also drain by gravity to the reclaim pond.  Makeup water will be 

pumped on an as-needed basis from the fresh water pond.  Both the detoxified tailings slurry pipeline 

and the return water pipeline will be located within a geomembrane lined channel.     

4.3.3 Tailings Impoundment Design 

The TDF has been designed for permanent disposal of the detoxified mill tailings.  The conceptual 

design includes a double geomembrane composite liner system.  The TDF is designed to contain 

approximately 4 million tons, at a tailings density (dry) of 95 pounds per cubic foot (pcf).  The 

preliminary design plan layout with a typical design sections are illustrated on Figure 6 and with TDF 

liner details on Figure 11.  Staging of construction will occur so that backfill gravel requirements 

from the footprint of the TDF can be generated on an as-needed basis and incrementally stored at the 

backfill storage site as discussed in Section 4.12.  The preliminary design and design concepts 

discussed herein will be advanced during detailed engineering to optimize the facility design for the 

site conditions and meet standards required by regulatory agencies. 
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As illustrated on Figure 6, the TDF will be constructed with a down-gradient retention embankment.  

The downgradient reclaim pond will also be a double composite lined geomembrane facility.  A 

single geomembrane-lined freshwater pond will be located on private property owned by Crown 

south of Chesaw in Dry Gulch in the area of the TDF.  Water will be pumped from wells owned by 

Crown to the freshwater pond at the site for use in the closed circuit of the mill/TDF.   

The construction will provide for a cut/fill using scrapers and/or loaders and trucks to excavate cut 

from within the impoundment to construct the embankment.  An excess of 1.2m yd3 will be excavated 

and stockpiled for use as backfill at the mine site.  The construction of the TDF will be staged with 

excavation occurring intermittently throughout the construction of the TDF.  This staging will allow 

for backfill production to be used at the mine site.  A storage area located as shown on Figure 6 will 

be used to temporarily store backfill at the mill/TDF site prior to transport to the mine site.  Detailed 

design of the stages will be fully developed in the final engineering of the facility. 

The design provides for embankment side slopes of 2.0(H):1(V) downstream and 2.5 (H):1(V) 

upstream.  The design also provides a 3-foot freeboard.  The TDF crest width has been designed at 

18 feet for compatibility with construction via scrapers.  The preliminary design provides for a final 

stage maximum embankment height of approximately 165 feet in the northwest corner.  Both the 

embankment volume and heights are conservative estimates, as future optimizations are expected to 

reduce these quantities.  The TDF will be designed to conform to DOE's Division of Dam Safety 

Guidelines. 

4.3.4 TDF Liner System 

The liner system is designed to meet or exceed the criteria of the Washington Metals Mining and 

Milling Act (RCW 78.56).  Liner details are presented on Figure 11.  The TDF will be constructed 

with a multi-layered engineered liner-drainage layer system with the following separate components: 

1. A leak detection and collection system constructed between two synthetic liners 
(60-mil HDPE primary liner and 40-mil HDPE secondary liner);  

2. A low permeability 1-foot thick soil liner constructed beneath the primary liner, 
to create a composite liner system; and, 
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3. An overdrain located immediately beneath the deposited tailings on top of the 
liner system to collect tailings solution and convey it to the reclaim pond for 
reuse in the mill process. 

These engineered liners have been designed to prevent degradation of groundwater or surface water 

resources.  In the event that any springs or seeps are intercepted during construction within the 

disposal area limits, the water will be conveyed beneath the liner system by means of an underdrain 

system. 

The bottom-most liner of the TDF (which overlies any underdrain) consists of a 12-inch thick layer of 

compacted soil with a permeability of less that 1x10-6 cm/sec.  A 40-mil HDPE synthetic liner 

(secondary liner) will be constructed on top of the soil liner. 

4.3.4.1 Reclaim Pond 

The Reclaim Pond is designed to collect waters from the overdrain system and the leak detection and 

collection systems of the TDF.  The Reclaim Pond will be constructed north-northwest of the TDF.  

Flows from the TDF will be transmitted via gravity to the reclaim pond in a HDPE pipeline that is 

contained within a geomembrane lined channel. 

The Reclaim Pond will be lined with two separate 60-mil HDPE liners with a drainage net leak 

collection and removal system between the liners.  The lower liner will be constructed on top of a 

1-foot-thick compacted soil liner. 

Shutoff valves will be installed to temporarily stop flows into the pond for routine maintenance. 

4.3.4.2 TDF Operation 

High density thickened tailings will be delivered to the TDF continuously and deposited using thin 

layer rotational deposition subaerial techniques.  Tailings will be deposited from a series of drop bars 

that tee off the main tailings distribution line.  The main tailings distribution line will encircle the 

impoundment.  To the extent possible, tailings will be deposited in thin layers to take advantage of the 

benefits of subaerial deposition.  This will be done by using two to four spigots simultaneously, and 

leaving each spigot in operation for approximately 24 hours.  The spigoted distribution points will be 

rotated allowing each deposition area to dry for approximately six to 12 days while tailings are being 
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discharged in other portions of the TDF.  This controlled cyclic rotation of the tailings discharge 

enhances liquid-solid separation during deposition and maximizes subsequent air drying and 

consolidation of the tailings, forming an unsaturated stable impoundment.  

4.3.4.3 Tailings Water Collection and Recycling 

As tailings are deposited and settle in the TDF, the liquid fraction of the slurry (supernatant) will flow 

toward the north end of the facility, creating a water pool.  An inclined decant constructed on the 

inboard embankment slope will be used to remove the supernatant from the TDF for reuse in the mill 

operation.  The supernatant water will flow by gravity to the reclaim pond.  In general, the operating 

objective will be to maintain a constant pool volume that is as small as technically feasible.  A small 

pool will enhance desiccation of the tailings and the associated densification.  However, a minimum 

pool depth is required in order to avoid sucking tailings into the decant line.  Pool levels will be 

managed by continually decanting water to the reclaim pond prior to pumping to the mill. 

The pool volume will typically be controlled by regulating the amount of fresh makeup water 

introduced from the freshwater pond.  By minimizing the introduction of makeup water to the TDF, 

the pool will be reduced in size as water is recycled to the mill, or lost to tailings voids and to 

evaporation.  

4.3.5 Freshwater Pond 

As shown on Figures 6 and 8, a freshwater pond is planned near the TDF on property controlled by 

Crown Resources.  Stored water will be used primarily to provide the process water for the mill.  The 

volume of this pond has been sized from the water balance model discussed in the following section.  

Water uses are discussed more thoroughly in Section 4.9.  The development concept provides for 

pumping water from a well two miles north of Chesaw and diverting flows from Myers Creek in 

accordance with Crown’s existing water rights, for use during the dry season.  Currently these water 

rights are being used for agricultural purposes during the growing season.  No new water rights will 

be required to supply water to the freshwater pond.   

Water would be pumped along the county road easement in a buried pipe from the most distal point at 

the well to the freshwater pond.  The freshwater pond will be lined with a single geomembrane liner 

to prevent leakage. 
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A detailed water use and water handling plan will be developed to append to this Plan of Operations. 

4.3.5.1 Water Balance 

The water management plan for the TDF consists of a closed solution circuit with storage and 

recycling of solutions back into the process circuit.  The lined TDF is designed as a closed thin layer 

deposition system with no discharge of solutions.  System losses include evaporation and permanent 

loss of solution as pore water in the deposited tailings.  The water balance calculation was based on 

the assumptions and data in Table 7 below. 

TABLE 7 

WATER BALANCE CALCULATION DATA 

Dry Tailings Production Rate  1,500 tons per day 
Tailings Solids Content  45% - 50% range 
Area of Supernatant Pond (avg.)  30% of impoundment area 
Deposited Density (avg. at closure)  95 pounds per cubic foot 
Deposited Density (avg. operational) 70 pounds per cubic foot 
Average Monthly Precipitation from Chesaw data From Golder 1996 
Average Monthly Evaporation from corrected data  From Golder 1996 
Upgradient Flows  None 

 

Based upon the above input, a preliminary water balance simulation has been completed for the TDF 

water management circuit on an average monthly basis.  The results indicate that make-up water will 

be required as the fluid losses are larger than the inflows over the 12 month period.  The total volume 

of water required to process the tailings slurry, the make-up water required for each of the various 

slurry densities to maintain a constant pond volume, and the percent of water that can be recycled to 

maintain a constant pond volume are below in Table 8. 



May 2003 -44- 023-2002 
 

 Crown Resources Corporation 

TABLE 8 

MAKE-UP WATER REQUIREMENTS FOR THE TAILINGS DISPOSAL FACILITY  

Net Loss (Total Make-up) Tailings 
Slurry 
Density 

Recycled Water 
Required at 

Process Plant 
(acre-ft/year) 

 (acre-ft 
/year) 

(gpm / 
cfs) 

50% 403 193 120 / 0.27 
 

Based upon a monthly simulation, the minimum freshwater pond storage volume is equivalent to the 

annual solution make-up required.  Therefore, over the course of one year the makeup volume 

required is estimated to be 193 acre-ft.  As a result, the freshwater pond is designed to contain 

200 acre-ft to provide a level of contingency and to provide for other water requirements on the site. 

4.4 Equipment Requirements/Consumables 

Table 9 lists the mine site mobile equipment requirements for the Buckhorn Mt. Project during 

production.  Some substitutions for comparable items may occur based on availability.  During 

preproduction development of the underground workings, the mine equipment requirements will be 

less.  Initially only one scoop, one truck, and one jumbo are required.  The fleet will gradually be 

augmented as additional headings are commenced to ultimately achieve the full complement shown in 

Table 9. 

TABLE 9 

MINE SITE MOBIL EQUIPMENT LIST 

Mobile Equipment List 
Mine Site 

30 ton Underground Haul Trucks 5 
6 yd Scoop (underground loader) 5 
4 yd Scoop 2 
2 boom Jumbo 4 
Underground Pickups 4 
Scissor lift 1 
D6 Dozer UG and surface 1 
Light Surface Vehicles 4 
Surface Loaders 2 
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Mill Site 
D6 Dozer 1 
Loader 2 
Light Surface Vehicles 5 
Bus 1 
Ambulance 1 

Transportation 
Haul Trucks (contract) 6 average 
Road Maintenance (contract) As needed 

 

During construction of the surface facilities at the mill site, mine site, and TDF, all mobile 

construction equipment will be contracted.  The contractor will determine exact fleet requirements.  

Table 10 lists typical quantities of major consumable materials delivered by truck and consumed by the 

Buckhorn Mt. Project during full operation. 

TABLE 10 

MAJOR CONSUMABLES DELIVERY ESTIMATE 

Consumables Delivery Estimate 
Mine Site 

Material Trucks per Month 
Explosives 4 

Cement 0-25 (depending on usage) 
Fuel 15 

Miscellaneous Supplies About 5 
Mill Site 

Sodium Cyanide 2 or 3 
Sulfur Dioxide 2 

Oxygen  
Fuel 1 
Lime 2 

 

Areas containing mine and mill consumables will require security clearance for entry.  Explosives 

will be stored at the mine site and stored as required by federal regulations with security controlled 

access as discussed in Section 4.6.  Potentially toxic materials such as sodium cyanide will be stored 

in a locked cage within the mill complex and can be accessed only by employees with training in use 

of the material and with security clearance and safety training relating to its handling.  No 



May 2003 -46- 023-2002 
 

 Crown Resources Corporation 

unauthorized personnel will be given access to restricted areas containing potentially dangerous 

materials.  Additional security of consumables is provided by the limited access to the sites overseen 

by the security department screening of all persons upon entry. 

4.5 Mine Ventilation 

Electric fans will provide the principal ventilation of the mine.  The fans will draw air into the 

primary portal and will exhaust air from the upper ventilation portal and ventilation raise.  The 

difference in elevation of the primary portal and the exhaust ventilation openings will aid air 

movement by natural effects.  The ventilation portal will be located on Forest Service land.  

Development of the portal will create minimal surface disturbance (less than 0.5 acre).   

The routing of air to specific areas underground is facilitated by the use of strategically placed 

barriers to direct airflow.  Moveable 60 to 125 horsepower (hp) fans will blow air through ventilation 

tubing or bag to working areas.  As the configuration of the underground workings changes, so does 

the configuration of the airflow.  The Mining Safety and Health Administration (MSHA) regulates the 

air quality in underground workings and requires an updated ventilation design and layout at all 

times.  Periodic inspections of the mine by MSHA inspectors address the adequacy of the ventilation 

plan along with measured air quality and safety issues.  An updated mine ventilation map will be 

posted at the mine site office at all times. 

4.6 Explosives Storage and Handling 

Explosives are to be stored in an above-ground locked magazine approved by and permitted by 

MSHA.  All personnel who handle explosives or are involved in blasting are directly supervised by an 

employee with a blasting license issued by MSHA.  Weekly and monthly safety meetings will be held 

with all operations personnel.  Safety in explosives handling is a regular topic of these meetings.  

Also covered in these meetings are the best management procedures for handling explosives so as to 

prevent spillage at the working face. 

Access to the explosives magazine will be strictly regulated by the safety and security department.  

The magazine itself will be locked and will be contained within a fenced locked enclosure under 

separate key.  Only security personnel and mining personnel with security clearance and training will 

have access to the keys to the enclosure and the magazine.   
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4.7 Fire Fighting Equipment/Emergency Response 

All light vehicles on site will be equipped with an axe, shovel, bucket, and fire extinguisher during 

fire season.  In addition, all vehicles and other internal combustion engines will have adequate spark 

arresters.  There will be telephone service at the mine and mill sites for communication in case of fire 

or other emergencies. 

Phones will also be located underground for communication with the surface.  All underground 

personnel are awareness trained in the location of these phones and of emergency escape-way 

locations.  A map showing emergency escape routes and telephones is posted at the sites and routes 

are clearly marked underground. 

Crown will promptly comply with any emergency directives by the USFS or the State and will obey 

any fire precautions imposed on operations during the summer fire season.  Also, existing water 

sources at the mine site will be available to fire fighting efforts in the area. 

An ambulance will be present on site at the mine during production.  Trained emergency medical 

technicians employed by Crown will be available to respond to emergencies at any time. 

A trained mine rescue team is on call at all times to respond to underground mine emergencies.  

Trained emergency medical technicians are members of this team. 

4.8 Power Requirements 

It is currently anticipated that electrical power will be purchased from the Public Utilities District of 

Okanogan County (PUD).  A power supply agreement will be negotiated with PUD that could include 

upgrading the power distribution by PUD to Chesaw.  An express line could be continued along 

existing PUD easements to the mill/TDF site under a Special Use Agreement with PUD.  Power 

required at the mine site could also be strung along existing easements and construction to the end of 

the existing service near the junction of County Road 4895 and USFS easements (USFS 120).  In 

order to minimize surface disturbance, the new line to the mine is proposed to be buried along the 

road easements.  This, however, would not prevent local land owners from benefiting from the 

extension of service. 
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Power consumption at the mill is estimated at 4.5 megawatts (Mw)  Power requirement at the mine 

site is projected to be approximately 1.6 Mw of installed capacity averaging 1.2 Mw usage. 

4.9 Water Requirements 

4.9.1 Mine Site 

Water will be needed at the mine site for mining and for potable uses.  Uses in the mine will include 

drilling water, ore washing water for particulate suppression, and water for general cleaning of 

equipment.  The water entering the mine through natural seepage will be used for these purposes.  

After initial startup, excess water entering the underground workings will be collected in sumps and 

discharged to a water treatment plant for treatment of elevated nitrates as required.  The treated water 

will be infiltrated in engineered infiltration structures returning the water to the groundwater system. 

Potable water will be required for showers, toilets, and human consumption.  Potable water is 

proposed to be obtained from an on-site water supply well.  Containerized water for human 

consumption will be brought on site. 

Additionally, water may be needed at the mine site from time to time to augment dust suppression on 

the roads around and to the mine site.   

4.9.2 Mill/TDF Site 

The largest water requirements at the mill site will be makeup water for the closed circuit mill/TDF 

facility.  Water in this circuit is used primarily for grinding and reagent mixing.  Reclaim water is 

recirculated for this purpose from the supernatant water in the TDF and is lost primarily through 

evaporation and entrainment in the tailings.  Makeup water required in the zero-discharge closed 

circuit facility is calculated to average 120 gallons per minute (gpm) on a seasonally adjusted basis.  

This makeup water will come from storage in the off-site freshwater pond having a capacity of 

approximately 200 acre-feet.  The source of this water will be seasonal withdrawals from a well and 

from Myers Creek.  Adequate water rights controlled by Crown are available to provide water supply 

to the mill/TDF site.  These water rights are currently being utilized and the use will be temporarily 

changed during mining operations.  Any water rights not used at the Mill/TDF will be temporarily 
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deeded to instream flows of Myers Creek during mining.  A summary of calculation for the 

preliminary estimated water requirement is found in Appendix C. 

Water at the mill will also be required for showers, toilets, cleaning, and vegetation.  Containerized 

water for human consumption will be brought on site. 

From time to time water may also be required to augment dust suppression at the mine, the mill, and 

the access road although dust suppression agents will be used as the primary fugitive dust control on 

roads around the project.  The selection of the specific additives to be used will be coordinated and 

approved by the county, DOE and the USFS.   

Table 11 summarizes the water requirements for the different sites seasonally adjusted to gallons per 

minute.  

TABLE 11 

PROJECT WATER CONSUMPTION FOR MILL AND MINE 

Project Water Consumption 
Mine Site 

Consumptive Use Average Amount 
Potable 4 gpm 
Drilling 4 gpm 

Ore Wetting 2 gpm 
Miscellaneous Washing 1 gpm 

Mill Site 
Potable 4 gpm 

Equipment Cleaning, Miscellaneous 1 gpm 
Makeup Water 120 gpm 

Contingency 
Road Watering 
Fire Fighting 

Mitigation 
 

Water balance is discussed in Section 4.3.  A Water Supply Plan detailing water handling and 

consumption for the project will be prepared in conjunction with water rights and change 

applications.  The Plan will further refine water balance calculations and incorporate water 

conservation measures. 
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4.10 Stormwater and Sediment Control 

Crown will minimize or eliminate any impact to area streams from stormwater runoff entering or 

originating within the mine and mill/TDF site boundaries during the construction and operational 

phases.  Stormwater control will be implemented primarily through construction of channels to divert 

flow around mine facilities.  Culverts will be used to convey flow beneath access roads.  Catchment 

ditches will control stormwater flow originating on the sites themselves.  Stormwater will be directed 

through sediment control structures and traps that will be designed to detain flows originating from 

disturbed surfaces to allow sedimentation to occur behind the structures prior to proposed infiltration 

into specially designed infiltration structures.  Sediment controls and diversions will be constructed 

and made fully operational prior to beginning other surface disturbance activities.   

Figures 5 and 8 show the location of diversion ditches, sediment traps, and the flow direction of 

diverted waters at the mine site, the mill site and the fresh water pond. 

A detailed Stormwater Pollution and Prevention/Erosion and Sediment Control Plan utilizing Best 

Management Practices will be developed for the project construction and production phases as 

required by the Clean Water Act, in conjunction with and to be approved by the appropriate 

regulatory agencies. 

4.11 Development Rock Temporary Storage Area 

Prior to use as backfill mined rock from development workings will be stored temporarily on the 

surface at the mine site as shown on Figure 5.  The exact layout of the development rock stockpiles 

may vary slightly from that shown based on site conditions of the bedrock surface.   

Development rock can be non-mineralized or sub-ore grade material, and is mined to gain access to 

the ore.  The primary access to the Southwest Zone is the largest individual contributor to the 

development rock storage area.  Additionally, rock from shorter accesses to some of the early stopes 

in the Southwest Zone and local development in the Gold Bowl area may be stored on the surface.  

As discussed Section 4.1.4, approximately 1,600,000 yd3 of backfill will be required during mining.  

Whenever possible, as development rock is mined, it will be placed as backfill in another part of the 

mine.  When no development rock is being generated, then development rock fill will be sourced 
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from the temporary surface stockpile for use as backfill.  When all the development rock has been 

consumed as backfill, gravel from the mill site backfill storage site will be used. 

A preliminary mine sequencing plan has been prepared that outlines the quantity and lithologies of 

the development rock that will be generated.  This plan will be adjusted as conditions require during 

the mine life.  However, the early development mine plan is well understood.  It is during this time 

period that the rock that makes up the temporary development rock stockpile will be mined.   

The lithologies of development rock to be stored on the surface are classified by on-site geologists as 

andesite, undifferentiated skarn, clastics, and marble.  All the rocks to be stored have low acid 

generating potential which is exceeded by the neutralizing potential.  And, although the rock will be 

exposed to atmospheric conditions for only a short time frame, consideration is given to development 

rock handling and stormwater management methods to minimize the potential of acid rock drainage 

(ARD) and leaching of metals. 

The sequence of placing of the development rock in the storage area will be designed to layer and 

blend the relatively more acid generating materials with more neutralizing rock.  The initial lift of the 

storage area will be of a neutralizing rock type.  This geometry will minimize the potential for ARD 

during the brief period the stockpile is in use.  

Table 12 presents a summary of the development rock volumes to be temporarily stockpiled.  

Table 13 presents a summary of the geochemical characteristics determined by TerraMatrix in the 

EIS (USFS and DOE 1997) for waste rock acid generation potential (AGP) and acid neutralization 

potential (ANP) for each major lithology.  These results were developed as part of the verification 

program conducted by the third-party EIS contractor.  Each of these lithologies corresponds to 

materials expected in the stockpile.  As can be seen from these data, all of the rock types have excess 

neutralizing capability based on the mean expected values.  The marble and andesite rock will be the 

predominant rock types expected during the early development phase.   

All development rock that is initially stored in the temporary stockpile will be placed underground 

within the first two and one-half to three years of the mine life.  Based on the short resident time of 

rock on the pile, the low overall AGP of all rock types and the high ANP of the lower and admixed 

andesite and marble lithologies, the ARD potential for the storage piles is extremely low and no 
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impacts are expected.  However, appropriate storm water controls will be constructed to minimize 

contact of surface water with the stockpile to the degree possible. 

TABLE 12 

SEQUENCE OF INITIAL DEVELOPMENT ROCK FOR TEMPORARY STORAGE 

Rock Type Tons Placed 
Andesite - Unaltered 13,000 

Undifferentiated Skarn 22,000 
Andesite - Unaltered 14,000 

Undifferentiated Skarn 4,000 
Marble 28,000 
Clastics 7,000 

 

TABLE 13 

SUMMARY OF ACID GENERATION POTENTIAL FOR DEVELOPMENT ROCK 

Rock Type 

Mean 
Values of 

Total 
Sulfur by 

Wt. % 

Mean Acid 
Generation 

Potential (Ton 
CaCO3/Ktons)

Mean Acid 
Neutralizing 

Potential (Ton 
CaCO3/Ktons) 

Andesite - Altered 0.45  14.0 72.4 
Andesite – 
Unaltered 

0.32 10.1 38.6 

Undifferentiated 
Skarn  

0.97 30.4 86.4 

Marble 0.19 5.87 667.2 
Clastics 0.38 12.0 60.2 

 

4.12  Backfill Storage Site 

Backfill for the mine openings will consist of both development rock and glacial gravel.  The glacial 

gravel will contain, in part, cement additive to enhance its support characteristics.  The glacial gravel 

will be sourced from the TDF footprint during the staged construction of the storage facility.  After 

excavation, the gravel may be transported directly to the mine site backfill storage site or will be 

temporarily stored at the mill backfill storage site (Figure 5).  This mill storage site will vary in size 
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from the size shown on Figure 5 to lesser amounts depending on the timing with respect to staging of 

construction of the TDF.  The detailed engineering of the excavation and scheduling of impoundment 

construction of the TDF will be developed in conjunction with the DOE according to Dam Safety 

requirements.  Trucks which transport ore from the mine to the mill will transport backfill on the 

return trip, as required. 

4.13 Project Transportation Plan 

Ore stockpiled at the mine site will be loaded into highway-legal haul trucks by a front-end loader or 

directly by conveyor for transportation to the mill.  As required, the backfill will be transported from 

the backfill storage site to the mine site by the same trucks which transport ore to the mill.  The ore 

transportation will be contracted to a company specializing in highway haulage.  The trucks will 

probably be rated at a twenty- or twenty five-ton capacity and will trail likely a ten-ton or fifteen-ton 

tandem trailer.  The number of round trips will therefore average about forty per day.  All trucks and 

trucking procedures will conform to all requirements of the Washington State Dept. of 

Transportation, the Okanogan County Road Department, and the USFS and will be permitted by the 

agencies if and as required.  The contractor will have latitude to select the equipment based on 

seasonal conditions so long as permitted requirements and agency regulations are followed. 

The proposed access route from the mill to the mine incorporates the shortest possible alignment 

using existing roads.  Certain portions of the existing route will require realignment and the entire 

USFS route will require widening to provide an appropriate margin of safety and to facilitate 

adequate stormwater control and proper maintenance.  Figure 2 shows the land status and alignment 

of the proposed route from the mine to the mill illustrating those portions of the alignment that require 

new construction or upgrading.  Those parts of the route using County Roads 9480 and 4895 are 

judged to require minimal widening or no new construction or upgrading.  The more extensive road 

widening anticipated on the USFS road will benefit local landholders who use this route for access to 

their properties.  New construction of road from USFS 140 to the mine site will require approximately 

4,300 feet of new road of which part will use existing disturbance of earlier constructed drill road. 

Crown will enter into an agreement with the USFS, Okanogan County, and the State for the 

construction and upgrading necessary and for maintenance requirements year-round during operation. 
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Regional access to the mill site will be by public County Roads 9480 from Oroville to Chesaw and 

continuing on 9480 from Chesaw to the mill/TDF site (Figure 12).  Crown proposes to supply 

regularly scheduled transportation for the majority of workers at the mine and mill from Oroville and 

Chesaw.  Deliveries of materials are proposed to follow the same route as access to the mill site.  

Deliveries to the mine will follow the access route to the mine site so as to minimize traffic on other 

local unimproved roads. 

4.14 Site Construction Methods 

Much of the mine site area was logged in the 1980’s and will require little clearing of timber for site 

construction.  To the extent possible, existing timbered areas will be left intact.  Only a minor amount 

of timber requires removal.  The mine site layout is shown in Figure 5.  The facilities are arranged to 

allow for one way traffic on the site eliminating the need for two lane roads and minimizing traffic.  

The location of building foundations may vary slightly from the layout indicated in order to 

accommodate local irregularities in the configuration of the bedrock.  Most or all of construction at 

the site will be possible using cut and fill of overburden. 

At the mill/TDF site approximately ten acres of sparsely to moderately timbered ground would 

require clearing.   

The proposed access road alignment will require some construction and widening of the roadbed and 

realignment so tree cutting will be required.  Generally, Crown will propose a detailed design for the 

access route that addresses safety concerns, while at the same time minimizing impacts to vegetation, 

wildlife, and water quality.  All road upgrades and new construction will conform to county and/or 

USFS regulations as required including the proper construction of ditches and water control 

structures.  A short stretch of blasting of a road cut is required along the new alignment near the mine 

site.   

Prior to construction at the mine site, diversion ditches and stormwater catchment structures will be 

constructed so as to control sedimentation from the beginning of construction activities.  Concurrent 

with road construction, water control structures will be installed.  Lesser stormwater controls and no 

diversion ditches are anticipated at the mill/TDF site as there is no catchment area upstream and the 

topography on the permeable glacial gravels is subdued.  A Stormwater Pollution Prevention/Erosion 

Sediment Control Plan will be developed as discussed in Section 4.10.  
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Topsoil of all planned areas of disturbance at the mine, and mill/TDF sites will be removed prior to 

construction of facilities.  This soil will be stockpiled for use in reclamation at the end of the mine 

life.  The soil stockpiles will be seeded and revegetated as soon as practical after placement in order 

to prevent erosion during the period they reside in stockpile and to maintain nutrient capabilities of 

the soil. 
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5.0 ALTERNATIVES 

As part of the Crown Jewel Project permitting process a detailed analysis of project alternatives was 

made and presented in the Crown Jewel FEIS (USFS and DOE 1997).  These alternatives were 

developed utilizing engineering, reclamation, and environmental studies performed specifically for 

the alternative analysis or in association with the Crown Jewel permitting process.  Seven alternatives 

were evaluated in detail.  These alternatives comprised variations in project components such as 

mining methods, waste rock disposal, tailings disposal, ore processing, reclamation, etc. 

During Crown’s development of this plan of operations, various project components, options, and 

alternatives were considered for the proposed Buckhorn Mt. project.  These variations were analyzed 

to select the combination of practical project alternatives that best fit Crown’s objective of 

minimizing project-related impacts.  The following presents several of the most important proposed 

project components that have been considered for the Buckhorn Mt. project as compared with earlier 

studied alternatives.  More detailed analysis of alternatives will be completed as part of the 

environmental impact analysis. 

5.1 Underground Mining 

The underground mining plan proposed by Crown will greatly reduce mine related impacts in 

comparison to impacts associated with previously evaluated open pit mining alternatives (Crown 

Jewel Alternatives B, D, E, F, and G).  The open pit mining alternatives analyzed would have resulted 

in: 1) larger areas of surface disturbance from the mine pit and waste rock areas; 2) permanent 

reconfiguration of the topography at the mine site related to the open pit and waste rock disposal 

areas; 3) the requirement for long-term monitoring of surface and groundwater downgradient from 

permanent waste rock disposal areas; 4) monitoring of pit lake chemistry and discharge; 5) potential 

for long-term remediation of water quality relating to 3 and 4 above; 6) relatively larger water usage 

due to larger amounts of ore treated and the necessary use of water for dust suppression, and; 7) a 

permanent reconfiguration of groundwater system in the vicinity of the pit which was to be mitigated 

by conveyance of pit water from the Toroda Creek drainage to the Myers Creek drainage. 

All of the issues above are addressed by the current plan proposed by Crown for underground mining.   
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Crown’s proposed plan also differs substantially from the previously evaluated underground 

Alternative C in the Crown Jewel FEIS.  Alternative C, like the open pit alternatives, proposed 

surface waste rock disposal, permanent mine discharge and the resultant changes in groundwater 

flow.  Alternative C also was judged to have resulted in possible surface disturbance related to 

subsidence, as no structural backfilling was included in the plan.  The backfilling proposed in the 

Buckhorn Mt. plan addresses the issue of subsidence. 

An alternative considered but rejected in the Crown Jewel FEIS was proposed by the EPA in 

comments to the draft EIS.  This plan would have mined the deposit by a combination of open pit and 

underground techniques and would have used development rock as backfill for the underground 

workings.  Thirty million tons of waste rock from the open pit would be used to backfill the surface 

mine on completion.   

Crown’s proposed underground mine plan will significantly reduce the surface disturbance during 

operations by temporarily placing limited amounts of development rock on the surface; ultimately 

transporting all of it to underground workings to avoid surface disturbance due to subsidence.  

Likewise, the placement of the mine portal above the groundwater table will eliminate post-closure 

mine drainage and long-term impacts to regional groundwater flow and surface water quality.  Final 

reclamation will recontour and revegetate the mine site in its entirety.  

Crown believes that this proposed plan of operations for an underground mine addresses the 

environmental concerns raised during the Crown Jewel EIS relating to surface disturbance, land 

ownership, habitat conservation, wetlands preservation and water quality and usage.  

5.2 Tailings Disposal Facility Siting  

A number of Alternatives were evaluated and presented in the Crown Jewel FEIS including off-site 

upland and side-hill sites analyzed by TerraMatrix as part of the Crown Jewel permitting process 

(TerraMatrix 1996).  Options were evaluated for environmental suitability, social impacts, and 

economics.  While these studies provided insights into many of the local and regional options, 

Crown’s lesser tailings storage requirements lend more flexibility in the site selection process than for 

the larger open pit mine plan of Crown Jewel.  Because of the substantially reduced tailings disposal 

volumes additional options were available to Crown for assessment. 
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An evaluation was made by Crown of potential TDF sites within a reasonable transportation distance 

of the Buckhorn Mt. ore deposit.  Based on a review of land status, topography, upgradient, and 

downgradient catchments, availability of construction materials, access, and surrounding land uses, 

Crown proposes the Dry Gulch site as the most desirable and technically appropriate location.  

Crown’s proposed TDF site differs from all of the Alternatives evaluated in the Crown Jewel FEIS in 

the following important ways:  

• The Dry Gulch site would not require construction on an active stream course or 
wetlands. 

• The Dry Gulch site will require lesser impact to timbered forest lands thereby 
reducing impact to prime habitat.  

• The Dry Gulch site is on private land. 

• The volume of tailings contained in the proposed TDF is less than half of the 
volume proposed in the open pit alternatives, minimizing area of disturbance, 
water consumption, and closure requirements. 

Because the location of the proposed mill/TDF site is seven miles from the mine, the ore will 

necessarily be trucked from the mine to the mill.  This will result in higher traffic on the access route 

during the life of the project and higher operating costs.  BMG considered haulage of ore to a mill 

only with large tonnage off-road trucks.  The current proposal suggests usage of only highway legal 

vehicles to eliminate the potential safety hazards associated with interaction between haul trucks and 

local traffic.  Also, the use of smaller trucks allows for the reduction of the access route footprint and 

impacts and provides for a permanent upgraded route which potentially benefits local land holders 

after mine closure. 

The construction cost of the Dry Gulch site will be higher than the previously evaluated Alternatives 

in the Crown Jewel FEIS.   

5.3 Off-Site Milling 

There is one existing off-site operational gold mill within economically viable transportation distance 

that would be appropriate for treatment of Buckhorn Mt. ores.  The mill and tailings impoundment are 

at the Kettle River Operations site located approximately fifty miles by road east of the Buckhorn Mt. 
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deposit.  The Kettle River mill is not under ownership by Crown and therefore was eliminated from 

further consideration as an alternative milling option. 

5.4 Gravel Backfill 

Crown proposes to use gravel sourced from the excavation of the TDF site on private land for the 

underground mine backfilling operation.  Gravel backfill provides an advantage over development 

rock for the cemented portion of the backfill requirement due to its wider range of grain size in its 

matrix.  This results in a higher strength of the hardened backfill. 

The underground mining alternative analyzed in the Crown Jewel EIS considered a surface rock 

quarry near the top of Buckhorn Mt. to provide rock needed for partial backfill during mine 

operations.  The rock quarry would have also included a crushing and screening operation for sizing 

the backfill material.  Rock fill can also be effectively used as a cemented backfill material but care 

must be exercised in proper sizing of the material. 
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6.0 MANAGEMENT AND MITIGATION OF AFFECTED ENVIRONMENT 

Management and mitigation practices at the mine site and its surrounding environs are based on 

Crown’s policy to minimize environmental impacts and are guided by the requirements of local, state, 

and federal laws and regulations, best management practices (BMP)s, and current technology.  The 

goals of the management and mitigation practices are to avoid, reduce, or minimize adverse 

operational impacts to the environment and to provide for superior reclamation of disturbed areas.  

Implementation of management and mitigation measures is the primary responsibility of Crown.  

Oversight and, if necessary, enforcement of the permitted measures are the responsibility of the 

agencies issuing permits and approvals to the company. 

The mining and environmental control activities also are designed such that the site will be reclaimed 

to a productive use following closure and decommissioning.  Implementation of the measures 

discussed in this section has been developed to allow the Project to operate in an environmentally 

responsible manner.  The management and mitigations measures proposed or to be developed by 

Crown in all cases either exceed or meet requirements of state or federal regulations. 

6.1 Air Quality 

As part of the DOE air quality permit, Crown will be required to meet all applicable state and federal 

air quality standards.  The use of Best Available Control Technology (BACT) is required to meet 

these standards.  The following practices and design features will be employed during construction 

and operations to control fugitive dust emissions and mitigate impacts to air quality: 

• The rock crushing system will be enclosed thus eliminating air quality concerns. 

• The ore to be crushed will generally be wet so as to further eliminate air quality 
issues relating to crushing.   

• Baghouse type dust collectors will be installed and operated at the lime bins, 
cement bins, and the refinery furnace. 

• Dust-inhibiting agents approved by the appropriate agencies will be used to 
control fugitive dust on the access roads.  These agents are the first line of 
defense for dust suppression. 
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• Watering of mine-related roads will be conducted to reduce fugitive dust at such 
times as are necessary when dust suppressants are not effective.   

• Vehicle speed on the access roads will be restricted as necessary to reduce the 
amount of fugitive dust caused by traffic. 

• Mining underground will eliminate dust emissions from blasting. 

• Burning of slash during land clearing operations will adhere to DNR burning 
permit restrictions. 

• Busing or van pooling will be arranged for the majority of employees to reduce 
traffic to and between the mine and mill sites.  Busing or van pooling is discussed 
in more detail in Section 6.12. 

6.2 Topography/Physiography 

The mine site will be constructed so as to minimize surface disturbance.  Upon mine closure, the site 

will be recontoured to pre-mining condition and revegetated as described in Section 7, Reclamation 

Plan.   

The access route to the mine will be constructed using existing alignments wherever practical.  Any 

widening or improvements will be done to address safety issues but will also be designed to minimize 

surface disturbance and impact to vegetation. 

The mill site will also be designed to minimize impacts to existing topography.  However, the 

construction of the TDF site will result in significant modification to the pre-operational topography.  

Slopes on the embankment will be rounded and revegetated to blend into the natural topography to 

the extent possible. 

Estimated Summary of Areas of Disturbance 
Mine Site 20 acres 
Mill Site 90 acres 
Road Improvement 10 acres 
Road New Construction 8 acres 
Other (Monitoring Wells, Diversions etc.) 5 acres 
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6.3 Geology and Geotechnical Considerations 

All facilities involved with construction and operations of the project will be constructed and 

maintained to be geotechnically stable during operations and in the long-term following 

decommissioning and reclamation of the project.  Facility design and engineering plans will be 

submitted to the USFS as part of the POO approval process, and to the DNR and DOE as part of the 

permitting process.  Of particular importance is the design and operation of the TDF with respect to 

geotechnical considerations.  The approval process for all impoundment structures requires rigorous 

review of detailed design engineering. 

6.4 Soils 

Crown recognizes that soil resources, particularly topsoil materials, are a valuable resource at the site.  

Soil horizons will be removed from facility sites prior to construction assuring that viable, handling 

and stockpiling of those soils will be completed to promote microbial activity upon redistribution to 

the degree practical.  Temporary soil stockpiles will be reseeded with noxious weed-free mixed cover 

vegetation containing native species and with an emphasis on the ability to root quickly. 

6.5 Water Management 

Surface water control and management and protection of groundwater resources are critical elements 

of the operation.  Controls include control of sediment and erosion and diversion and entrapment of 

surface runoff flows from disturbed areas.  Process water controls include management of chemicals 

and reagents at the mill, fuel storage, and containment and tailings management.  The TDF is 

operated as a closed system, but destruction of cyanide and maintenance of low levels of cyanide in 

the TDF and containment of tailings within the TDF further reduce risk to the environment.  These 

topics are discussed in more detail below. 

6.5.1 Storm Water Management and Sedimentation Controls 

Storm water management will be completed in accordance with the approved storm water pollution 

prevention/erosion control plan.  This plan will be part of the site wide water management plan and 

fall under the jurisdiction of the DOE.  Minimization of erosion and sedimentation of disturbed areas 

may include the following techniques: 
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• Vegetation will be removed only from those areas to be directly disturbed. 

• Primary soil removal will be scheduled for the dry months. 

• Cut and fill slopes for service and access roads will be designed to prevent soil 
erosion.  Drainage ditches with cross drains will be constructed where necessary.  

• Road embankment slopes will be graded and revegetated as practicable. 

• Runoff from roads, buildings, and other structures will be handled through 
BMPs. 

• Stream crossings will be minimized. 

• Diversions will be constructed around affected areas during construction and 
operation of the TDF, mill site, and mine site. 

• The tailings pipeline berms will be revegetated after pipeline installation. 

• The water supply pipeline and the power supply corridors will be revegetated 
after their installations. 

• Incidental precipitation falling on disturbed areas at the mine and mill/TDF sites 
will be collected in basins or traps. 

• Management practices such as check dams, dispersion terraces, and filter fences 
will be used during construction and operations. 

• Permanent diversion channels will be designed for long-term stability. 

• Reclamation will be implemented as soon as practical. 

6.5.2 Process Water Controls 

Issues pertinent to cyanide use, destruction via the INCO process, residual cyanide levels within the 

TDF, and design and operation of the TDF as a closed facility are discussed in Section 4.0.   

Crown proposes to use the INCO process to detoxify cyanide contained in the tailings.  As part of the 

previous Crown Jewel permitting process, a testing program (Crown Jewel FEIS, Appendix F) using 

ore material was conducted by independent laboratories to determine toxicity of the ore processing 
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stream and tailings from the operation and to determine whether the INCO process would reduce 

residual cyanide levels below the threshold for designation as a Dangerous Waste.  Samples were 

prepared at varying cyanide concentrations and pH values to simulate a range of process slurry 

conditions and process tailings conditions.  Static acute fish toxicity testing (Part A: Method 80-12) 

was performed on 24 separate samples representing four ore composites selected from the Crown 

Jewel ore deposit representing the same material as the ore types to be mined at Buckhorn Mt. 

deposit. 

None of the 24 samples subjected to toxicity testing showed any indication of statistically significant 

toxicity.  The test results confirmed that a threshold of Dangerous Waste designation under 

Washington regulations (WAC 173-303) will be neither approached nor reached in the ore processing 

circuit prior to cyanide destruction or in the tailings. 

Crown proposes to use the INCO process to detoxify tailings to limit the concentration of weak acid 

dissociable (WAD) cyanide in the TDF to 10mg/l or less.  The target WAD cyanide content of the 

tailings discharge to the TDF would also be below 10mg/lor less.  However, normal variations in the 

chemistry of the reaction normally results in some short-term variability of the discharge levels in 

similar systems elsewhere.  Crown will work with DOE to ensure that the design, construction, and 

operation of the permitted detoxification method meet these standards.  

The Buckhorn Mt. Project is designed to meet all State of Washington and federal water quality 

standards. 

6.6 Mine Water Quantity/Quality 

Water will be encountered in the subsurface workings of the mine.  Modeled estimates of mine water 

inflow have been prepared and are summarized in Appendix B.  Assuming the maximum estimated 

recharge rate of 5.4 in/yr (Hertzman 1996); total maximum estimated annualized inflows to the 

southern workings are calculated at 7.25 gpm at the end of mining and maximum extent of ore 

extraction.  Total annualized inflows into the entire workings at the end of mining are expected to be 

from 15 to 42 gpm, based on the range of estimated recharge values (1.9 inches/year minimum; 

5.4 inches /year maximum).  Seasonal changes in recharge and local rock permeability conditions will 

affect inflows. 
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Nearly all of this groundwater entering the mine would be from recharge intercepted within the 

Toroda Creek drainage during mining.  Since the portal will not discharge following closure and 

flooding of the mine, no long term discharge of groundwater will occur and the hydrogeologic 

conditions will return to near pre-mining conditions.  After mine flooding, the regional groundwater 

divide in the area of the mine is predicted to move slightly eastward, potentially reducing recharge to 

Myers Creek basin on the order of 0.5 gpm (Appendix B). 

Water used underground during operation for drilling, wetting of ore, cleaning of equipment and 

other uses underground will be taken from sumps designed to temporarily store mine inflow of water.  

Water will need to be discharged from the mine during operation to facilitate mining activities.  This 

water will be treated to ensure that nitrate derived from explosives is reduced to standards required by 

the DOE.  Treated water will be infiltrated in the infiltration pond.  Should other potential pollutants 

be encountered in the mine discharge, water handling or the treatment plant will be modified as 

necessary. 

As discussed in Section 3.7 development rock stored on the surface will have a net neutralizing 

character thereby minimizing the potential for acid generation and metals leaching while temporarily 

present on the surface.  Nevertheless, development rock storage will be constructed in a manner as if 

there were potential for acid generation within the storage area.  Temporary ore storage will be 

constructed on a compacted pad of net neutralizing material.  Layering of different rock types will 

further ensure the neutralizing character of the stockpile.  Storm water draining these temporary 

storage areas will be managed in sediment control structures for infiltration and or discharge as 

appropriate.  Storm water will be managed in accordance with the approved storm water pollution 

protection plan.   

The development rock stored on the surface will ultimately be placed underground as backfill in 

stopes along with other development rock that was generated underground but which never reported 

to the temporary surface stockpile.  Any acid generation potential of this placed development rock is 

effectively eliminated by: 

• The relatively small proportion of placed development rock fill in relation to the 
encapsulating neutralizing mine rocks. 
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• The interlayering of the development rock fill with much larger quantities of inert 
to neutralizing glacial gravels and, more importantly, cemented backfill having 
very high neutralizing potential. 

• Inundation of most backfilled areas effectively diminishing the oxidation of rock-
forming minerals. 

6.7 Water Supply Resources and Water Rights 

Water use will occur at both the mine site and the mill/TDF site.  It is the policy of Crown to 

minimize the use of water in Project operations to the degree practical.  Water rights controlled by 

Crown are adequate to provide resources for the necessary water consumption at the mill/TDF based 

on current Project plans.  Despite adequate water resources, careful water management will allow for 

its optimized use.  Crown will work with DOE and local authorities to ensure that the consumptive 

use of water in no way impairs the water rights of others.  A groundwater right can fulfill part of the 

needed water for the milling process subject to approval of a change in beneficial use and change in 

place of use.  Additionally, existing water rights controlled by Crown for surface water in the Myers 

Creek drainage will augment the groundwater appropriation on site.  Water seasonally withdrawn 

from ground or surface waters will be stored in an onsite freshwater storage pond as shown on 

Figure 1.  This pond will be lined in order to prevent water loss. 

Application for water appropriation has been filed with DOE for the mine site consumptive uses 

shown in Table 11.  The majority of the requested appropriation relates to the groundwater removed 

from the mine to permit underground work.  Excess water discharged from the mine is proposed to be 

treated and returned to the groundwater by infiltration and will therefore not result in a net loss of 

water in the groundwater system.   

Some consumptive use in the mine during mining will result in a small net loss to the groundwater 

system.  Water will be lost from the mine through ore transported to the mill for processing.  Water 

removed related to the ore moisture will not have any net affect on the groundwater recharge to the 

system as this moisture is equivalent to the naturally retained moisture in the rock.  

Water will also be used for potable/domestic uses in toilets, showers and for human consumption.  

This water is proposed to come from an on-site water well. 
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A water supply plan will be prepared and submitted to the DOE in conjunction with water rights 

applications.  This plan will detail uses and mitigations of water appropriated and used in both the 

Myers Creek and Toroda Creek drainage basins. 

6.8 Vegetation 

Mitigation and management issues regarding vegetation resources include avoidance of surface 

impacts, timber salvage, and sales, noxious weed control, use of noxious weed-free mulch and seed in 

reclamation, and interim revegetation.  These are discussed in the Reclamation Plan in Section 7.0. 

The project design is tailored to minimize the amount of timber that is required for removal.  Timber 

on areas scheduled for disturbance by the Project will be sold and cleared in accordance with the 

USFS and DNR management requirements for timber harvesting.  Negotiated contracts for timber 

harvest will be entered into with the appropriate agency where appropriate.  Timber to be removed 

will be designated by agency representatives prior to removal. 

As applicable to the surface ownership, plans for clearing and disposal of vegetation will be 

submitted prior to beginning operations.  The areas to be cleared will be delineated on the ground to 

facilitate USFS and DNR review, as appropriate in order to specify the measures that will be needed 

to ensure proper utilization of the timber, disposal of slash, and protection of surface resources. 

6.9 Wetlands 

It is the objective of the project design to result in no net loss of wetlands.  If existing wetland 

resources are affected or filled by mandated changes in the proposed development of the project, 

permits would necessarily be obtained from the DOE and/or United States Army Corps of Engineers 

(USACE).  Final mitigation measures would be detailed in these permits.  Final wetland mitigation 

measures on USFS administered land must be agreed to by the USFS prior to their implementation 

though none are expected based on the current plan.   

Water intercepted in the underground workings of the mine will be infiltrated or released as directed 

by the DOE and USFS.  It is anticipated that this infiltration or release will accommodate local 

groundwater conditions in the protection of wetlands and surface waters in the area surrounding the 
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mine.  Crown will work with these agencies to ensure that ground and surface water quality and 

quantity are protected. 

The area covered by the proposed TDF will intercept rainfall during operation and will decrease the 

water available for infiltration to the groundwater within the catchment of a small unnamed tributary 

to Myers Creek.  Dry Gulch supplies a minor portion of the water to the Pine Chee wetlands located 

downgradient from the TDF.  Potential indirect impacts to the Pine Chee wetland will be assessed as 

part of future permitting. 

6.11 Wildlife 

The project is designed to avoid impacts to wildlife resources.  By minimizing surface disturbance, 

the use of existing access roads where possible and reclamation of the mine site and mill/TDF sites, 

impacts to wildlife resources are mitigated.  The goals of the project design are: 

• Avoid impacts to wildlife and sensitive habitats. 

• Minimize impacts to wildlife when impacts cannot be avoided. 

The following specific wildlife management and mitigation steps will be employed by Crown.  

• Perimeter fencing at the mine site will exclude cattle but allow for deer 
movement. 

• Deer-proof fencing will be installed around the TDF. 

• At least 15 percent of the species mix selected to provide immediate soil 
stabilization during reclamation will be species with higher palatability to 
wildlife. 

• Any required new power poles will be designed to eliminate risk of electrocution 
of raptors. 

• Wildlife run-outs will be created along both sides of access roads during winter 
when snow banks exceed two feet in height. 

• Speed limits will be instituted in areas of high wildlife density to minimize 
wildlife injuries or mortalities from vehicles. 
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• Bird mortality rates related to the TDF will be negligible due to the cyanide 
destruction system and low cyanide concentrations in the tailings. 

A Biological Assessment (B.A.) (Cedar Creek 1996) was completed for the area of the Crown Jewel 

mine site and transportation corridor as required under the Endangered Species Act of 1973.  A 

determination of effects was developed for the Gray Wolf, Grizzly Bear, Northern Bald Eagle, and 

American Peregrine Falcon. 

The B.A. determined that the previously proposed Crown Jewel Project would not adversely affect 

existing populations of Gray Wolves primarily because no viable wolf population occurs in the area.   

The study area of the B.A. was found to be unsuitable critical habitat for the establishment of Grizzly 

Bears though occasional travels through the area are possible.  Population centers exist in Canada 

within forty miles.   

No suitable breeding or wintering habitat exists for Bald Eagles and the Project was judged to have no 

adverse affect on Peregrine Falcons. 

6.12 Noise 

Noise generated at the mine site will consist of several elements.  Local traffic, including ore 

transport trucks and underground mobile mine equipment entering and exiting the portal will 

contribute to noise at the mine site.  Given the location of the mine site in the Gold Bowl drainage 

basin, the prime direction of noise will be upward and to the east.  It is unlikely that any operational 

noise from the mine site could be heard within populated areas.  A possible exception may be during 

the initial several blasts in the development of the adit.  These noise impacts detected from the local 

sparsely populated areas will be very low given the distance.  In any case the impacts would be of 

very short duration. 

The fans at the portal and the other ventilation openings will also contribute to local noise levels.  In 

all cases, fans will be used which minimize noise by design.  In the cases of the ventilation raise and 

secondary ventilation ramp, existing vegetation near the noise sources will be left in place to the 

extent possible to shield noise.  In both of these sites the direction of the highest noise will be 

engineered so that the peak direction is upward and away from the population centers.  It is highly 

unlikely that ventilation fan noise will be heard from populated areas under even the most adverse 
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wind and climatic conditions.  However, testing of detectable noise at different locations will be done 

subsequent to installation of the fans to confirm this and, should noise be detected in or around 

Chesaw in populated areas, further mitigation measures for noise control will be installed. 

Increased noise will occur along the access route as a result of increased traffic associated with ore 

transport, employee traffic, and deliveries.  All company or contractor vehicles will observe the 

following noise reduction measures. 

• Truck traffic and deliveries by truck are proposed to be limited to a schedule of 
no longer than 7 a.m. to 7 p.m.   

• Contractor and company owned vehicles will have maintained exhaust systems in 
good condition. 

• Vehicle operators will observe company instituted speed limits. 

• Trucks will not use engine brakes in areas designated as noise sensitive areas. 

Operations at the mill/TDF site will increase the local noise levels.  However, noise increases are 

proposed to be mitigated in a number of ways.  As with the mine to mill access route, traffic noise can 

be reduced through good management practices.  The noise associated with the mill operation itself 

will be greatly mitigated by housing the principal equipment inside the mill structure.  The interior of 

the mill building will be insulated with sound abatement materials specifically designed to minimize 

detectible noise from a reasonable distance outside the structure.   

The period of highest noise during the life of the mine will be during construction activities.  In 

particular, the heavy equipment used for TDF construction and grading of the mill site will result in a 

noticeable increase in local noise levels 

The use of a loader at the backfill storage site will increase the background noise in that area.  The 

intermittent use of a dozer approximately one day per week will also increase noise generation.  The 

loader and dozer are also proposed for use on a limited schedule 

Both Washington State and MSHA regulate noise on construction and operational sites.  Crown will 

comply with all State of Washington, MSHA, and Okanogan County health and safety requirements 

relative to noise generation. 
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6.13 Scenic Resources 

Crown will employ several general measures to minimize the visual intrusion of the project.  As 

discussed previously, vegetation will be left undisturbed where feasible as a screening element.  

Construction cuts and fills will be blended with the surrounding topography to the degree possible.  

Buildings will be painted with non-reflective, earth-tone paints. 

Exterior lighting will be reduced to the minimum required for safe operations and to maintain site 

security.  Such exterior lights will be directed inward and down toward the center of the area to be 

illuminated to minimize views from offsite.  Permanently mounted lights will be sodium or a similar 

type of spectrum and intensity.  

The mine site is not known to be visible from any population centers nor from public roads.  The mill 

site is clearly visible from both public roads and from the surrounding sparsely populated area.  

Design plans for the layout of mill facilities will be finalized in cooperation with county authorities 

and interested parties in order to address visual impacts.  However, it is proposed to use the topsoil 

stockpiles to aid is shielding the site from the county road as shown on Figure 8.  The backfill storage 

site, freshwater pond, and mill buildings may be partially shielded by the topsoil stockpiles.  The 

topsoil stockpiles will be planted with groundcover as interim reclamation.  Nevertheless, the mill and 

associated infrastructure will be visible from County Road 9480 and from elevated locations to the 

west and east. 

The TDF site is also visible from several locations.  Though the TDF site was selected specifically for 

its partially shielded location, the upper parts (later stages) of the impoundment will be visible from 

the north along the county road and the overall footprint from higher locations in the vicinity.  Trees 

which are not required to be removed for operational purposes will be preserved to aid in mitigating 

visual impacts especially north of the impoundment location.  Additionally, the impoundment will be 

constructed with rounded edges so as to conform to the local topography to the extent possible.  

Ground cover vegetation will be planted on the slopes to aid in the blending of the impoundment with 

local topographic conditions 
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6.14 Heritage Resources 

Various cultural resource studies were conducted from 1993 to 1995 as part of the Crown Jewel 

permitting process.  Within the immediate area of the mine site, heritage and cultural resources 

identified as significant or potentially significant were identified.  Four intact structures of the old 

Gold Axe mining camp remain.  Crown believes that these structures represent a valuable resource to 

be preserved.  All four occur within the area of proposed site construction.  Of these, three occur on 

USFS land and the fourth on private property owned by Crown.  Crown intends to isolate these 

resources within the site so that they will be left undisturbed and preserved.  Vegetation immediately 

surrounding these sites will be enhanced.  Crown will consult with agencies and interested parties 

regarding the enhancement of these historic sites and their preservation during and after operation  

No other sites previously identified as culturally significant will be impacted by Crown’s proposed 

operations.  However, if newly undiscovered cultural resources are identified during new cultural 

resource surveys or during construction or operations the site will be protected or documented, and, 

depending on which agency has authority over the specific area, the USFS, or DNR will be notified 

for determination of future action, if any.  If cultural sites of importance to native cultures are located, 

tribal authorities of the Colville Indian Reservation will be contacted and coordination of the 

disposition of the site will be made. 

6.15 Tribal Rights 

The Colville Confederated Tribes retain hunting, fishing, and gathering rights to the region 

surrounding the Buckhorn Mt. Project as part of the traditional north half of the Colville Reservation.  

Many of the impact avoidance strategies that address general environmental issues similarly protect 

tribal rights in the area.  The minimization of impacts to surface water quality and quantity ensures 

protection of existing aquatic habitat in the surrounding streams.  The minimization of the area of 

disturbance, especially on Buckhorn Mt., reduces impacts to wildlife habitat.  The use almost 

exclusively of previously disturbed areas at the mine site further minimizes new impacts.   

However, approximately 12 acres of USFS land within the fence of the mine site is proposed to be 

withdrawn from hunting during the operating life of the mine site.  For security reasons, hunting is 

not a compatible activity within the portal and office area at the mine site.   
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No known Native American archeological sites within the area of disturbance were located in 

previous surveys.  However, if resources are identified appropriate action will be coordinated with the 

Colville Confederated Tribe. 

6.16 Transportation 

Issues pertaining to transportation have been discussed in Section 4.12.  Additional details, regarding 

road maintenance, winter road maintenance, supply delivery, a USFS Road Use Permit, road closures, 

and other issues relating to transportation will be identified in a proposed joint agreement between the 

County Road Department, USFS and DNR. 

Crown understands that it must obtain agency approval for road improvements on existing USFS 

routes, DNR routes and along county easements.  New road construction must also be permitted 

through the appropriate landholding agency. 

6.16 Land Use/Reclamation 

Land use considerations include land and vegetation disturbances, existing livestock leases and water 

sources, fencing, and noxious weed control during construction operations.  Additionally, the federal 

land at the mine site impacted during the mine life will be fenced and entry will be limited for safety 

and security purposes to those with business at the mine site.  This area of approximately 12 acres 

will therefore be withdrawn temporarily from recreational purposes such as hunting and hiking. 

Crown will minimize land and vegetation disturbances by maintaining a compact operation.  Timber 

and vegetation will be left where feasible to serve as facility screening and for wildlife habitat.  

Erosion will be controlled at all times during construction and operation. 

As discussed previously, the mine site will be fenced to exclude livestock using standard USFS four 

strand barbed wire fence.  A small amount of USFS land within the Cedar Allotment will fall within 

the fence line.  All stock fencing will be maintained by Crown during operations and until 

reclamation of the site is complete. 

It is important to prevent the establishment or spread of noxious weeds.  All earth-moving and other 

mobile equipment entering the site for the first time will be cleaned (washed) of soil and noxious 
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weed seeds with particular attention to the undercarriage area.  While spraying will be used to control 

noxious weeds on site and on the access road as necessary, preventative measures of vehicle cleaning 

are an important defense against the spread of noxious weeds.  Company vehicles that have traveled 

off of paved highways in areas of noxious weed infestations will be cleaned prior to traveling on the 

accesses to the site and on the haul road.  Spraying of areas on or adjacent to federal or state land will 

be conducted only as approved by the jurisdictional agency.  All spraying will be conducted in 

accordance with county guidelines. 

6.17 Socioeconomics 

Crown’s corporate philosophy will be to employ personnel from the local communities surrounding 

its mine site when feasible.  Every effort will be made to maximize local hires.  Such local hiring 

practices include use of local contractors and contract personnel.  Worker training would be available, 

particularly to support local hiring practices.  The mine construction, operations, and reclamation will 

provide a beneficial revenue and tax base increase for the county and state for a minimum of ten 

years.  Socioeconomic impacts related to the mine construction are expected to be both beneficial and 

adverse in relation to housing a temporary workforce consisting of local and outside contractors.  

Crown will stage the construction to consider the impacts of the contractor work force to the degree 

possible.   

The operations will result in the creation of a high percentage of skilled labor and technical jobs of 

which a large percentage could be transferred to other potential employment opportunities upon 

closure of mining operations.  Reclamation and post-closure monitoring will employ a reduced 

number of employees and, after physical reclamation, contractors. 

Local expenditures made directly by the mine and by mine personnel would result in an increased 

demand for goods and services in the project area.  Some of this demand would be met by existing 

residents working in stores, real estate offices, and other businesses.  However, the new demands 

generated by the mine would be expected to create new jobs in the service, retail, or other non-mine 

sectors of the economy to support the project and its employees.  



May 2003 -75- 023-2002 
 

 Crown Resources Corporation 

6.18 Solid Waste (Garbage and Trash) Management 

Solid refuse, trash, and general garbage generated during construction of the facilities will be 

consolidated and contained and transported offsite to the county land fill or other disposal sites as 

appropriate.  Portable toilet facilities will be used during construction and during operations at certain 

locations.  Solid wastes such as wood debris and concrete may be buried onsite during the 

reclamation phase after approval by the appropriate authorities and land management agencies.  Spills 

of oil, fuel, grease, and other materials will be cleaned up immediately and disposed of appropriately.  

An emergency spill and response plan will be developed as required prior to construction and 

operation. 

The handling of human waste during operation and the closure will be coordinated with the State of 

Washington at the mine and mill sites. 

6.19 Hazardous Substances 

At the mine site explosives will be handled and stored for blasting use in mining of ore and 

development rock.  It is anticipated that most or all of the primary explosives used will be ammonium 

nitrate fuel oil (ANFO).  This explosive is particularly safe to handle and poses less risk of danger or 

theft than other dynamite-based explosives.  Nevertheless dynamite-based explosives may be stored 

on site as will detonation cord and other explosive devices requiring high security measures.  Storage 

of explosives is discussed in Section 4.6 and the security of explosives on site and in transit will be 

subject to a security plan which will be approved by MSHA and prepared in coordination with the 

County and other interested agencies. 

Reagents at the mill site which pose risk of release will also be stored and handled in accordance with 

MSHA standards and federal Emergency Planning and Community Right-to-Know Act (EPCRA) 

regulations as well as other federal and state regulatory programs.  A plan will be developed in 

conjunction with interested agencies to address all EPCRA compliance issues.  Of particular interest 

is the gold leaching agent, sodium cyanide which will be delivered and stored in solid or liquid form.  

Only trained authorized personnel will be permitted to handle potentially toxic reagents.  An 

emergency response and control plan will be developed prior to operation which will address 

potential spill events for all reagents on the property and all mill and administrative personnel will be 
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required to undergo response training.  A security program to prevent theft of explosives and sodium 

cyanide will be developed in cooperation with local and county security professionals.  

Sodium cyanide will be stored inside, segregated from acids, weak alkalis, and strong oxidizing 

materials such as nitrates.  The cyanide will also be stored away from flammables and combustibles 

to minimize the chance of cyanide-water runoff as a result of firefighting.  Where local regulations 

permit, sodium cyanide containers should not be stored under sprinklers, because sodium cyanide will 

not burn in ordinary fires and runoff must be avoided.  Storage with food or intermediates for human 

or animal products will be avoided.  

Security will be maintained and only authorized personnel will have access to the cyanide.  Only the 

quantity required for immediate use will be removed from storage.  Sodium cyanide will be stored in 

tightly closed, air tight containers which are clearly identified as containing hazardous materials.  The 

cyanide will be stored in a dry place and protected against corrosion and damage.  Areas in which 

sodium cyanide are stored and processed will be well ventilated and will have secondary containment 

Detailed procedures will be developed and implemented for handling and mixing sodium cyanide.  

The transporter will be required to have emergency response capability which is able to interface with 

local governmental agencies.  Spill response plans will be required of suppliers and will be a matter 

of public record.  Security plans for transportation of substances by suppliers to the site will also be 

developed. 

The transportation of potentially hazardous or dangerous substances to the site by contractors will be 

in accordance with the provisions of 49 CFR Part 107 and, in the case of cyanide, the newly 

formulated International Cyanide Management Code for the Manufacture, Transport, and Use of 

Cyanide in the Production of Gold May 2002 (Code).  The basic principles and standards of practices 

outlined in the Code and which will be followed for the project include: 

• Purchase cyanide from manufacturers employing appropriate practices and 
procedures to limit exposure of their workforce to cyanide and to prevent releases 
of cyanide to the environment. 

• Establish clear lines of responsibility for safety, security, release prevention, 
training and emergency response in written agreements with producers, 
distributors, and transporters. 



May 2003 -77- 023-2002 
 

 Crown Resources Corporation 

• Require that cyanide transporters implement appropriate emergency response 
plans and capabilities, and employ adequate measures for cyanide management. 

• Design and construct unloading, storage and mixing facilities consistent with 
sound, accepted engineering practices and quality control and quality assurance 
procedures, spill prevention and spill containment measures. 

• Operate unloading, storage and mixing facilities using inspections, preventive 
maintenance, and contingency plans to prevent or contain releases and control 
and respond to worker exposures. 

• Implement management and operating systems designed to protect human health 
and the environment including contingency planning and inspection and 
preventive maintenance procedures. 

• Introduce management and operating systems to minimize cyanide use, thereby 
limiting concentrations of cyanide in mill tailings. 

• Implement a comprehensive water management program to protect against 
unintentional releases. 

• Implement measures to protect birds, other wildlife, and livestock from adverse 
effects of cyanide process solutions. 

• Implement measures to protect fish and wildlife from direct and indirect 
discharges of cyanide process solutions to surface water. 

• Implement measures designed to manage seepage from cyanide facilities to 
protect the beneficial uses of ground water. 

• Provide spill prevention or containment measures for process tanks and pipelines. 

• Implement quality control/quality assurance procedures to confirm that cyanide 
facilities are constructed according to accepted engineering standards and 
specifications. 

• Implement monitoring programs to evaluate the effects of cyanide use on 
wildlife, surface, and ground water quality. 

• Plan and implement procedures for effective decommissioning of cyanide 
facilities to protect human health, wildlife, and livestock. 

• Establish an assurance mechanism capable of fully funding cyanide-related 
decommissioning activities. 
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• Identify potential cyanide exposure scenarios and take measures as necessary to 
eliminate, reduce, and control them. 

• Operate and monitor cyanide facilities to protect worker health and safety and 
periodically evaluate the effectiveness of health and safety measures. 

• Develop and implement emergency response plans and procedures to respond to 
worker exposure to cyanide. 

• Prepare detailed emergency response plans for potential cyanide releases. 

• Develop procedures for internal and external emergency notification and 
reporting. 

• Incorporate into response plans monitoring elements and remediation measures 
that account for the additional hazards of using cyanide treatment chemicals. 

• Periodically evaluate response procedures and capabilities and revise them as 
needed. 

• Train workers to understand the hazards associated with cyanide use. 

• Train appropriate personnel to operate the facility according to systems and 
procedures that protect human health, the community, and the environment. 

• Train appropriate workers and personnel to respond to worker exposures and 
environmental releases of cyanide. 
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7.0 RECLAMATION PLAN 

This section presents an overview of the key components of the reclamation planning.  Details of the 

reclamation plan are presented in Appendix D.   

Crown will reclaim disturbance where conditions and current reclamation technology permit.  

Historic and current land uses include hunting, fishing, gathering, mineral exploration and extraction, 

logging, agriculture, residential development, timber sale, firewood gathering, grazing, and 

recreation.  Management of the USFS land in the vicinity of the project is guided by a land and 

resource management plan (RMP) developed by the USFS (USFS 1989).  The ROD states that all 

operations associated with mining development shall adhere to 43 CFR 3809 and 3802 which requires 

reclamation of all mining operations and compliance to air and water quality state and federal 

standards.  Reclamation plans presented here are, to the extent applicable and appropriate, based on 

recommendations contained in the BLM Solid Minerals Reclamation Handbook (BLM 1992).  

Additionally, reclamation will conform to WA DNR Title 78 governing mines, minerals and 

petroleum. 

The goal of reclamation is to return the site to a productive post-mining condition following closure 

and decommissioning.  Reclamation will be completed on both private and public lands.  Key 

facilities to be reclaimed include: 

• Mine portal area 

• Ventilation openings 

• Mill/TDF area 

• Access roads 

• Any new power line corridors 

• Water pipeline 

• Water supply wells 

• Monitor wells 



May 2003 -80- 023-2002 
 

 Crown Resources Corporation 

• Freshwater pond 

Reclamation activities will be scheduled to occur as soon as practical after the mining activities are 

completed, thus minimizing erosion and sedimentation problems.  In general, reclamation will be 

timed to take advantage of optimal climatic conditions.  Final grading, drainage, and sediment control 

establishment will occur over the late spring and summer months.  Seedbeds will be prepared in later 

summer or early fall just prior to seeding.  Seeding will be completed in mid-late fall in order to take 

advantage of winter and spring moisture. 

Many of the reclamation activities can not occur until near the time of final mine closure.  Areas such 

as the underground workings and surface facilities will remain active until mine closure.  However, 

during the anticipated life of the project, interim and concurrent reclamation will occur to reduce 

erosion and the potential for off-site degradation. 

Interim reclamation refers to reclamation efforts on lands disturbed and reclaimed during the course 

of a project.  To reduce erosion and sedimentation during the life of the operations, disturbed areas 

will be temporarily revegetated.  Topsoil will not be applied to temporarily revegetated areas.  

Topsoil will generally be conserved for final reclamation activities.  These temporarily vegetated 

areas will be broadcast seeded with an interim seed mixture.  Mulch and fertilizer may be added if 

initial seeding is unsuccessful.  The topsoil stockpiles, tailings pipeline berm, and access road 

embankment will require interim reclamation. 

Concurrent reclamation refers to reclamation activities which can be carried on at the same time as 

ongoing mining activities.  Concurrent reclamation can be advantageously employed on disturbed 

areas that have served their purpose and are ready to be graded to final reclamation contours.  Such 

areas will include disturbances associated with diversion ditches, exploration drill pads, and any 

access roads that will not be needed for future activities.  Reclamation of temporary development 

rock staging areas will occur upon final use as interim reclamation.  Where possible during the life of 

the project, disturbed lands will be reclaimed with ongoing mining operations. 

Extensive reclamation has already been completed and is ongoing at the mine site.  Exploration 

drilling roads constructed by Crown and, more extensively by BMG, are being reclaimed by BMG 

(now Newmont Mining) in 2002 and 2003.  At the end of 2002 physical recontouring and reseeding 

has been completed on 55 acres of USFS land and 32 acres on private land.  Lesser area remains to be 
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reclaimed in 2003 on USFS, private and BLM land.  Roads used by Crown in a recent drilling 

program will also be reclaimed in 2003. 

Most reclamation activities will take place at the time of mine closure and will be considered “final” 

reclamation.  The areas to undergo reclamation at mine closure include underground workings, the 

portal and general mine site area, the final tailings embankment face and tailings surface, the 

sediment control ponds, mill area and associated surface facilities, water supply pipeline route, 

freshwater pond and access roads.  Final reclamation will be implemented upon the completion of 

mining and exploration.  Detailed final reclamation procedures are discussed in Appendix D. 
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8.0 MONITORING MEASURES 

Monitoring programs will be developed by Crown through discussions with and input from 

Okanogan County, DOE and DNR, and the USFS and required by permit conditions.  These 

programs will be designed to detect and quantify any environmental impacts from construction 

through post-closure reclamation activities at the site.  All monitoring programs will comply with any 

required local, state, and federal permit and approval stipulations.  

Extensive monitoring data exists as documented in the Crown Jewel Project FEIS and subsequent 

monitoring activities conducted by BMG.  These baseline data provide background for the proposed 

Buckhorn Mt. Project.  It is anticipated that much of the existing monitoring data and baseline studies 

will be utilized during the future regulatory analysis of the Buckhorn Mt. Project.  Based on Crown’s 

current understanding of the existing data and where data gaps may exist for the new project, the 

following table summarizes the expected monitoring programs. 

TABLE 14 

MONITORING MEASURES 

Resource Area Baseline Monitoring 
Measures 

Operational Monitoring 
Measures 

Post-Closure 
Monitoring 

Water Resources Use existing data, add 
stations for mill/TDF 
and augment existing 

mine site data 

Select appropriate stations 
from baseline program 

Reduced number of 
stations 

Air Quality Use existing data, add 
station for mill/TDF 

site 

Use existing data and select 
appropriate stations 

None or to be 
determined 

Geochemistry Use existing data, add 
stations at mill/TDF  

Develop operational sampling 
and testing program to verify 

baseline results 

To be determined 

Reclamation Use existing data Use existing data and develop 
operational monitoring 

program 

Develop post-closure 
monitoring program 

 

Water resource monitoring is believed to be the most critical resource area for characterizing baseline 

and establishing appropriate monitoring for the operational conditions.  Extensive baseline 

monitoring of groundwater and surface water geochemistry and of surface water flows in the vicinity 
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of the mine site has been completed for the Crown Jewel project and will provide the basis and 

starting point for the Buckhorn Mt. Project monitoring.  Continued baseline water quality monitoring 

of surface and ground waters at and near the mine site will be reinitiated in 2003.  Continued surface 

water flow and ground water level data is currently being collected.    

Monitoring of groundwater and surface water at the proposed mill/TDF site is planned to begin in the 

spring/summer of 2003 when monitor wells will be installed at locations coordinated with the DOE.  

The objective of baseline monitoring is to characterize existing ground and surface water quality and 

quantity so that comparisons can be made with earlier results, both during operation and after closure.  

A program of monitoring of the underdrain system to the TDF and discharge to the TDF will be 

developed for operation in conjunction with parameters required by a waste water discharge permit.   

Monitoring parameters and locations during operation and post-closure may be different from initial 

baseline studies as information is gathered and assessed.  The monitoring programs, whether baseline, 

operational or post-closure will be developed in cooperation with appropriate regulatory agencies.  It 

is anticipated that specific programs will be modified as the project moves forward to meet identified 

needs. 
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TABLE 1 

PERTINENT MAJOR STUDIES/SUBMITTALS PERFORMED FOR THE PROJECT 

Year Subject Author 
1990 A Cultural Resources Survey of the Crown Jewel 

Exploration Project, Okanogan County, Washington 
Archaeological and Historical 
Services 

1992 Plan of Operations Battle Mountain Gold 
1992 Soils Technical Memorandum, Crown Jewel Project Cedar Creek Assoc. 
1992 Report on the Waste Rock Geochemical Testing Program: 

Crown Jewel Project, Chesaw, WA. 
Adrian Smith Consulting  
Inc 

1992 Supplements to the Plan of Operations Battle Mountain Gold 
1993 Integrated Plan of Operation Battle Mountain Gold 
1993 Reclamation Plan. Battle Mountain Gold 
1993 Report on Geochemical Testing of Ore and Low Grade 

Ore Crown Jewel Project 
Battle Mountain Gold 

1993 Baseline Noise Monitoring Report.  Proposed Crown 
Jewel Mine Site.  Chesaw, Washington 

Hart Crowser 

1993 Report on the Waste Rock Geochemical Testing Program, 
Crown Jewel Project 

Kea Pacific Holdings Inc. and 
Golder Associates Inc. 

1993 Report on the Waste Rock Geochemical Testing Program, 
Crown Jewel Project, Responses to Agency Comments 

Kea Pacific Holdings Inc. and 
Golder Associates Inc 

1993 Report on Geochemical Testing of: Ore and Low Grade 
Ore, Crown Jewel Project 

Kea Pacific Holdings Inc. and 
Golder Associates Inc 

1993 Aquatic Resources for Sections of Myers, Gold, 
Nicholson, and Marias Creeks in the Okanogan National 
Forest 

Pentec Environmental Inc. 

1993 Aquatic Resources for Sections of Myers, Gold, 
Nicholson, and Marias Creeks in the Okanogan National 
Forest 

Pentec Environmental, Inc. 

1993 Wetland Delineation, Crown Jewel Project, Okanogan 
County, Washington 

Pentec Environmental, Inc. 

1993 All Known Available and Reasonable Technology 
(AKART) Evaluation for Cyanide Detoxification, Battle 
Mountain Gold Company, Crown Jewel Project, Okanogan 
County WA. 

Knight Piesold & Company 

1994 Cultural Resources Investigations of the Crown Jewel 
Mine Project, Okanogan County, Washington 

Archaeological and Historical 
Services 

1994 Summary Report Confirmation Geochemistry Program, 
Crown Jewel Project 

Terra Matrix Inc. 

1994 Technical Memorandum on Groundwater Supply 
Evaluation of Lost Creek Ranch Irrigation Well 

Golder Associates Inc. 

1995 Crown Jewel Project, Wildlife Technical Report Beak Consultants, Limited 
1995 Draft Environmental Impact Statement: Crown Jewel 

Mine, Okanagon County Washington, assembled by 
TerraMatrix 

U.S. Forest Service 

1995 National Register of Historic Places Registration Form 
determination of Eligibility: Buckhorn Mountain Mining 
Properties 

Eastern Washington 
University 
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Year Subject Author 
1995 Crown Jewel Project Economic and Fiscal Impact 

Analysis 
Huckell / Weinmam Assoc. 

1996 Tailings Geochemical Testing Program, Crown Jewel 
Project, Okanogan County, Washington, Addendum 1 

Battle Mountain Gold 

1996 Reclamation Plan Battle Mountain Gold  
1996 Biological Assessment for the Crown Jewel Mine Project Cedar Creek Associates, Inc. 

and Beak Consultants Inc. 
1996 Affected Socioeconomic Environmental Background 

Report (1996 Update) Crown Jewel Project 
E.D. Hovee and Company 

1996 Existing Socioeconomic Environmental Conditions 
Baseline Report (1996 Update) Crown Jewel Project 

E.D. Hovee and Company 

1996 Report on Waste Rock Geochemical Testing Program, 
Crown Jewel Project, Phase IV, Additional Humidity Cell 
Tests 

Geochimica, Inc. 

1996 Final Report: Tailings Disposal Facility, Final Design 
Report 

Golder Associates Inc. 

1996 Crown Jewel Project Conceptual Wetland Mitigation Plan. Parametrix, Inc. 
1996 Noxious Weed Management Plan, Crown Jewel Mine Parametrix, Inc 
1996 All Known Available and Reasonable Technology 

(AKART) Evaluation for Cyanide Detoxification, Battle 
Mountain Gold Company, Crown Jewel Project 

Knight Piesold LLC 

1996 Report on Packer Injection Tests at the Proposed Crown 
Jewel Mine, Okanogan County, WA. 

Golder Associates Inc. 

1996 Meteorological Data Set, Crown Jewel Project, Chesaw 
WA 

ENSR 

1996 Myers Creek Project Fisheries & Instream Flow Studies, 
Final Report 

Cascade Environmental 
Services Inc. & Caldwell & 
Assoc. 

1997 Final Environmental Impact Statement: Crown Jewel 
Mine, Okanagon County Washington, assembled by 
TerraMatrix 

U.S. Forest Service 

1997 Crown Jewel Mine Plan of Operations, Battle Mountain 
Gold Company 

Battle Mountain Gold 
Company 

1997 Results of Static Acute Fish Toxicity Testing for 
Designation of Dangerous Waste 

Battle Mountain Gold 
Company 

1997 Engineering Report INCO SO2/O2 Wastewater Treatment 
Unit 

AGRA Earth and 
Environmental Inc. 

2000 Crown Jewel Surface Water and Groundwater Data 
Validation and Preliminary Analysis 

Shepherd Miller Inc. 
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Claim Name Okanogan County Amended 
 Book Page Book Page 

BLM ORMC 
Serial Number 

GD 3 75 2392 92 598 106383 
GD 4 75 2393   106384 
GD 5 75 2394   106385 
GD 6 92 592   134687 
GD 7 75 2395 92 599 106386 
GD 8 75 2396   106387 
GD 9 75 2397 92 600 106388 
GD 11 75 2399 92 601 106390 
GD 13 75 2401 92 602 106392 
GD 15 75 2403 92 603 106394 
GD 17 75 2405 92 604 106396 
GD 19 75 2407 92 606 106398 
GD 21 75 2409 92 607 106400 
GD 23 75 2411 92 608 106402 
GD 25 75 2413 92 609 106404 
GD 32 77 1408   110084 
Tex 6 75 2189   106411 
Tex 7 75 2190   106412 
Roo 1 75 2204 92 610 106426 
Roo 3 75 2206 92 612 106428 
Roo 5 92 594   134689 
Roo 7 75 2210   106432 
Roo 9 75 2212   106434 
Roo 12 75 2215   106437 
Roo 13 75 2216   106438 
Roo 15 85 562   128360 
Roo 16 85 564   128361 
Roo 18 85 568   128363 
Roo 19 85 570   128364 
Gap 2 77 2795   109518 
Gap 3 77 2797   109519 
Gap 4 77 2799   109520 
Gap 5 77 2801   109521 
Gap 6 77 2803 92 614 109522 
MAG 5 92 540   134635 
MAG 6 92 541   134636 
MAG 7 92 542 155 2819 134637 
MAG 8 92 543   134638 
MAG 9 92 544 155 2820 134639 
MAG 10 92 545   134640 
MAG 11 92 546 155 2821 134641 
MAG 12 92 547   134642 
MAG 13 92 548   134643 
MAG 14 92 550   134645 
MAG 14 Fraction 92 551   134646 
MAG 15 92 552   134647 
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Claim Name Okanogan County Amended 
 Book Page Book Page 

BLM ORMC 
Serial Number 

MAG 16 92 553   134648 
MAG 17 92 554   134649 
MAG 18 92 555   134650 
MAG 19 92 556   134651 
MAG 20 92 557   134652 
MAG 20 Fraction 92 558   134653 
MAG 21 92 559   134654 
MAG 22 92 560   134655 
MAG 23 92 561   134656 
MAG 24 92 562   134657 
MAG 25 92 563   134658 
MAG 26 92 564   134659 
MAG 27 92 565   134660 
MAG 28 92 566   134661 
MAG 29 92 567   134662 
MAG 30 92 568 95 3620 134663 
MAG 31 92 569 95 3621 134664 
MAG 32 92 570 95 3622 134665 
MAG 33 92 571 95 3623 134666 
MAG 34 92 572 95 3624 134667 
MAG 35 92 573 95 3625 134668 
MAG 36 92 574 95 3626 134669 
MAG 37 92 575 95 3627 134670 
MAG 38 92 576 95 3628 134671 
MAG 39 92 577 95 3629 134672 
MAG 40 92 578 95 3630 134673 
MAG 41 92 579 95 3631 134674 
MAG 42 92 580 95 3632 134675 
MAG 43 92 581   134676 
MAG 44 92 582 98 437 134677 
MAG 45 92 583 98 438 134678 
MAG 46 92 584 98 439 134679 
MAG 47 92 585 98 440 134680 
MAG 48R Doc.# 3017475   154996 
MAG 49R Doc.# 3017476   154997 
MAG 50 92 588   134683 
MAG 51 92 589 95 3633 134684 
MAG 52 92 590 95 3634 134685 
MAG 53 92 591 95 3635 134686 
Katie 1 104 0717   144759 
JR 6 123 2568   147550 
JR 8 123 2570   147552 
JR 9 123 2571   147553 
JR 10 123 2572   147554 
JR 11 123 2573   147555 
JR 12 123 2574   147556 
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Claim Name Okanogan County Amended 
 Book Page Book Page 

BLM ORMC 
Serial Number 

JR 13 123 2575   147557 
JR 14 123 2576   147558 
JR 15 123 2577   147559 
JR 16 123 2578   147560 
JR 17 123 2579   147561 
JR 18 123 2580   147562 
JR 19 123 2581   147563 
JR 20 123 2582   147564 
JR 21 123 2583   147565 
JR 22* 123 2584   147566 
JR 23* 123 2585   147567 
CJ 2 106 1597   145441 
CJ 5 106 1600   145444 
CJ 6 106 1601   145445 
CJ 7 106 1602   145446 
CJ 8 106 1603   145447 
CJ 9 106 1604   145448 
CJ 10 106 1605   145449 
CJ 11 106 1606   145450 
CJ 12 106 1607   145451 
CJ 13 106 1608   145452 
CJ 14 106 1609   145453 
CJ 15 106 1610   145454 
CJ 16 106 1611   145455 
CJ 17 106 1612   145456 
CJ 18 106 1613   145457 
CJ 19 106 1614   145458 
CJ 20 106 1615   145459 
CJ 21 106 1616   145460 
CJ 22 106 1617   145461 
CJ 23 106 1618   145462 
CJ 24 106 1619   145463 
CJ 25 106 1620   145464 
CJ 26 106 1621   145465 
CJ 27 106 1622   145466 
CJ 28 106 1623   145467 
CJ 29 106 1624   145468 
CJ 30 106 1625   145469 
CJ 31 106 1626   145470 
CJ 32 106 1627   145471 
CJ 33 106 1628   145472 
CJ 34 106 1629   145473 
CJ 35 106 1630   145474 
CJ 36 106 1631   145475 
CJ 37 106 1632   145476 
CJ 38 106 1633   145477 
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Claim Name Okanogan County Amended 
 Book Page Book Page 

BLM ORMC 
Serial Number 

CJ 39 106 1634   145478 
CJ 40 106 1635   145479 
CJ 41 106 1636   145480 
CJ 42 106 1637   145481 
CJ 43 106 1638   145482 
CJ 45 106 1640   145484 
CJ 46 106 1641   145485 
CJ 47 106 1642   145486 
CJ 48 106 1643   145487 
CJ 49 106 1644   145488 
CJ 50 106 1645   145489 
CJ 51 106 1646   145490 
CJ 52 106 1647   145491 
CJ 53 106 1648   145492 
CJ 54 106 1649   145493 
CJ 55 106 1650   145494 
CJ 56 106 1651   145495 
CJ 57 106 1652   145496 
CJ 58 106 1653   145497 
CJ 59 106 1654   145498 
CJ 60 106 1655   145499 
CJ 61 106 1656   145500 
CJ 81 106 1676   145520 
CJ 103 106 1698   145542 
CJ 113 106 2531 123 2720 145552 
CJ 116 106 2534   145555 
CJ 117 106 2535   145556 
CJ 122 Doc.# 3012493   154587 
CJ 123 Doc.# 3012494   154588 
CJ 124 Doc.# 3012495   154589 
CJ 125 Doc.# 3012496   154590 
CJ 126 Doc.# 3012497   154591 
CJ 127 Doc.# 3012498   154592 
CJ 128 Doc.# 3012499   154593 
CJ 129 Doc.# 3012500   154594 
CJ 130 Doc.# 3012501   154595 
CJ 131 Doc.# 3012502   154596 
CJ 148 Doc.# 3012511   154605 
CJ 149 Doc.# 3012512   154606 
CJ 150 Doc.# 3012513   154607 
CJ 164 Doc.# 3012527   154621 
CJ 165 Doc.# 3012528   154622 
CJ 166 Doc.# 3012529   154623 
CJ 167 Doc.# 3012530   154624 
CJ 176 Doc.# 3012539   154633 
ARNO 1 19 259A 77 2859 28800 
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Claim Name Okanogan County Amended 
 Book Page Book Page 

BLM ORMC 
Serial Number 

BM #18 Lode 47 1452   66526 
BM #19 Lode 47 1453   66527 
BM #20 Lode 47 1454   66528 
BM #21 Lode 47 1455   66529 
BM #22 Lode 47 1456   66530 
BM #23 Lode 47 1457   66531 
BM #24 Lode 47 1458   66532 
BM #25 Lode 47 1459   66533 
KG 43 Lode 74 1652   104710 
KG 44 Lode 74 1653   104711 
KG 45 Lode 74 1654   104712 
KG 46 Lode 133 2492   149668 
KG 47 Lode 133 2493   149669 
KG 48 Lode 133 2494   149670 

 
 
OWNERSHIP INFORMATION: 
 
Crown Resource Corp. of Colorado 
c/o Crown Resources Corporation 
4251 Kipling Street, Suite 390 
Wheat Ridge,  Colorado,  80033 
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GROUNDWATER MODELLING RESULTS BUCKHORN MOUNTAIN PROJECT 



 
 
 
 

TECHNICAL MEMORANDUM 
 
TO: Walt Hunt, Vice President of Operations 

Crown Resources Corporation 
DATE: April 24, 2003

FR: Mark Birch, R.G. and David Banton, L.HG. 
Golder Associates Inc. 

OUR REF: 023-2002.005

RE: GROUNDWATER  MODELING RESULTS 
BUCKHORN MOUNTAIN PROJECT 

 
 

1.0 INTRODUCTION 

This memorandum summarizes work undertaken representing Phase I of the groundwater modeling 

task described in Golder Associates Inc.’s letter proposal dated January 31, 2003.  The goal of the 

work described herein is to provide “planning-level” estimates of the potential impacts to the physical 

groundwater system associated with the proposed underground mining operation on Buckhorn 

Mountain.  Specifically, planning-level estimates are provided for the following: 

• 

• 

• 

• 

• 

• 

Groundwater inflows to the underground workings during mining, 

Change in the location of  the groundwater divide between the Myers Creek 
drainage and the Toroda Creek drainage basins, and 

Final post-closure impacts to the hydrogeological system. 

 

1.1 Scope of Work 

The tasks undertaken under Phase I included the following: 

Task I-1 – Summary of geologic and hydrogeologic information and review of 
existing mine plans and maps, 

Task I-2 – Formulation of the hydrogeologic conceptual model and modeling 
approach, and 

Task I-3 – SEEP/W Modeling. 

 
From this work, potential impacts to the groundwater system associated with the underground mine 

plan are assessed and additional work is identified to complete the evaluation of impacts for 

Environmental Impact Statement (EIS) purposes.   
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2.0 BACKGROUND AND SETTING 

2.1 Conceptual Hydrogeologic Model 

2.1.1 Geology and Structure 

The orebody is located near the top of Buckhorn Mountain northeast of Chesaw, Washington in 

Okanogan County (Figure 1).  The rocks within the mine area are comprised of Cretaceous- to 

Tertiary-aged intrusive rocks and Permian- to Triassic-aged, accreted island arc volcanics and clastic 

sediments.  Host rocks for the Buckhorn Mountain mineral deposit consist of a sequence of folded 

and faulted volcanic and volcaniclastic rocks, shallow to deep marine clastic rocks, and carbonate 

rocks.  Locally, the volcanic rocks overlie sedimentary, carbonate, and volcaniclastic rocks.  The 

sequence has been intruded by numerous small diorite bodies and the larger Buckhorn Mountain 

granodiorite pluton.   

Structurally, rocks in the Buckhorn Mountain area near the deposit average a strike of 

north-northwest and range in dip from 0 to 20 degrees to the northeast.  Northeast-trending, 

southeast-dipping, and nearly horizontal sinuous healed (low permeability) shear zones locally cut all 

rock types.  Fracture spacings from core logs average 16 to 43 inches (in) (Golder, 1994).  These later 

fractures are generally brittle in nature with limited clay alteration and infilling.  The only major 

structural feature in the immediate site area is the North Lookout Fault zone, which crosses the site 

from southwest to northeast, dipping 60 to 70 degrees to the southeast (Golder, 1994).  . 

2.1.2 Hydrogeology 

The groundwater system in the vicinity of the Buckhorn Mountain project area occurs as three 

hydrogeologic units: alluvial sediments, glacial deposits, and bedrock.  Bedrock is the primary 

hydrogeologic unit in the immediate project area.  Groundwater is present in varying amounts in all 

bedrock in the mine area.  Depths to groundwater are greatest on the ridge tops (generally between 

100 and 300 ft below ground surface [bgs] and less in the valley bottoms [less than 50 ft bgs], 

depending on season).  Perennial flow and springs are present in the Gold Bowl drainage at an 

elevation of approximately 4,900 ft above mean sea level (amsl).  Roosevelt Adit is a discharge point 

for the bedrock unit.  Groundwater discharge from the adit was approximately 55 to 60 gallons per 

minute (gpm) in 1993, a wetter than average year.  Average year discharge is estimated to be in the 
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range of 40 to 45 gpm.  Discharge from the adit is lowest in mid-winter in the range of 25 to 30 gpm 

with greatest discharge in the short spring run-off period of about 100 gpm. 

Several years of groundwater level data were collected from wells and boreholes on Buckhorn 

Mountain by Battle Mountain Gold (BMG) from the early to mid 1990’s. Crown Resources personnel  

reinitiated groundwater level data collection on Buckhorn Mountain in the fall of 2002.  These later 

measurements are tabulated in Table 1. These recent data are consistent with the previously collected 

data (e.g. Golder, 1994).  A water table map has been prepared (Figure 2) based on the measurements 

taken in November 2002.  Groundwater flow direction generally mimics topography as illustrated on 

Figure 2.  Figure 2 also shows the modeled location (Hertzman, 1996) of the groundwater divide 

along the top of Buckhorn Mountain.  This divide separates the Toroda Creek groundwater basin to 

the east from the Myers Creek groundwater basin to the west 

TABLE 1 

GROUNDWATER ELEVATIONS 

September 2002 October 2002 November 2002 
Well ID 

Ground 
Surface 

Elev.  
(ft amsl) 

Depth 
(ft bgs) 

Elev.  
(ft amsl) 

Depth 
(ft bgs) 

Elev.  
(ft amsl) 

Depth 
(ft bgs) 

Elev.  
(ft amsl) 

MW-1 4,131.0  33.2 4,098  33.3 4,098  35.60 4,095  
MW-2 4,925.0  273.9 4,651  280.8 4,644  280.60 4,644  
MW-3 4,353.5  0.0 4,354  0.0 4,354  0.00 4,354  
MW-3A 4,247.7  6.2 4,242  5.8 4,242  5.30 4,242  
MW-4 4,044.2  0.0 4,044  0.0 4,044  0.00 4,044  
MW-5 4,211.8  7.6 4,204  7.5 4,204  7.40 4,204  
MW-6 4,996.4  103.2 4,893  105.1 4,891  105.20 4,891  
MW-7 4,253.4  10.0 4,243  9.9 4,244  9.80 4,244  
MW-8 3,949.8  23.5 3,926  25.2 3,925  24.30 3,926  
MW-9 4,318.7  8.8 4,310  8.7 4,310  8.70 4,310  
MW-9A 4,259.1  16.3 4,243  16.6 4,242  17.00 4,242  
MW-10 4,741.6  51.2 4,690  51.9 4,690  51.60 4,690  
MW-11 4,593.0  na  na  dry 58'  na  Na na  
MW-12 4,684.5  206.5 4,478  206.5 4,478  206.30 4,478  
90-238L 5,015.1  118.1 4,897  117.4 4,898  117.6 4,898  
90-238U 5,015.1  110.40 4,905  113.4 4,902  113.7 4,901  
90-245 5,025.8  149.3 4,877  na na  Na na  
90-258L 5,100.5  288.8 4,812  287.2 4,813  287.4 4,813  
90-258U 5,100.5  143.90 4,957  138.3 4,962  138.3 4,962  
90-263 5,028.5  115.3 4,913  118.4 4,910  117.7 4,911  
90-272 4,974.6  na  na  66.2 4,908  67.1 4,908  
90-303L 5,037.0  58.8 4,978  70.3 4,967  68.1 4,969  
90-303U 5,037.0  58.00 4,979  70.0 4,967  67.6 4,969  
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September 2002 October 2002 November 2002 
Well ID 

Ground 
Surface 

Elev.  
(ft amsl) 

Depth 
(ft bgs) 

Elev.  
(ft amsl) 

Depth 
(ft bgs) 

Elev.  
(ft amsl) 

Depth 
(ft bgs) 

Elev.  
(ft amsl) 

90-334L 5,008.4  34.5 4,974  51.0 4,957  48.8 4,960  
90-334U 5,008.4  31.40 4,977  50.9 4,958  48.7 4,960  
90-355L 5,464.4  na na  592.7 4,872  Na na  
90-355U 5,464.4  226.50 5,238  226.5 5,238  226.5 5,238  
90-356 5,285.6  202.1 5,084  135.2 5,150  135.8 5,150  
90-364L 5,158.9  na na  207.1 4,952  206.8 4,952  
90-366 5,292.4  na na  112.0 5,180  113.7 5,179  
90-368L 5,025.1  51.6 4,974  60.2 4,965  56.7 4,968  
90-368U 5,025.1  50.10 4,975  58.2 4,967  56.0 4,969  
90-371 5,462.2  na na  423.0 5,039  Na na  
90-386 5,109.4  na na  366.7 4,743  Na na  
90-387 5,043.4  na na  227.1 4,816  226.6 4,817  
91-443 5,310.2  270.6 5,040  276.5 5,034  275.9 5,034  
91-456 5,081.9  190.1 4,892  191.2 4,891  191.1 4,891  
92-559 4,547.6  na na  12.7 4,535  12.3 4,535  
D02-176 5,446.0  na na  467.4 4,979  Na na  
D02-177 5,446.0  na na  254.9 5,191  255.3 5,191  
GAC-188 5,014.7  na na  122.5 4,892  122.8 4,892  
GAC-219 4,961.3  71 4,890  72.3 4,889  72.0 4,889  

na = not available 

 
Groundwater flow is via fractures and joints (secondary permeability) in the bedrock rather than 

within the pore spaces of the rock mass.  The fracture systems and joints are influenced by structural 

episodes of faulting and folding that have affected the ability of the bedrock to store and transmit 

groundwater.  Permeability and porosity are low within the mine area bedrock system. Previous 

testing has yielded permeability values ranging from 10-1 to 10-4 feet per day (ft/d).  Most 

permeability values, however range from 10-2 to 10-3 (ft/d).  Testing indicates that groundwater flow 

in the fractures and joints is similar to that of a porous media on a moderate to large scale.  Packer 

testing was undertaken by Golder (Golder, 1996b) to evaluate the potential permeability of the North 

Lookout Fault zone in comparison to the neighboring rock mass, and to evaluate permeability as a 

function of depth.  The results indicated that the North Lookout Fault zone is no more permeable than 

the surrounding rock mass (Golder, 1996b)  However, the results indicated that there is a slight 

decrease in permeability with depth. 

Groundwater elevations in the bedrock range from 4,700 to over 5,200 ft amsl (Figure 2).  The 

groundwater levels fluctuate seasonally within the mine area by between 50 and 200 ft in the bedrock 
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in response to seasonal recharge and discharge.  Figure 2 represents seasonally low groundwater 

conditions as the summer and fall of 2002 were relatively dry.  Historical data indicate that 

groundwater levels rise rapidly in the spring in response to snowmelt and spring runoff.  Groundwater 

elevations subsequently decline over a period of several weeks to months in late spring and early 

summer, and then decline very slowly throughout the remainder of the year.  Aquifer recharge in the 

immediate site area is via infiltration of precipitation and snowmelt.  Previous estimates of 

groundwater recharge have ranged from 1.9 to 5.4 in per year (in/yr) (Golder, 1996a and 1998; 

Hertzman, 1996).  

2.2 Orebody Development 

The underground workings will encompass two distinct ore zones: A Southwest ore zone occurring 

beneath the ridge area near the top of Buckhorn Mountain and a northern ore zone (referred to as the 

Gold Bowl ore zone) occurring in the lower elevated terrain to the northeast in the Gold Bowl area.  

Figure 2 illustrates the location and horizontal extent of the underground workings and ore zones.  

The Southwest workings will extend to a minimum elevation of 4,835 ft amsl; the Gold Bowl 

workings will extend to a minimum elevation of 4,475 ft amsl. 

Figure 3 shows a view of the proposed access tunnels and ore zones looking down at the workings 

from the northwest.  The Southwest ore zone is shown in green, the Gold Bowl ore zone in red and 

brown, and the access tunnels in purple and blue.  Another view of the ore zones and access tunnels, 

from the northeast, is shown on Figure 4.  The Southwest ore zone is relatively continuous and dips to 

the southeast at an angle of approximately 20 degrees (Figure 4).  The Gold Bowl ore zone consists of 

a series of small discontinuous zones increasing in depth to the north.   

Access to each ore zone will be from the surface via a decline.  The portal will be situated at an 

elevation of approximately 5,030 ft amsl (Figure 2).  At this elevation, the decline portal will be 

above the high water table elevation (Figure 5).  The decline will descend and connect to a series of 

tunnels that will be used to access all of the workings.  A perimeter access tunnel will be used to 

access the Southwest ore zone with a series of spiral declines to access the lower portions of the ore 

zone.  Individual tunnels will be used to access the discontinuous pods of ore associated with the 

Gold Bowl ore zone.  

Mine plans call for backfilling some of the workings as mining proceeds to provide geotechnical 

support needed to mine the full extent of the orebody and to prevent settlement and surface 
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• 

• 

• 

disturbance after closure.  This approach also has the added benefit of minimizing aboveground 

disturbance by disposing of the barren rock below ground.  Both cemented backfill and uncemented 

backfill will be used. 

2.3 General Description of Groundwater Conditions 

Much of the mine workings will extend below the water table, and as a consequence, groundwater 

will enter the workings as mining proceeds.  Figure 5 shows the portion of the proposed workings that 

are above and below the November 2002 water table.  Because groundwater levels are higher in the 

spring (by as much as 50 to 200 ft), a greater proportion of the orebody will be below the water table.  

As shown on Figure 5, the upper westernmost portion of the Southwest orebody is above the 

November 2002 water table as well as the upper levels of the Gold Bowl orebody workings. 

Groundwater that enters the workings will be removed along with the ore and waste rock, and by 

sumps as needed.  The quantity of groundwater that will flow into the workings will depend on a 

number of operational factors (e.g., rate of mining, the geometry and scheduling of mining in 

different areas, and backfilling program).  Groundwater flow into the workings will increase as 

mining proceeds with the maximum inflows at the end of mining when the orebody is fully 

developed.  For the purposes of providing a simplified basis for modeling, the worst-case assumption 

is that at the end of the mine life all of the workings remain fully open (no backfill) and that all 

groundwater entering the workings is removed by pumping.  Under this simplified worst-case 

condition, the quantity of groundwater inflow would depend on three primary factors: 

The permeability of the surrounding rock, 

The amount of water stored in the rock, and 

The size of the groundwater recharge area within the capture zone (upgradient) of 
the workings. 

 
The first two factors apply in nearly all underground mining operations.  However, the third factor is 

of unique importance in this particular case because the orebody is located near the top of Buckhorn 

Mountain, the highest topographic feature within a radius of approximately 10 miles.  As a 

consequence, the amount of groundwater that can flow into the workings is limited because the 

capture zone of the pit is restricted to the upper elevations of the mountain (Figures 1 and 2).  During 

mining, the Southwest zone workings will intercept some of the upgradient recharge east of the 

groundwater divide (Figure 2).  In addition, it is possible that drawdown in the vicinity of the 
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Southwest workings will result in a migration of the groundwater divide to the west, effectively 

capturing some of the groundwater recharge that would otherwise feed the Myers Creek groundwater 

basin to the west.  Modeling results discussed in the following section illustrate the possible quantity 

of groundwater recharge that could be captured by the workings as well as the potential migration 

westward of the groundwater divide.   

3.0 GROUNDWATER  MODELING 

Groundwater inflows into the underground workings will depend on a number of operational issues in 

addition to the hydrogeologic conditions at the site.  For modeling purposes, these operational issues 

are ignored.  Three conditions were modeled in this analysis; current conditions and two conditions 

where the final mine is either backfilled or not.  The focus is placed on estimating worst-case 

conditions from the perspective of impacts to groundwater resources.  Worst-case conditions would 

occur after the hydrogeologic system has fully adjusted to mine dewatering, or when “steady-state” 

conditions are attained assuming that the water is consumed (i.e., not treated and discharged to the 

environment).  Under steady-state conditions, the only source of groundwater inflows to the workings 

would be from recharge occurring within the capture zone of the workings.   

Reviewing the geometry of the planned underground workings (Figures 3 and 4), the Southwest 

orebody workings will have an effect on the regional groundwater divide between the Toroda and 

Myers Creek basins because the orebody straddles the topographic divide.  As shown on Figure 2, the 

Southwest orebody physically extends westward across the modeled groundwater divide (Hertzman, 

1996), although the orebody is above the water table in much of this area (Figure 5).   Groundwater 

inflows are likely to be greater into the Gold Bowl workings because they are located downgradient 

of a larger groundwater catchment area than the Southwest orebody workings.  To evaluate the 

potential impacts of the Southwest orebody on groundwater flow and inflow rates, a cross-sectional 

groundwater flow model was constructed at the location shown on Figures 1 and 2.  A commercially 

available, variably saturated groundwater flow modeling software package called SEEP/W (GEO-

SLOPE, 2002) was used.  The geometry of the cross-sectional model and assigned boundary 

conditions is shown on Figure 6.  Figure 6 illustrates several hydraulic conductivity layers, each 

measuring 100 ft thick.  The layers were assigned slightly decreasing hydraulic conductivity with 

depth consistent with the packer testing results, and that was incorporated into previous modeling 

efforts (Golder, 1996a).  Three steady-state simulations were run as follows: 
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• 

• 

• 

Case A – Pre-mining Condition - representing the current conditions,  

Case B – End of Mining Condition - representing worst-case conditions at the 
end of mining assuming the workings are not backfilled, and  

Case C – Post-closure Condition - representing a generic, final post-closure 
condition with a continuous but moderately permeable backfill.  No discharge 
from the mine to the surface as the decline portal would be located above the 
maximum high water table elevation. 

 

As shown on Figure 6, the underground workings under Case B were represented as an open void that 

approximates the orebody geometry with a seepage face boundary condition assigned to its perimeter.  

For Case C, the void was assumed to be backfilled with material ranging in hydraulic conductivity 

from 1.8 x 10-3 ft/d around the outer perimeter to 8.1 x 10-4 ft/d in the interior (needed for numerical 

stability purposes), and the seepage face boundary condition was removed.  A no-flow boundary 

condition was assigned along the bottom of the model area in all cases at a depth of 800 ft bgs, 

representing the depth at which flow is assumed to be extinguished due to low permeability.  Other 

key assumptions and assigned model parameter values for the SEEP/W modeling are summarized in 

Table 2. 

The approach to modeling used here was to extend and update previous SEEP/W modeling work 

(Golder, 1996a) to incorporate the new underground mining plan, including using an assumed 

recharge rate of 1.9 in/yr consistent with the previous modeling effort performed by Golder.  

Calculated inflows and associated impacts are then extrapolated to the range of recharge estimates 

consistent with Hertzman (1996) and Golder (1998) to provide a range of possible impacts based on 

the uncertainty associated with recharge estimates.   

This approach is reasonable based on previous modeling (Golder, 1996a; Hertzman, 1996), which 

indicates that impacts are directly proportional to the assumed recharge (e.g., the modeled capture 

zone area remains approximately the same, regardless of assumed recharge value).  In comparison to 

the 800-ft aquifer thickness assumed in the SEEP/W model, Hertzman (1996) assumed an aquifer  

thickness of 1,000 ft.  However, as part of the sensitivity analysis undertaken by Hertzman, the results 

are relatively insensitive to assumed aquifer thickness.  Hydraulic conductivity values used here 

(Table 2) are consistent with the values used by Hertzman (8 x 10-3 to 2.2 x 10-3 ft/d in the general 

region of the cross-section).  However, Hertzman used two layers (upper 200-ft thick and lower 

800-ft thick), instead of Golder’s eight layers (in part necessary for numerical reasons as Hertzman’s 

model was a plan view model of regional expanse). 
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The Case A – Pre-mining Condition model was calibrated to the November 2002 groundwater 

elevations measured at the monitoring wells, and then the calibrated hydrogeologic parameters were 

subsequently used to model the other two cases.  A limited sensitivity analysis was undertaken to 

evaluate the appropriateness of the assigned boundary conditions: however, a detailed sensitivity 

analysis was considered beyond the scope of this preliminary phase.   

 
TABLE 2 

MODEL PARAMETERS AND ASSUMPTIONS 
Parameter Value 

Boundary Conditions 
Recharge 1.9 in/yr 
East Constant Head (CH)  4,292 ft amsl 
West Constant Head (CH)  3,975 ft amsl 
West Seepage Face 
 (review boundary) 

3,900 ft length 
 (variable discharge depending on calculated heads) 

East Seepage Face 
 (review boundary) 

1,200 ft length  
(variable discharge depending on calculated heads) 

Layer (saturated) Hydraulic Conductivity (from top to bottom)* 
Backfill (Case C only) 1.8x10-3 to 8.1x10-4 ft/d 
Layer 1 5x10-2 ft/d 
Layer 2 8x10-3ft/d 
Layer 3 5.2x10-3ft/d 
Layer 4 3.8x10-3 ft/d 
Layer 5 2.6x10-3 ft/d 
Layer 6 1.8x10-3 ft/d 
Layer 7 1.2x10-3ft/d 
Layer 8 8.1x10-4ft/d 

* each layer 100 ft thick 

3.1 Modeling Results 

Model results are shown on Figures 7 through 9 and are briefly described as follows: 

• 

○ 

○ 

Case A – Pre-mining Condition (Figure 7) 

The groundwater level conditions (measured in November 2002) were 
matched reasonably well using bedrock hydraulic conductivity properties 
(Table 2) similar to those employed in Golder (1996b) and an assumed 
recharge rate of 1.9 in/yr. 

The modeled regional groundwater divide is located approximately 200 ft 
west of the topographic divide (Figure 7), which contrasts with the 
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• 

○ 

○ 

• 

○ 

previously estimated location of the regional groundwater divide 
approximately 300 ft farther to the west (Hertzman, 1996).  This disparity is 
associated with the asymmetric geometry of the ground surface of Buckhorn 
Mountain.  Asymmetry in the ground surface geometry in turn results in a 
groundwater divide location that does not fall directly beneath the 
topographic divide in this area.  Cross sectional modeling can represent 
asymmetric geometries along the plane of the modeled cross section.  
However, cross sectional modeling cannot accurately reflect water level 
conditions resulting from changes in the ground surface geometry 
perpendicular to the plain of the model.  

Case B – End of Mining Condition (Figure 8) 

Simulation of the post-mining ultimate configuration of the Southwest 
workings suggests that the workings will capture most of the recharge that 
occurs at land surface above the workings, but that the capture zone of the 
workings does not extend much beyond the surface projection of the 
workings (Figure 8).  Recharge captured by the workings includes 
approximately 555 ft west and 700 ft east of the Case A pre-mining 
groundwater divide location along the trace of the cross section.  Given that 
the Southwest orebody extends roughly 900 ft from north to south (Figure 2), 
and that the capture zone of the workings does not extend beyond the surface 
projection of the workings (based on the preliminary modeling results), the 
capture zone area of the Southwest workings equates to a total of 26 acres.  
Of this total, 11.5 and 14.5 acres are projected to lie within the Myers Creek 
and Toroda Creek groundwater basins, respectively, based on the Case A 
modeled regional groundwater divide location.  As shown on Figure 8, the 
capture zone of the workings extends approximately 250 ft west of the 
previously estimated location of the regional groundwater divide (Hertzman, 
1996).  This equates to an approximate recharge area west of this regional 
groundwater divide location of 5.2 acres. 

Given the assumed recharge rate used in the model (1.9 in/yr) and estimated 
capture zone of 26 acres, the total average inflow into the Southwest 
workings would be roughly 2.6 gpm.  Capture of this groundwater recharge 
would in turn reduce groundwater discharge to the west and east of the Case 
A regional groundwater divide location respectively by 1.1 gpm, and 
1.4 gpm.  0.5 gpm of the total of 1.1 gpm reduced recharge to Myers Creek 
drainage, occurs from capturing recharge west of the previously estimated 
regional groundwater divide location.   

 

Case C – Post-closure Condition (Figure 9) 

Simulation of the post-closure condition of the Southwest workings assuming 
backfill with modestly permeable material (1.8x10-3 to 8.1x10-4 ft/d) and no 
direct discharge to surface from the mine workings suggests that there could 
be a long-term displacement from the Case A regional groundwater divide to 
the west by a very small amount (approximately 20 ft).  This equates to a loss 
of recharge area of approximately 0.4 acres from the Myers Creek basin and 
a gain of an equivalent area to the Toroda Creek basin.  The resulting 
theoretical reduction in groundwater recharge would be approximately 
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0.04 gpm to the Myers Creek basin and an equivalent gain to the Toroda 
Creek basin.  Note, as shown on Figure 9, however, that the Case C modeled 
shift in the divide falls east of the previously modeled regional groundwater 
divide location (Hertzman, 1996).  Therefore, assuming Hertzman’s 
groundwater divide, there would be no recharge captured from the Myers 
Creek basin following closure. 

 
As noted above, there is a disparity between the previously modeled regional groundwater divide 

location and the regional groundwater divide location calculated using the cross sectional model.  The 

previous groundwater divide location was computed using a regional plan view quasi-three 

dimensional groundwater model (Hertzman, 1996), that can more accurately account for the 

asymmetric geometry of Buckhorn Mountain.  Therefore, the previous estimated regional 

groundwater divide location is believed to be more accurate than the Case A regional groundwater 

divide location.  Consequently, the resulting shift in the regional groundwater divide and associated 

impacts on the Myers Creek basin described in this report should be viewed as conservative over 

estimates.   

It should also be noted that the estimated inflows to the Southwest orebody workings and associated 

impacts on the water resources of the Buckhorn Mountain area described above are based on an 

assumed average groundwater recharge rate of 1.9  in/yr.  However, the actual average annual 

groundwater recharge rate on Buckhorn Mountain is uncertain because of inherent measurement 

limitations and climatic variability at the site.  Previous estimates of recharge range from 1.9 in/yr 

(Golder, 1996) to 4.5 in/yr (Golder, 1998), to between 2.5 and 5.4 in/yr (Hertzman, 1996).  

Recognizing this uncertainty, Table 3 presents estimated groundwater inflows associated with the 

Southwest orebody, based on the modeling results described above and the range of estimated 

recharge values that have been previously developed.   

Assuming the maximum estimated recharge rate of 5.4 in/yr, for example, total estimated inflows to 

the Southwest workings are calculated at 7.3 gpm at the end of mining (Case B).  A portion of this 

inflow (3.2 gpm) is derived from the Myers Creek groundwater basin as a result of the projected shift 

in the Case A groundwater divide.  Following closure, there will be no consumptive withdrawals of 

groundwater.  However, the projected permanent shift from the Case A groundwater divide of 20 ft 

results in diverting 0.12 gpm from Myers Creek drainage into the Toroda Creek drainage, under the 

assumed maximum recharge of 5.4 in/yr.   
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TABLE 3 
ESTIMATED GROUNDWATER INFLOWS TO UNDERGROUND WORKINGS 

 

Modeling Case  
Groundwater 

Recharge Capture 
Area (acres) 

Assumed Recharge Rate 
(in/yr)** 

MINE INFLOWS (acres) 1.9 2.5 3.7 4.5 5.4 
  Inflow Rate (gpm) 

Southwest Workings 26 2.6 3.4 5 6 7.3 
Northwest Workings 124 12.2 16 23.7 28.8 34.6 

Total 150 14.7 19.4 28.7 34.9 41.8 
SOURCE OF 

INFLOWS 
Southwest Workings 

 
 

Inflow Rate (gpm) 
Myers Creek Drainage 11.5 1.1 1.5 2.2 2.7 3.2 

Toroda Creek Drainage 14.5 1.4 1.9 2.8 3.4 4.0 
Gold Bowl Workings   
Myers Creek Drainage 0 0.0 0.0 0.0 0.0 0.0 

Toroda Creek Drainage 124 12.2 16.0 23.7 28.8 34.6 
Total   

Myers Creek Drainage 11.5 1.1 1.5 2.2 2.7 3.2 

Case B - End of 
Mining Condition 

Toroda Creek Drainage 138.5 13.6 17.9 26.5 32.2 38.6 
Mine Inflows   
Southern Workings 0 0 0 0 0 0 
Northern Workings 0 0 0 0 0 0 

Total 0 0 0 0 0 0 
SOURCE OF WATER 
Southwest Workings 

 
 

Flow Rate (gpm)  
Myers Creek Drainage -0.42 -0.04 -0.05 -0.08 -0.10 -0.12 

Toroda Creek Drainage 0.42 0.04 0.05 0.08 0.1 0.12 
Gold Bowl Workings   
Myers Creek Drainage 0 0.0 0.0 0.0 0.0 0.0 

Toroda Creek Drainage 0 0.0 0.0 0.0 0.0 0.0 
Total   

Myers Creek Drainage -0.42 -0.04 -0.05 -0.08 -0.10 -0.12 

Case C - Post 
Closure Condition 

Toroda Creek Drainage 0.42 0.04 0.05 0.08 0.1 0.12 
Negative values indicate consumptive withdrawals or diversion  
* Estimated groundwater divide shift impacts are conservative overestimates, given that impacts are 
based on shifts west of the Case A modeled groundwater divide instead of the more realistic 
groundwater divide location approximately farther to the west (based on Hertzman, 1996 divide 
location). 
** Estimates from various sources (Golder, 1996 and 1998; Hertzman, 1996) 
 

The modeling results discussion thus far has focused only on the Southwest workings.  Table 3 

further shows estimated inflows to the Gold Bowl workings and total combined inflows, along with 
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estimated quantities of groundwater recharge that would be intercepted from (or diverted to) the 

Myers Creek and Toroda Creek groundwater basins for Cases B and C.  Given the modeling results 

described above for the Southwest workings in combination with the geometry and location of the 

proposed underground workings in the Gold Bowl ore zone area (in the Gold Bowl area), there will 

be no shift in the groundwater divide in the northern area.  Consequently, reduced groundwater 

recharge in the Myers Creek drainage is projected only for the south fork of Bolster Creek (Figure 1) 

in association with impacts from the Southwest workings.  For comparison, permanent post-closure 

reductions in groundwater recharge were predicted for both the south and north forks of Bolster Creek 

and Gold Creek for the previously proposed open pit mine. 

The modeling results from the Southwest workings cannot be readity extrapolated to the Gold Bowl 

workings because of the limited nature of the underground development in this area.  To develop a 

conservative estimate of inflows to the Gold Bowl workings we estimated that the capture zone of the 

Gold Bowl workings to be 124 acres based on the groundwater table configuration in relation to the 

orebody. 

  Figure 10 shows the estimated capture zone of the Southwest workings along with the equivalent 

capture zone area calculated for the Gold Bowl workings.  The assumption is made that all recharge 

upgradient of the workings westward to the groundwater divide will be captured, as well as recharge 

occurring a limited distance to the east (a minimum distance of 250 ft is assumed).  In reality, in 

contrast to the previous open pit configuration, it is likely that some of the recharge will bypass the 

workings due to their sporadic discontinuous nature and discharge to the east.   

As shown in Table 3, total inflows into the workings during mining are postulated to be from 14.7 to 

41.8 gpm, based on the range of estimated recharge values and the assumptions described above.  

Nearly all of this groundwater would be from recharge intercepted within the Toroda Creek drainage 

during mining.  Following closure, there would be no interception of groundwater.  However, the 

projected permanent shift in the Case A regional groundwater divide results in a projected permanent 

diversion of groundwater from Myers Creek drainage into the Toroda Creek drainage ranging from 

0.04 gpm to 0.12 gpm.  By comparison, post-closure reduction in baseflows to the Myers Creek 

drainage for the previously proposed open pit mine was estimated at 6.5 gpm (Golder, 1998). 

During mining, it is reasonable to assume that Roosevelt Adit discharges will be reduced in response 

to upgradient capture by the workings.  As a worst-case, one could assume that the Roosevelt Adit 

discharges will be reduced by the total amount intercepted by the proposed Southwest workings of the 
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underground mine (3 to 7.5 gpm).  For comparison, the Hertzman model estimated the potential 

impact of the open pit on Roosevelt adit flows of 22 gpm.   

It is should be noted that the above results are preliminary in nature, and that the model has not been 

subjected to intensive sensitivity analysis.  Further, the results are based on a simplified 

two-dimensional representation of a three-dimensional system.  The results, however, are consistent 

with what would be expected when compared to previous estimated impacts associated with an open 

pit configuration (e.g., Hertzman, 1996; Golder, 1998).   

From an operational perspective, it is important to note that short-duration inflows to both the Gold 

Bowl and Southest workings could be substantially higher than the long-term sustainable inflows 

described above, depending on the drainable porosity of the rock in the vicinity of the workings.  The 

overall drainable porosity is limited, only a few percent.  However, it can vary significantly locally 

leading to greater short-duration inflows such as when an open fault or fracture system is initially 

encountered.  From groundwater level data, nearly all of the annual recharge on Buckhorn Mountain 

takes place during a short period of time coinciding with spring snow melt.  Groundwater levels 

measured in monitoring wells and piezometers indicate that the effects of recharge are transmitted 

rapidly (on the order of weeks) through the system (e.g. discharges downgradient).  As a result, most 

of the annual inflows to the workings would likely occur over a short period in the late spring and 

early summer. 

4.0 DISCUSSION 

The results illustrate that potential inflows to the underground workings and the displacement of the 

groundwater divide associated with the proposed mining operation during and after mining will be 

minimal.   

To put the effects of the displacement of the regional groundwater divide at the end of mining into 

perspective, assume for discussion purposes that the groundwater recharge is reduced in the south 

Fork of Bolster Creek by the conservatively overestimated amount of 3.2 gpm, or 4,600 gpd at the 

end of mining (Case B).  For comparison, a single exempt well may consume up to 5,000 gpd.  For 

practical purposes, measurement and verification of such small theoretical impacts is impossible.  

Further, the estimated level of impacts is approaching the level of precision that is technically feasible 

given the inherent uncertainty in hydrogeologic conditions and natural climatic variability.  Recharge, 
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for example, will vary considerably from one year to the next depending on the amount and timing of 

precipitation and snow melt events, antecedent moisture conditions, temperature, etc. 

It should be further noted that the impacts will progress during the period of mining and reach a 

maximum at the end of the mine life.  Impacts would subsequently subside over a similar time frame 

and reach a final post-closure steady state condition. 

 

5.0 CONCLUSIONS 

We believe that the analysis presented here covers the potential range of groundwater flow into the 

underground workings and the potential displacement in the regional groundwater divide between the 

two basins, given the inherent uncertainty in hydrogeologic conditions and natural climatic 

variability.  Consequently, the potential impacts estimated through the use of the two-dimensional 

groundwater model are believed to be adequate for EIS purposes, subject to further model sensitivity 

and verification.   
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SUMMARY OF WATER REQUIREMENT CALCULATIONS FOR THE MILL/TDF 
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OBJECTIVE: 

• Conduct a deterministic water balance for the Dry Gulch Site tailings impoundment to 
evaluate the amount of make-up water required to assist in sizing the associated make-up 
pond. 

• Conduct a sensitivity analysis on the discharge tailings density, assuming values of 45, 
50, and 55 percent. 

• Calculate the make-up requirements assuming 100% re-circulation and 75% re-
circulation of tailings fluids. 

• Compare the make-up requirements for initially partially-full and full fresh water pond 
(currently sized at approximately 73.6 MGal). 

METHOD: 

• Golder Associate Inc.’s water balance spreadsheet, WATBAL.  Use of the spreadsheet is 
discussed in SME (2000). 

GIVEN: 

• Latest tailings embankment grading plan, dated 5/20/03 (Golder Drawing 0232002A024, 
Rev. A); 

• Tailings production – 1500 tons per day (1361 tonnes/day) (Golder, 2003); 

• Use average monthly precipitation from the nearby Chesaw site (Golder, 1996): 

Month (in/month) (mm/month) 
January 1.25 31.8 

February 0.90 22.9 
March 0.75 19.1 
April 1.05 26.7 
May 1.54 39.1 
June 1.60 40.6 
July 0.86 21.8 

August 1.31 33.3 
September 1.00 25.4 

October 0.71 18.0 
November 1.29 32.8 
December 1.66 42.2 
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• Estimated average monthly lake evaporation values for the site, whereby the lake 
evaporation is assumed to be equal to 0.7 times the pan evaporation (Golder, 1996): 

Month (in/month) (mm/month) 
January 0.08 2.03 

February 0.12 3.05 
March 0.61 15.5 
April 1.66 42.2 
May 3.17 80.5 
June 4.22 107.2 
July 5.44 138.2 

August 4.39 111.5 
September 2.69 68.3 

October 1.03 26.2 
November 0.00 0.00 
December 0.00 0.00 

 

• Make-up water may be obtained from Myers Creek, if necessary.  The estimated annual 
monthly flows (cfs) of nearby Myers Creek is as follows (Golder, 1996): 

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. 
3.8 6.2 9.4 9.8 21.8 20.1 7.0 3.9 3.9 3.7 4.7 3.8 

 

ASSUMPTIONS: 

• Initial volume of water required at the process plant for slurry production is not 
accounted for in the simulation; 

• Area of wetted tailings (i.e., decant pond) is approximately 30% of total tailings pond 
area; 

• Pond areas are constant; 

• Operational density of tailings is 70 pcf (1.12 tonnes/m3); 

• Tailings tonnage and deposited density are constant; 

• Site is a zero discharge site (i.e., estimated seepage losses is zero); 

• No other inflows or outflows; complete (100%) diversion of water from the upstream 
water basin (i.e., runoff factor for virgin land in basin is 0, miscellaneous inflows is zero); 

• Runoff factor for tailings and ponds is 100% of precipitation; 

• Runoff and evaporation are constant; 
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• Discharge tailings slurry density of 45, 50, or 55%; 

• Runoff period is 12 months long (i.e., snow melts the month it is deposited); 

• Recirculation to the mill is 100% of the discharge water (calculate 75% re-circulation 
manually); 

• No water is decanted; 

• Start of simulation is January;  

• Tailings do not displace pond;  

• Initial pond volume (end of December) for full make-up pond scenario is 914,580 m3, 
and 457,300 m3 for partially full make-up pond scenario; 

• Pond volume is maintained; and 

• Others, as stated. 

CALCULATIONS: 

• Tailings water content: 

o The water retained in tailings is required in the WATBAL spreadsheet; 

o Assuming tailings are 100% saturated, and that the specific gravity of tailings solids 
is 2.70: 

 Tailings water content, wt = S x [(ρw/ρd) – (1/SG)] = 1.0 x [(62.4pcf/70pcf) – 
(1/2.7)] = 0.52  52% 

• Area of tailings and ponds: 

o Using the AutoCad “list” routine, the surface area of the tailings pond is: 

 At&p = (1,694,823 ft2) / (1.0764E5 ft2/ha) = 15.7 ha 

o Using the AutoCad “list” routine, the surface area of the make-up pond is: 

 At&p = (349,854 ft2) / (1.0764E5 ft2/ha) = 3.3 ha 

o The total surface area (for the precipitation catch-basin) is: 19 ha 

• Area of wetted tails and ponds (for evaporation estimate): 

o For full make-up pond (El. 3397) scenario with 30% wetted tailings: 
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• Awt&p = [0.3 x 15.7 ha] + [(332,825 ft2) / (1.0764E5 ft2/ha)] = 7.8 ha 

o For make-up pond filled to El. 3375 and 30% wetted tailings: 

• Awt&p = 4.7 ha + [(218,875ft2) / (1.0764E5 ft2/ha)] = 6.7 ha 

• Parameters were entered into the WATBAL spreadsheet.  Results from each of the 
simulations are presented in Tables 1 through 3 and Figures 1 through 3.  

RESULTS: 

Based on the assumptions presented herein, the fluid losses are larger than the inflows over the 12 
month period for all scenarios.  The total volume of water required to process the tailings slurry, the 
make-up water required for each of the various slurry densities and make-up pond volumes to 
maintain a constant pond volume, and the percent of water that can be recycled to maintain a constant 
pond volume is as follows: 

I.  Best-Case Scenario (100% Re-circulation / No Losses) 

Full Make-up Pond Scenario Half-Full Make-up Pond Scenario 
Net Loss (Total Make-

up) 
Net Loss (Total Make-

up) Tailings 
Slurry 
Density 

Volume 
Water 

Required at 
Process 
Plant 

(m3/year) 

 
(m3/year) 

 
 (gpm / 

cfs) 

Actual 
Percentage 

of 
Recirculated 

Water 

 
(m3/year) 

 
 (gpm / 

cfs) 

Actual 
Percentage 

of 
Recirculated 

Water 
55% 406,444 41.6% 43.2% 
50% 496,765 52.2% 53.5% 
45% 607,157 

237,500 119.5/0.26 
60.9% 

230,958 116.2/ 
0.26 62.0% 

 

II. Base-Case Scenario (75% Re-circulation / 25% Losses): 

Full Make-up Pond Scenario Half-Full Make-up Pond Scenario 
Net Loss (Total Make-

up) 
Net Loss (Total Make-

up) Tailings 
Slurry 
Density 

Volume 
Water 

Required at 
Process 
Plant 

(m3/year) 

 
(m3/year) 

 
 (gpm / 

cfs) 

Actual 
Percentage 

of 
Recirculated 

Water 

 
(m3/year) 

 
 (gpm / 

cfs) 

Actual 
Percentage 

of 
Recirculated 

Water 
55% 406,444 27.0% 29.0% 
50% 496,765 40.2% 41.9% 
45% 607,157 

296,875 149.4 / 
0.33 51.1% 

288,698 145.3/ 
0.32 52.5% 

 

CONCLUSIONS: 

The make-up water may be acquired from the Myers Creek drainage located adjacent to the facility, 
through legal water rights.  Throughout the year, the flow of Myers Creek is substantially larger than 
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the amount of make-up required to the facility (i.e., maximum 0.33 cfs compared to 3.7 cfs in October 
up to 21.8 cfs in May).   

The minimum pond storage volume is equivalent to the annual solution make-up required.  The pond 
should be sized to store a minimum of 155,000 m3 (40.9 MGal) of water. 

REFERENCES: 

Golder Associates Inc. (Golder) (1996) “Final Design Report, Tailings Disposal Facility, Crown 
Jewel Project, Okanogan County, Washington.”  Prepared for Battle Mountain Gold 
Company, Project No. 963-1315, 1 May 1996. 

Golder Associates (1997) “Guidelines for Tailings Basin Water Balance Modeling and WATBAL 
Manual.”  WATBAL Release 4.0.  44 pp. 

Golder Associates Inc. (Golder) (2003) “Scoping Level Tailings Siting Evaluation at Lost Creek 
Ranch, Buckhorn Project.”  Prepared for Crown Resources, Project No. 023-2002.4.  13 
January 2003. 

Society for Mining, Metallurgy, and Exploration, Inc. (SME) (2000) “Slope Stability in Surface 
Mining.”  Edited by W.A. Hustrulid, M.K. McCarter, and D.J.A. Van Zyl.  442 pp. 
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TABLE 1A

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

TABLE 1A
INPUT DATA

Precipitation Version
UNITS VALUE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Starting month no. 1

Tailings production t/day 1361 496765

Solids (by weight) in discharge % 55

Miscellaneous inflows m3/mo. 0 0

Average precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

    Change in precipitation % 0

Total precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

Area of virgin land in basin ha 0

     Runoff factor % 0

Area of tailings and ponds ha 19

     Runoff factor % 100

Monthly runoff (% of accumulation) % 100 100 100 100 100 100 100 100 100 100 100 100

IF TAILS DISPLACE POND

Tailings submerged (% of total) %

Deposited dry density t/m3 1.12

Water retained in tailings (dry wt basis) % 52

Estimated seepage losses m3/mo. 0

Average Evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

    Change in evaporation % 0

Total evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

Area of ponds and wetted tailings ha 6.7

Recirculation to mill (% of process water) % 100

Decant strategy (% of net inflow) % / mo. 0

Initial water volume in ponds m3 457300

TABLE 1B

OUTPUT COMPUTATIONS

INFLOWS LOSSES ACCUMULATION

(m3/mo.) (m3/mo.) (m3/mo.) (m3)

Tailings 
Water

Misc. 
Inflows Runoff Total Retained in

Tailings Seepage Pond 
Evap.

Recirc-
ulation Total Net Inflow Water 

Displaced Change Decant Net 
Change

Accum. 
Volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

INITIAL 457300

Jan 34520 0 6042 40562 21939 0 136 34520 56595 -16033 0 -16033 0 -16033 441267

Feb 31179 0 4351 35530 19816 0 204 31179 51200 -15670 0 -15670 0 -15670 425597

Mar 34520 0 3629 38149 21939 0 1039 34520 57498 -19349 0 -19349 0 -19349 406248

Apr 33406 0 5073 38479 21232 0 2827 33406 57465 -18986 0 -18986 0 -18986 387262

May 34520 0 7429 41949 21939 0 5394 34520 61853 -19904 0 -19904 0 -19904 367359

Jun 33406 0 7714 41120 21232 0 7182 33406 61820 -20700 0 -20700 0 -20700 346659

Jul 34520 0 4142 38662 21939 0 9259 34520 65719 -27057 0 -27057 0 -27057 319602

Aug 34520 0 6327 40847 21939 0 7471 34520 63930 -23083 0 -23083 0 -23083 296519

Sep 33406 0 4826 38232 21232 0 4576 33406 59214 -20982 0 -20982 0 -20982 275537

Oct 34520 0 3420 37940 21939 0 1755 34520 58215 -20275 0 -20275 0 -20275 255263

Nov 33406 0 6232 39638 21232 0 0 33406 54638 -15000 0 -15000 0 -15000 240263

Dec 34520 0 8018 42538 21939 0 0 34520 56459 -13921 0 -13921 0 -13921 226342

TOTAL 406444 0 67203 473647 258318 0 39844 406444 704605 -230958 0 -230958 0 -230958
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May 2003 023-2002.4

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

Figure 1A
INFLOWS, LOSSES AND NET INFLOW

Figure 1B
DECANT AND POND VOLUME
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May 2003 023-2002.4
TABLE 1C

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

TABLE 1C
INPUT DATA

Precipitation Version
UNITS VALUE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Starting month no. 1

Tailings production t/day 1361 496765

Solids (by weight) in discharge % 55

Miscellaneous inflows m3/mo. 0 0

Average precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

    Change in precipitation % 0

Total precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

Area of virgin land in basin ha 0

     Runoff factor % 0

Area of tailings and ponds ha 19

     Runoff factor % 100

Monthly runoff (% of accumulation) % 100 100 100 100 100 100 100 100 100 100 100 100

IF TAILS DISPLACE POND

Tailings submerged (% of total) %

Deposited dry density t/m3 1.12

Water retained in tailings (dry wt basis) % 52

Estimated seepage losses m3/mo. 0

Average Evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

    Change in evaporation % 0

Total evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

Area of ponds and wetted tailings ha 7.8

Recirculation to mill (% of process water) % 100

Decant strategy (% of net inflow) % / mo. 0

Initial water volume in ponds m3 457300

TABLE 1D

OUTPUT COMPUTATIONS

INFLOWS LOSSES ACCUMULATION

(m3/mo.) (m3/mo.) (m3/mo.) (m3)

Tailings 
Water

Misc. 
Inflows Runoff Total Retained in

Tailings Seepage Pond 
Evap.

Recirc-
ulation Total Net Inflow Water 

Displaced Change Decant Net 
Change

Accum. 
Volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

INITIAL 457300

Jan 34520 0 6042 40562 21939 0 158 34520 56618 -16056 0 -16056 0 -16056 441244

Feb 31179 0 4351 35530 19816 0 238 31179 51233 -15703 0 -15703 0 -15703 425541

Mar 34520 0 3629 38149 21939 0 1209 34520 57668 -19519 0 -19519 0 -19519 406022

Apr 33406 0 5073 38479 21232 0 3292 33406 57930 -19450 0 -19450 0 -19450 386572

May 34520 0 7429 41949 21939 0 6279 34520 62738 -20789 0 -20789 0 -20789 365782

Jun 33406 0 7714 41120 21232 0 8362 33406 63000 -21879 0 -21879 0 -21879 343903

Jul 34520 0 4142 38662 21939 0 10780 34520 67239 -28577 0 -28577 0 -28577 315326

Aug 34520 0 6327 40847 21939 0 8697 34520 65156 -24309 0 -24309 0 -24309 291017

Sep 33406 0 4826 38232 21232 0 5327 33406 59965 -21733 0 -21733 0 -21733 269284

Oct 34520 0 3420 37940 21939 0 2044 34520 58503 -20563 0 -20563 0 -20563 248721

Nov 33406 0 6232 39638 21232 0 0 33406 54638 -15000 0 -15000 0 -15000 233721

Dec 34520 0 8018 42538 21939 0 0 34520 56459 -13921 0 -13921 0 -13921 219800

TOTAL 406444 0 67203 473647 258318 0 46385 406444 711147 -237500 0 -237500 0 -237500

Golder Associates

PR
O

C
ES

S 
W

A
TE

R
R

U
N

O
FF

D
IS

PL
A

C
ED

LO
SS

ES
D

EC
A

N
T



May 2003 023-2002.4

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

Figure 1C
INFLOWS, LOSSES AND NET INFLOW

Figure 1D
DECANT AND POND VOLUME
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May 2003 023-2002.4
TABLE 2A

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

TABLE 2A
INPUT DATA

Precipitation Version
UNITS VALUE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Starting month no. 1

Tailings production t/day 1361 496765

Solids (by weight) in discharge % 50

Miscellaneous inflows m3/mo. 0 0

Average precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

    Change in precipitation % 0

Total precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

Area of virgin land in basin ha 0

     Runoff factor % 0

Area of tailings and ponds ha 19

     Runoff factor % 100

Monthly runoff (% of accumulation) % 100 100 100 100 100 100 100 100 100 100 100 100

IF TAILS DISPLACE POND

Tailings submerged (% of total) %

Deposited dry density t/m3 1.12

Water retained in tailings (dry wt basis) % 52

Estimated seepage losses m3/mo. 0

Average Evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

    Change in evaporation % 0

Total evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

Area of ponds and wetted tailings ha 6.7

Recirculation to mill (% of process water) % 100

Decant strategy (% of net inflow) % / mo. 0

Initial water volume in ponds m3 457300

TABLE 2B

OUTPUT COMPUTATIONS

INFLOWS LOSSES ACCUMULATION

(m3/mo.) (m3/mo.) (m3/mo.) (m3)

Tailings 
Water

Misc. 
Inflows Runoff Total Retained in

Tailings Seepage Pond 
Evap.

Recirc-
ulation Total Net Inflow Water 

Displaced Change Decant Net 
Change

Accum. 
Volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

INITIAL 457300

Jan 42191 0 6042 48233 21939 0 136 42191 64266 -16033 0 -16033 0 -16033 441267

Feb 38108 0 4351 42459 19816 0 204 38108 58129 -15670 0 -15670 0 -15670 425597

Mar 42191 0 3629 45820 21939 0 1039 42191 65169 -19349 0 -19349 0 -19349 406248

Apr 40830 0 5073 45903 21232 0 2827 40830 64889 -18986 0 -18986 0 -18986 387262

May 42191 0 7429 49620 21939 0 5394 42191 69524 -19904 0 -19904 0 -19904 367359

Jun 40830 0 7714 48544 21232 0 7182 40830 69244 -20700 0 -20700 0 -20700 346659

Jul 42191 0 4142 46333 21939 0 9259 42191 73390 -27057 0 -27057 0 -27057 319602

Aug 42191 0 6327 48518 21939 0 7471 42191 71601 -23083 0 -23083 0 -23083 296519

Sep 40830 0 4826 45656 21232 0 4576 40830 66638 -20982 0 -20982 0 -20982 275537

Oct 42191 0 3420 45611 21939 0 1755 42191 65886 -20275 0 -20275 0 -20275 255263

Nov 40830 0 6232 47062 21232 0 0 40830 62062 -15000 0 -15000 0 -15000 240263

Dec 42191 0 8018 50209 21939 0 0 42191 64130 -13921 0 -13921 0 -13921 226342

TOTAL 496765 0 67203 563968 258318 0 39844 496765 794926 -230958 0 -230958 0 -230958
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May 2003 023-2002.4

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

Figure 2A
INFLOWS, LOSSES AND NET INFLOW

Figure 2B
DECANT AND POND VOLUME
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May 2003 023-2002.4
TABLE 2C

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

TABLE 2C
INPUT DATA

Precipitation Version
UNITS VALUE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Starting month no. 1

Tailings production t/day 1361 496765

Solids (by weight) in discharge % 50

Miscellaneous inflows m3/mo. 0 0

Average precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

    Change in precipitation % 0

Total precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

Area of virgin land in basin ha 0

     Runoff factor % 0

Area of tailings and ponds ha 19

     Runoff factor % 100

Monthly runoff (% of accumulation) % 100 100 100 100 100 100 100 100 100 100 100 100

IF TAILS DISPLACE POND

Tailings submerged (% of total) %

Deposited dry density t/m3 1.12

Water retained in tailings (dry wt basis) % 52

Estimated seepage losses m3/mo. 0

Average Evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

    Change in evaporation % 0

Total evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

Area of ponds and wetted tailings ha 7.8

Recirculation to mill (% of process water) % 100

Decant strategy (% of net inflow) % / mo. 0

Initial water volume in ponds m3 457300

TABLE 2D

OUTPUT COMPUTATIONS

INFLOWS LOSSES ACCUMULATION

(m3/mo.) (m3/mo.) (m3/mo.) (m3)

Tailings 
Water

Misc. 
Inflows Runoff Total Retained in

Tailings Seepage Pond 
Evap.

Recirc-
ulation Total Net Inflow Water 

Displaced Change Decant Net 
Change

Accum. 
Volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

INITIAL 457300

Jan 42191 0 6042 48233 21939 0 158 42191 64289 -16056 0 -16056 0 -16056 441244

Feb 38108 0 4351 42459 19816 0 238 38108 58162 -15703 0 -15703 0 -15703 425541

Mar 42191 0 3629 45820 21939 0 1209 42191 65339 -19519 0 -19519 0 -19519 406022

Apr 40830 0 5073 45903 21232 0 3292 40830 65353 -19450 0 -19450 0 -19450 386572

May 42191 0 7429 49620 21939 0 6279 42191 70409 -20789 0 -20789 0 -20789 365782

Jun 40830 0 7714 48544 21232 0 8362 40830 70423 -21879 0 -21879 0 -21879 343903

Jul 42191 0 4142 46333 21939 0 10780 42191 74910 -28577 0 -28577 0 -28577 315326

Aug 42191 0 6327 48518 21939 0 8697 42191 72827 -24309 0 -24309 0 -24309 291017

Sep 40830 0 4826 45656 21232 0 5327 40830 67389 -21733 0 -21733 0 -21733 269284

Oct 42191 0 3420 45611 21939 0 2044 42191 66174 -20563 0 -20563 0 -20563 248721

Nov 40830 0 6232 47062 21232 0 0 40830 62062 -15000 0 -15000 0 -15000 233721

Dec 42191 0 8018 50209 21939 0 0 42191 64130 -13921 0 -13921 0 -13921 219800

TOTAL 496765 0 67203 563968 258318 0 46385 496765 801468 -237500 0 -237500 0 -237500
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May 2003 023-2002.4

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

Figure 2C
INFLOWS, LOSSES AND NET INFLOW

Figure 2D
DECANT AND POND VOLUME
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May 2003 023-2002.4
TABLE 3A

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

TABLE 3A
INPUT DATA

Precipitation Version
UNITS VALUE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Starting month no. 1

Tailings production t/day 1361 496765

Solids (by weight) in discharge % 45

Miscellaneous inflows m3/mo. 0 0

Average precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

    Change in precipitation % 0

Total precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

Area of virgin land in basin ha 0

     Runoff factor % 0

Area of tailings and ponds ha 19

     Runoff factor % 100

Monthly runoff (% of accumulation) % 100 100 100 100 100 100 100 100 100 100 100 100

IF TAILS DISPLACE POND

Tailings submerged (% of total) %

Deposited dry density t/m3 1.12

Water retained in tailings (dry wt basis) % 52

Estimated seepage losses m3/mo. 0

Average Evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

    Change in evaporation % 0

Total evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

Area of ponds and wetted tailings ha 6.7

Recirculation to mill (% of process water) % 100

Decant strategy (% of net inflow) % / mo. 0

Initial water volume in ponds m3 457300

TABLE 3B

OUTPUT COMPUTATIONS

INFLOWS LOSSES ACCUMULATION

(m3/mo.) (m3/mo.) (m3/mo.) (m3)

Tailings 
Water

Misc. 
Inflows Runoff Total Retained in

Tailings Seepage Pond 
Evap.

Recirc-
ulation Total Net Inflow Water 

Displaced Change Decant Net 
Change

Accum. 
Volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

INITIAL 457300

Jan 51567 0 6042 57609 21939 0 136 51567 73642 -16033 0 -16033 0 -16033 441267

Feb 46576 0 4351 50927 19816 0 204 46576 66597 -15670 0 -15670 0 -15670 425597

Mar 51567 0 3629 55196 21939 0 1039 51567 74545 -19349 0 -19349 0 -19349 406248

Apr 49903 0 5073 54976 21232 0 2827 49903 73962 -18986 0 -18986 0 -18986 387262

May 51567 0 7429 58996 21939 0 5394 51567 78900 -19904 0 -19904 0 -19904 367359

Jun 49903 0 7714 57617 21232 0 7182 49903 78317 -20700 0 -20700 0 -20700 346659

Jul 51567 0 4142 55709 21939 0 9259 51567 82765 -27057 0 -27057 0 -27057 319602

Aug 51567 0 6327 57894 21939 0 7471 51567 80977 -23083 0 -23083 0 -23083 296519

Sep 49903 0 4826 54729 21232 0 4576 49903 75711 -20982 0 -20982 0 -20982 275537

Oct 51567 0 3420 54987 21939 0 1755 51567 75261 -20275 0 -20275 0 -20275 255263

Nov 49903 0 6232 56135 21232 0 0 49903 71135 -15000 0 -15000 0 -15000 240263

Dec 51567 0 8018 59585 21939 0 0 51567 73506 -13921 0 -13921 0 -13921 226342

TOTAL 607157 0 67203 674360 258318 0 39844 607157 905319 -230958 0 -230958 0 -230958
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May 2003 023-2002.4

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

Figure 3A
INFLOWS, LOSSES AND NET INFLOW

Figure 3B
DECANT AND POND VOLUME
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May 2003 023-2002.4
TABLE 3C

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

TABLE 3C
INPUT DATA

Precipitation Version
UNITS VALUE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Starting month no. 1

Tailings production t/day 1361 496765

Solids (by weight) in discharge % 45

Miscellaneous inflows m3/mo. 0 0

Average precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

    Change in precipitation % 0

Total precipitation mm/mo. 31.8 22.9 19.1 26.7 39.1 40.6 21.8 33.3 25.4 18 32.8 42.2 353.7

Area of virgin land in basin ha 0

     Runoff factor % 0

Area of tailings and ponds ha 19

     Runoff factor % 100

Monthly runoff (% of accumulation) % 100 100 100 100 100 100 100 100 100 100 100 100

IF TAILS DISPLACE POND

Tailings submerged (% of total) %

Deposited dry density t/m3 1.12

Water retained in tailings (dry wt basis) % 52

Estimated seepage losses m3/mo. 0

Average Evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

    Change in evaporation % 0

Total evaporation mm/mo. 2.03 3.05 15.5 42.2 80.5 107.2 138.2 111.5 68.3 26.2 0 0 595

Area of ponds and wetted tailings ha 7.8

Recirculation to mill (% of process water) % 100

Decant strategy (% of net inflow) % / mo. 0

Initial water volume in ponds m3 457300

TABLE 3D

OUTPUT COMPUTATIONS

INFLOWS LOSSES ACCUMULATION

(m3/mo.) (m3/mo.) (m3/mo.) (m3)

Tailings 
Water

Misc. 
Inflows Runoff Total Retained in

Tailings Seepage Pond 
Evap.

Recirc-
ulation Total Net Inflow Water 

Displaced Change Decant Net 
Change

Accum. 
Volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

INITIAL 457300

Jan 51567 0 6042 57609 21939 0 158 51567 73664 -16056 0 -16056 0 -16056 441244

Feb 46576 0 4351 50927 19816 0 238 46576 66631 -15703 0 -15703 0 -15703 425541

Mar 51567 0 3629 55196 21939 0 1209 51567 74715 -19519 0 -19519 0 -19519 406022

Apr 49903 0 5073 54976 21232 0 3292 49903 74427 -19450 0 -19450 0 -19450 386572

May 51567 0 7429 58996 21939 0 6279 51567 79785 -20789 0 -20789 0 -20789 365782

Jun 49903 0 7714 57617 21232 0 8362 49903 79497 -21879 0 -21879 0 -21879 343903

Jul 51567 0 4142 55709 21939 0 10780 51567 84286 -28577 0 -28577 0 -28577 315326

Aug 51567 0 6327 57894 21939 0 8697 51567 82203 -24309 0 -24309 0 -24309 291017

Sep 49903 0 4826 54729 21232 0 5327 49903 76462 -21733 0 -21733 0 -21733 269284

Oct 51567 0 3420 54987 21939 0 2044 51567 75550 -20563 0 -20563 0 -20563 248721

Nov 49903 0 6232 56135 21232 0 0 49903 71135 -15000 0 -15000 0 -15000 233721

Dec 51567 0 8018 59585 21939 0 0 51567 73506 -13921 0 -13921 0 -13921 219800

TOTAL 607157 0 67203 674360 258318 0 46385 607157 911860 -237500 0 -237500 0 -237500
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May 2003 023-2002.4

WATBAL PRINTOUT - PRECIPITATION VERSION
Crown Resources / Dry Gulch, Buckhorn Project

Figure 3C
INFLOWS, LOSSES AND NET INFLOW

Figure 3D
DECANT AND POND VOLUME
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1.0 INTRODUCTION 

Crown Resources Corporation (Crown) proposes to develop an underground gold mine on Buckhorn 

Mountain approximately 3.5 air miles east of Chesaw, Washington with a satellite milling facility 

2 miles south of Chesaw.  The majority of the project will be developed on private land with some 

minor facility components and access roads on public lands.  The public lands include lands 

administered by the U.S. Forest Service (USFS) Okanogan National Forest (Tonasket Ranger 

District) and the Department of Natural Resources, (DNR) Washington (Figure 1).  This plan presents 

reclamation activities for final mine closure at the Buckhorn Mt. Mine Project. 

Crown will reclaim disturbance where conditions and current reclamation technology permit.  

Historic and current land uses include hunting, gathering, mineral exploration and extraction, logging, 

agriculture, residential development, timber sale, firewood gathering, grazing, and recreation.  The 

private land at the mill/TDF site has been dominantly used for agriculture and, in recent years, 

investment properties for home sites.  Management of the USFS land is guided by a land and resource 

management plan (RMP) developed by the USFS (USFS 1989).  The proposed mine plan is 

consistent with the goals and objectives of the USFS RMP as amended by the Spokane Resource 

Management Plan Record of Decision (ROD) (BLM 1987).  The ROD states that all operations 

associated with mining development shall adhere to 43 CFR 3809 and 3802 which requires 

reclamation of all mining operations and compliance to air and water quality state and federal 

standards.  The goal of reclamation is to return the site to a productive post-mining condition 

following closure and decommissioning. 

Reclamation plans with regard to mining activities are discussed below as they pertain to road 

building, concurrent reclamation, interim reclamation, and final reclamation of the disturbed areas.  

Reclamation plans presented here are, to the extent applicable and appropriate, based on 

recommendations contained in the BLM Solid Minerals Reclamation Handbook (BLM 1992). 

Water quality protection will be effective through the use of appropriate best management practices 

(BMPs) for control of erosion, sediment transport and sediment collection, and by the revegetation of 

the majority of disturbed surfaces. 
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Reclamation will be completed on both private and public lands.  Key facilities to be reclaimed 

include: 

• Mine portal and ventilation areas 

• Mill/TDF and ancillary facilities area 

• Access roads 

• Power line corridors 

• Monitor wells 

The area surrounding the proposed mine supports forest plant communities typically found in north 

central Washington.  Almost all of the area immediately surrounding the mine site has been disturbed 

by historical timber harvesting and drill road construction.  Many of the drill roads have been recently 

recontoured and reseeded and are currently being monitored for vegetative success.   

The surface reclamation of the mine site area of disturbance will entail plugging of the primary portal, 

the ventilation portal and the ventilation shaft followed by final recontouring and revegetation.  The 

reclamation species mix will provide soil stabilization and erosion protection until the site is 

recolonized through natural invasion from surrounding timber stands.  The vegetation in the mine 

area is described by Bio-Resources, Inc. (1995), and A.G. Crook (1992 and 1993), as largely 

consisting of the following plant associations: 

• Pseudotsuga menziesii (Douglas-fir)/Physocarpus malvaceus (Ninebark) 

• Abies lasiocarpa (Subalpine fir)/Linnaea borealis (Twin-flower) 

• Pseudotsuga menziesii (Douglas-fir)/Calamagrostis rubescens (Pinegrass). 

• It is expected that planting the above listed plant associations at the mine site will 
return it to those communities which the general area currently supports. 

• Vegetation within the mill/TDF site consists of lowland grasses with sparse 
Ponderosa Pine and local stands of Douglas Fir in the lower areas. 
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In order to be successful, in the most cost-effective manner, reclamation planning must be initiated 

during the mine facility design phase and must continue until the appropriate success criteria are 

achieved.  The plan must be flexible enough to accommodate potential changes in the mining 

operation over time.  The current mining plan is for minimal surface disturbance by the use of 

underground mining methodology and the underground disposal of waste rock for backfill material 

instead of surface disposal.  Both cemented backfill and uncemented backfill will be placed in the 

mine during operation to minimize surface disturbance related to subsidence.   

1.1 Post Mining Land Use 

The post mining productive land uses for the mine site will be hunting and gathering, timber harvest, 

wildlife habitat, grazing, recreation, and mining.  These proposed uses are consistent with the USFS 

RMP as amended by the Spokane Resource Management Plan Record of Decision (ROD) 

(BLM 1987).  Post project use of the mill/TDF site may be grazing. 

1.2 Reclamation Schedule 

Reclamation activities will be scheduled to occur as soon as practical after the mining activities are 

completed, thus minimizing erosion on exposed surfaces and sediment contribution to surface waters.  

In general, reclamation will be timed to take advantage of optimal climatic conditions.  Final grading, 

drainage, and sediment control establishment will occur over the late spring and summer months.  

Seedbeds will be prepared in later summer or early fall just prior to seeding.  Seeding will be 

completed in mid-late fall in order to take advantage of winter and spring moisture.  If seeding is not 

completed prior to the onset of winter, or if fall seeding is unsuccessful, early spring seeding could 

occur as an alternative.  Isolated ecological islands will be created from restored and transplanted 

shrubs and trees.  The remainder of the area will be reclaimed using the established seed mixture. 

Many of the reclamation activities can not occur until near the time of final mine closure.  Areas such 

as the underground workings and surface facilities will remain active until mine closure.  However, 

during the anticipated life of the project, interim and concurrent reclamation will occur to reduce 

erosion and the potential for off-site degradation. 
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1.2.1 Interim Reclamation 

Interim reclamation refers to reclamation efforts on lands disturbed during the course of the Mine that 

will be redisturbed during mining activities.  These lands while not at final reclamation contours will 

not be redisturbed for a significant time period and therefore require interim stabilization.  To reduce 

erosion and sedimentation during the life of the operations, disturbed areas will be temporarily 

revegetated.  Topsoil will not be applied to temporarily revegetated areas.  These areas will be 

broadcast seeded with an interim seed mixture.  Mulch and fertilizer may be added if initial seeding is 

unsuccessful.  The topsoil stockpiles, tailing pipeline berm and access road embankment will require 

interim reclamation. 

1.2.2 Concurrent Reclamation 

Concurrent reclamation refers to reclamation activities which can be carried on at the same time as 

ongoing mining activities.  Concurrent reclamation can be advantageously employed on disturbed 

areas that have served their purpose and are ready to be graded to final reclamation contours.  Such 

areas will include: 

• Disturbances associated with diversion ditches,  

• Areas disturbed during construction of the tailings pipeline corridor, 

• Any access roads that will not be needed for future activities. 

Tree and scrub seedlings will not be planted along the roadways out slope disturbances.  Natural re-

establishment of trees and shrubs should be adequate to meet revegetation standards within the long, 

narrow corridors.  Voluntary woody species reinvasion will be monitored through the active mining 

period.  If woody species density is not adequate to meet the standards, additional shrub and tree 

seedlings will be planted along the corridors. 

Where possible during the life of the project, disturbed lands will be reclaimed during ongoing 

mining operations. 
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1.2.3 Temporary Closure 

Although the proposed project will operate year-round, it is possible that conditions may be 

encountered during the life of the project that may require temporary shutdown of the operations.  

The primary concern during a temporary closure will be maintenance of the water control structures. 

The temporary closure plan is based on an economic shutdown of more than one year duration but not 

to exceed two or three years.  The following steps will be followed to ensure that the closure and 

subsequent restart activities will be accomplished in a timely and environmentally safe manner: 

• In the event of a temporary shutdown planned for more than one year, the 
appropriate regulatory officials in the USFS and Washington DOE will be 
promptly notified. 

• Inventories of petroleum products, explosive and other potentially hazardous 
supplies that will not be used during shutdown will be used at other sites, 
returned to suppliers, or disposed of in compliance to the appropriate regulations. 

• Concurrent reclamation will be implemented on areas not scheduled for 
additional disturbance. 

• Crown personnel will regularly inspect on-site shutdown monitoring and 
maintenance activities which will include: 

• Maintaining access roads to all project facilities and monitoring locations.  

• Diversion ditches and infiltration ponds will be inspected annually in the fall to 
ensure that spring runoff can be handled and that the systems continue to 
function properly after major storm events.  Maintenance will be performed as 
necessary. 

• Appropriate sediment control measures will be implemented as necessary to 
control erosion from disturbed areas which cannot be finally reclaimed. 

• Security and fire patrol of the facilities; and, 

• Appropriate monitoring inspection reports will be completed and submitted to 
appropriate state and federal regulatory agencies during the temporary closure 
period as required. 
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1.2.4  Final Reclamation 

Most reclamation activities will take place at the time of mine closure and will be considered “final” 

reclamation.  The areas to undergo reclamation at mine closure include: 

• The portal and ventilation areas, 

• The final tailings embankment face, 

• The sediment control ponds 

• Access roads and any drill pads which will be needed until mining ceases and 

• Mill/TDF and reclaims pond sites and associated areas of disturbance. 

Final reclamation will be implemented upon the completion of mining and exploration.  Final 

reclamation procedures are discusses below in detail. 
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2.0 GENERAL RECLAMATION PROCEDURES 

This section includes the general steps to be followed in reclaiming each of the disturbance areas. 

2.1 Soil Management 

Crown recognizes that soil resources, particularly topsoil materials, is a critical component of the 

revegetation plan and will enhance and speed recovery of the disturbed areas a valuable resource at 

the site.  Soil horizons will be stripped immediately following vegetation clearing from facility sites 

prior to construction.  This action will assure viable, handling and stockpiling of those soils will be 

completed to allow microbial activity upon redistribution to the degree practical.  Soil stockpiles will 

be reseeded with noxious weed-free mixed cover vegetation with an emphasis on the ability to root 

quickly and contain native species. 

Soil is defined as the A horizon within the soil solum.  The A horizon is the mineral horizon 

containing an accumulation of organic matter that has lost clay, iron, or aluminum with resulting 

concentrations of quartz or other resistant minerals of sand and silt size.  The A horizon will normally 

sustain plant growth.  Subsoil is defined as the B and/or C horizon within the soil solum.  The B 

horizon is characterized by the accumulation of clay, iron, aluminum, and humus.  The C horizon is 

the mineral soil horizon, excluding bedrock, which has weathered outside the zone of major 

biological activity (Buol, et al. 1981).  Soil and subsoil will be used as plant growth medium for final 

and concurrent reclamation. 

Topsoil is defined as the soil of the A and B horizons or referred to as all solum materials that will 

sustain plant growth.  Topsoil will be used to facilitate revegetation of areas disturbed by the mining 

operation. 

All soil and subsoil that can be practicably salvaged will be salvaged during land clearing activities.  

During construction or upgrading of roads, site preparation for the mine, tailings pipeline, sediment 

control structures, freshwater pond, mill area and parking lot, and tailing disposal and reclaim area 

excavation, the plant growth soil layer will be windrowed adjacent to the disturbed area or stockpile 

in strategic locations for visual shielding.  The soil will be reclaimed on an interim basis, and retained 

for replacement and revegetation at the time of final reclamation. 
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2.2 Fertilization 

Soil fertilizer will provide an initial source of nutrients for establishment of the various desired plant 

communities.  Fertilization will also provide a source of nutrients for the development of microbial 

communities which will ultimately perpetuate nutrient cycling and soil development.  The objective 

of soil fertilization is to provide a short-term nutrient supply to promote the establishment and growth 

of desirable plant species.  Subsequently long-term nutrient requirements will be satisfied through the 

development of natural nutrient cycling and plant communities that are not fertilizer dependent. 

Fertilization, particularly introduction of high nitrogen levels, may promote the invasion of weedy 

species.  Native species are generally adapted to low levels of available nutrients.  General fertilization 

guidelines will be used to evaluate the nutrient status of the material.  Prior to topsoil placement, the 

stockpiled materials will be tested for available nutrients to verify that vegetation can be established 

without fertilization.  If testing indicates that the soil does not have sufficient nutrients to maintain 

vegetation then the soil will be amended with fertilizer in order to facilitate the establishment of 

seeded species.  If fertilizer is required, care will be taken to avoid the establishment of a plant 

community which is dependent on high nutrient levels. 

2.3 Cultural Treatments 

Cultural treatments typically refer to soil-modification practices that create more favorable conditions 

to facilitate plant growth by: 

• Initiating and maintaining a stable soil system 

• Reducing erosion of surface soils 

• Increasing soil moisture and reducing evaporative losses 

• Extending the season of seeding and moderating local microclimates and 

• Modifying microenvironments to create a more diverse plant community. 

Typical cultural treatments that can be used to facilitate plant community development include soil 

ripping, tilling, harrowing, seedbed preparation, mulching, and erosion control measures.  All mine 
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units which are compacted (i.e., roads, level surfaces on waste rock disposal areas, and surface 

facilities), will be deep ripped with bulldozer-mounted ripper bars or a chisel plow to a depth of 12 to 

18 inches to loosen the plant rooting zone, create an adhesive surface for the topsoil application, and 

incorporate fertilizer materials.  Deep ripping will increase infiltration by decreasing the bulk density, 

thus reducing run-off and erosion from the reclaimed slopes.  Scarification (shallow ripping to 8 to 

10 inches) will be conducted on mine units which do not have deep subsoil compaction.  Ripping on 

all reclaimed slopes will occur parallel to the contours where possible.  Ripping increases soil 

infiltration rates, soil water holding capacity and root permeability, thereby facilitating the 

establishment of perennial vegetation.  On steeper slopes that have subsoil compaction, ripping will 

occur perpendicular to the contours and a chain drag will be attached behind the ripper to eliminate 

furrows.  This will reduce erosion due to channelized flow.  Topsoil application on slopes will result 

in a loose soil surface that is a receptive seed germination environment. 

2.4 Erosion and Sediment Control 

Long-term erosion control will be achieved by revegetating exposed soils as quickly as possible and 

to the maximum extent practical.  Short-term erosion will be accomplished during mine operation by 

diverting surface water through diversion channels to infiltration ponds thereby eliminating excessive 

sediment transport from disturbed areas.  Sediment control structures will be placed as necessary in 

ditches and below unrevegetated slopes to aid erosion and sediment control.  Culverts will be used to 

convey flow beneath access and haul roads.  Catchment ditches will control storm water flow 

originating on the sites themselves.  Storm water will be directed through sediment control structures 

and traps that will be designed to detain flows originating from disturbed surfaces to allow 

sedimentation to occur behind the structures prior to infiltration into specially designed infiltration 

structures. 

Figures 2 and 3 show the locations of diversion ditches, sediment traps, and the flow direction of 

diverted waters at the mine and mill/TDF sites, respectively. 

Sedimentation ponds will be monitored at least once per month during the summer months and weekly 

during spring snowmelt and as necessary following large precipitation events.  Sedimentation ponds will 

be cleaned as necessary using a backhoe.  Sediment removed from the ponds will be added to the topsoil 

stockpiles.  
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Sediment controls and diversion channels will be constructed and made fully operational prior to 

beginning other surface disturbance activities.  Hay bales, silt fences, matting, and other sediment 

management practices will be used as necessary to aid in erosion and sediment control.  Only hay that 

is certified noxious-weed-free will be used in order to reduce the potential for establishment of 

invasive species.  Erosion and sediment control measures also include soil handling and grading 

techniques to enhance stability and reduce sedimentation, and revegetation practices to provide soil 

stabilizing vegetation cover adequate to minimize erosion. 

Measures to control runoff and sediment transport during operations and until vegetation has been 

successfully established include the following: 

• The disturbed area will be kept to a minimum at any given time through interim 
and concurrent reclamation. 

• Drainage structures constructed on access and haul roads will include properly 
installed channels with appropriate BMP’s such as, water-bars, cross drains, 
culverts, sediment traps and silt fencing 

• Management practices such as check dams, dispersion terraces, and filter fences 
will be used during construction and operations. 

• Rapidly developing and sod-forming plant species may be included in the seed 
mixture to provide rapid stabilization. 

• Topsoil redistribution and revegetation will occur in the first appropriate season 
after cessation of mining. 

• Mulch (and tackifiers on hydroseeded areas) will be applied to aid in erosion 
control and moisture retention as necessary.  It is anticipated that mulch will be 
applied to topsoil stockpiles and slopes steeper than 2H:1V. 

• Revegetated areas will be protected from disturbance by placing signs and 
barriers to restrict traffic until vegetation is established. 

• Interim revegetation will be used to stabilize topsoil stockpiles and 

• Roads and water control structures will be maintained periodically as needed. 

• Grading during reclamation will be designed and conducted to minimize the 
potential for erosion.  Specifically: 
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• Reclaimed slopes will be inspected periodically.  Any rills and gullies that 
develop will be stabilized and revegetated by backfilling, hand compacting and 
seeding with the interim seed mixture. 

• Fill slopes and other potential sediment sources will be visually inspected 
throughout the operation to allow early detection of erosion and vegetation 
problems.  During critical runoff periods such as spring snowmelt, inspection of 
some layer fills and erosive areas will be on a more frequent basis. 

• Road grades have been designed such that natural drainage patterns are disrupted 
as little as possible. 

2.5 Grading and Stabilization 

Slopes will be shaped for reclamation upon completion of the active life of each project component.  

Depending on the type of material, erodibility, and the practical considerations of the mining process, 

overall slope grades will vary.  Grading will be accomplished using bulldozers.  

Loose faces of slopes which are accessible will be "walked" with a dozer to partially compact the 

surfaces prior to topsoil placement.  Haul and access roads to be reclaimed will be graded or have the 

edge berm pulled back prior to revegetation.  In addition, compacted surfaces, such as roads, parking 

areas and building areas, will be ripped or scarified as discussed in Section 2.3, prior to topsoil 

placement and revegetation.   

2.6 Revegetation 

2.6.1 Topsoil Application 

Prior to topsoil replacement, composite samples will be taken from each stockpile.  The samples will 

be analyzed for texture, organic material, pH, available macro-nutrients and available micro-nutrients.  

Topsoil will be placed on all reclaimed areas to provide growth medium for revegetation. 

2.6.2 Species Selection 

The selection of appropriate grass and forb species for revegetation and appropriate sources of plant 

materials is a critical process which controls the function of the overall revegetation program.  All 
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species included in the proposed seed mixtures will be adapted to the area.  Species selection is based 

on proposed land use, climate, and soil conditions.  Species selection will be reviewed by the USFS 

or DNR prior to final revegetation.  Specific seed sources will be selected to ensure that the plants are 

adapted to the elevation, precipitation, temperature, and soil conditions present at the Buckhorn Sites. 

The species mixture chosen for revegetation is designed to provide a stable environment that will be 

capable of supporting pre-mining land uses.  All species selected for revegetation at the site will be 

adapted to low fertility environments.  Species that are adapted to low nutrient conditions are better 

suited to compete with aggressive weedy species during the critical plant establishment period.  The 

utilization of adapted species and careful fertilization techniques will ultimately result in a plant 

community composed of species that can survive lower nutrient conditions, yet out-compete 

aggressive weedy invaders that require higher nutrient conditions.  Seeds are available from suppliers 

in Washington State and seedlings from suppliers in the Pacific Northwest who specialize in 

reclamation.  Crown will obtain seeds from established seed supply companies which produce seed 

adapted to the conditions (elevation range of 3,000 to 5,000 ft MSL and average annual precipitation 

of 13 to 25 inches) at the Buckhorn Mt. sites.  If appropriate seed sources are not available, with 

adequate lead time, most seed distributors will collect appropriate seed sources as required for a given 

revegetation request. 

Data from the BioResources (1995) vegetation survey were used to develop the following interim 

seeding mixture and application rate for the mine site: 

• 2.2 lb PLS/acre Streambank wheatgrass (Agropyron riparium) 

• 0.2 lb PLS/acre Sheep fescue (Festuca ovina) 

• 1.15 lb PLS/acre Big Bluegrass/Sandberg’s bluegrass (Poa ampla/segunda)  

• 2.5 lb PLS/acre Bluebunch wheatgrass (Pseudoroegneria spicata) 

• 0.15 lb PLS/acre Idaho Fescue (Festuca idahoensis) 

The first two species are recommended because of their ability to colonize and quickly stabilize the 

soil on disturbed sites.  The last three species are native to the Buckhorn Mt. area and will ultimately 

become the dominant herbaceous species on the revegetated areas.  However, these species are slow 
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to colonize and therefore are not recommended for use alone in revegetation seed mixtures where 

erosion control is the overriding concern in the first year or two of growth.  Big bluegrass provides 

excellent forge and is popular with upland game birds as nesting habitat.  Bluebunch wheatgrass is a 

cool season sod forming grass which will provide erosion protection in the early stages of 

revegetation.   

At least 15 percent of the species mix selected to provide immediate soil stabilization during 

reclamation will be species with higher palatability to wildlife. 

Seed mixes for the mill/TDF site will be developed with the assistance and approval of the DNR for 

application after recontouring. 

2.6.3 Seeding and Planting 

If possible, all seeding and planting activities will be conducted in the fall at the conclusion of 

regrading, placement of topsoil, fertilization, and seedbed preparation.  Seeding is most effective 

when completed prior to the period of peak precipitation.  If fall seeding is unsuccessful, areas will be 

re-seeded in the spring.  Tree and shrub seedlings will be planted in the fall and late winter/early 

spring to take advantage of soil moisture conditions. 

Seedbed preparation will be accomplished using an agricultural disk on the contour when feasible.  

The surface of the prepared seedbed will be left relatively rough to create microsites to facilitate 

burial of seed and establishment of seedlings.  Seed will be broadcast with a cyclone-type broadcaster 

on accessible sites and by means of hand broadcasting on steep slopes.  The seedbed will be harrowed 

or dragged following seeding to ensure proper seed burial.  Broadcast seeding techniques will be used 

on all disturbed areas to create a more natural-appearing plant community.  Broadcast seeding 

disperses seed over the soil surface in a random pattern.  This provides a more natural-appearing plant 

community than drill seeding, which plants seeds in straight lines at fixed intervals.   

If possible, planting will take place in the fall to take advantage of late-fall and spring precipitation.  

If fall planting is not possible, seedlings will be planted in the spring as soon after snowmelt as 

practical. 
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2.6.4 Mulch Application and Surface Stabilization 

Mulch may be applied as needed to seeded areas immediately after seeding to facilitate plant-

community development and to protect the seeded areas from wind and water erosion until the plants 

have become established and stabilized the soil.  Mulch provides a favorable plant growth 

environment by maintaining effective soil temperatures to enhance germination, and by conserving 

moisture in the soil profile for plant use.  Areas which are difficult to reclaim may be mulched to 

facilitate plant establishment. 

Reseeded sloped surfaces are to be mulched with either wood-fiber hydromulch or straw mulch at a 

rate sufficient to preclude erosion and provide a suitable environment for plant establishment.  If 

wood-fiber hydromulch is used, tackifier may be added to assist in erosion control.  Certain areas may 

be stabilized with erosion control blankets, if necessary.  Level or nearly-level surfaces will be 

mulched with straw.  The mulch will be crimped into the soil surface if soil conditions, slope 

steepness, and coarse woody debris do not impede the use of a straw crimper.  Mulch will be certified 

noxious weed-free. 
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3.0 RECLAMATION OF DRILL SITES/ROADS 

Extensive reclamation related to previous drilling has already been completed and is ongoing at the 

mine site.  Exploration drilling roads constructed by Crown and, more extensively by BMG, are being 

reclaimed by BMG (now Newmont Mining) in 2002 and 2003.  At the end of 2002 physical 

recontouring and reseeding has been completed on 55 acres of USFS land and 32 acres on private 

land.  Lesser area remains to be reclaimed in 2003 on USFS and BLM land. 

Reclamation of the Buckhorn drill sites and access roads will be performed incrementally.  A small 

amount of road area to be needed for access to ongoing monitoring and/or mining activities will not 

be reclaimed until those activities are completed.  However, adequate drainage patterns and erosion 

control berms and water bars will be retained on these unreclaimed areas so as to avoid formation of 

erosion rills or gullies. 

3.1 Slash Clearing and Topsoil Stripping and Salvaging 

Should future exploration be required the activities would be permitted as were previous programs.  

Crown will use as many open areas as possible in order to minimize the disturbance to mature trees. 

Any slash will be isolated, piled, and left in place for establishment of microenvironments for rodents 

and small mammals.  Where practical topsoil (growth medium) will be stripped from areas of the 

roads and drill pads and stored in small stockpiles adjacent to each pad site or as sidecast along 

roadways.  In areas where topsoil is to remain in storage for a period exceeding six months, the 

stockpiles will be seeded with the temporary seed mixture. 

3.2 Drill Pads and Road Reclamation 

Recontouring of drill pads to approximately pre-disturbance contours will be done to the extent 

possible at all Buckhorn sites whether on federal, state or private land.  Many of the sites in flatter 

terrain will not require recontouring but may require topsoil addition.  In areas of moderate slopes, 

recontouring can be accomplished by salvaging sidecast deposited during road construction.  In areas 

of very steep slopes, some additional material will necessarily be imported in order to recontour. 
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Recontouring procedures for drill roads with cuts will be determined by the steepness of slopes, 

height of cuts and size of sidecast.  On gentler slopes, where roads occur in unconsolidated material, a 

bulldozer will be used along contour to reshape cuts by pushing up sidecast material.  In areas of 

moderate slope, a track-mounted excavator with a 16-foot reach will be used along contour to pull up 

sidecast prior to reshaping with the cat.  In areas too steep for sidehill operations of the cat, the 

excavator will place the material and compact it using the bucket. 

Revegetation will use the seed mix presented in Section 2.6.2.  Seeding will take place in the fall 

immediately following topsoil placement.  The surfaces will be broadcast seeded, planted and 

mulched using the techniques described in Section 2.6.3 and Section 2.6.4. 

3.3 Drill Hole Abandonment 

Completed exploration drill holes and monitor wells are and will be abandoned during reclamation 

using the methods specified by WAC 173-160 Minimum Standards for Construction and 

Maintenance of Wells.  Prior to capping, all holes will be filled with a drill hole abandonment fluid 

consisting of a premium-grade bentonite mixed to a minimum of +50 viscosity.  The surface casing 

will be pulled or cut off, and the top 20 feet of the hole will be cemented.  If artesian water is 

encountered in a hole, that hole will be cemented from bottom (T.D.) to top (the collar). 

Accessible drill holes which intersect underground workings during exploration and production will 

be cemented if they promote an inflow of water. 
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4.0 RECLAMATION OF INDIVIDUAL PROJECT COMPONENTS 

The following section discusses the steps to be taken in the closure and revegetation of each project 

facility. 

4.1 Mill Site, Administration Area and Ancillary Facilities Area 

Surface organic soils will be salvaged and stockpiled from the disturbance areas of the plant site prior 

to building pad construction.  Upon decommissioning, stockpiled topsoil will be redistributed on the 

various sites prior to revegetation.  The stockpiles will have been seeded with the approved seed mix 

to provide interim reclamation.  Upon final closure, the plant will be decontaminated by flushing, 

rinsing, or cleaning any components that come in contact with process solutions or chemicals.  All 

processing equipment and chemicals within the buildings will be removed from the site for salvage 

value.  A decision will be made within the last year of operations as to the disposition of the process 

plant building.  It is currently anticipated that the building will be dismantled and removed from the 

site for salvage value.  Surface fuel and oil storage tanks used on-site will be removed. 

The concrete foundations of any buildings which are removed, and the concrete pads used for storage 

tank containment will be broken up and buried in place to a depth of at least two feet in accordance 

with WAC 173-304 Minimum Functional Standards for Solid Waste Handling.  Prior to placing 

topsoil, the surface will be ripped using a dozer-mounted ripper bar to a depth of 12 to 18 inches to 

alleviate compaction and increase infiltration, thus reducing runoff and erosion, providing available 

moisture for plant roots and providing a roughened contact surface for applied topsoil.  Topsoil will 

be placed at a depth of approximately 8 inches.  Topsoil will be re-spread using a bulldozer.  

Following topsoil placement, the surface will be shallow-ripped to a depth of approximately eight 

inches using a chisel plow.  This will create a roughened surface which provides a protected 

microenvironment to aid in vegetation establishment.  The pads of any buildings that are removed 

will be recontoured to be free draining and blend into the surrounding topography.  The surface 

facilities of the sewerage septic system, if present, will be removed.  All excavations will be back 

filled or recontoured to restore free drainage and blend into the surrounding topography.  Any 

disturbed areas that remain following the disposition of the buildings will be covered with salvaged 

soil and revegetated as described in section 2.6.2. 
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4.2 Underground Workings 

Access to the underground mine will be via an adit.  The adit will be located above the groundwater 

elevation and is a decline into the mine levels.  Upon ultimate closure of the site, the adit will be 

plugged, recontoured, and revegetated.  The cut face of the entrance to the adit will be partially 

backfilled and recontoured.  Plugging the adit will be accomplished to the guidelines specified in the 

BLM Reclamation Handbook.  The mine workings will be closed by installing a permanent bulkhead 

at a point above the groundwater level and allowing the workings to flood.  It is anticipated that no 

discharge will emanate from the adit entrance due to the phreatic level being at a lower elevation than 

the portal opening.  Flooding of the majority of the workings will minimize oxidation of sulfide 

bearing material, prevent acid drainage, and provide additional resistance to potential subsidence.  

Prior to flooding, all equipment, which may have an adverse affect on groundwater quality, and any 

materials which are contaminated with oil or grease will be removed from the mine and placed in the 

tailing disposal facility, land farmed and bioremediated or transported to an appropriate disposal 

facility. 

The backfilling of the entrance to the adit will prevent access to the workings, and will be contoured 

to integrate with the surrounding topography. 

During mining, voids produced will be selectively backfilled following completion of stoping.  The 

use of cemented backfill (glacial gravels) or uncemented backfill (development rock or gravel) will 

be determined based on the requirement for stope stability depending on stope geometry, size, depth 

from surface, and mine sequencing.  Backfilling will be the primary means of preventing subsidence 

of the rock overlying the stopes.  This will serve the dual purpose of preventing surface damage 

caused by subsidence and minimize flow into the workings by preventing fractures caused by 

subsidence. 

The ventilation raise at mine closure will be permanently capped.  The cap will be designed to 

prevent subsidence at the surface even in the event of collapse of the raise walls.  The cap will be 

constructed of reinforced concrete.  The ventilation adit will be reclaimed as described above for the 

main adit. 
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4.3 Tailings Disposal Facility 

The TDF has been designed with a geomembrane composite liner system for permanent disposal of 

the detoxified mill tailings.  The TDF is designed to contain approximately four million tons.  The 

design provides for embankment downstream slopes of 2.0(H):1(V).  The TDF crest width has been 

designed at 18 feet.  The TDF and mill site location in Dry Gulch contains no effective upgradient 

surface water catchment which minimizes the potential for upgradient runoff.  The highly permeable 

nature of the glacial gravels underlying the site further minimizes the potential for upgradient surface 

water flow.  A catchment is designed to divert surface flow from the face of the embankment to an 

infiltration pond downgradient of the TDF.  The preliminary design provides for a maximum 

embankment height of approximately 145 feet.  The tailings placement will be managed by multiple 

discharge points around the impoundment to control the topography and open water pond location.  

Active management of the tailings deposition will allow the operators to create a final tailings surface 

configuration to facilitate reclamation and surface water flow towards a reclamation spillway without 

significant grading or structural fill. 

The reclamation of the tailings disposal facility will include six elements, in the approximate order 

listed below: 

• Continued circulation of overdrain fluids to enhance evaporation of pond fluid 

• Reclamation of the embankments 

• Tailings deposition during the last stages of operation will be managed to provide 
surface drainage towards a reclamation spillway, with minimal recontouring 

• Coarse material layer placement  

• Soil placement 

• Revegetation of the disposal area surface 

• Construction of the reclamation spillway  

After reclamation, the overdrain located immediately beneath the deposited tailings on top of the liner 

system will continue to collect tailings solution as the tailings consolidate.  The solution will be 



 Appendix D 
May 2003 -20- 023-2002 
 

I:\02\2002\0400\0401\0232002.0401.07363.DOC Golder Associates 

conveyed to the reclaim pond for evaporation, passive treatment, or removal for offsite treatment.  

The overdrain flow will continue for a number of years after reclamation at a very low flow rate, 

requiring maintenance activities.    

4.3.1 Tailings Embankment 

The tailings embankment will be reclaimed upon completion of the final raise or, alternatively, upon 

completion of facility operation.  Soil will be redistributed, fertilized (if necessary), and the area 

seeded and mulched as discussed in Sections 3.9, 3.10, and 3.12, respectively.  The embankments will 

be reclaimed at the constructed outslopes of 2H:1V.  Some regrading of the embankments will be 

performed during reclamation to eliminate excess embankment height and to smooth the crest and 

corners of the embankments, so that they blend with the surrounding topography.  The tailings 

embankment will be reclaimed in accordance with the Dam Safety Permit requirements. 

At the conclusion of tailings deposition, the embankment inside slopes will have synthetic liner 

exposed.  Reclamation of these slopes will include excavation of a shallow trench on the tailings 

surface at the toe of the slope, folding the synthetic liner to the bottom of the trench and covering it 

with the excavated tailings, to a depth of approximately 3 ft. 

The portions of the embankments above the tailings surface will be graded down to the level of the 

tailings surface following reclamation. 

4.3.2 Tailings Disposal Facility Surface 

During the last year of tailings placement, the depositional sequence will be modified by depositing 

tailings through selected lines and spigots in areas necessary to achieve the final tailings surface 

configuration.  The reclaimed surface will be gently sloped to promote overall drainage to a 

reclamation spillway.  Only minor grading of the tailings is expected to be required after cessation of 

tailings placement.  The reclaimed surface will gently slope toward the spillway.  The surface will be 

non-erosive at this gentle slope. 

The volume of tailings water in the system will be reduced to the minimum possible during the last 

phase of operations.  Water will be reduced by limiting the addition of make-up water and, if 
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necessary, spray evaporation of ponded water within the tailings area.  By reducing the system water, 

the free water pool area can be minimized and immediate access to a large portion of the disposal area 

will be possible at closure.   

As the remaining areas of the tailings consolidate, equipment will have access to the facility for 

placement of coarse material and soil.  The amount of time required to allow access to the pond area 

by reclamation equipment will depend on the season and climatic conditions at the completion of 

operations.  However, by using the thin-layer deposition method for tailings disposal and the use of 

an overdrain, the tailings are expected to dewater quickly and allow reclamation of the surface to be 

completed within 1 year of the cessation of deposition.  

A “store and release” type reclamation cover is planned to minimize infiltration and promote 

vegetation.  The specific cover details will be developed based on infiltration modeling but it is 

anticipated that the cover would consist of a monolithic layer of soil ranging from 18 to 36 inches in 

thickness.  The cover will contain moisture retaining soil that during the wet times of the year will 

hold the moisture for evapotranspiration thus preventing deep infiltration of precipitation into the 

tailings.  Analysis will be performed during the design phase to determine whether a capillary break 

will be required to prevent wicking of tailing moisture up into the soil cover.  The reclamation cover 

area will be fertilized (if necessary), and the area seeded and mulched.  Riparian vegetation will be 

planted in the small detention pond area anticipated to be adjacent to the spillway.   

Following reclamation of the tailings surface there will be no long-term retention or ponding of runoff 

from precipitation events.  The surface grade will further minimize the infiltration of precipitation and 

runoff will occur during precipitation events. 

4.3.3 Reclamation Spillway 

During reclamation, a permanent spillway channel will be constructed through the embankment or 

within the adjacent native soils to allow stormwater flow from the reclaimed surface.  Erosion 

protection will be employed to convey the design storm event.  The details of the reclamation 

spillway will be included in the Dam Safety Permit Application. 
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4.3.4 Tailings Slurry Pipeline 

The tailings slurry pipeline will be salvaged (decommissioned and removed from the site) at facility 

closure.  Following the removal of the pipeline, the liner will be removed and the ditch filled in with 

sidecast material.  The area will be covered with topsoil sidecast at construction and revegetated. 

4.3.5 Tailings Recovery Solution Transfer Channel 

Reclamation of the tailings recovery solution transfer channel and return piping system will begin 

after the cessation of ore processing.  The pipelines will be removed from the site for sale or reuse.  

The liner will be removed from the site and recycled or disposed.  Soil will be replaced and the 

channel area will be revegetated in the same manner as the diversion ditches. 

4.3.6 Reclaim Pond 

The Reclaim Pond (RP) is designed to collect waters from the overdrain system and the leak detection 

and collection systems of the TDF.   

The RP will collect flows from the overdrain and, if a leak occurs from the leak detection and 

collection systems, during operations.  Monitoring of the quality and quantity of these flows will 

occur throughout operations.  If monitoring indicates unacceptable water quality in the underdrain, 

this water will also be routed to the RP.  Details of the monitoring plan will be included in the 

application for a State Waste Discharge permit, which will be submitted to the Washington 

Department of Ecology (WDOE).  During tailings reclamation activities, these flows will be 

recirculated and evaporated, through spraying if necessary, within the TDF. 

As the tailings consolidate and drain, flows to the RP will gradually diminish.  Flow from the tailings 

at closure and post-closure of the facility will be estimated as part of the tailings design and closure 

plan.  Flows from the drain layer will also be monitored for quantity and quality.  Crown will evaluate 

and implement appropriate management options to ensure that flow meets all applicable water quality 

standards.  These options may include passive treatment, evaporation, or offsite water treatment. 
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Any solids deposited within the RP will be sampled and analyzed for toxicity using U.S. EPA Method 

1312 (USEPA 1995).  If the solids indicate potentially toxic characteristics, they will be removed 

with the liner for disposal in an appropriate facility.  If the solids do not indicate toxic characteristics, 

they will be left in place with the liner and buried.  Native embankment material will be pushed in to 

fill the pond to approximate the surrounding topography.  Native embankment material will be 

redistributed, fertilized (if necessary), and the area seeded and mulched.  If a passive treatment system 

is constructed, then soil handling and revegetation techniques will be revised in accordance with 

treatment requirements. 

4.4 Sediment Control Structures 

At closure, the sediment pond embankments will be removed by grading into the pond area.  The 

grading will be accomplished in a manner that restores the original drainage patterns.  The 

disturbance associated with the sediment ponds will be revegetated as described in Section 2.6.2 and 

will comply with the storm water pollution prevention and erosion control plan. 

4.5 Fresh Water Pond 

At closure, the fresh water pond will be recontoured by grading into the pond area  The disturbance 

associated with the fresh water pond will be covered with topsoil and revegetated as described in 

Section 2.6.2 and will comply with the storm water pollution prevention and erosion control plan. 

4.6 Roads 

As soon as practical after new road construction or road upgrading, cut-and-fill slopes will be 

reclaimed on an interim basis as described in Section 2.6.2.. 

Crown will work with the USFS to determine which roads on USFS land should be left open after 

reclamation.  Roads which will be removed will be ripped to a depth of 12 to 18 inches to reduce 

compaction.  If necessary, heavily compacted portions of roads will be ripped twice.  Minor regrading 

will be conducted to achieve approximate pre-mining contours.  Soil will be redistributed, fertilized 

(if necessary), and the area seeded and mulched as discussed in Sections 2.6.2 and 2.6.3. 
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Roads with significant cut or fill will be ripped and the road bed material will be recontoured to blend 

with the surrounding areas.  This will be accomplished by a dozer on slopes flatter than 2.5H:1V or a 

hydraulic excavator, gradall, or backhoe on steeper sideslopes.  Reclaimed road surfaces will be 

stabilized using erosion control BMP’s, such as diversion channels, terraces and/or water bars as 

necessary.  Soil will be redistributed, fertilized, if necessary, and the area seeded and mulched as 

discussed in Sections 2.6.2 and 2.6.3.  Reclaimed roads which could experience continued use after 

reclamation will be blocked with earth or rock berms to eliminate vehicular access. 

4.7 Power Lines and Fencing 

At the completion of mining activities, any power poles and lines on the mine site or the mill/TDF 

site will be removed.  Power lines providing electricity to the sites will be reclaimed according to the 

instructions of the PUD.  All surface disturbances related to these removal activities will be regraded 

and seeded and/or planted with the appropriate mixture, depending on the location.  Compacted areas 

resulting from pole removal will be ripped and revegetated. 

Fencing at the mine and mill sites will be removed when reclamation is complete and revegetation is 

established.   
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5.0 POST CLOSURE MONITORING PLAN 

Reclamation performance monitoring will begin either during operations or during the first growing 

season after reclamation operations have been completed for a reclaimed segment.  Monitoring will 

continue until successful reclamation is achieved on all areas directly disturbed by mining operations 

and reclaimed.  Monitoring at closure and through reclamation will focus on water quality protection, 

noxious weed control, erosion control, slope stability, and revegetation. 

During the period of monitoring Crown will submit an annual report to the USFS, WDOE, and 

WDNR for the preceding calendar year.  The annual report will contain descriptions of the 

reclamation activities completed during the previous year.  The annual report will also include a 

summary of areas reclaimed and any corrective actions completed and/or proposed. 

5.1 Subsidence 

During mining, the stopewalls and the surface will be monitored for signs of subsidence.  The voids 

produced during mining will be selectively backfilled after stoping is completed.  Backfilling will 

prevent surface disturbance by minimizing subsidence of the rock immediately overlying the stopes.  

The results of monitoring will be used to determine the placement of backfill during operation. 

5.2 Water Quality Monitoring 

A Project Monitoring Plan will be developed to describe the operational monitoring of surface water, 

groundwater, and spring and seep monitoring during operations.  The Plan will incorporate and 

synthesize monitoring requirements of all permits.  Following closure and reclamation, some of the 

monitoring points and parameters to be analyzed may be revised or dropped based on the results of 

operational monitoring.  Post closure monitoring programs will be developed in cooperation with the 

agencies prior to closure. 

5.3 Geochemical Monitoring 

The geochemical behavior of the rock to be mined and processed for the Buckhorn Mountain Project 

has been extensively characterized by BMG (Adrian Smith Consulting Inc. 1992, Kea Pacific 1993a, 
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1993b, 1993c, BMG 1993, BMG in association with Geochimica and Golder 1996, TerraMatrix 

1995, and Geochimica 1996) and in the Crown Jewel FEIS (USFS and DOE 1997).   

Humidity Cell Testing (HCT) results confirmed that only small portion of the waste rock materials 

will generate acid drainage.  HCT results for the ore and tailings indicated that these materials are not 

acid generating.  Consequently the potential for acid generation within the temporary development 

rock stockpiles is remote.  Concurrent reclamation of the areas covered by these stockpiles will occur 

after all of the development rock backfill has been placed underground. 

Backfilling which occurs during mining will provide assurance that the underground workings will not 

produce acid drainage.  The neutralizing character of the wall rocks, the neutralizing backfilled 

development rock, the neutral glacial gravels and, particularly, the added cement, will ensure that a 

neutralizing environment will exist in the previous underground workings.  To evaluate the effectiveness 

of these mitigative measures, water quality samples will be taken quarterly for a period of at least three 

years or as directed by the DOE.  The samples will be tested at an approved laboratory for parameters 

established in the Washington State Waste Discharge Permit. 

5.4 Noxious Weed Control Monitoring 

Reclaimed areas will be monitored for the occurrence of noxious weeds.  If noxious weeds are 

identified in revegetated areas Crown will implement weed control measures as discussed in 

Section 7.0. 

5.5 Erosion Control Monitoring 

Soil stability will be estimated for all reclaimed areas using the qualitative descriptors in the 1973 

Determination of Erosion Condition Class Form 7310-12 (U.S. Department of the Interior).  A 

qualified technician will observe each reclaimed area and assign one to the listed qualitative 

descriptors.  The designations will be completed twice annually for erosion control purposes, once in 

the spring and once in the fall; and at year three for performance monitoring purposes.  The 

monitoring results will be used to aid in determining the cause of any failures which are encountered 

and to locate problem areas before erosion becomes widespread enough to affect water quality.  Areas 
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which have temporary erosion control BMPs, such as silt fencing and straw bales, will be monitored 

as described above.  These BMPs will be removed when no longer essential for erosion control. 

5.6 Revegetation Monitoring Plan 

It is recommended that inspections be performed annually for three years during the peak of the 

growing season or until a satisfactory vegetative community has been established.  Crown will 

monitor both the private land and USFS land and re-seed any areas where revegetation is not 

successful. 
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6.0 PUBLIC SAFETY 

Various activities prior to and during the mine life and during closures will be performed to protect 

public safety.  Safety measures to be used during mining operations are described in the POO. 

Closure of the underground working will be accomplished by backfilling during operations and 

plugging the portal at closure.  The voids produced during mining will be selectively backfilled after 

stoping is completed.  Backfilling will prevent surface disturbance by minimizing subsidence of the 

rock immediately overlying the stopes and will provide stability in the workings during operation. 

 The ventilation shaft and portal will be closed by constructing blockages at the entrances and 

covering by backfilling to return the surfaces to approximate pre-mining contours. 
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7.0 NOXIOUS WEED CONTROL PLAN 

Reclamation activities will take place as soon as possible after disturbance using a seed mixture that 

will include species that establish quickly.  This will help prevent the establishment of noxious weed 

species.  Commercially available certified noxious weed free species will be used in reclamation as 

much as possible.  Minimizing the use of fertilization will also prevent the establishment of noxious 

weed species which prefer high nitrogen levels in soils.  To this end, natural minimization of weeds 

will be attempted and exercised.  However, in the event natural means are inadequate the noxious 

weed control plan will be initiated. 

The noxious weed control plan will include the application of appropriate herbicides.  Use of 

herbicides on federal land will be approved by the USFS.  Herbicide technology for the control of 

weeds has developed rapidly in recent years, and is the most widely used means of removing noxious 

weeds from naturally-occurring plant communities.  The use of herbicides has many advantages over 

other control methods such as biological, mechanical, and fire.  These advantages include: 

• Less expensive than most mechanical methods; 

• Can be used on steep or rocky slopes where mechanical methods are not 
possible; 

• Provides a selective means of killing certain weed species, such as root sprouters 
that cannot be efficiently controlled by other methods; 

• Maintains grass and litter cover and does not expose soil to erosion; 

• Provides rapid control; and, 

• Is safer than fire. 

The plant species proposed for revegetating all facilities include mixtures of grasses and forbs which 

will be developed in cooperation with the agencies or as described in section 2.6.2.  The herbicides 

which are proposed for controlling all noxious weeds that may invade revegetated areas are 2, 4-D 

and Tordon.  These herbicides, when properly applied, will not damage grasses, but will affect 

broadleaf plants such as forbs and shrubs.  Annual weed inspections and treatments will keep 

establishment of these species to a minimum and provide adequate control.  Crown will consult with 
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the Okanogan County Weed Board and the USFS (for Federal land) to determine the most appropriate 

herbicide. 

Additional noxious weed control measures include: 

• Perform concurrent and interim reclamation where possible 

• If available, use certified noxious-weed-free seeds 

• Establish perennial vegetation cover using seeding mixtures which include 
adapted native species 

• Straw and mulch used during mining activities for erosion control, sediment 
treatment, etc. will be certified noxious-weed free. 

• Herbicide application will be conducted at a time of year that results in the most 
efficient use of herbicides and/or labor 

• All previously used equipment will be washed prior to arriving on site. 
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