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1.0 INTRODUCTION 

This report is intended to provide the Utah Division of Oil, Gas and Mining (DOGM) with an 
update to the Reclamation Plan for mining-related disturbance within the boundaries of Permit 
Number M/035/002. This report is also designed to fiilfill the requirements for a conceptual 
closure plan required by Ground Water Discharge Permit UGW350010 (Bingham Canyon Mine 
and Leach Collection System). Kennecott Utah Copper Corporation (KUCC) submitted the 
original Mining and Reclamation Plan to DOGM in 1976. It was incorporated into the final 
Mined Land Reclamation Contract signed on September 28, 1978. Reclamation bonding was 
waived in lieu of a personal guarantee on the part of KUCC. 

The original reclamation plan is still valid for KUCC's existing operations and consistent with the 
reclamation activities described in this report. However, the original plan could not be very 
specific about future reclamation options because of the long life expectancy of the mining 
operation. These same plarming difficulties exist in 2003 because the surface mine is currently 
expected to be in operation for at least another 10 years. 

This report proposes tentative reclamation actions and attempts to establish a decision-making 
framework for selecting optimum reclamation actions in the future. To aid in this process, this 
report also identifies information needed to make reclamation decisions that is not currently 
available but that will be collected in the fiiture. 

1.1 PERMIT NUMBER M/035/002 1976 RECLAMATION PLAN 

A copy ofthe 1976 Mining and Reclamation Plan is attached in Appendix A. Figure 1-1 is a map 
showing the boundaries of Permit M/035/002 and all subsequent DOGM permits. The original 
plan divided the permit area into seven operational land use categories and specified maximum 
areas that could be disturbed within each category: 1) Mine - 3100 acres, 2) Mine Waste 
Disposal - 8000 acres, 3) Excess Mine Water Disposal - 2700 acres, 4) Ore Transfer - Mine to 
Process - 400 acres, 5) Ore. Processing Facilities - 1800 acres, 6) Tailings Disposal - 6000 acres, 
and 7) Excess Process Water Disposal - 1000 acres. For each land use category, the plan 
described the physical setting in 1976 and the land use and vegetation that was present before 
mining began. It also presented potential post-mining land uses and general reclamation 
strategies. 

1.2 SUBSEQUENT RECLAMATION PLANS 

A series of new reclamation plans have been submitted to DOGM since 1976 for new 
construction projects or land uses that are different from the original 1978 Permit. A new DOGM 
permit number was issued for each of these projects and bonding was required. These new 
permits include the Fourth Line/Copperton Concentrator, Pine Canyon, and the North 
Impoundment Expansion. None of these new permit areas is discussed in detail in this report 
because they each have their own detailed reclamation plan. Several additional reclamation plans 
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relating to dust control and groundwater quality protection for the existing tailings impoundment 
have also been submitted to various State agencies. 

1.2.1 Copperton Concentrator/Fourth Line Expansion Reclamation Plan 

A reclamation plan for the Copperton Concentrator, ore conveyor and tailings pipeline corridor 
was initially submitted to DOGM in April 1986. Amended plans were subsequently submitted for 
the addition of the Molybdenum Plant and for a fourth mill hne. These plans describe building 
demohtion and reclamation activities and costs for the ore conveyor and Copperton Concentrator. 
Total bonding for these facilities is currently $19,029,000. The original pipelines within the 

taihngs pipeUne corridor were exempted from bonding because of plans to use the pipelines for 
post-mining water management. However, the second taihngs pipeUne within the corridor is 
bonded in order to provide coverage for reclamation costs in the event that it is not used for post-
mining water management. These facilities are all managed under DOGM Permit Number 
M/035/011. 

1.2.2 Tailings Pond Reclamation Plans 

Several reclamation plans have been submitted for the South Tailings Impoundment and for the 
North Impoundment expansion. The TaiUngs Pond Final Reclamation Plan was submitted to the 
Utah Air Conservation Committee and DOGM in July 1988. The plan focused on revegetation 
strategies and techniques for dust control on the impoundment. It assumed that the South 
Impoundment would be in operation for another 30 to 35 years, but this plan became obsolete 
when the North Impoundment expansion was initiated. The initial notice of intent for the North 
Impoundment expansion was submitted in 1994 and contained a detailed reclamation plan for the 
new impoundment. Permit number M/035/015 was issued for the North Impoundment in 
February 1996 and is currently bonded for $20,628,000. Two more recent reclamation plans have 
been submitted to State agencies that describe closure and reclamation of the South 
Impoundment. The Tailings Modernization Fugitive Dust Abatement Program, submitted to the 
Utah Division of Air Quality in 1994, contains a detailed revegetation plan for the surface ofthe 
South Impoundment. The Fmal Closure Plan for Groundwater Issues, submitted to the Utah 
Division of Water QuaUty in 1997, describes how surface and groundwater will be managed on 
the South Impoundment at closure. These plans are attached in Appendices B and C. 

1.2.3 Pine Canyon Reclamation Plan 

A reclamation plan for the Pine Canyon Mine and NfiU Site was submitted in 1988. The plan was 
approved and has largely been implemented. Total bonding for Permh M/045/004 is $120,800 for 
reclamation ofthe few remaining structures and disturbed acres in the canyon. 
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1.3 OTHER PERMTTS AND LAWS GOVERNING RECLAMATION AND POST-
CLOSURE LAND USE 

KUCC will have to comply with all applicable permits and laws goveming surface water, 
groundwater, air emissions, hazardous wastes and soil contamination both during and afler 
closure. Many of these laws and permits will influence the extent and character of reclamation 
that takes place at closure. In particular, as described below. Ground Water Discharge Permit 
UGW350010 requires the submittal of a closure plan that addresses groundwater quality issues 
around the mine and waste rock disposal areas. 

1.3.1 Groundwater Discharge Permits 

Ground Water discharge permits are managed by the Utah Division of Water Quality (DWQ). 
KUCC's permits require ground water monitoring, reporting and corrective actions if an out of 
compliance situation exists. 

Ground Water Discharge Permit UGW350010 for the Bingham Canyon Mme and Leach 
Collection System (Part I, K.3) requires the submittal of a conceptual closure plan. The plan is 
required to "provide detail on all aspects of closure that are related to or have an impact on water 
quality". This includes preliminary designs and a schedule to modify the waste rock dumps to 
minimize infiltration, and a description of post-closure monitoring. The permit also requires that a 
final closure plan be submitted one year before closure. The Bingham Canyon Mine 2003 
Reclamation and Water Management Plan (this document) is intended to fulfill the pemvit's 
requirements for a conceptual closure plan. 

The Groundwater Discharge Permit for the tailings disposal area may also require post-closure 
maintenance and long-term monitoring. It is likely that the groundwater discharge permit for the 
North Concentrator area will have fewer post-closure requirements after demolition and 
reclamation have been completed there. 

1.3.2 National Historical Site Registry for Bingham Pit 
i . 

The Bingham Canyon open pit was designated as a National Historic Landmark in 1966. The 
designation was based upon the historical significance of the pit as well as its overall physical 
appearance. The National Historic Preservation Act was passed Avith the specific intention of 
identifying and assuring the continued existence of National Historic landmarks. Furthermore, 
State law requires that each State agency take into account the effect of an undertaking on any 
district, site, building, structure or specimen that is included in or eUgible for inclusion in the 
National Historic Register of Historic Places or the State Register. Accordingly, reclamation 
obligations that would alter or amend the Landmark should consider the implications of the 
activities on the Landmark. 
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1.3.3 UPDES Permit 

The DWQ will also manage the UPDES permit for surface water discharges off the property after 
closure. The UPDES permit will specify water quality criteria at each permitted outfall point and 
may specify storm water management practices. KUCC or its designate will continue to manage 
both surface water and captured groundwater of various quaUties from throughout the property 
after closure. 

1.3.4 Air Permits 

The Utah Division of Air Quality (DAQ) manages Air Approval Orders, Title V Operating 
Permits and sections of the State Implementation Plan at the Mine, Concentrators and Taihngs 
Impoundment, Air emissions at the concentrators will end at closure, though certam ah" quality 
requirements may apply during demolition and reclamation. The level of dust emissions from the 
mine, waste rock disposal areas and tailings impoimdment will be highly dependent upon the 
reclamation actions that are selected. It is likely that the DAQ will continue to require oversight 
of these faciUties during and after closure. 

1.3.5 CERCLA Sites and NRDC for Acid Plume 

Under the terms of various Environmental Protection Agency (EPA) Comprehensive 
Environmental Response Compensation and LiabiUty Aa (CERCLA) administrative orders and a 
1995 Memorandum of Understanding (MOU), the EPA and the State Division of Environmental 
Response and Remediation (DERR) provide oversight and specify nunimum cleanup standards 
during remediation activities at historicaUy contaminated sites. As part ofthe 1995 MOU, KUCC 
agreed to "complete enviroimiental assessments of currently identified on-site historic facUities 
and their associated wastes and conduct cleanups of these wastes if shown necessary by the 
ecological and human health risk assessments". Figures 1-2 and 1-3 are maps and lists of 
historical sites wdthin the boundaries of DOGM permit M/035/002. To date, the majority of sites 
that faU within the permit boundaries have received a "No Further Action" status fi^om the EPA 
and DERR as identified in two Records of Decision dated December 13, 2000 and September 28, 
2001. Most ofthe remaining sites will be addressed many years before closure, but it is possible 
that new sites wiU be identified or that remediation wiU continue after closure at other sites. 

Historical leach water and acid rock drainage (ARD) losses that occurred at the base ofthe waste 
rock disposal areas, from the former Bingham Creek Reservohs and from the South Jordan 
Evaporation Ponds contaminated portions ofthe aUuvial aquifer in the southwest Jordan VaUey. 
Concentrations of sulfate and metals in some parts ofthe aquifer are above human health 
standards for some constituents. 

Several corrective measures were taken in the early to mid 1990s to prevent additional releases to 
the aquifer. These included: 1) taking the South Jordan evaporation ponds out of service, 
removing and/or consoUdating sludges on-site, and capping and reclaiming the area; 2) 
temporarily taking the Bingham Creek reservoirs out of service and replacing them with reservoirs 
that have a triple-layer Uner system; and 3) improving the capture of seepage from the Eastside 
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waste rock disposal areas by upgrading the surface and subsurface coUection systems. In 
addition, active leaching ofthe waste rock disposal areas was terminated in Fall 2000. These 
steps are important source control measures for protecting the regional aquifer against further 
contamination. 

Development of a plan to efficiently remediate the existing groundwater contamination involved 
groundwater management and treatment specialists, state and federal regulators, local community 
leaders and local water purveyors. Settlement ofthe Natural Resources Damage Claim made by 
the State ofUtah for the Bingham Creek Groundwater plume requires, among other things, that 
the acidic portion ofthe groundwater plume be extracted. Barrier wells instaUed at the plume's 
terminus will be pumped in perpetuity to contain the sulfate portions ofthe plume. These 
activities will take place before, during and after closure. 

1.4 1998 UPDATE OF MINING OPERATIONS 

The final draft of the 1998 Update on Mining Operations Conducted Under DOGM Permit 
Number M/035/002 was submitted to DOGM on September 30, 1998. The 1998 Update 
describes in detaU the mining operations that existed within the permit boundaries in 1998 and 
provides a brief history ofthe operations since the original permit was received in 1978. 

1.5 REPORT ORGANIZATION 

This reclamation report is organized in the same general maimer as the 1976 Mining and 
Reclamation Plan. Section 2.0 describes general reclamation strategies that are common to each 
land use category described in the original plan. Sections 3.0 through 9.0 present tentative 
reclamation activities for each land use category. These sections also describe the issues and data 
requirements that need to be addressed in order to refine and finalize the selected tentative 
activities. Section 10.0 describes post-closure water management activities and Section 11.0 
briefly describes future and on-going research that is being conducted in support of reclamation 
and closure. 
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2.0 GENERAL RECLAMATION STRATEGY 

The foUowing sections describe the general decision making processes that were used to 
determine if and when a site should be reclaimed, and to select the most appropriate actions at 
sites that have been scheduled for reclamation. 

2.1 RECLAMATION TIMING 

The ultimate fate of faciUties that curtently exist within the permit boundaries is: 1) to be 
reclaimed during the life of the mine, 2) to be reclaimed during mine closure, or 3) to not be 
reclaimed. Any facUities that are to be left in place after closure wiU need to have a confirmed 
post-closure use. 

It may be logical to close and reclaim some faciUties before general mine closure. For example, 
changes in process or economics may make some faciUties obsolete. FaciUties that reach the end 
of their designed operational life, such as the South TaUings Impoundment, may also be reclaimed 
before general mine closure. FaciUties that are mactive and that may pose a risk of contaminant 
release to the environment wiU generaUy be demolished and remediated before general closure. 

Under curtent plans, most facUities wUl be reclaimed at the time of general mme closure. 
However, some facUities may be left in place if they have a demonstrated post-mining use and if 
they do not pose a threat to huniiui health or the environment. 

2.2 SELECTION OF RECLAMATION ACTIVmES 

Tentative reclamation actions for each land use category specified in the 1978 Pemiit are selected 
according to the foUowing steps: 

• closure issues are identified 

• possible post-closure land uses are identified 

• information that is needed before final closure options can be selected is identified 

• tentative reclamation actions are selected. 

The foUowing subsections provide a general description of each of these steps. Sections 3.0 
through 9.0 are also organized according to the format described here. 

2.2.1 Closure Issues 

Regulations and permits goveming closure, in particular, actions required by the 1976 Mining and 
Reclamation Plan or Groundwater Discharge Pennit UGW350010, are identified for each land use 
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category. Known hazards and environmental UabUities that wiU exist at closure are also described, 
and the environmental goals ofthe reclamation process are Usted. 

2.2.2 Possible Post-Closure Land Uses 

Possible post-closure land uses are identified based upon the limitations imposed by the 
regulatory, chemical and physical setting that vAU exist at closure. In the future, land use may also 
be selected based upon cleanup standards derived from exposure and risk assessments. Sites 
without long-term maintenance requirements and where aU physical and chemical hazards are 
removed, may have an unrestricted post-closure land use. At the other extreme, sites that wUl 
require continuous maintenance after closure, or that wUl stUl pose physical or chemical hazards, 
wall have a more limited set of possible post-closure land uses. The identification of these 
Umitations early in the planning process can help define the reclamation strategy. 

2.2.3 Data Requirements 

This section identifies information that is not currently available but is needed in order to refine 
the tentative reclamation actions. 

2.2.4 Reclamation Activities 

Tentative reclamation activities are selected for each land use category based upon the incomplete 
data set that is currently available. These actions may be refined in the future as necessary data 
requirements are fiUed and as new technologies become avaUable. 

2.3 RECLAMATION OF BUILDINGS AND STRUCTURES 

The original Mining and Reclamation Plan submitted to DOGM in 1976 specified that aU surface 
facUities, utiUties, raUroads, paved areas and equipment would be razed and/or removed except 
for those with a post-nuning use. This is a common requirement to each ofthe operational areas 
specified in the 1978 Permit, and reclamation wiU generaUy be conducted in a simUar fashion at 
each site. 

Table 2-1 Usts the major facUities and structures that currently exist within the permit boundaries, 
and specifies the closure approach and status curtently planned for each facility. Figures 2-1 and 
2-2 show the locations of buUdings and stmctures around the mine and the North 
Concentrator/Magna TaiUngs area. The closure approach consists of one or more activities for 
each faciUty. A brief description ofthe principle activities is provided below: 

• DemoUtion (Demo)' involves the removal of salvageable equipment and destmction of 
buUdings or stmctures and foundations. 

• Remediation (Remed) involves excavation and removal of contaminated soUs and debris. 

10 
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Table 2-1 Facilities and Structures within the Permit Boundaries 

FACILITY DESCRIPTION 

^MM^^^MW-myy^m^^^ 
Water Tanks 
G e n o ^ BuUdings 
Visitors Cento- and Paridng Area 

Lead Mine Townsite 
Laik Mine BuUdings 
Yosemite Road 
Yosemite Truck Shop & Dispatch Tower 

Explosive StOTage 
Dry Foric Warehouse & Shops 
In-Pit Crusher 
6190 T m c k Shop 

Code 80 Fuel & Lube Shop 
MisceUaneous Shafts 
44 K V Power Distnbution Line 
Power Lines associated widi dewatering 
MisceUaneous Power Lines 
MisceUaneous Tunnels 
Mine Access Road 

Asphalt/Ccmcrete Parking Areas 

•^iuriiNF!-\ \TA 
:;lrU.l?IIi::>Tjri 

< ! T i ^ • t i i f s i p r i s t A r • • • • • ̂  • •' ̂  • ̂  ̂  • 
JS.LIV'JLMSrN'iai^M-'.: •::•; 

SmaU Bingham Reservoir 
Large B i n ^ i a m ResCTvoir Systrai 
Precipitadcm Plant 

Wato- Mana ge ma i t System FacUities 
A R D CoUection Systran FacUities 
Leach W a t o : Pumping FacUities 
6600 A K D Storage and Evaporation Pcnds 
PUot-Scale W a t w Treatment FacUities 
S X - E W PUot Plant 
Asphalt/Concrete Paridng Areas 

E X C E S ^ ^ ii^:WAiM!bi^PC&.:;::i:::i::::: 
Evqrarat ion Ponds and Associated FacUities 

O R E T R A N S F E R - M I N E T O P R O C E S S 
Ore Reload 

RaU Tracks and des 
RaUBaUast 

CLOSURE APPROACH 

Dono and Reclaim 1 
Dono and Reclaim 1 
Leave in Place 1 
Dono and Reclaim 1 
Demo and Reclaim ] 
Deno and Reclaim 1 
Dono ] 
Dono and Reclaim 1 
Demo I 
Desno 1 
Demo 1 
Dotno and Reclaim 1 
Demo and Reclaim 1 
Leave in Place 1 
Leave in Place 1 
Demo and Reclaim I 
D o n o and Reclaim 1 

Leave in Place 1 
Demo and Reclaim I 

: : : : . : : : : : : : : : : : : : : : • : : : : : : : : : : . : : : : : : • : : : : : : : : : : • • • : • • • : : : : : . • • . : : : : : : : : : : : 

Leave in Place 1 
Leave in Place 1 
D o n o , R a n e d and Reclaim 1 

Leave in Place 1 
Leave in Place 1 
Demo and Reclaim 1 
Leave in Place 1 
Demo and Reclaim I 

Demo and Reclaim (H-move 1 
£)ano and Reclaim 1 

Demo, Rcmed and Reclaim ( 

Demo and Reclaim I 

Demo and Reclaim I 
Remed and Reclaim I 

STATUS 

''inal 
^inal 
<(/A 
' inal 
' inal 

' inal 
' inal 
'inal 
nteiim 
'inal 
'inal 
'inal 
''inal 
^I/A 
vJ/A 
'inal 
'inal 
<i/A 
'inal 

^I/A 
/̂A 

nterim 

^J/A 
^f/A 
'inal 
Nl/A 
nterim 
n t o i m 
'inal 

::onipleted(l) 

'inal 
nterim 
nterim 

11 
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Coppcrtcm RaU Yard 
Railroad Car Repair Shop 

Demo and Reclaim 
Demo and Reclaim 

Final 
Final 

Ore Conveyor (in pit and 5490 Tunnel) E)ano Final 
Asphalt/Concrete Paridng Areas Drano and Reclaim Final 

ORE PROCESSING FAdLITIES 
Magna Concoitrator Area Demo, Raced and Reclaim Jntenm 
Magna Asphalt/Concrete Parking Areas Dono and Reclaim Final 
ArUmr Shops Area Demo and Reclaim Final 
Arthur Asphalt/Concrete Parking Areas Demo and Reclaim Final 
BonneviUe Area Demo and Reclaim Final 
BonneviUe Asphalt/Ccmcrete Parking Areas Dano and Reclaim Final 
Pipelines Demo and Reclaim Final 

TAILINGS DISPOSAL 
Magna Tailings Pond Strucbjres Demo and Reclaim Intoim 

EXCESS PROCESS WATER DISPOSAL 
Excess Process Watg Disposal Structures Leave in Place N/A 

NOTE: Any faciUties to be left in place wiU have a post mining use. 
(1) As described in Section 5, foUow-up remediation is currently planned to remove gypsum-bearing 
sludge fixrni the repository in the Evaporati(Mi Pond area. 

12 
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• Reclamation (Reclaim) mvolves regrading and revegetating the affected areas except for 
stmctures located ui the Bingham Pit, on the waste rock surfaces or on the taUings 
impoundment. These sites wiU be reclaimed according to the reclamation activities 
described in Sections 3, 4 and 8 respectively. 

• Leave in Place indicates that the faciUty wUl remain for future commercial, water 
management or other uses. Any facUity to be left in place wUl have a demonstrated post-
mining use at closure. 

The closure status options Usted in Table 2-1 are: 

• Interim - indicates that the faciUty wiU probably become inactive and be reclauned before 
general mine closure. 

• 

• 

Final - mdicates that the faciUty wiU probably become inactive and be reclaimed during 
general mine closure. 

Not AppUcable (N/A) - indicates that the faciUty may have a post-minmg use or that the 
final closure option has not been selected. 

• Completed - indicates that the facUity has aheady been reclauned. 

Before each facUity closes, residual feedstock materials and products wiU be identified, coUected 
and processed, sold or otherwise removed. Dming demoUtion, salvageable and recyclable 
materials wnll also be sold or recycled. Uncontaminated constmction debris that remains after aU 
commerciaUy valuable materials have been removed wdU either be transported to a Class IV 
landfiU on KUCC property or buried on-site. Wherever possible, constmction debris will be used 
as fiU material to minimize the need to excavate and transport fiU material from elsewhere. Shaft, 
adit and tunnel portals that are both within the permit boundaries and on Kennecott property wiU 
be assessed to determine if they would pose a risk to the pubUc after closure. Those portals 
identified as a risk by the hazard assessment wUl be gated or sealed. 

Soils beneath and adjacent to buUdings and stmctures wiU be sampled during and/or after 
demoUtion. Sampling wUl be performed if it is beUeved that contamination may be present 
because of historical activities or field observations. SoUs, constmction debris or other materials 
that are determmed to be contaminated with metals or organic compounds wUl be sent to an 
appropriate disposal or treatment fadUty. Selected materials may be decontaminated and 
recycled. Hazardous wastes wiU be sent to an off-site hazardous waste landfiU, or may be 
disposed of on-site in the Arthur Repository if they meet the requirements ofthe cortective action 
management unit. Accordmg to their chemical characteristics, other materials wUl be 
bioremediated, sent to an industrial landfiU, or sent to the waste rock disposal areas. 
Contaminated materials wdU be handled in compUance with aU existing permits and regulations. 
However, within this legal framework, material-handUng decisions wiU be based upon cleanup 
standards derived from exposure and risk assessments. For example, if the post-mining land use is 

13 
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industrial, then the cleanup standards for soUs will address industrial worker exposures. If the 
post-mining land use is wUdlife habitat, the clean up standards wiU be based upon exposures to 
potentiaUy impacted species. 

The footprint of demolished facUities within the Bingham Pit, on the waste rock dumps or on the 
tailings impoundment wiU be treated in accordance with the reclamation activities described in 
Sections 3, 4 and 8 respectively. For faciUties that are not underlain by the pit, waste rock or 
taiUngs surfaces, fiU material wiU be unported, dramages vnH be reconstmcted, and the land 
surface will be graded and contoured consistent with the surtounding terrain. If the existmg soils 
or fiU materials do not provide a suitable growth media, topsoU wiU be imported and spread to a 
minimum depth of sbc inches. SubsoU wUl also be imported in addition to topsoU if requued to 
provide a minimum of two feet of rooting media. Wherever possible, topsoU wiU be taken from 
nearby existmg stockpUes. Reclaimed sites wiU be planted with native and select non-native 
species. Species nuxes wUl be adjusted based upon parameters such as elevation and slope 
orientation. If field assessments indicate it is required, aU the surfaces to be revegetated wUl also 
receive a light appUcation of chemical fertilizer to provide nitrogen, phosphoms and potassium 
(not to exceed 50 lbs/acre available nitrogen) or may receive biosoUds at application rates not to 
exceed 10 tons/acre of pure biosoUds. If biosoUds have been mixed with wood chips or another 
carbon source, the appUcation rate ofthe mixture may be as high as 30 dry tons/acre, as long as 
the biosoUds component ofthe mixture does not exceed 10 dry tons/acre. In general, phosphoms 
appUcation rates wiU be higher than nitrogen appUcation rates, which wiU be higher than 
potassium appUcation rates. 

14 
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3.0 MINE AREA 

The Bingham Pit is currently about 13,000 feet across at its widest point and covers 
approximately 2300 acres. The associated support faciUties cover about 170 acres and are 
generaUy sited on top of old waste rock disposal areas adjacent to the pit. A Ust ofthe support 
facUities is provided in Table 2-1. The open pit extends from approxunately 8000 feet above 
mean sea level (amsl) to about 4500 feet amsl. OveraU pit slopes v̂ U range between 32 and 52 
degrees at closure and wiU be composed of a series of benches that average about 50 to 100 feet 
high and 40 to 50 feet wide. The Conveyor Tunnel connects the pit with the Salt Lake VaUey. It 
has a western portal on the northeastern side ofthe pit at an elevation of about 5490 feet amsl and 
an eastern portal at an elevation of 5465 feet amsl in lower Bingham Canyon about 2000 feet west 
(up gradient) ofthe Bingham cutoff waU and reservoirs (Figure 2-1). According to the current 
surface mine plan, the pit wUl be approximately 300 feet deeper and cover several hundred 
additional acres at closure. 

The distribution of sulfide mineralization withm the waUs ofthe Bmgham pit provides the primary 
control on contact water chemistry and on the chemistry of soils that form on the pit benches. As 
the sulfides are oxidized, they produce acid that may be neutralized m situ if sufficient acid 
neutralizing minerals such as calcium carbonate are present in the rock. The amount of acid that a 
rock could produce if it is completely oxidized is termed its acid potential (AP) and the amount of 
acid that a rock can neutralize is termed its neutralization potential (NP). The net neutraUzation 
potential (NNP) is calculated by subtracting the AP from the NP and the neutralization potential 
ratio (NPR) is calculated by dividing NP by AP. A rock with a negative NNP or an NPR of less 
than one wiU likely generate acid rock dr^age (ARD) as it weathers. In theory, a rock with a 
positive NNP or NPR greater than one wUl not generate ARD and may neutraUze acidic solutions 
with which it comes mto contact. However, because of the uncertamties created by differential 
reaction kinetics, leaching rates and mineral distribution m the rock, a commonly used screening 
criteria assumes that rocks with NNP values above zero and NPR values above one are possibly 
acid-generatuig unless the sulfide sulfiir content is less than 0.3 % (AP < 10 tons/1000 tons) or 
the NPR is greater than 2 (Price et al., 1997). 

Figure 3-1 is a map of acid potential on the current pit waUs and Figure 3-2 is a graph showing 
the vertical distribution of acid potential. The acid potential is Ukely overestunated by about ten 
percent on these figures because it has been calculated from total sulfiir analyses and so includes 
sulfiir from non-acid-generating sulfate and sulfide minerals. On average, all of the curtent pit 
benches above 6900 feet amsl and most ofthe benches below 5000 feet amsl contain less than 0.3 
percent sulfiir (Figure 3-2). The primary acid-generatmg sulfide mmerals m the Bingham Pit are 
pyrite, chalcopyrite, bomite and molybdenite. Pyrite is generaUy the most abundant and reactive 
of these sulfides and its distribution is the most significant control on the AP of the pit walls. 
Figure 3-3 is a graph showing the vertical distribution of AP derived from pyrite alone on the 
curtent pit waUs. Below 5100 feet, the average pyrite AP varies between about two and ten 
tons/1000 tons. Much ofthe rest ofthe AP in the bottom ofthe pit is provided by molybdenite. 
Although molybdenite may generate acidity under some surface weathering conditions, in practice 
it is one of the most resistant sulfide minerals to oxidation and so is Ukely to be a minor 
contributor to acid production (Plumlee, 1999). The center ofthe pyrite halo aroimd the ore 
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Figure 3-2 Average Total Sulfur Add Potential versus Current 
Pit Elevation 
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body, where rock has the strongest potential to generate acid is largely confined to a band 
between 5500 and 6200 feet amsl. 

The NP of the current pit waUs is highly variable. Lunestone beds tend to have the highest NP 
values while quartzites and late stage intmsive rocks tend to have the lowest (Table 3-1). Most of 
this NP is provided by calcium carbonate, but a smaU amount is also provided by various sUicate 
minerals. For each sedimentary rock type, NP tends to be highest on the uppermost benches of 
the pit and decreases towards the center of the pit. In general, the sedimentary sequence on the 
northeast side of the pit has much less NP than m other areas. Within the igneous rocks, NP 
values tend to be highest m areas adjacent to Umestone beds. 

The distribution of NNP on the current pit surface is shown on Figures 3-4 and 3-5a. In plan 
view, the distribution of NNP m the pit can be visualized as donut shaped, with a positive (net-
neutralizmg) 3500-foot diameter core surrounded by a negative (net add-generating) 10,000-foot 
diameter ring. As shown on Figure 3-4, the center of the low-grade core of the ore body has 
NNP values above 25 tons/1000 tons. The curtent pit walls are generaUy net add-neutralizuig 
below about 5200 feet amsl, are net add-generatmg between 5200 and 6600 feet amsl, and are 
net acid-neutraUzing agam above about 6600 feet amsl (Figure 3-5a). The rock exposed in the 
lower 400 feet of the pit has average NPR values of two or higher (Figure 3-5b). As mming 
continues, more and more of the net neutralizing core wUl be exposed m the bottom of the pit. 
Figures 3-6a and 3-6b are vertical profiles of NNP and NPR for an ultunate pit that extends to a 
depth of 4240 feet amsl. The profiles are based on approximately 250 borehole intercepts with 
the estimated ultimate pit surface. The exact depth and geometry of the planned ultimate pit 
changes on a regular basis m response to new analytical data, changing copper prices and 
technological advances, but the 4240 ft amsl depth represents one of the deeper pit versions 
curtently bemg considered. Based upon data from the current and 4240 ft uUimate pits, at closure 
almost aU ofthe rock exposed in the lower 700 feet ofthe pit wiU Ukely be net neutraUzing. The 
lower 200 feet wiU have average NNP values of greater than 20 tons/1000 tons and NPR values 
of greater than two. A more detaUed description ofthe acid^ase accounting geochemistry ofthe 
ore body is presented m the paper "Envu-onmental Geochemistry of the Bingham Canyon 
Porphyry Copper Deposit, Utah" (Borden, 2003). This paper is attached m Appendbc D. 

The pit is surrounded by several smaU waste rock disposal areas (Figure 2-1). Some upper pit 
benches were mined through these old waste rock deposits as the pit expanded. This waste rock 
is generaUy net acid generating. 

Surface and ground water inflows into the pit curtently average about 1000 gaUons per minute 
(gpm). Dewatering ofthe pit, combmed with pumpmg from underground workings surrounding 
the pit, has created a large cone of depression in the groundwater table and caused radial flow 
towards the pit from aU surtounding areas. These waters are curtently pumped out ofthe pit and 
enter the process water circuit. Without pumping, water levels in the pit would recover to some 
elevation significantly higher than 5212 feet amsl. This was the maximum surface elevation ofthe 
lake that formed in the pit after only three years of fiUing and with intermittent pumping during 
the shutdowTi in the mid 1980s. 
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Figure 3-5a Average NNP versus Current Pit Elevation 

4 
" V 

X, 
\ , 

\ 

/ -

^ ^ ^ 

» » - ~ ^ . ^ _ 

. 

' ^ — 

• e : : ^ ^ 

~~ 

> • 

" 

• ^ 

• < 

. 

' — • 

^ > : . 

- - - " 

. ^ 

_ ^ > ^ 

-60 -40 -20 0 20 40 60 80 

Net Neutralization Potential (tons CaCO3AI000 tons)(Sobek NP minus total sulfur AP) 

C
ur

re
nt

 P
it 

E
le

va
tio

n
 (

fe
e
t 
am

sl
] 

Figure 3-5b Average NPR versus Current Pit Elevation 
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Figure 3-6a NNP versus Elevation for Ultimate Pit with Bottom Elevation 
at 4240 fl AMSL 
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The pit is almost entirely surrounded by bedrock ridges and mountams that vary between 6800 
and 9200 feet amsl. The lowest point on the pit waUs is at the intersection with upper Bingham 
Canyon, here the bedrock elevation is 5900 ft amsl. As shown on Figure 3-7, the bedrock water 
table surrounding the open pit tends to mimic the topography. In 2001, the dry bottom ofthe pit 
was at approximately 4600 feet amsl and water was being pumped from underground workings 
on the west and northeast sides ofthe pit. Despite this peripheral dewatering, the down-gradient 
water table beneath Bingham Canyon and the 6800 to 7400 ft high ridge to the east ofthe pit was 
everywhere above 5449 ft amsl. In 2001, there was thus at least 800 feet of head driving water 
flow towards the pit from the down-gradient (east) side ofthe pit. This probably underestimates 
the actual gradient towards the pit because few of the monitoring points are located beneath the 
ridge crest, where water levels are likely highest. In 1998, unmediately before pumping ofthe 
North Ore Shoot began, the bottom ofthe pit was at 4750 ft amsl and the water level m the North 
Ore Shoot was at 5647 ft amsl. The North Ore Shoot is located at the upper end of Bingham 
Canyon, about 5500 feet north-northeast from the bottom ofthe pit. In 1998, the head difference 
here was thus 900 feet and the gradient was 160 fl/1000 ft towards the bottom ofthe pit. 

At closure, if other pumpmg on the perimeter ofthe pit is discontinued, the estimated annual 
average inflow could be as much as 2500 gpm. Water quality from different areas on the pit waUs 
is variable depending on the characteristics ofthe bedrock with which the water has come into 
contact, and its residence time on the surface or within the surroundmg rock mass. 

Figure 3-8 is a conceptual model of water movement and water quality ui and adjacent to the pit. 
The primary assumption made to create the conceptual model is that water wiU be pumped from 
the pit after closure to Umit the elevation of pooled water in the bottom ofthe pit. ff the pit is 
aUowed to partially flood, the lake surface wiU be maintained at a low enough level to ensure 
radial groundwater flow into the pit and to minimize contact with the net acid-generatmg portions 
ofthe ore body and pyrite halo. The most significant chemical and physical controls on pit water 
chemistry are labeled wnth letters and the most significant flow paths and chemical interactions are 
labeled with numbers. 

Physical and Chemical Controls 

A) The low-grade core ofthe ore body exposed in the bottom ofthe pit contains few acid 
generating sulfide minerals and is generaUy net neutralizing. 

B) The main copper-bearing zone ofthe ore body and the surrounding pyrite halo contain 
abundant pyrite and chalcopyrite and are generaUy composed of net acid-generating rock. For 
convenience in the foUowdng discussions this enthe rock mass is described as the pyrite halo. 

C) Bedrock exposed on the uppermost benches ofthe pit and surrounding the pyrite halo in the 
subsurface contains few acid generatmg sulfide minerals and is generally net neutralizuig. 

D) Historic waste rock disposal areas fUl most ofthe tributary drainages that discharge mto the 
open pit. This waste rock contains abundant acid-generatmg sulfide mmerals and is typicaUy net 
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acid generatmg. The waste rock not only contains abundant pyrite, but it has been mbblized so the 
release of sulfide oxidation products is much more rapid than for undisturbed bedrock. 

E) Numerous underground workings surtound the open pit and some uitersect the pit surface. 
These workings provide flow conduits for groundwater and if dewatered aUow the access of 
oxygen into the deep bedrock, acceleratmg sulfide oxidation reactions. Most of these 
underground workings were used for mining lead-sUver deposits siurounding the copper ore 
body, and are located outside ofthe pyrite halo (see Figure 3-7 for a map of underground 
workings above the regional water table in 2001). 

Flow Paths and Chemical Interactions 

1) Precipitation faUs everywhere within the drainage basin created by the open pit. This mcludes 
undisturbed mountain slopes surrounding the pit, waste rock disposal areas surroundmg the pit, 
pit waUs above the pyrite halo, pit walls within the pyrite halo and pit walls below the pyrite halo. 
Precipitation water is removed from the ground surface via evapotranspu-ation thereby reducing 
the amount of water that is avaUable to uifiltrate or mn off. Evapotranspu-ation is most effident 
on weU-vegetated surfaces. 

2) Water that does not infiltrate or evaporate immediately wUl flow towards the bottom ofthe pit 
as mnoff. Runoff is greatest on sloped and compacted or otherwise impermeable surfaces. This 
water wiU either flow all the way to the pit bottom as mnoff, uifiltrate at a location down gradient 
from where it originaUy feU or be removed by evapotranspu-ation at a down gradient location. 
Runoff from undisturbed mountain slopes surroundmg the open pit generaUy flows onto waste 
rock surfaces where it uifiltrates, contributmg to the flow described in 3 a. Runoff water that 
reaches the bottom ofthe pit by flowing over the pyrite halo wiU transport some dissolved and 
suspended contaminants to the pit floor. However, because the contad time is relatively short 
this water wiU generally contain fewer dissolved constituents than water that has percolated 
through waste rock or through unsaturated portions ofthe pyrite halo. 

3) Precipitation that is not removed by evapotranspiration or mnoff to the pit floor wUl infiltrate. 
There are five general paths by which this water may migrate ui the subsurface: 

3 a) Water that infiltrates into the net acid generating waste rock disposal areas wiU generaUy 
become the poorest quality ARD that drams into the pit. This water wiU either perch at the 
bedrock/waste rock contact and discharge onto the upper surface ofthe pit, or it wiU pass through 
the bedrock/waste rock contact and wiU discharge onto a lower pit surface. 

3b) Some ofthe water that uifiltrates into the undisturbed mountainsides surtounding the pit may 
flow in the shaUow subsurface (coUuvial and shaUow bedrock flow) and discharge into waste rock 
that covers buried seeps and springs, thereby contributing to the flows described in 3a. This is 
generaUy the best quaUty groundwater surtounding the open pit, but after contading the waste 
rock it degrades into the poorest quaUty ARD reporting to the pit. 
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3 c) Some ofthe water that infiltrates in the pit drainage basin wall pass through the net acid-
generating pyrite halo in the vadose zone before it reaches the water table. This water will 
generaUy become poor quaUty ARD because it is in contact with the oxygenated portion ofthe 
pyrite halo. Once this water reaches the water table, it wUl flow laterally and discharge into the 
bottom ofthe pit. 

3d) Some ofthe water that infiltrates in the pit drainage basin wiU pass through net neutralizing 
bedrock in the vadose zone before it reaches the water table. This water wiU then flow laterally 
below the water table and will ultimately discharge into the bottom ofthe pit. Neutralization 
reactions may take place below the water table if the water contacts reactive neutraUzing minerals, 
but sulfide oxidation reactions wUl be inhibited by a lack of oxygen. The quaUty ofthis water wUl 
remain relatively good because it only contacts the reduced portion ofthe pyrite halo below the 
water table. 

3e) Water that infiltrates into the bedrock surrounding the pit that is beyond the zone of 
groundwater capture for the pit wUl not discharge to the pit floor. The quality ofthis ground 
water wdll be relatively good because it typically wall not contact the pyrite halo. The lower the 
water level that is maintained m the pit, the further from the center ofthe pit the zone of capture 
wrtll extend. 

4) Water that discharges into the pit wiU be pumped out. The rate of pumping wUl be highest for 
a nearly dry pit and will decrease as the height to which the pit is aUowed to flood increases. The 
lower the water level that is maintained in the pit, the greater the thickness ofthe pyrite halo that 
will be exposed above the water table in the bedrock surrounding the pit. 

5) Water flows in many ofthe underground workings surrounding the pit. The majority of 
underground workings are located outside ofthe pyrite halo, but some are within the pyrite halo. 
Water in unflooded workings within the pyrite halo may become poor quaUty ARD simUar to 
flows described ui 3 c. Water quality m flooded workmgs within the pyrite halo may be 
intermediate in quality between 3c and 3d, and water in workmgs outside the pyrite halo may be 
similar to that described in 3e. 

5a) Some underground workings drain groundwater into the open pit. If not captured, this water 
contributes to infiltration and mnoff within the pit (flows 2, 3c and 3d). This water may be similzu 
in quaUty to the flows described in 3c or 3d. 

5b) Some underground workings gravity drain groundwater away from the open pit. This water 
discharges at tunnel portals in Butterfield Canyon and along the east and west side ofthe Oquurh 
Mountains. This water may be simUar in quaUty to flows described in 3d or 3e. 

5c) Some underground workings are curtently dewatered by pumping and could continue to be 
dewatered after closure, ffnot captured, much ofthis water would contribute to flow 3c or 3d 
and would need to be removed from the pit (flow 4). 
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6) If a pit lake is allowed to form m the bottom ofthe pit, water wUl be added directly to the lake 
by precipitation. Water wiU be removed from the lake by evaporation from the water surface. In 
this geographical area, evaporation exceeds precipitation on an average annual basis, so this will 
ultimately reduce the amount of water that must be removed from the pit, but wUl also increase 
the concentration of dissolved constituents in the pit lake. The surface area ofany lake that is 
allowed to form in the pit increases with increasing water depth, so the evaporative losses are 
Ukely to increase with an increasing depth of flooduig. 

7) If a pit lake is allowed to form, sulfide oxidation reactions wiU be inhibited by the lack of 
oxygen in the surrounding waU rock that is fiiUy and permanently saturated, but neutraUzation 
reactions between the lake water and the smaU percentage of carbonate minerals in the wall rock 
wriU continue. WaU rock interadions, water mbdng, the potential addition of neutralizing agents 
and biological activity may cause the precipitation and settlmg of some metals and other dissolved 
constituents. These chemical sediments wiU accumulate on the pit floor along wath detrital 
sediments. Older sediments wiU become isolated from significant pit water contact by overiying 
younger sediments, but under certain circumstances, materials may also be redissoived from the 
upper portion ofthe sedunent column. 

The chemistry of water that collects in and is removed from the bottom ofthe pit wiU be 
determined by a complex interaction of each ofthe flow paths and chemical reactions described 
above. However, the long-term average water quaUty in the pit may be roughly simUar to water 
that is currently removed from the pit floor or that coUected in the pit during the shutdown ofthe 
mid-1980s. A small number ofthe samples coUected from pit dewatering flows in 2000 through 
2002 had the foUowing average characteristics: pH - 6.9, alkaUnity - 100 mg/L, total dissolved 
soUds (TDS) - 2600 mg/L, sulfate - 1700 mg/L, copper - 2 mg/L, manganese - 0.9 mg/L and 
zinc - 0.8 mg/L. Iron, aluminum and nickel averaged less than 0.1 mg/L, and arsenic, cadmium, 
chromium, selenium and sUver aU averaged less than 0.01 mg/L. A limited amount of data is also 
avaUable from a lake that formed in the bottom ofthe pit during the shutdowm in the mid 1980s. 
The pit floor during the shutdown was at an elevation of 5168 feet and so was likely at the base of 
the net acid-generatmg portion ofthe ore body and pyrite halo. The pit lake existed for three 
years and reached a maxunum depth of about 50 feet. The lake was pumped periodicaUy 
throughout the period and never contained more than about 650 acre-feet of water. Typical 
values for this pit water were: pH - 6.0, total dissolved soUds (TDS) - 2500 mg/L, sulfate -1500 
mg/L, copper -10 mg/L and cadmium - 30 ug/L. Water that wUl be removed from the pit may 
not meet water quality standards acceptable for irrigation, drinking water or discharge to surface 
water wdthout treatment. At closure, when this water is no longer used in the process water 
circuit, it may have to undergo some form of treatment for pH, TDS, sulfate, copper and trace 
metals before it can be released from the property (Section 10.0). 

3.1 CLOSURE ISSUES 

The original Mining and Reclamation Plan submitted to DOGM in 1976 specified the foUowing 
activities for the mine area at closure: 
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• pit sides wUl be stabUized at a slope of 30 to 50 degrees from horizontal 

• it is unlikely that the pit wdU be revegetated because most of the exposed surface will be 
soUd rock containing natural sulfide mineralization 

• surface facUities including buUdings, raUroad tracks, power lines and poles and equipment 
wiU be removed. 

The primary closure issues at the pit are driven by the need to ensure long-term groundwater and 
surface water quaUty protection. The most significant water management issues are: 

• ensuring that contaminated water does not escape from the pit into the surrounding 
groundwater system 

• managing water movements in and around the pit to minimize water quaUty degradation 

• ensuring that any surface water discharges from the pit meet applicable water quality 
criteria 

• mmimizing the impacts of pit dewatering on surrounding aquifer recharge and water levels 

• minimizing ecological risks posed by water that may accumulate m the pit. 

The mine has also been placed on the National Historic Register. This may require that public 
access be permanently maintained to some pomt within or adjacent to the pit. However, safety 
considerations around steep and potentially unstable areas on the pit walls wUl require the pubhc 
be excluded from most ofthe mine area. 

3.2 POSSIBLE POST-CLOSURE LAND USE 

Based upon the requirement for long-term water management in and around the mine, and the 
pubhc safety issues associated wdth steep and potentially unstable areas on the pit waUs, post-
mining land uses will, by necessity, be Umited. 

Whatever final closure scenario is ultimately selected, the entue open pit will have to be a water 
management facUity with Umited public access. Parts of the pit where vegetation can become 
estabUshed wall also become wUdlife habitat, and selected areas of the pit may be estabUshed as 
pubhc access points to the National Historic Site. 

3.3 DATA REQUIREMENTS 

In order to seled a final closure scenario the following data requu-ements wUl have to be 
addressed: 
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• final geometry ofthe ultimate pit 

• acid/base accounting geochemistry of uhimate pit walls 

• hydrogeology ofthe post-closure pit 

• geochemistry of water extracted from a largely dry pit or a partiaUy flooded pit, in 
particular how lake and outflow water chemistry would vary with pit flooding level 

Unfortunately, many of these data requirements cannot be addressed untU the mine is nearing the 
end of its Ufe and the geometry and geochemical characteristics of the ultimate pit can be 
predided with more certainty. 

3.4 RECLAMATION ACTIVmES 

Tentative reclamation activities have been selected based upon the existmg incomplete data set 
and on the assumption that the current mine plan adequately predicts the uhunate geometry ofthe 
pit. These tentative plans will be refined as the data gaps identified in Sedion 3.3 are fiUed. 

All surface facilities including buUdmgs, railroad tracks, most power lines and equipment wiU be 
removed from the mine area at closure except for those wdth a confirmed post-mining use. 
Demolition of these facUities wdU be conducted as described in Section 2.3 and reclamation ofthe 
underlying footprints wiU vary depending on the geochemistry of the underlying bedrock (See 
Sections 3.4.1 through 3.4.4 for detaUs). The only facUities that may be left in place are those 
related to long-term water management or directly related to pubUc access to the National 
Historic Site. These facUities may include water pipes, tanks, pump houses, some repak shops, 
oflBces, access roads, some power Unes and the Visitors Center. Public access to most ofthe pit 
wdU be linuted wnth a combination of engineering and institutional controls. Shaft, adit and tunnel 
portals within the pit area wiU be sealed or gated. Roads wiU be blocked off, and fences and signs 
wiU be erected. 

Water levels in the pit will be maintained below 4900 feet amsl. Depending upon the final 
geometry ofthe ultimate pit floor, water wdU either be present in 1) a coUection pool at the very 
bottom ofthe pit, 2) a series of coUection pools at various elevations between the bottom ofthe 
pit and 4900 feet amsl, or 3) a single lake m the bottom ofthe pit with a surface elevation of less 
than 4900 feet amsl. This elevation msures that pooled water is below the pyrite halo on the pit 
walls. As discussed earlier in this section and as Ulustrated on Figure 3-7, even at the maximum 
fiUmg elevation of 4900 feet, there would be more than 500 feet of head driving water flow 
towards the pit from aU sides, insuring that radial flow mto the pit is mamtained. In reaUty this 
value likely underestimates the gradient driving radial flow towards the pit, because water levels 
wUl also recover in the down-gradient bedrock if the pit were aUowed to partiaUy fiU, mcreasing 
the calculated head difference. The 4900 ft elevation is also more than IOOO fed below the 
bedrock and topographic low where Bmgham Canyon interseds the pit, about 2000 feet below 
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the bedrock ridge Une that separates the pit from Jordan VaUey to the east, and about 4000 feet 
below the bedrock ridge line that separates the pit from Tooele VaUey to the west. 

ff a pit lake is aUowed to form, lime or another neutraUzing agent wUl be added if requu-ed, in 
order to maintain a circumneutral pH and mimmize metals solubility during flooding, ff 
neutraUzing agents are used, they will be added m a manner that assures appropriate mbdng. 
Other options that wUl also be considered to maximize pit water quality will be the addition of 
organic matter and the active promotion of biological activity (Castro and Moore, 2000). To 
maintain water levels below 4900 feet amsl, water wUl have to be removed from the pit in 
perpetuity. Water wUl be pumped from the coUedion pond(s) or lake surface to the 5490 tunnel 
and then will be piped to lower Bingham Canyon, ff the Elton Tunnel is ever rehabUitated and 
connected to the open pit, it could also potentiaUy be used to transmit water out of the pit. In 
order to reduce pit inflows, some water may also be removed m perpetuity from underground 
workings that surround the pit. This water has a circunmeutral pH, but a water treatment faciUty 
may be required to treat these outflows to acceptable levels for discharge or sale (Section 10.0). 

In order to mimmize water quality degradation in and around the ph, and to improve the quaUty 
of water that coUects in the bottom ofthe pit, the foUowing activities wUl also be completed prior 
to or at closure. These adivities are generaUy designed to mimmize water contad with the waste 
rock disposal areas surroundmg the pit and with the pyrite halo in the vadose zone. 

3.4.1 Adjacent Waste Rock Disposal Areas 

In order to Umit infiltration into waste rock surfaces surroundmg the open pit (flow 3 a on Figure 
3-8), most waste rock surfaces wiU be recontoured to reduce pooling and selected surfaces wiU 
also be revegetated to maximize evapotranspiration (Section 4.0). In order to minimize flows 
from the surrounding unimpaded mountamsides to the waste rock disposal areas (flows 2 and 3 b 
on Figure 3-8), water collection systems wUl be placed up gradient in drainages that have 
significant surface or shaUow groundwater flow (Section 10.0). These coUedion systems may 
include surface impoundments, horizontal drains, coUection sumps and shallow groundwater 
extradion weUs. These flows are likely of drinking water quaUty and wUl be piped out ofthe 
mine area for use or sale. 

3.4.2 Pit Benches above the Pyrite Halo 

In order to minimize infiltration and mnoff (flows 2, 3 c and 3d on Figure 3-8), vegetation 
estabUshment wdU be encouraged on pit benches that are above the pyrite halo. These are 
generaUy areas that have an NNP that is greater than zero on Figure 3-4 (typicaUy above 6600 
feet amsl). Most pit benches are not safely accessible, but benches that are safely accessible with 
a dozer will be ripped. This wiU generaUy Umit the ripping to haul and support roads that do not 
have a post-closure use. Ripped areas wiU be seeded and seed wiU also be broadcast onto pit 
benches that do not have a nearby seed source. Where pradicable, surface flows that occur above 
the pyrit^ halo from seeps, springs, horizontal drains, tunnel and adit portals and mnoff wiU be 
captured on the upper benches ofthe pit and either piped out ofthe pit or piped to the bottom of 
the pit so that the water does not contact the pyrite halo (Sedion 10.0). 
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3.4.3 Pit Benches within the Pyrite Halo 

No revegetation efforts are possible within the pyrite halo because the soUs forming on roads and 
benches wiU generaUy be acidic and have high salinity. These are generally areas that have an 
NNP that is less than zero on Figure 3-4 (typicaUy between 5200 and 6600 feet amsl). In order to 
minimize infiltration (flow 3c on Figure 3-8) mnoff wiU be encouraged. All roads wiU be left m a 
compacted condition. Where practicable, surface flows that occur within the pyrite halo from 
seeps, springs, horizontal drains, tunnel and adit portals and mnoff wiU be captured and either 
piped out ofthe pit or piped to the bottom ofthe pit so that the water does not infiltrate through 
the pyrite halo (Section 10.0). 

3.4.4 Pit Benches Below the Pyrite Halo 

Depending upon the final closure scenario that is selected, much of this area may be flooded. 
However, in order to mmimize mfiltration and mnoff, vegetation establishment wiU be encouraged 
on selected pit benches that are below the pyrite halo. These are generaUy areas that have an 
NNP that is greater than zero on Figure 3-4 (typicaUy below 5200 feet amsl). Most pit benches 
are not safely accessible, so no reclamation work wUl be completed on the benches. However, 
seed wall be broadcast onto pit benches that do not have a nearby seed source. Road surfaces that 
are not needed after closure wUl be also be ripped and broadcast seeded 

29 

DWQ-2003-000001 Page 29 of 156 03-01-2003



4.0 MINE WASTE DISPOSAL AREA 

The mine waste rock disposal area currently covers about 5100 unreclaimed acres and contains 
approximately 4 bUUon tons of material. An additional 410 acres at the foot ofthe Eastside 
disposal areas have akeady been reclauned. About 250 acres surtounding the disposal areas are 
bemg used to manage leach water dram-down and meteoric water flows (ARD) that have 
contaded the waste rock. A list of the support faciUties associated with the disposal areas and 
water management systems is provided in Table 2-1. The large angle-of-repose (35 to 37 
degrees) slopes on the eastern margins ofthe waste disposal areas are the most prominent visual 
features from the Salt Lake VaUey, but they actually cover less than 15 percent ofthe total 
disturbed area. The highest inactive slope is 1200 feet high, but currently no active slopes are 
higher than 500 feet. Most ofthe disposal area is composed of flat to sUghtly irtegular waste rock 
surfaces and angle of repose slopes that are less than 150 feet tall. 

Future mine plans call for the placement of nearly one bilUon additional tons of waste rock before 
mine closure. The majority ofthis material wUl be placed in Bingham Canyon or in lifts on top of 
existing disposal areas. In some areas waste rock wUl have to be placed on previously unimpacted 
ground, so the total area impacted by disposal adivities may increase by approximately 200 acres 
before closure. The additional disturbed acreage wUl be within the boundaries of DOGM permit 
number M/035/002 and wiU not exceed the 8000 acre area aUocated for waste rock disposal in the 
1978 Mining and Reclamation Plan. The unpacted acreage could also increase during reclamation 
activities when angle of repose slopes are reduced, thereby increasing the waste rock footprint in 
some areas. 

Mine waste is composed of a mbcture of uitmsive rocks, quartzite, Umestone and lunestone skam. 
Except for copper, average total metals concentrations are relatively low, as iUustrated from a 
66-sample average for the foUowdng elements: arsenic 31 mg/kg, barium 70 mg/kg, cadmium 2.0 
mg/kg, chromium 55 mg/kg, copper 809 mg/kg, lead 380 mg/kg, selenium 2.6 mg/kg and zinc 
311 mg/kg. The average sulfide concentration, predommantly pyrite, in unweathered waste rock 
from the pit is about three percent, but sulfides are generally less abundant in waste rock exposed 
on the surface ofthe disposal areas. The pyrite begins to oxidize immediately after the waste rock 
is placed, causmg a decUne in sulfide abundance and a release of suffate, iron and acidity. Soils 
forming on the waste rock surface have paste pH values between 2 and 8; and paste 
conductivities, a measure of soU salinity, of between 20 and 9000 umhos/cm. Figure 4-1 is a map 
of the waste rock disposal areas showing the distribution of soU pH and salinity characteristics. 
The primary controls on soU pH are the percentage of sulfides in the waste rock, the percentage 
of limestone m the waste rock and the age ofthe waste rock surface on which the soU is forming. 
The primary controls on soU conductivity are the percentage of sulfides m the rock and the age of 

the waste rock surface. In general, the older the waste rock surface, the lower the pH, the lower 
the conductivity, and the fewer sulfide minerals that are present. On the oldest surfaces with Uttle 
intact pyrite, flushing of the soU by precipitation wdU eventuaUy create a soU wdth a pH above 5 
and low saUnity. The geochemistry of the waste rock soUs is described in detaU m the paper 
"Geochemical evolution of sulphide-bearing waste rock soUs at the Bmgham Canyon Mine, Utah 
(Borden 2001). This paper is attached in Appendix E. 
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Volunteer vegetation is becoming established on almost aU dump surfaces that have favorable soU 
chemistry. Botanical surveys were conducted on the waste rock disposal areas in 1999, 2001 and 
2002. One hundred sites with various soU pH and saUnity conditions were visited during these 
surveys and species counts and estunates of total vegetation cover were made at each site. Waste 
rock surfaces where any historic reclamation activities had occurred were excluded from the 
survey. The percent gravel (percent not passing a 2 mm sieve) and the compaction (blows wdth a 
four pound hammer to drive a one haff uich diameter rebar eight mches) at most ofthe sites were 
also measured. As shown on Figures 4-2 through 4-5, vegetation has become estabUshed on most 
sites with soU pH above 4.0 and with conductivity below 1000 umhos/cm. Below a pH of 6, 
nitrogen and phosphoms avaUabUity begms to decUne in most soUs, and below a pH of 5 the 
toxicity of soluble aluminum and manganese also becomes significant in most soUs and wdU inhibit 
plant growth (Tucker et al. 1987). Volunteer vegetation density and diversity is highest on 
surfaces that have a soU pH above 5 and a conductivity of less than 500 umhos/cm. The volunteer 
vegetation cover for the 31 survey sites with a pH above 5 and conductivity below 500 umhos/cm 
varied between 0% and 98% and averages 29%. The number of species observed at the sites 
varies between 0 and 26 and averages 12. Waste rock surfaces that had favorable soU chemistry 
but which do not support abundant vegetation generaUy have clear physical barriers to plant 
estabUshment. These physical barriers mclude strongly compacted surfaces, steep slopes wdth 
surface creep or lack of fine-grained material on the waste rock surface. Correlation coefficients 
and the square of the correlation coefiBcients (R^ values) were calculated to Ulustrate the 
relationship between each of these variables and vegetation cover and species occurtence. A 
positive cortelation coefficient indicates that the two variables are positively related (an mcrease 
in one leads to an increase in the other). A negative cortelation mdicates that the two variables 
are inversely related. Both the cortelation coefficient and the R^ value vary between 0 and 1. A 
value of 0 mdicates that there is no relationship between the variables and a value of 1 indicates 
that there is a perfect correlation. The R^ value can be mterpreted as the proportion ofthe 
variance in one variable that is attributable to the variance m the other variable. For flat surfaces 
wdth favorable chemistry, the correlation coefficient between vegdation cover and the degree of 
compaction is -0.40 (r^=0.16) and between diversity and compaction it is -0.41 (r^=0.17). 
GeneraUy, end dumped or deeply ripped surfaces do not exhibit any negative impads due to 
compaction. For relatively low compaction surfaces with favorable chemistry, the correlation 
coefficient between cover and slope angle is -0.35 (r^=0.12), and between diversity and slope 
angle is -0.43 (r^=0.18). On average, angle of repose slopes have about 2/3 as much cover as 
comparable flat surfaces. There is no significant correlation between vegetation cover, diversity 
and the percent gravel comprising the waste rock surfrice (r^<0.01 and T^=0.04 respectively) but 
at gravel concentrations above about 90%, most surfaces support Uttle or no vegetation. 

For the nme waste rock survey sites that had no significant physical or chemical barriers (flat, 
ended dumped or ripped surfaces with gravel <90%, pH > 5 and condudivity < 500 umhos/cm), 
the percent vegetation cover varied from 20% to 98% and averaged 47% wdth a 95% confidence 
interval of 16%. The number of species observed at each site varied between 9 and 22 and 
averaged 15 wdth a 95% confidence mterval of 3. These surfaces vary between 15 and 40 years 
old and average 25 years old. 
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Figure 4-2 Percent Vegetation Cover versus Soil Paste pH (exduding 
samples with condudivity >500 umhos/cm) 
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Figure 4-3 Number of Species Identified versus Soil Paste pH (excluding 
samples with conductivity >500 umhos/cm) 
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Table 4-1 Most Common Spedes Volunteering on the Bingham Canyon Mine Waste Rock Disposal Areas 

Common Name (1) 

Grasses 
Kentucky Bluegrass 

Bluebunch Wheatgrass 
Bottlebmsh Squineltail 

Sedge Species 
Fescue Species (3) 

Forbs 
Lanceleaf Phacelia 

Milfoil Yanow 
Douglas' Dusty-maiden 
Wasatch Penstemon 

Sulfur Buckwheat 
Penstemon Species (4) 

Beautiful Blazingstar 
Rydbergs Sweetpea 

Hoary Aster 
Scarlet Gilia 

Lupine Species 

Trees and Shrubs 
Rubber Rabbitbmsh 

Big Sagebmsh 
Douglas Fir 

Curl Leaf Mountain Mahogany 
Bigtooth Maple 
Quaking Aspen 

Rocky Mountain Maple 
Deer-brush 

Mountain Snowbeny 
Black Sagebrush 

Noxious Weeds (5) 
Dalmation Toadflax 
Thistle Species (6) 

Cheatgrass 
Woolly Mullein 

(1) This table is compiled from 31 

Scientific Name 

Poa pratensis 
Agropyron spicatum 

Sitaniion hystrix 
Carex Species 

Festuca species 

Phacelia hastata 
Achillea millifolium 

Chaenactis douglasii 
Penstemon cyananthus 
Eriogonum umbellatum 

Penstemon species 
Mentzelia laevicaulis 
Lathynis brachycalyx 

Machaeranthera canescens 
Gilia aggregate 
Lupinus species 

Chrysothamnus nauseosus 
Artemisia tridentata 

Pseudotsuga menziesii 
Cercocarpus ledifolius 
Acer grandidentatum 
Populus tremuloides 

Acer glabmm 
Ceanothus velutinus 

Symphoricarpos oreophilus 
Artemisia nova 

Linaria dalmatica 
Cirsuim species 

Bromus tectorum 
Verfoascum thapsus 

sample sites on the Bingham 

% of Vegetated Sites 
Where Observed 

32% 
29% 
26% 
19% 
16% 

68% 
65% 
61% 
52% 
39% 
39% 
29% 
23% 
23% 
23% 
13% 

45% 
35% 
32% 
26% 
19% 
16% 
13% 
10% 
6% 
6% 

68% 
42% 
39% 
35% 

% of Vegetated Sites 
Where Domiiumt (2) 

0% 
0% 
0% 
0% 
10% 

6% 
3% 
0% 
6% 
13% 
0% 
3% 
3% 
3% 
0% 
10% 

32% 
3% 
10% 
16% 
3% 
0% 
3% 
6% 
6% 
3% 

13% 
3% 
0% 
0% 

1 waste rock dumps v ^ soil paste pH > 5 and j 
paste conductivity < 500 umhos/cm. Species are only listed if they occurred at 15% or more of the j 
sites or If they were the dominant species at one or more sites. The 31 site population includes three sites j 
with no vegetation because of extremely unfavorable physical characteristics. NOTE: AH of these sites are 1 
located above 6500 feet in elevation. 
(2) At each site between 0 and 4 species were klentified as be 
a comparison of percent cover contributed by each species. 
(3) Includes Sheep Fescue (Festuca ovina). 
(4) Penstemon species other than Wasatch Penstemon. 
(5) These species are listed on the official State Noxious Weed 
WY, CO, NM and AZ) 1 
(6) Includes Canada Thistle (Cirsium arvense) 

1 
ng the dominant species at the site based upon 

lists for Utah or surrounding States (NV. JD. 1 
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Waste rock contad flows are currently routed to the concentrator process water circuit. During 
peak mnoff periods, excess water is temporarily stored in the Large Bingham Reservoir. 
Anticipated post-closure flows associated wdth the waste rock disposal areas are discussed in 
Sedion 10.0. 

Erosional events and faUures have occurred on various waste rock slopes ui the past. Since the 
termmation of adive dumping on the high slopes facmg the Salt Lake Valley in 1984 the 
frequency and magnitude of slope faUures have decreased significantly. However, several shaUow 
surface slumps and debris flows have occurred in the past decade. Precipitation greater than the 
25-year, 24-hour storm event (the minimum system requirements specified by the storm water 
regulations) that falls on the slopes has also exceed the capacity of some down gradient storm 
water and sediment coUection systems in tributary drainages to Butterfield Creek. North ofthe 
Butterfield Creek tributary drainages, the Eastside CoUedion System was designed to handle 
leach water base flows plus the 10-year, 24-hour storm event. With the termination of leach 
water apphcations, base flows in this area have decUned from greater than 25,000 gpm to less 
than 1000 gpm, so the collection system is likely able to handle flows that are greafly in excess of 
the 25-year, 24 hour storm event. Erosional events may also fiU the sedimentation basins of the 
water coUection systems wdth sediment, increasuig the frequency and cost of maintenance. In the 
past decade these events have most commonly occurred on the waste rock disposal areas above 
Butterfield Creek on the southeast side ofthe pit. In only two cases has contammated sediment 
or water escaped the property since the ECS was upgraded between 1993 and 1996. Both events 
occurred in tributary drainages to Butterfield Creek and corredive actions were taken to minimize 
the risk of future releases in these areas. 

4.1 CLOSURE ISSUES 

The origmal Mining and Reclamation Plan submitted to DOGM m 1976 specified the foUowdng 
activities for the mine waste disposal area at closure: 

• aU dumps wiU be left in a safe and stable condition 

• collection systems wiU be provided to contain natural seepage in the area. 

• dUces and ponds wiU be constmcted on the upper levels of the dumps to prevent slope 
wash and possible mud slides 

• no major revegetation is planned because the majority of the waste material contains 
natural sulfide mineralization 

• if and when revegetation pradices pr methods are developed which would make 
vegetation economically practicable, such pradices and methods wUl be employed on the 
dumps 
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• when no longer needed in mining, mmeral extraction or subsequent operations, surface 
facilities including buUdings, above ground utiUties, raUroads, piping and equipment wall be 
removed. 

Curtent permits and regulations require KUCC to control contact water flows from the waste 
rock disposal areas m order to protect surface and groundwater quaUty. The goal of these 
regulations is to prevent any unpermitted discharge of contaminated water or sediment from the 
property. Groundwater Discharge Pemiit number UGW350010 also requues that KUCC take 
steps to minimize the infiltration of meteoric water into the waste rock. After closure, KUCC wdU 
contmue to maintain the existing groundwater and surface water coUection systems at the foot of 
the disposal areas to comply wdth aU appUcable requu-ements. In order to ensure compUance after 
closure in the most cost effective manner, the foUowing goals must be considered during closure 
planning: 

• ensure that catastrophic events cannot compromise the water collection systems and 
transport contaminated water and sedunent off KUCC property 

• reduce long-term ARD generation from the disposal areas to minimize the risk of down 
gradient groundwater contamination and long-term water handUng and treatment costs 

« minimize the loading of sediment and debris from the disposal areas to reduce long-term 
maintenance costs for the water coUection systems. 

4.2 POSSIBLE POST-CLOSURE LAND USE 

Based upon the requirement for long-term water management on and around the waste rock 
disposal areas, the acidic nature of the waste rock, and the public safety issues associated with 
steep slopes, post-mining land uses m these areas wdU, by necessity, be limited. 

Whatever final closure scenario is ultunately selected, most ofthe waste rock disposal areas wiU 
likely be operated as a water management faciUty with Umited pubUc access. Those parts ofthe 
disposal area that are revegetated wdU also become wdldUfe habitat. 

4.3 DATA REQUIREMENTS 

In order to identify the final reclamation options for each portion ofthe waste rock disposal area, 
the foUowdng data requirements wUl have to be fiUed: 

• final geometry of the waste rock disposal areas, in particular the location and soU 
chemistry characteristics of future waste rock pUes 

• base ARD flows from various parts ofthe disposal area 
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• relative effects of each reclamation technique on infiltration and mnoff 

Many of these data requirements are being addressed by ongoing reclamation programs on the 
waste rock disposal areas and by the operation of pilot-scale water treatment facUities. The final 
geometry and geochemistry of the waste rock surface cannot be determined untU waste rock 
disposal and recontouring has been completed. 

4.4 RECLAMATION ACTIVITIES 

Tentative reclamation adivities have been seleded based upon the existing incomplete data set 
and on the assumption that the curtent mme plan adequately predids the final geometry of the 
waste rock disposal area. Figure 4-6 is a map of the waste rock disposal area showing the 
reclamation activities that are currently plaimed. The actual acreage and boundaries ofthe various 
reclamation treatments may be modified in response to changes in the mine plan or other new 
mformation as it becomes available. Long-term water management plans on and adjacent to the 
waste rock disposal area are described in Section 10.0. 

All surface debris, utUities and facUities Avithout a post-closure use wUl be removed from the 
entire waste rock disposal area at closure. Reclamation of these faciUties wiU be as described in 
Section 2.3. Based upon current assumption of post-mining use, the only faciUties that may be 
left in place wdthin the waste rock disposal area wUl be those related to long-term water 
management such as the Large and SmaU Bingham Reservoirs, cutoff waUs, sumps, drains, 
settUng ponds, monitoring weUs, utUities, selected roads and associated pipes and lined ditches. 
PubUc access wiU be controUed with a combmation of engineering and institutional controls. 
Roads below the waste rock dumps wdthout a post-mining use wdU be recontoured, ripped and 
seeded. These roads wdU also be blocked off if appropriate, and fences and signs wiU be erected. 
Additional reclamation activities planned for seleded portions of the waste rock dumps are 
described in the following sections. 

4.4.1 Completed Reclamation Activities 

Reclamation work has already been completed on about 410 acres ofthe waste rock disposal 
area. The sites that have been reclaimed are located on the northeast portion ofthe disposal area 
and m drainages along the eastern edge ofthe disposal area (Figure 4-6). It should be noted that 
this acreage estimate only includes areas that were du-ectly impacted by Bmgham Canyon Mine 
waste rock disposal. It does not mclude several hundred additional acres that have also been 
reclaimed wdthin the DOGM permit boundaries, but that were impacted by historic leach water 
contact or by other historic mining operations unrelated to open pit mining at Bmgham Canyon. 
Most of these areas are in drainages located between the foot ofthe Eastside waste rock disposal 
area and Highway 111. 

Waste rock has been removed from about 80 acres within drainages below the Eastside disposal 
area (Figure 4-6). Some ofthis waste rock was transported into the drainages by erosion caused 
by the historic leaching operations and some was intentionally placed in the drainages to create 
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dams and settUng ponds for the historic leach coUection system. AU of this waste rock was 
moved back to the foot of the waste rock disposal areas and the drainage surfaces were 
recontoured, had topsoil appUed if needed and were seeded. 

About 330 acres on the northeast margin ofthe Eastside disposal area were recontoured, capped 
and revegetated. The angle of repose slopes were reduced to slopes of 2.5:1 or less and between 
18 and 48 mches of growth media were placed on top ofthe waste rock before the surfaces were 
revegetated. 

4.4.2 Areas to be Recontoured and Revegetated 

Approximately 900 acres of the waste rock surface are currently planned to be recontoured and 
revegetated. Most ofthe areas that are intended to be revegetated are located above 6800 feet on 
the southwest, south and east sides ofthe pit (Figure 4-6). AUnost aU of these sites are underlain 
by waste rock soUs that wdU support vegetation after relatively minor soU modification. The waste 
rock soUs m these areas contain very few intact sulfide minerals, generaUy have conductivity 
values that are less than 500 umhos/cm and have pH values between 2.5 and 8. 

The anticipated benefits ofthe recontouring and revegetation activities wdU be: 

• To reduce mfiltration mto these waste rock surfaces by enhancing evapotranspu-ation. 
This wdU reduce the amount of waste rock contact water that must be coUected and 
treated at the toe of the disposal area and that may reach the regional water table 
(Sedion 10.0). 

• To provide wUdlife habitat. 

• To provide a native seed source for surtounduig waste rock surfaces that currently 
cannot support vegetation but that may be able to after additional weathering. 

• To enhance slope stability and limit erosion. 

• To create a surface that resembles the surrounding natural landforms. 

Most angle of repose slopes wdU be reduced to 2.5:1 or less and wdU be cross-ripped. On flat or 
gently sloping surfaces, depressions wiU be filled, end dump pUes wdU be smoothed out and most 
areas wdll be deeply ripped. This rippmg AviU loosen compacted surfaces, wUl Umit erosion 
potential on slopes, wiU bring fine material to the surface and wiU create microhabitats to 
encourage plant estabUshment. Studies at other nunes have uidicated that tmck-induced 
compaction decUnes dramaticaUy within the first two feet below the waste rock surface, so ripping 
w/Ul extend to a depth of at least two fed (Uhrie and Koons, 2001). Surfaces wdU be recontoured 
to minimize the transport of mnoff from large relatively flat surfaces to adjacent slopes. 
Wherever possible, native mature volunteer vegetation on the dump surface wdU be left 
undisturbed during these recontouring and ripping adivities. This wdU enhance surface stabUity 
and wdU supply a native seed source to the surtounding recontoured waste rock surface. The 
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recontouring wUl also be designed to Umit the amount of previously unimpacted land that is 
disturbed. Many of these waste rock disposal surfaces surround small islands of native hillside 
that can also provide a valuable seed and mycorrhizae source to the surrounding waste rock 
surface. In some locations angle of repose slopes wdll be left in place if they aheady support native 
vegetation or if the recontouring will cover unportant unimpacted areas below them. It is 
anticipated that the recontouring and ripping wdU remove most physical barriers to vegetation 
establishment except for the relatively small percentage of the surfaces that are underlain by very 
coarse gravel (sites where >90% ofthe soU is composed of gravel). 

The pH of acidic surfaces wdll be raised above 6 by the addition of cmshed Umestone or another 
neutraUzing agent that does not inhibit plant growth. Because there are few intact acid-generating 
sulfides in the waste rock, these surfaces wiU not reacidify once the pH has been raised. This 
technique has been successfuUy used for direct plantmg of weathered acidic waste rock and soil 
surfaces at many other mine and smelter sites (Winterhalder 1988; Nawrot et. al. 1988). 
Depending on the mitial soU chemistry at each site, anywhere from 0 to 10 tons/acre of cmshed 
limestone or equivalent wiU be appUed to the surface. In general, no Umestone wdU be added to 
surfaces that already have a pH above 6.5. Surfaces with a pH of less than 4 wdll receive a 
mirumum of 5 to 10 tons/acre of lunestone, surfaces wdth pH values of 4 to 5 wdU receive a 
minimum of 3 to 5 tons/acre of limestone, and surfaces with a pH of 5 to 6.5 wiU receive a 
minimum of 0.5 to 3 tons/acre of Umestone. The actual appUcation rate wdll be dependent upon 
the average pH, the soU saUnity and the amount of intact sulfides that are present. GeneraUy, 
within each pH range, if the paste conductivity is above 500 umhos/cm the higher appUcation rate 
wdU be used and if the condudi\dty is below 100 umhos/cm the lower rate wUl be used, ff field 
assessments indicate it is required, aU the surfaces wdU also receive a Ught appUcation of chemical 
fertUizer to provide nitrogen, phosphoms and potassium (not to exceed 50 lbs/acre available 
nitrogen) or may receive biosolids at application rates not to exceed 10 tons/acre of pure 
biosoUds. ff biosolids have been mbced wdth wood chips or another carbon source, the appUcation 
rate ofthe mixture may be as high as 30 dry tons/acre, as long as the biosoUds component ofthe 
mixture does not exceed 10 dry tons/acre. In general, phosphoms appUcation rates wdll be higher 
than nitrogen appUcation rates, which will be higher than potassium appUcation rates. Studies at 
Bingham Canyon and elsewhere indicate that over-fertilization wdth nitrogen in biosolids or 
chemical fertUizers promotes the establishment of weedy species and uihibits species succession 
(Black and Borden 2002; McLendon and Redente 1992). The study that was conducted at 
Bmgham Canyon is summarized in the attached paper (Appendbc F). 

A seed mix that is predominantly composed of native grasses, forbs, shmbs and trees wiU be 
broadcast or driU seeded onto the surface. The seed imxes that are used wdU largely be composed 
of native species that are already volunteermg onto the waste rock surface or closely related 
species (Table 4-1). However, the exact composition ofthe seed mixes wiU vary depending on 
elevation and slope aspect ofthe surface to be seeded, and on species avaUability and assessments 
of earlier revegetation efforts. For sites with elevations below about 6500 fed, the seed imx may 
be altered significantly from the species Usted in Table 4-1. For mstance, Douglas fir, Bigtooth 
maple and Aspen may not be appropriate for most low elevation sites. Conversely, other species 
that are not Usted on Table such as Western wheatgrass. Slender wheatgrass and Fourwing 
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saltbush have been very successful on reclaimed sites at lower elevations on the waste rock 
disposal areas (Black and Borden, 2002). 

Most of these reclamation activities wdll occur between the present and mine closure. 

4.4.3 Areas to be Recontoured 

Approximately 3200 acres of the waste rock surface are curtently planned to be recontoured 
without revegetation. This area includes flat and irregular surfaces as weU as angle of repose 
slopes that are less than 150 feet high (Figure 4-6). These areas wdU not be revegetated because 
they currently contam abundant unweathered sulfides, have elevated soU salinity and generaUy 
have low pH. ff Umestone were appUed to neutralize the acidity m these areas, contuiued sulfide 
oxidation would cause most surfaces to reacidify (DooUttle and Hossner 1997). Even if the 
surface pH could be maint£uned at near neutral, the salmity of these soUs would prevent native 
vegetation estabUshment because they wdU continue to contain abundant gypsum precipitated 
during the in situ neutraUzation of acid generated from the oxidizing sulfides (Borden 2001). 
Water in contact wdth gypsum wdU maintain a conductivity of approximately 2000 umhos/cm, weU 
above the salinity tolerance of most native species growing on the waste rock surfaces and m the 
surrounding mountains (Figures 4-4 and 4-5) (Richards 1954; WaU 1999). 

The anticipated benefits ofthe recontouring activities wdU be: 

• To reduce infiltration into these waste rock surfaces by reducing pooling on the surface. 
This wiU reduce the amount of waste rock contact water that must be coUected and 
treated at the toe of the disposal area and that may reach the regional water table 
(Section 10.0). 

• To create a surface that resembles the surroundmg natural landforms. 

• To remove physical barriers to vegetation estabUshment such as steep slopes wdth surface 
creep and compacted surfaces. Continued weathering and sulfide oxidation on these 
surfaces wiU eventually create soils that are geochemicaUy favorable to native vegetation 
estabUshment. 

• To enhance slope stabUity. 

Most angle of repose slopes that are less than 150 feet taU wiU be reduced to 2.5:1 or less, 
depressions in the surface wdU be filled and end dump pUes wdU be smoothed out. Surfaces wiU be 
recontoured to minimize the transport of mnoff from large relatively flat surfaces to adjacent 
slopes. NeutraUzing agents such as cement kiln dust, waste lime or waste Umestone may be 
appUed to selected surfaces if they become avaUable ui the future and if they can be placed 
economically. Some relatively short angle of repose slopes may be left in place if the slope 
redudion would cover important facUities or previously unimpaded land. Slopes wdU be cross-
ripped to minimize surface flow and potential erosion. These areas wdll generally be recontoured 
between the termination of waste rock produdion and one to two years after mine closure. 
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It is anticipated that in the future, continued weathering on these waste rock surfaces will create 
additional waste rock soUs that may be revegetated by direct planting (Borden 2001). After 
closure and after all recountering has been completed, a foUow-up soU chemistry survey wdU be 
perfonned on this portion of the waste rock surface. Large, contiguous areas that contain few 
mtact sulfides and that have soU paste conductiAdty values below 500 umhos/cm wdll be 
revegetated in the same maimer as described in Section 4.4.3. This wUl include ripping or re-
ripping most surfaces foUowed by Umestone, fertUizer and seed appUcation. 

4.4.4 Areas to Undergo Slope Stabilization Study 

A slope stabUization study is being performed on approximately 200 acres located on the 
southeast margin of the waste rock disposal areas (Figure 4-6). This area covers the angle of 
repose slopes that are located at the upper end of sbc dry tributary drainages to Butterfield Creek, 
a perennial stream. The mdividual drainages are Usted along wdth selected physical charaderistics 
on Table 4-2. The maximum height ofthe angle of repose slopes in these drainages ranges from 
approximately 700 to 900 feet and they are aU less than a mUe from Butterfield Creek. A 
preluninary assessment of these areas indicates that they have the greatest potential ofany slopes 
to release contaminated sediment and contact water from the property. AU six of the drainages 
are well-defined, narrow channels with generaUy thin aUuvial deposits and relatively steep 
gradients. The gradients vary between 650 feet/mile and 990 feet/mUe from the toe of the waste 
rock angle of repose slope to the dramage intersection wdth Butterfield Creek. Since the Eastside 
CoUection System at the foot ofthe Eastside disposal area was upgraded between 1993 and 1996, 
there have only been two incidents m which contaminated sedunent or water have escaped the 
property. These incidents occurted in the Olsen and Castro drainages at the southem end of the 
200-acre area. Sediments deposited down gradient during these mcidents were cleaned up and 
retumed to the waste rock disposal area. 

The slope stabilization study will involve a detaUed assessment ofthe risk of contaminated water 
and sediment release in each drainage. An assessment of long-term maintenance costs in each 
drainage wdth and without slope stabilization wdU also be made. The study also wUl involve an 

^ engmeering assessment of the cost and efficacy of various slope stabilization methods in each 
dramage. The study is planned for completion in the next two years and slope stabUization plans 
for each drainage wdll be created. It is possible that the angle of repose slopes m the Olsen, 
Butterfield, Castro, South Saints Rest and Saints Rest drainages wdU need to be reduced, capped 
wdth a growth media and revegetated unless another suitable stabUization altemative can be 
identified. Waste rock wdth favorable physical and chemical characteristics may be used as a 
growth media if avaUable iii sufficient quantities (pH > 6.5, conductivity < 500 umhos/cm, % 
gravel < 85%). The requirements for the slopes within the Yosemite drainage cannot be identified 
untU the assessment is completed. This drainage generaUy poses a lesser risk of contaminant 
release because it has a lower gradient and has a longer travel distance to reach Butterfield Creek 
than the other drainages (Table 4-2). 
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Table 4-2 Physical Characteristics of Drainages Below the Eastside Waste Rock Disposal Areas 

Distance from Dump Approximate Drainage 
Drainage (1) Toe to Butterfield Creek Gradient (2) 

Tributary Drainages to Butterfield 
Olsen 3500 n 770 ft/mile 

Butterfield 3500 ft 990 ft/mile 
Castro 4500 fl 800 ft/mile 

South Saints Rest 4000 ft 840 ft/mile 
Saints Rest 3400 fl 780 fl/mile 
Yosemite 5000 fl 650 fl/mile 

Other Eastside Drainages 
Copper Not a Tributary (3) 480 ft/mile 

Keystone Not a Tributary (3) 450 ft/mile 
Bingham Not a Tributary (3) 160 fl/mile 

(1) These drainages all contain or will contain angle of repose waste rock slopes associated 
with the Eastside waste rock disposal area. None of these drainages contain perennial streams. 
The drainages are lisled in order from south to north. I 
(2) The gradient is expressed in terms of feet vertical drop per mile of drainage length. The 
gradient for the tributary drainages to Butterfield Creek is measured from the toe of the angle of 
repose waste rock slope to the intersection with Butterfield Creek. The gradient forthe other 
drainages is measured from the toe of the angle of repose waste rock slope to a point one mile 
down the drainage. 
(3) These drainages ultimately intersect the Jordan River more lhan nine miles down gradient. 
The closest body of water is the Provo Resen/oir Canal more than five miles dovm gradient. 
The closest public access poinl is highway 111 more lhan a mile down gradient. 
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4.4.5 Areas to be Recontoured, Capped and Revegetated 

The extension of waste rock disposal operations into lower Bingham Canyon wUl aUow a stair-
stepped outer dump face to be created that wUl be reclauned (Figure 4-6). The reclaimed face 
wdU be about 850 feet high and wdll cover approximately 140 acres. It wdU tie into native ridges 
on either side ofthe canyon and wdll be recontoured to a maximum slope of 2.75:1. The slope 
wdU have 15-foot wide benches every 150 vertical feet. These benches wiU slope approximately 
two degrees towards the north or south edge ofthe dump face. The soUs forming on the waste 
rock surface wdll likely be acidic and/or saUne, so the outer face wdU be capped with an average of 
two feet of growth media. The thickness of the growth media wdU be varied so that 
approximately 30 % ofthe face wdU be capped with up to three feet of material and about 70% 
wiU be capped wdth 18 inches of material. The outer dump face wiU be cross-ripped or otherwrise 
roughened before placement ofthe growth media. At least a portion ofthe cap material wdll Ukely 
come from the growth media stockpile on the 5900 ft level ofthe waste rock dumps about 3000 
feet south of Bingham Canyon (approximate mine coordinates N3500, El3800 and N1500, 
E13500). The areas wdth a thick cap wiU be able to support some trees and woody shmbs, but 
grasses and forbs wdll Ukely dominate the areas wdth a thinner cap. This wiU create a natural 
mosaic of plant communities on the outer face. The face wdU again be cross-ripped or pitted after 
the placement of the cap and before it is seeded. Cross ripping wdU be shallow enough to avoid 
mixmg waste rock into the cap material. The 140-acre outer dump face wiU be seeded wdth the 
seed mix Usted in Table 4-3. In addition to seed appUcation, Gambel oak and Curi leaf mountain 
mahogany seedUngs wdU be planted at a rate of 40 plants/acre each (80 seedUngs/acre total) on the 
three-foot thick portions of the cap. The three-foot cap areas wiU also receive 0.05 lbs/acre of 
Curl leaf mountain mahogany seed, ff field assessments indicate it is required, the capped surface 
will receive a Ught application of chemical fertUizer to provide nitrogen, phosphoms and 
potassium (not to exceed 50 lbs/acre avaUable nitrogen) or may receive biosoUds at application 
rates not to exceed 10 tons/acre pure biosoUds. ff biosoUds have been mbced vrith wood chips or 
another carbon source, the application rate ofthe mbcture may be as high as 30 dry tons/acre, as 
long as the biosoUds component ofthe mixture does not exceed 10 dry tons/acre. In general 
phosphoms application rates will be higher than nitrogen rates, which wiU be higher than 
potassium application rates. 

Reclamation wUl be completed within two years of the termination of waste rock placement on 
the outer dump face. 

4.4.6 Areas Where No Further Action is Currently Planned 

No further action is curtently planned for approximately 800 acres wdthin the waste rock disposal 
area. These acres are entirely comprised of angle of repose slopes that are greater than 150 feet 
taU. The majority of these slopes are located on the eastern margin of the waste rock dumps, 
north ofthe Butterfield Canyon tributary drainages, but this area also includes the angle of repose 
slopes in upper Dry Fork Canyon and Freeman Gulch, and misceUaneous slopes on top of the 
waste rock disposal area (Figure 4-6). As described earUer in this section, surface debris, utUities 
and faciUties without a post-mining use wdU be removed from these slopes. The upper crest ofthe 
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Table 4-3 Seed Mix for the Capped Lower Bingham Canyon Dump Face 

Common Name (1) 

SEEDED SPECIES ON All CAPPED AREAS 
Grasses 

Kentucky Bluegrass 
Sheep Fescue 

Great Basin Wildrye 
Slender Wheatgrass 
Western Wheatgrass 

Bluebunch Wheatgrass 
Legumes 

Wild Lupine 
Mountain Lupine 
American Vetch 

Forbs 
Milfoil Yarrow 
Small Burnett 

Wasatch Penstemon 
Rocky Mountain Penstemon 

Trees/shrubs 
Rubber Rabbitbrush 

Mountain Big Sagebrush 
Fourwing Saltbush 

TOTAL SEED 

ADDITIONAL PLANTINGS ON 3 FT CAP 
Curl Leaf Mtn Mahogany Seed (2) 

Gambel Oak Seedlings 
Curi Leaf Mtn Mahogany Seedlings 

(1) Depending upon seed availability at the time 

Species Name 

Poa pratensis 
Festuca ovina 

Leymus dnereus 
Agropyron trachycaulum (Elymustrachycaulus) 

Agropyron smithii (Pascopyrum smithii) 
Agropyron spicatum (Pseudoroegneria spicata) 

Lupinus perennis 
Lupinus alpestris 
Vida americana 

Achillea millefolium 
Sanguisorba minor 

Penstemon Cyananthus 
Penstemon Strictus 

Chrysothamnus nauseosus 
Artemisia trklentata(vaseyana) 

Atriplex canescens 

Cercocarpus ledifoluis 
Quercus gambeHi 

Cercocarpus ledifoluis 

of planting, some spedes may be replaced with simil 

PLS lb/acre 

8.5 
0.5 
2.0 
1.0 
1.5 
2.0 
1.5 
4.0 
2.5 
0.5 
1.0 
2.2 
0.2 
1.5 
0.3 
0.2 
1.5 
0.3 
0.2 
1.0 

16.2 

0.05 
40 seedlings/acre 
40 seedlings/acre 

ar, 
available species. | I 1 
(2) Curl Leaf Mtn Mahogany seed vwll be hand planted 1/4 to 1/2 inch deep and then have soil compacted over the top. 1 
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angle of repose slopes wdU also be bermed, and the overlying waste rock surfaces wdll be 
contoured, to prevent mnoff from flowing onto the slopes. 

None of these slopes pose a significant risk of contaminant transport off the property and the 
costs of slope StabUization would not be offset by the reductions in long-term mamtenance costs 
for the sediment and water coUection systems located down gradient from the slopes. AU of these 
slopes are either located above relatively flat waste rock surfaces or are above relatively low 
gradient, poorly defined dramages. AU of these slopes are also relatively distant from any down 
gradient pubUc access points or water bodies (Table 4-2). These slopes are taU, so the cost per 

^ ^ acre for slope reduction would be prohibitively high. AJQ of these slopes are also composed of 
waste rock with abundant pyrite, high saUnity and low pH, so revegetation would not be 
practicable. However, ifadditional stabUity assessments identify slopes that pose a significant risk 
of offsite waste rock and contaminant transport, or if new reclamation techniques are developed 
that would make the recontouring of these slopes pradicable in the fiiture, some of these slopes 
may be partiaUy or fiiUy reclaimed at closure. 

About half of the east-facing angle of repose slopes where no fiirther action is planned are located 
unmediately above large, flat waste rock surfaces. ShaUow faUures or erosional events on these 
slopes wdll merely deposit material onto the lower waste rock surface. The remaining east-facing 
angle of repose slopes are located above broad, poorly defined, aUuvium-floored and relatively 
low-gradient dry drainages (Copper and Keystone drainages on Table 4-2). The Eastside 
CoUection System at the base ofthe eaist-facing slopes north ofthe Butterfield tributary drainages 
was designed to handle leach water base flows plus the 10-year, 24-hour storm event. With the 
termination of leach water appUcations, base flows in this area have decUned from greater than 
25,000 gpm to less than 1000 gpm, so the coUection system is lUcely able to handle flows that are 
greatly in excess ofthe 25-year, 24 hour storm event. The closest water body ofany kind is the 
Provo Reservoir Canal more than five mUes down gradient and the closest pubUc access pomt is 
Highway 111 more than one mUe down gradient. The Jordan River is located more than nine 
miles down gradient. 

The taU angle of repose slopes in upper Dry Fork Canyon and Freeman gulch are facmg up-
canyon, so the risk of significant up gradient transport of sedunent and water from these slopes is 
minimal, ff these slopes were reduced it would also cover previously unimpacted, forested areas 
wdthin these drainages. 
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5.0 EXCESS MINE WATER DISPOSAL AREA 

At present there are no areas devoted to this activity as h was defined ui the 1978 Permit. Mine 
water generated by pit dewatering operations, surface mnoff and groundwater capture other than 
from leaching areas is currently piped to the Copperton Concentrator and used m the process 
water cucuit. Between 1936 and 1986 this water was sent to the South Jordan Evaporation 
Ponds area. The ponds were located seven mUes east of the Bmgham Mine, one mUe south of 
Bmgham Creek and five mUes west ofthe Jordan River. At closure ui 1986, the site contained 
approximately four milUon tons of neutraUzed sludges in 25 individual ponds covering 530 acres. 
Total metals analysis of the material showed it to contain elevated concentrations of arsenic, 
cadmium, copper, lead and zinc. However, batch leach testing uidicated that the metal-bearing 
material was not leachable and therefore did not pose a significant risk of migration. Leachable 
suffate, which is not regulated, was the most significant contaminant ofconcem at the site because 
of its concentration and solubiUty. 

Groundwater beneath the site contains elevated suffate and total dissolved soUds concentrations, 
but does not contain elevated metals concentrations. Much of this water is above the Utah 
Groundwater QuaUty Protection standard of 500 mg/L for sulfate but below the health Umit of 
1500 mg/L. 

The original Mining and Reclamation Plan submitted to DOGM in 1976 specified the foUowing 
activities for the excess mine water disposal area at closure: 

• stabilization will be accompUshed consistent wdth subsequent land use and may include 
removal or covering of accumulated salts, treatment with neutraUzer, grading and 
revegetation work 

• the area will be left in a safe, stable condition suitable for fiiture use and without hazard of 
erosion or surface water accumulation 

• any revegetation work would lUcely be accompUshed to suit farming requirements. 

5.1 COMPLETED RECLAMATION PROGRAM 

In 1994 and 1995, KUCC reclauned the evaporation ponds wdth oversight by EPA and DERR. 
The remediation and reclamation activities were completed m accordance wdth the Administrative 
Order on Consent for the South Jordan Evaporation Ponds (USEPA Docket Number CERCLA-
Vm-18) and the Record of Dedsion, Kennecott South Zone Site (USEPA, Region 8, 2001). A 
completion certificate for this removal has been issued by the EPA. Some of the material in the 
ponds was retumed to the waste rock disposal areas at Keystone Notch or was placed m the 
Bluewater I Repository. The remaining materials, composed of gypsum and gypsum-
contaminated soUs, were consoUdated into a 210-acre low mound within the northem footprint of 
the ponds. The entire area was regraded, and the mound was capped with three to five feet of 
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clean topsoU and seeded. During the reclamation an estimated seven miUion cubic yards of 
contaminated soUs were moved and four mUlion cubic yards of clean soU were emplaced. 

The removal of materials wdth elevated metals concentrations, and the consolidation and capping 
of the remaining sediments, has minimized this site as a source of groundwater contamination. 
Infiltration of precipitation and irrigation canal water in the area is dUuting and dispersing the 
remains ofthe historic suffate groundwater plume. 

5.2 FUTURE RECLAMATION PLANS 

The 210-acre repository was designed to hold the gypsum and gypsum-bearing soUs m perpetuity. 
However, current plans are to remove this material and place it in a repository wdth a much 
smaller footprint that is located up-gradient of the Eastside CoUection System at the mine. The 
Ukely repository location is in Copper Notch at the foot ofthe Eastside waste rock dumps. 

5.3 POST-CLOSURE LAND USE 

The majority of the excess mine water disposal area can now be used for non-mining purposes 
wdthout restriction. Most of the reclauned site is currently open space, but in the fiiture it may 
also be used for agricultural, residential, recreational, commercial, industrial or other purposes. 
After the remaining gypsum-bearing sludge has been removed, the 210-acre repository area may 
also be used wdthout restriction. 
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6.0 ORE TRANSFER AREA - MINE TO PROCESS 

Ore was transferred 15 mUes by standard gauge raU from the Mine to the North Concentrator 
untU the concentrator was permanently closed in 2001. The track and raUroad mamtenance 
facUities associated with ore transfer cover about 330 acres. The raUway network and operations 
are largely the same as described m the 1978 Pemiit. The entire ore haulage track is owned by 
KUCC and is wdthin the permit boundaries. A conveyor transfers ore from the in-pit cmsher to 
the Copperton Concentrator. DemoUtion and reclamation ofthe conveyor below the open pit and 
the 5490 tunnel is covered by DOGM pemiit M/045/004 

6.1 CLOSURE ISSUES 

The original Mining and Reclamation Plan submitted to DOGM m 1976 specified the following 
activities for the ore transfer area at closure: 

• at such time as the railroad is no longer needed in the mining or processing operations or 
for subsequent use, trackage and surface facUities wiU be removed and the area left in a 
condition suitable for conversion to other use 

• revegetation wdll be accomplished if appropriate for the subsequent use. 

Some areas adjacent to the tracks may contam historic ore spUlage or other materials associated 
wdth raU haulage, ff left ui place these materials could inhibit the reestabUshment of vegetation. 

6.2 POSSIBLE POST-CLOSURE LAND USE 

After the removal of aU process materials, demolition and reclamation have been completed, there 
wdU be no restrictions on post-closure land use. Much of the land wdU probably be retumed to 
farming, wdldUfe habitat or to some other use. Some sections of track may be left in place to 
service sites of post-mining industrial or conunercial development. 

6.3 DATA REQUIREMENTS 

The only information stiU needed to select final reclamation activities is the determination of post-
closure land use. In particular, segments of track that should be left m place and areas that wdU be 
retumed to farming after closure wdU need to be identified. 

6.4 RECLAMATION ACTIVmES 

Tentative reclamation adivities have been seleded based upon the existing incomplde data sd. 
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Before closure, the entire ore transfer area wiU be surveyed for ore and other process materials. 
Identified materials wiU be removed and either processed, placed on the waste rock disposal areas 
or properly handled in another manner. Any other contaminated areas wiU be cleaned up as 
described in Section 2.3. The ore conveyor ui the open pit and m the 5490 tunnel wiU be 
removed. Those sections of track wdth a post-minmg use wiU be left m place, and aU other track 
and buUdings wdll be demoUshed. All steel and as many ties as possible wdU be salvaged. Any 
materials that are not salvageable wiU be properly disposed. Based upon its volume and chemical 
characteristics, baUast and fill material from some areas may be excavated and removed for proper 
disposal. 

All sites except those located on waste rock disposal areas wdU be regraded to conform to the 
surtoundmg land surface and natural surface dramage wdU be reestabUshed. AU areas wdll be 
reseeded, except for those that wdU be used for farming within one growdng season or where post-
mining constmction activities are planned unmediately after closure. 
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7.0 ORE PROCESSING FAdLITIES AREA 

The North Concentrator consists of the BonnevUle Crushing and Grinding Plant, the Magna 
Flotation Plant, a few remaming stmctures from the Arthur Concentrator and the Arthur 
maintenance shops and warehouse (Table 2-1 and Figure 2-2). The entue complex covers 
approximately 220 acres. In 1997 the complex processed 9,700,000 tons of ore and produced 
229,866 tons of concentrate. The North Concentrator was permanently closed in 2001. 

The North Concentrator Complex is located immediately west of the town of Magna, and has 
good access to the mterstate highway and raUroad systems. The area also has a weU-developed 
infrastmcture including water supply systems, electrical transmission lines, sewage treatment 
faciUties and arterial roadways and rail Unes. The western Umits of Magna, adjacent to the North 
Concentrator Complex, is zoned for heavy industrial use. 

In the past, soils in and around the North Concentrator complex were contaminated with metal-
bearing process materials, hydrocarbons and reagents m the course of normal operations. SoUs 
wdth elevated lead and arsenic concentrations have aheady been identified and cleaned up at the 
old Arthur Concentrator, the Magna Concentrator and the BonnevUle Cmshing and Grinding 
Plant. Clean-up levels were estabUshed to aUow industrial use of the site in the future. It is 
possible that other contaminated soUs are present beneath existmg stmctures. 

7.1 CLOSURE ISSUES 

The original Mining and Reclamation Plan submitted to DOGM in 1976 specified the foUowdng 
activities for the ore processing facUities area at closure: 

• surface facilities includmg buUdmgs, utiUties, raUroads and equipment that are no longer 
needed for ore processmg or related purposes and are not convertible to some other use, 
will be razed and/or removed 

• aU hazardous conditions wdU be eUminated and ground surfaces stabUized and planted. 

In addition to these DOGM requirements several other issues should be considered during closure 
planning: 

• at closure the land should be left in a condition which maximizes its value and minimizes 
restrictions that wdU be placed on post-closure land use 

• materials or conditions that may have a significant negative impad on surface or 
groundwater quaUty wdll need to be removed or cortected before closure 
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7.2 POSSIBLE POST-CLOSURE LAND USE 

The primary Umits on post-closure land use are the concentration and extent of soil and 
groundwater contamination that remains on the site at closure. To comply wdth the requirements 
ofthe 1976 Mining and Reclamation Plan and to maximize the post-closure value ofthe land, 
remediation and reclamation wUl be designed at a minimum to aUow industrial/commercial land 
use at closure. Within much ofthe disturbed area it is assumed that there wdll be unrestricted land 
use at closure that could include industrial/commercial, residential and wUdlife habitat. 

7.3 DATA REQUIREMENTS 

In order to select final and detailed reclamation actions, the foUowdng data requirements will have 
to be filled: 

• the character and extent of soU or groundwater contamination that may remain on site 

• the regional economic and demographic conditions at the tune of closure and the viabiUty 
of selUng or leasmg specific buUdings to another party for industrial development. 

7.4 RECLAMATION ACTrVTIlES 

Tentative reclamation activities have been selected based upon the existmg incomplete database. 
Before closure aU process materials will be processed, sold or otherwise remediated. Currently it 
is assumed that all facUities wdU be demoUshed unless a vaUd post-mining use can be identified in 
the future. Contaminated soils and debris that are identified before or during demoUtion activities 
wdU be removed, treated or buried in place to aUow at least industrial/commercial land use after 
closure. After demoUtion and remediation h^ye been completed aU sites wdU be reclaimed as 
described m Section 2.3. 
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8.0 TAILINGS DISPOSAL AREA 

The South Tailings Impoundment currently contains about two biUion tons of material and untU 
recently received about 55 mUlion additional tons annuaUy. The original footprint of the 
impoundment was about 5800 acres, of which less than 2000 acres are currently not reclaimed. 
The curtent flat. Ulterior portion of the impoundment covers about 3500 acres and the 
embankment covers about 2300 acres. Suice 1999, the area of active taUings deposition has been 
reduced on top of the unpoundment and new tailings deposition is curtently only occurring 
intermittentiy on the eastem quarter of the impoundment. Interim and permanent reclamation 
activities are currently bemg perfomied on the inactive interior areas. Approximately 1100 acres 
of the embankment have been permanentiy reclaimed wdth trees and shmbs, and most of the 
remaining embankment area has undergone reclamation wdth a mix of fast growdng grasses and 
forbs for dust control. The top of the unpoundment is almost 250 fed high and the overaU 
embankment slope is maintamed at approximately 11 degrees. 

The South TaiUngs Impoundment has almost reached its operational capacity and constmction of 
the new North Impoundment expansion began in 1996. The transition to the North Impoundment 
is scheduled to extend from 1998 to 2004. 

The taiUngs contam fewer sulfides and a lower acid potential (AP) than the ore produced m the 
mine because ahnost all ofthe chalcopyrite, bomite and molybdenite, and some ofthe pyrite, is 
removed during the beneficiation process and sent to the Smelter as concentrate. Samples of 
taiUngs from the Magna and Copperton Concentrators coUected between 1996 and 2002 contain 
about 0.6 percent sulfide sulfur on average, ff aU of these sulfides were oxidized, the weighted 
average AP would be about 18 tons of calcium carbonate per 1000 tons of taiUngs. The sampUng 
program also mdicates that the tailings contain the equivalent long-term weighted average 
neutralization potential (NP) of about 29 tons of calcium carboiuite per 1000 tons of tailings. The 
seven year weighted average net neutralization potential (NNP) ofthe tailings is thus 11 
tons/1000 tons with a 95% confidence mterval of 5 tons/1000 tons. The neutralization potential 
ratio (NPR) ofthe Magna and Copperton taiUngs has a weighted average of 1.6. However, 
coarse taUings material, which generaUy accumulates on the margins ofthe unpoundment near the 
discharge points, has a higher concentration of sulfide minerals and tends to be more acid-
generating than the unpoundment tailings as a whole. More than 250 samples were coUeded 
from the surface and subsurface ofthe embankment between 1994 and 1996 (Shepard NCUer, Inc. 
and Schafer and Associates, 1995; Shepard MUler, Inc., 1997). These samples represent a 
historical record of taiUngs deposition spannmg several decades. The average AP ofthe data set 
was 22 tons/1000 tons and the average NP was 28 tons/1000. The average NNP was 6 tons/1000 
tons with a 95% confidence interval of 6 tons/1000 tons. The average NPR ofthe taiUngs 
embankment samples was 1.3. 

These NNP and NPR values are not clearly diagnostic of ARD potential under field conditions, so 
kinetic tests are also being performed on tailings samples in compUance with Utah Ground Water 
Discharge Permit UGW3 50011. Kinetic nd acid generation (NAG) tests have recently been 
completed on 21 tailings samples with a range of NNP and NPR values. During NAG tests, 
taUings are mixed with a hydrogen peroxide solution for 24 hours and the pH and temperature of 
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the mixture are continuously monitored. Hydrogen peroxide is a strong oxidizing agent, so the 
sulfides in the sample are oxidized at a rapid rate, mimicking years or decades of surface 
weathering during the short-term test. As shown on Figures 8-la and 8-lb, the NNP and NPR 
are very good predictors ofthe final pH ofthe oxidized taUings. Samples with an NNP of less 
than -2 tons/1000 tons (NPR=0.8) aU acidified, whereas samples with an NNP of greater than 3 
tons/1000 tons (NPR=1.2) maintained a neutral pH throughout the test. Sulfide oxidation 
reactions are strongly exothermic, and samples with an excess of AP aU exhibited very elevated 
temperatures during the tests (Figure 8-2a and 8-2b). Samples with an excess of NP aU remained 
near room temperature throughout the test. 

These results indicate that, although portions ofthe South Impoundment wiU acidify, the overaU 
risk of ARD from the impoundment as a whole is low. On a mass basis, it is estimated that less 
than ten percent ofthe South Impoundment material has the potential to become acidic because of 
its NNP characteristics or because it wdU remain saturated m perpetuity. (Shepard MiUer Inc. and 
Schafer and Associates, 1995). Most of the tailings wdll remain saturated in perpetuity. The 
sulfides in taiUngs that are below the water table are unlUcely to ever be oxidized, but the NP of 
these saturated tailings wdU be able to neutralize any acidic solutions that they may contact. 

Portions ofthe embankment surface wdU likely acidify because 1) sulfides are preferentiaUy 
partitioned to the margms ofthe impoundment, and 2) oxygen is more readUy avaUable in the 
weU-drained and coarse-grained embankment than in the fine-grained interior. Based upon the 
data colleded between 1994 and 1996 and the new NAG test results, approximately 50 % ofthe 
tailings exposed on the embankment surface have the potential to acidify in the long term 
(assuming that aU tailings wdth an NNP of less than 0 could ultimately acidify). Recent tailings 
deposited on some portions ofthe existmg interior surface ofthe South Impoundment have also 
been more acid-generating than the long-term average. Acid-base accounting and kinetic NAG 
testing of new taUings deposited in the impoundment wdU continue in the future. 

Some tailings may also have elevated salinity, predommantly associated wdth NaCl, because they 
are deposited by saline process water. The process water tends to be saUne because some ofit is 
derived from water with a relatively high total dissolved soUds content and because it is 
continuously recirculated and undergoes evaporative concentration. In some locations, the 
salinity may be high enough to inhibit vegetation estabUshment. 

Except for copper, the taiUngs have relatively low average total metals concentrations, as 
iUustrated by a 61-sample average for the foUowing elements: arsenic 25.1 mg/kg, barium 199 
mg/kg, cadmium 0.3 mg/kg, chromium 47.3 mg/kg, copper 785 mg/kg, lead 23.0 mg/kg and 
selenium 1.2 mg/kg. Synthetic Precipitation Leaching Procedure analyses (EPA Method 1312) 
conducted on 30 un-weathered Idlings samples yielded average leachate concentrations of less 
than detedion for all of these elements. 
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Figure 8-2a Net Neutralization Potential versus Maximum NAG Temperature 
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Figure 8-2b Neutralization Potential Ratio versus Maximum NAG Temperature 
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8.1 CLOSURE ISSUES 

The original nuning and Reclamation Plan submitted to DOGM in 1976 specified the foUowing 
activities for the South TaUings Impoundment at closure: 

• when no longer needed for tailings deposition, mineral recovery or material source, 
grading and revegetation of dUce slopes not aheady done wdU be completed 

• the surface of the taiUngs pond wdU be stabUized usmg the most practicable technology 
avaUable upon the temiination ofthe deposition ofthe tailings. 

In addition to the DOGM requuements, the primary closure issues at the South TaUmgs 
Impoundment mclude: 

• dust must be controUed from the impoundment in perpetuity 

• surface water mnoff and surface seepage of tailings water from the impoimdment must be 
captured and conveyed to a designated outfaU point where it must meet appUcable water 
quaUty criteria to be discharged 

• groundwater quahty must not be degraded 

• long-term slope stabUity must be maintained. 

8.2 SUMMARY OF EXISTING CLOSURE PLANS 

The existing closure plans described in Section 1.2.2 and attached in Appendices B and C detaU 
the reclamation activities that wdU occur when the South Impoundment closes. The ultimate goal 
for the surface ofthe South Impoundment is to estabUsh a permanent, seff-sustaining vegetative 
cover to minimize dust generation, water infiltration and erosion, whUe improving wdldUfe habitat, 
slope stabiUty and aesthetics. In some areas ofthe South Impoundment interior, where vegetation 
establishment may be difficult because of saUnity issues, the primary goal wdU be to create a stable 
surface that wdU inhibit dust generation. 

Areas of the South Impoundment have been taken out of service sequentiaUy, from west to east, 
to aUow continued use ofthe decant pond untU final closure ofthe existing impoundment. This 
has been done by constmcting access dUces to subdivide the existing adive surface. The 
peripheral discharge system has been reestabUshed on each new dUce to keep the remaimng adive 
surface properly wetted. As each new area is isolated and begins to dry, it has been initiaUy 
StabUized by one or more of the foUowdng methods: planting of rapid-growing grass seed, 
hydromulching, or temporary dust control using water or suppressants. Permanent revegetation 
ofthe surface is being conduded after the surface has dried sufficiently or in the next appropriate 
season. For tailings that have acidified or that may acidify m the fiiture, limestone or another 
neutraUzing agent wdU be added to maintain a near-neutral pH in the long-term. For some taUings 
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with elevated salinity, final reclamation may need to be delayed several years to aUow the salts to 
be removed by precipitation, infiltration and mnoff. Recent sampling and historical studies 
indicate that this natural leachmg process Ukely occurs wdthin several years on the embankment 
surface and on portions ofthe interior, but it may involve decades on portions ofthe flat interior 
surface underiain by very saUne, very fine-grained taUings (Utah State University, 1974). It may 
not be possible to estabUsh vegetation on some very saUne interior surfaces. In these areas other 
methods of permanent surface stabUization may be employed such as capping wdth a growth 
media, cappmg wdth coarse material, capping wdth a growth media underlain by a capiUary break 
or promoting the formation of salt cmsts. 

At final closure, the flat, upper taUings surface wdU be constmcted so that all precipitation wdll be 
retained on the surface. Captured precipitation wiU either uifiltrate or wdll be removed by 
evapotranspiration. Water falling on the embankment and seepage that discharges from the base 
of the embankment, will report to the toe coUection ditch. Ultimately, this water will be 
discharged through a UPDES outfaU (Section 10.0). Groundwater monitoring wdll continue for 
some time after closure to ensure that there are no adverse impacts to groundwater quality. 

More detaUed descriptions ofthe closure activities are provided in the attached plans. 
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9.0 EXCESS WATER MANAGEMENT AREA 

FacUities that are currently used for excess water management cover about 100 acres. As defined 
in the 1978 Permit under the land use category of excess process water disposal, this mcludes aU 
the faciUties that handle water from the taUings unpoundment for disposal or recycUng. Excess 
water from the South Impoundment is transferted from the decant pond to the clarification canal. 
From the canal, water flows around the southeast side ofthe unpoundment to a pump station that 

returns it to the concentrator. Excess water not subjed to recycle requirements is discharged to 
the Great Salt Lake from a series of permitted outfaU points. 

AU ofthe other areas included under the excess process water land use category in the 1978 
Pennit are either closed or are only used by the Smelter or Refinery and so are not covered by 
DOGM permits. This includes the former wastewater treatment plant (WWTP) and its associated 
sludge lagoons that were demoUshed and reclaimed in 2001. Metals-bearing gypsum sludge 
generated during the neutraUzation process at the WWTP was discharged to five lagoons. 
Approximately 1.1 miUion cubic yards of sludge were moved from the lagoons to the Arthur Step 
Back Repository on the southwest side ofthe existing taUings unpoundment. This repository was 
constmded under EPA oversight to meet the conditions of a RCRA Subtitle C faciUty. A portion 
ofthe repository underwent permanent capping and closure in 2001. The remamder has been 
temporarily capped and is authorized by EPA for fiiture hazardous material disposal that meets 
the conditions of the corrective action management unit. It wiU be fiUed, closed and capped at 
closure. 

9.1 CLOSURE ISSUES 

The original Mining and Reclamation Plan submitted to DOGM m 1976 specified the foUowdng 
activities for the excess process water disposal area at closure: 

• surface facUities that are no longer needed, and that are not convertible to some other use 
wiU be razed and/or removed 

• sludge ponds and evaporation ponds wdll be left in a condition suitable for conversion to 
other uses, this may involve filling or covering, or other stabUization and revegetation 
work 

• canals wdll most Ukely be left indefinitely for conveyance of natural surface flows and 
drainage to the Great Salt Lake. 

After closure some ofthe facUities associated wdth excess water management wdU have to be used 
in perpetuity to handle surface water flows and seepage from the South Impoundment and the 
North Impoundment. It is also probable that some waters from the mme area and the mine waste 
disposal area wiU need to be routed through the existing process water disposal systems and into 
the Great Salt Lake. After closure aU discharges will continue to be regulated under UPDES 
permit UT0000051 or a subsequent UPDES pemiit. 
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9.2 POSSIBLE POST-CLOSURE LAND USE 

Based upon the long-term need to handle water from the tailings impoundments and possibly 
other areas, much of the area wdll be used for water management in perpetuity after closure. 
Some ofthe area may also be preserved as wetlands wdldltfe habitat. Seleded areas, particularly 
those associated wdth process water recycling, may have an unrestricted land use after closure, 
demoUtion and reclamation. 

9.3 DATA REQUIREMENTS 

Some ofthe data requirements that wdU need to be fiUed before final post-mining closure options 
are selected include: 

• the ultunate character of the post-mining water management system in the Oquirrh 
Mountains 

• the final geometry of the tailings impoundments and their required water management 
systems. 

9.4 RECLAMATION A C U V m E S 

Tentative reclamation activities have been selected based upon the existing mcomplete data set. 
An outfall point or muhiple pomts wdll be mamtained m perpetuity to discharge water from the 
taiUngs unpoundments and from other sources in the Oquurh Mountams into the Great Salt Lake. 
Selected waters from the mine and the mine waste disposal areas wiU likely be transported north 

Ul existing pipeUnes wdthin the taUings pipeUne corridor. Most existing canals and ditches wdll be 
left Ul place to use for water management and to provide wUdUfe habitat. Stmctures currently 
associated with process water recycUng, such as pump houses and pipes, wiU be removed unless 
they are determined to have a post-mining use. AU buUdings and stmctures that do not have a 
post-mining use wUl be demoUshed and reclaimed as described in Section 2.3. 
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10.0 POST-CLOSURE WATER MANAGEMENT 

After closure the surface and shaUow groundwater flows Usted on Table 10-1 wiU need to be 
captured and managed in perpetuity. The table generally Usts flows that have been impacted by 
contact with waste rock, taUings, underground workings or the open pit. Figure 10-1 is a map of 
the Bingham Canyon mine area showing watersheds that contribute to these flows and the 
existing surface water coUection systems. Generally, watersheds that contam waste rock surfaces 
where leach water was historicaUy applied have the lowest water quaUty. Watersheds that contain 
waste rock that was never leached have intermediate water quaUty and up gradient watersheds 
that are undisturbed contain potable quaUty water. Currently the sur&ce and shaUow 
groundwater flow in aU ofthe up gradient drainages except for Dry Fork infiltrates into the down 
gradient waste rock dumps and is ultimately captured as ARD below the dumps. These up 
gradient watersheds also tend to receive significantly more precipitation than the areas below, so 
they wiU contribute relatively more water to the coUection systems than is impUed by their surface 
areas. Some watersheds near the range crest ofthe Oquirrh Mountains receive more than 30 
inches/year average precipitation compared to an average of around 16 inches/year near the base 
ofthe waste rock disposal areas. Potable quaUty water discharging from springs, seeps or adits 
has been identified in several drainages. Listed m decreasmg order of annual surface flow these 
include: Dry Fork, Freeman, Zehiora, Log Fork, Cottonwood and Sap gulches (Figure 10-1). 
Although Markham Gulch does not currently have any surface flow, historical records indicate 
that in the past it has produced as much water as Freeman Gulch. 

Also Usted on Table 10-1 is the water that wdU be produced as part ofthe Southwest Jordan 
VaUey Plume remediation. Not included in the table are natural surface flows elsewhere wdthin 
the pemiit boundaries in the Oquirrh Mountams or surtoundmg the TaUings Impoundment. Water 
extracted from the acid plume remediation contains the largest amount of acidity that wUl need to 
be treated, but the great majority ofthe acid plume wdU be removed before closure. It is 
anticipated that the water discharging from the toe ofthe north Eastside waste rock disposal areas 
and water flowing m the Bingham Canyon aUuvium wUl contain the great majority ofthe acidity 
that must be managed in perpetuity, Both of these areas have been impacted by acid-generatmg 
waste rock disposal and historic leach water appUcations. 

Most ofthe water quaUty data used to constmd Table 10-1 was coUected between 2000 and 
2002. It is likely that before closure, flushing by precipitation and relatively clean groundwater 
flow wdU cause an unprovement in water quaUty m some areas; particularly those that were 
impacted by historic leach water appUcations. Proper management of up gradient water, as well 
as reduced infiltration because of vegetation estabUshment may also unprove some water quaUty. 
Conversely, it also is possible that continued sulfide oxidation in the pyrite halo of Bingham pit, 
the Magna TaUings Impoundment or in the newer waste rock disposal areas in Bmgham Canyon 
may cause water quaUty m some of these areas to worsen wdth time. 
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Table 10-1 Estimated Surface and Groundwater Flows at the Bingham Canyon Mine After Closure 

Location 
MINE AND TAILINGS FLOWS 

North Eastside Dumps (4) 
Dry Fork Extraction Well (5) 
South Eastside Dumps (6) 

Bingham Canyon Alluvium (7) 
Utah Metals Tunnel 

Flow Rate 

<8P"H^) 

410 
100 
130 
520 
70 

Typical 

P"P) 

3.0 
3.2 
4.7 
3.7 
3.9 

Typical 
•nos (2) 

81000 
27000 
15000 
6300 
3600 

Typical 
Sulfate (2) 

52000 
20000 
10000 
4600 
2400 

Typical 
Alkalinity (2) 

-26000 
-7900 
-1500 
-1500 
-700 

Equivalent tons 
ofCaC03/day(3) 

-64.0 
-4.7 
-1.2 
-4.7 
-0.3 
>0 Can- Fork Ftows (8) 220 6.5 3400 2400 >0 

Bingham Pit Dewatering (9) 2500 6.9 2600 1700 100 1.5 
Barneys Heap Drainage (10) 20 7.0 3500 1300 110 0.0 
Magna Tailings Seeps (11) 100 7.2 6100 2300 150 0.1 

Bingham Tunnel 830 7.4 1900 1200 210 1.0 
Queen Mary Drop Well (12) 470 7.1 500 100 220 0.6 
other Eastskte Tunnels (13) 30 7.3 3200 1500 230 0.0 

Butterfield Tunnel 300 7.5 800 300 230 0.4 
ACID PLUME REMEDIATION 

AcM Wells (14) 2500 3.3 45000 32000 -15000 -225.3 
Sulfate Wells (14) 2500 7.0 2700 1500 170 2.6 

NOTE: Actual fkw rates and water quality will vary depending upon the pit closure scenarto selected, the amount of 
dean water that is captured up gradient of the waste rock disposal areas, and if pumping from the underground 
workings surrounding the pit is continued after closure. 
(1) Unless otherwise noted the Tkiw rates are t)ased upon average measured or estimated flows in 1999, 2000 or 2001. 
In each case, the higt>eat annual averape was used wid values were fpunded up. 
(2) Unless otheiwlse noted analytical results are average values fbr samptes collected In 2000 and/or 2001. If muKiple 
sources were averaged, the average was weighted >>y flow rate. All pH and alkalinity values were rounded down 
and aW TDS and sulfate values were rounded up. All values in mg/L. A negative alkalinity indteates that the 
value fiepresents the acMity of the sample In mg/L as CaC03. | 
(3) This B the neutraHzathm capacity that Is theorettoally provMed t>y alkaline water ftows In tons of calcium cartionate 
per day and the tons per day of calcium cartxmate that wouM be needed to neutralize acidk; ftows. The values are 
t)ased upon the typical ftow rate and alltalinlty or acktity of each ftow. 
(4) -fhis Includes aH ftows collected atong the Eastside dumps north of Yosemite drainage and south of Bingham 
Canyon. Leach water applteatfon to ttw Eastside dumps was tenninated In fall, 2000 and flows from ttw base of 
the dumps are still declining. The ultimate base ftow Is estimated by scaling up the current flow from the south 
Eastskte Dumps (which were never leached) according the larger surface area of the north Eastskte dumps. It 
is probable that pH vwll irKrease and TDS, sulfate and acMity will decrease as the teach water component of the 
base flow decreases. A significant Improvement In water quality has already been noted in the Dry Fork Tunnel. 
(5) As part of the Dry Fork Corrective Action Plan this will likely have to t e pumped at 100 gpm. 
(6) This includes all flows collected along the Eastskte dumps between the Yosemite and Queen drainages. 
(7) Includes flows cunently collected at the Bingham Cutoff Wall, the Copperton vwll. the West Mountain Shaft or its 
replacement, Curtis Springs and the west side collection system. Watier quality data collected at the cutoff vrall was 
assigned to the entire flow. Ftow data from 2000 and 2001 were used t)ecause teacti water was still being iapplied to 
the area in 1999. 
(8) Flows collected from the upper NW side of the pit. Includes ftows from seeps, wnoff and the Parvenu Tunnel. 
The analytkal results are based upon sampling conducted In 1993 from tunnels and seeps exposed on the [ipOj 

northwest side of ttie pit. I T 
(9) tt Is estimated that up to 2500 gpm wtH ultimately need to be removed from the pit If no peripheral pumping is 
performed. If a pit lake Is altowed to fomi, it may take up to 30 years before any water needs to be removed from the 
pit depending on the ttoodinq depth that Is altowed. -Qw estimated water quaHty te based upon the character of water 
that is curreniBy being renwwed from the bottom of the pit. | 
(10) Alter draindown of the heap leach pads at the Barneys Canyon goM mine has t>een oompleted. the base flow will 
be piped Into the water management system for ttie Bingham Canyon Mine. 
(11) The combined ftow rate from seeps on the Magna Impoundment in 2000 vms less than 100 gpm. It is likely that 
flows will decrease substantially afler water applicattons to ttie Impoundmerit are terminated and as ttw impoundment 

I 
npoun 

surface becomes vegetated. 
(12) It Is assumed that with the cessatton of teaching In the Dry Fork area, the water In the Queen Mary drop 
well will eventually become simitar to up gradtent groundwater. The analytkal date shown are based upon 
samptes from upgradtent vrelte. In the future thte vrater may be extracted from the Mid-VaPey vrell instead. 
(13) Includes the Old Bingham Tunnel, Mascott Tunnel and the 5490 Tunnel. 
(14) It te estimated that the acid welte will be pumped until approxlmatety 2030 at the tetest and the sulfate welte will be 
pumped in perpetuity. The peak annual pumping rates are Ifeted for both the acto and sulfate vrelb, so the average 
rates for the entire remediatton period may be somewhat tower. In reality, the maximum pumping rate from the acid 
well may be as low as 1500 .gpm. It fe ateo antteipated that vrater quality will improve during remediation, so sulfate 
and acMlty concentrations may be signiflcantly tower at ctosure than listed here. 
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10.1 CLOSURE ISSUES 

The primary closure issues associated with water management are defined by the need to comply 
with all surface and groundwater regulations and pennits in the most cost effective manner. The 
primary water management issues that will need to be addressed after closure are to: 

• comply with the requirements ofthe UPDES and groundwater discharge permits 

• minimize contact of precipitation, surface and groundwater with waste rock, tailings and 
sulfide-bearing bedrock 

• capture contaminated water that has contacted waste rock, tailings and sulfide-bearing 
bedrock 

• segregate different quality water flows to avoid contaminating relatively good quality 
water with poor quality water 

• minimize contaminant loading into down gradient surface and groundwater 

• remediate down gradient waters that have been impacted by historical contaminant loading 

• treat water to a quality that is consistent with its ultimate end use 

• transport water to the appropriate end users or discharge point 

• perform groundwater and surface water quality monitoring to ensure down gradient areas 
are not being adversely impacted 

10.2 POST-CXOSURE WATER MANAGEMENT ACTIVrnES 

Post-closure water management will involve the collection, treatment and transport of relatively 
good quality up gradient waters, contaminated contact waters and contaminated waters extracted 
during remediation activities. Table 10-2 lists the facilities that may be left in place after closure 
to complete these tasks and lists their locations where available. The final location and 
configuration of many facilities cannot be determined yet. The final facility designs will be 
dependent upon water quality and flow data coUected between now and closure. Most ofthe 
water management facilities are already in existence or will be constructed before closure. After 
closure on-going management of these facilities will include periodic inspections, routine 
maintenance and repairs. 

10.2.1 Up Gradient Water CoUection Systems 

As described in Sections 3.0 and 4.0, collection facilities will be constructed up gradient fi'om the 
waste rock disposal areas and the pyrite halo in the open pit to capture relatively clean water 
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before it contacts sulfide-bearing waste rock and bedrock. These facilities wdll generally be 
located in drmnages that have significant surface or shallow groundwater flow which discharges 
to the waste rock disposal areas. Selected surface water flows fi-om the upper, net neutralizing 
benches in the open pit v^l also be captured and removed before they contact the pyrite halo. 
Collection sites will be located in upper Dry Fork Canyon, upper Freeman Gulch, selected 
drainages surrounding the open pit (most likely in Zehora, Log Fork, Cottonwood, Sap and 
Markham Gulches) and on selected upper pit benches (Figure 10-1). In most cases the collection 
sites will be designed to capture water flowing on the surface or in alluviimi, colluvium or shallow 
bedrock. Collection structures may include ponds, sumps, ditches, cutoff walls, horizontal drains 
or extraction wells. Once captured the water will be piped out ofthe area so that it does not ^ 
contact any sulfide-bearing material. Pipes will likely transport the water to the mouth of 
Bingham Canyon, where it can be distributed to end-users. Small recharge areas, poor water 
quality, lack of surface flow and low bedrock porosity on undisturbed land within Muddy Gulch 
and Galena Gulch (South Side Natural on Figure 10-1) will generally prevent any significant 
water capture in these areas. 

Gravity flow fi'om some underground workings such as the Bingham, Mascotte, Utah Metals and 
Butterfield tunnels will continue to dewater some bedrock on the pit margins after closure (Figure 
3-7). Selected up gradient underground workings may also continue to be dewatered by pumping 
after closure. Water is currently being removed fi'om the North Ore Shoot shaft in upper 
Bingham Canyon and the Carr Fork workings in Pine Canyon. A shaft wdthin the Utah Metals 
tunnel may also provide a viable up gradient dewatering point. Extraction fi'om these workings 
would keep the north and west sides ofthe pit dewatered. After closure, the continued removal 
of water firom selected underground workings surrounding the open pit will prevent groundwater 
quality from degrading as it flows through the pyrite halo towards the bottom ofthe pit. In most 
cases, the captured up gradient water wdll be of good quality and could be used or discharged 
without any restrictions. 

10.2.2 Contact Water CoUection Systems 

As described in Sections 3.0, 4.0 and 8.0, contact water collection systems will be maintained 
after closure to capture water that has been degraded by contact with sulfide-bearing waste rock, 
tailings and bedrock. The anticipated flows that will need to be captured and treated in perpetuity 
are listed in Table 10-1. However, the capture of up gradient flows, and the increase in 
evapotranspiration on recontoured and revegetated surfaces may ultimately reduce the amount of 
contact water that must be collected. 

The Eastside Collection System will continue to operate after closure. This system collects water 
that has contacted the Eastside, Bingham Canyon and Dry Fork waste rock disposal areas. The 
collection system captures water that discharges from the toe ofthe Eastside waste rock disposal 
areas and that flows in the alluvium of Bingham Creek and several other dr̂ unages. The Eastside 
Collection System is composed of a series of collection sumps and ponds, settling ponds, cutoff 
walls, pipes, canals and pump stations. Water will also continue to be extracted in upper Bingham 
Canyon and lower Dry Fork Canyon after closure. Collection systems will include pumping fi'om 
the West Mountain Shaft or its replacement and pumping fi'om an extraction well located at the 

66 

DWQ-2003-000001 Page 64 of 156 03-01-2003



intersection of Dry Fork and Bingham Canyons. This collection system is designed to minimize 
the migration of contaminated water from the Dry Fork/Bingham Canyon area into lower 
Bingham Canyon. Water extraction at these sites in upper Bingham Canyon will likely decrease 
the quantity and improve the quality of water that must be captured at the cutoff wall. 

Surface water collection systems will also be established on the lower, net acid-generating walls 
ofthe open pit to capture water from runoff, springs, and underground workings before it can 
infiltrate into the pyrite halo. The water will be captured in collection sumps and will either be 
piped to the bottom ofthe pit, or it wdll be piped directly out ofthe pit. Water that discharges 
into the bottom ofthe pit will ultimately be pumped out via the 5490 tutmel. 

Collection systems on the margins ofthe South Tailings Impoundment wdll also need to be 
maintained after closure. Contact water fi'om seeps and springs on the lower embankment slopes 
wdll be captured in ponds, sumps or ditches. This water will then be managed in conjunction wdth 
contact waters from other parts ofthe operation. 

In most cases, contact water that is captured will have to be treated before it wdll meet standards 
acceptable for irrigation, drinking water or discharge to surface water. 

10.2.3 Bingham Creek Groundwater Remediation 

The historic groundwater contamination in the southwest Jordan Valley has been subdivided into 
two zones, Zone A and Zone B, for management purposes. Zone B, includes an area east and 
southeast ofthe former KUCC evaporation ponds in South Jordan, and is characterized by sulfate 
concentrations averaging approximately 700 mg/L. Zone B treatment will be addressed through 
a Reverse Osmosis (RO) treatment plant which wdll be constructed by the Jordan Valley Water 
Conservancy District (JVWCD) located at approximately 1300 West and 8200 South. 

The most significant portion of Zone A, is located immediately down gradient from the Large 
Bingham Reservoir. Water in the core of Zone A is characterized by low pH (<4.5), elevated 
heavy metals, and high sulfate (>20,000 mg/L). The settlement of a Natural Resource Damage 
(NRD) claim made by the State ofUtah against KUCC for contamination of groundwater in the 
southwestem Jordjm Valley required among other things that the acidic portion ofthe plume be 
pumped at an imnual rate of 250 gpm based on a rolling five year average. The principal objective 
ofthe NRD claim is to "restore, replace or acquire the equivalent" ofthe damaged groundwater 
resource. There are portions ofthe settlement that overlap the scope of CERCLA remedial 
actions that are also required. These include among others, preventing the migration of 
contaminated groundwater into previously uncontaminated portions ofthe aquifer. The U.S. 
Environmental Protection Agency's Record of Decision (ROD) for the CERCLA action also 
provides that KUCC: 

• Monitor the plume to follow the progress of natural attenuation for the portions ofthe 
Zone A plume which contain sulfate in excess ofthe state primary drinking water standard 
for sulfate (500 ppm sulfate). 
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• Disposal of treatment concentrates via the existing pipeline used to slurry tailings to the 
tailings impoundment prior to mine closure. 

• Develop a post-mine closure plan to handle treatment residuals for use when the mine and 
mill are no longer operating. 

Recent groundwater modeling suggests a much higher pumping rate than 250 gpm is required to 
contain the plume. The Remedial Investigation and Feasibility Study (RI/FS) for the 
contaminated groundwater demonstrated that the plume will continue to flow towards the Jordan 
River unless hydraulically contained and that the extracted acidic water must be treated before 
discharge. The RI/FS calls for the installation ofadditional groundwater extraction wells in the 
acidic portion ofthe plume that wdll be pumped at a rate of approximately 2000 to 2500 gpm. 
The pumping rate wall remove most ofthe acidic plume before closure and will satisfy the NRD 
settlement and CERCLA corrective action requirements. Additionally, as proposed in the RI/FS, 
a barrier well system to extract elevated sulfate in groundwater and hydraulically cont^ the 
plume will be installed at the plume terminus. 

The acidic water removed from the core of Zone A wdll be neutralized with lime and tailings and 
will be discharged to the tailings line during the active life ofthe mine. It is anticipated that before 
closure, one or more lime treatment plants will be built somewhere near the mouth of Bingham 
Canyon. The lime treatment capacity wdll be sized to handle the anticipated post-closure flows. 
A plant for treating Zone A sulfate water from the margins ofthe plume will be constructed by 
KUCC near the barrier wells. The treatment system will use RO treatment technology to produce 
approximately 3500 acre-feet/year of drinking quality water. As required by the EPA ROD, the 
clean RO permeate water will be sent to municipal supply for delivery through the Jordan Valley 
Water Conservancy District (JVWCD) distribution pipelines to affected users. The RO 
concentrate will be discharged to the tailings line during the active life ofthe mine. Studies have 
been conducted as part ofthe Remedial Design Workplan to ensure that the deposition of 
treatment sludges and precipitates in the North Tailings Impoundment (DOGM permit number 
M/035/015) wnll not adversely impact the geochemical stability ofthe tailings. Geochemical 
monitoring wdll also continue for the life ofthe project. 

The current assumptions for the post-closure management of RO concentrate and lime-neutralized 
water is for it to be discharged to the Great Salt Lake through a future permitted discharge 
outfall. Further studies, to confirm the feasibility ofthis option and address post-closure 
management of lime treatment sludges will be conducted over the next few years as part ofthe 
Remedial Design Workplan. Options to be evaluated include stabilization ofthe sludge and 
placement on the waste rock disposal areas or construction of a repository. 

10.2.4 Mine Water Treatment and Discharge 

Acidic post-closure flows from the mine area may total about 1500 gpm (Table 10-1). Depending 
on the final closure scenario selected for the pit, up to about 2500 gpm may also need to be 
treated at closure (pit with a small collection pond or ponds) or treatment may be delayed for up 
to 30 years after closure (partial flooding scenario). It is anticipated that all of these post-closure 
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flows wdll be treated by lime neutralization, sedimentation and clarification. It is also possible that 
a small pretreatment plant may also remain in place after closure to recover copper from selected 
copper-bearing flows that discharge from the waste rock disposal areas. This plant would likely 
be located above the cutoff wall in lower Bingham Canyon and will feed water to the hme plant. 

As indicated in section 10.2.3, KUCC intends to remove most ofthe acidic groundwater plume 
before closure. At closure, the reduction in treatment needs for the acid plume, will allow for lime 
treatment plant capacity to be available for the mine flows. The treated effluent may be pumped 
to the tailings pipeline and ultimately discharged into the Great Salt Lake. Some ofthe water may 
also be provided for municipal use if it is treated sufficiently. The sludges generated during the 
treatment of mine waters wdll be handled in a similar manner to the sludges generated by the acid 
plume remediation. During active operations these sludges wdll be discharged to the tailings 
impoundment, but after closure they will be handled as determined in the Remedial Design 
Workplan. 

10.2.5 Long-Term Monitoring 

Long-term monitoring of surface water and groundwater quality wdll be required after closure to 
ensure that remediation objectives have been attained and to ensure that down gradient areas are 
not negatively impacted by waste rock, tailings and sulfide-bearing bedrock. Monitoring wdll 
generally be accomplished by the periodic sampling of wells and surface flows. Figures 10-2 and 
10-3 are maps showing the existing wells owned by Kennecott within the permit boundaries. The 
wells are designated as permit monitoring wells, production wells and other monitoring wells. 
After closure it is likely that many ofthe monitoring wells required by groundwater discharge 
permits and most ofthe production wells will be left in place. Continued access to some ofthe 
non-permit monitoring wells will also be needed after closure. Those wells that do not have a 
post-mining use wdll be abandoned in accordance wdth all applicable regulations including with the 
State Engineers specifications. 

It is anticipated that after closure at least 25 years of monitoring will be required for Groundwater 
Discharge Permits UGW350010 and UGW350011. These permits are associated wdth the waste 
rock disposal areas and the tailings impoundment respectively. Post-closure monitoring 
requirements for the groundwater discharge permit associated wdth the North Concentrator may 
be of a shorter duration. After all process materials and facilities have been removed from the 
North Concentrator site and the land has been reclaimed, there wdll be no potential contaminant 
sources remaining. Other than general assumptions about the duration of monitoring, it would be 
premature to try to designate post closure sampling points and frequencies at this time. A detailed 
post closure monitoring plan for the ground discharge permits wdll be prepared a short time before 
closure based upon the surface and groundwater conditions at that time. 
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11.0 FUTURE AND ON-GOING RESEARCH BV SUPPORT OF CLOSURE 

KUCC has been conducting research in support of reclamation and closure since 1978. Much of 
this work has focused on long-term management of water resources and on the development and 
testing of reclamation techniques. 

In particular, since 1992 KUCC has developed and tested several revegetation methods for the 
waste rock and tailings disposal areas. This work has been focused on several technologies 
including slope reduction techniques, the use of biosolids and other soil amendments, the 
placement of various types and thicknesses of cap materials, the use of acid-neutralizing agents 
and the planting of mycorrhizae-inoculated and un-inoculated seeds and seedlings. These efforts 
began wdth test plots and cubninated in the slope reduction, capping and revegetation of 330 acres 
of low pH waste rock siufaces and additional acres on the existing tailings impoundment. 
Investigations have recently focused on direct planting onto older waste rock surfaces that have 
favorable soil chemistry. To date approximately 200 acres of waste rock surfaces wdth favorable 
soil chemistry have been recontoured into natural landforms, amended with liming agents and 
have been directly planted. This research wdll continue in the future, testing new technologies as 
they become available and existing techniques in new physical and geochemical environments. 

Preliminary studies of waste rock soil geochemical evolution, volunteer vegetation estabUshment 
on waste rock surfaces, reclamation and infiltration modeling, direct planting on waste rock 
surfaces, long-term implications of biosoUds appUcation and pit waU acid^ase accounting 
geochemistry have also been completed recently. There are many other ongoing or planned 
research projects that are designed to fill some ofthe data requirements identified in Sections 3.0 
through 10.0. These studies include: 

Study Description Status 

Acidification Potential ofthe TaiUng Impoundments On-going 
Acid Base Accounting Study of Current and Ultimate Pit Walls On-going 
Waste Rock Revegetation Test Plots wnth Various SoU Amendments On-going 
Botanical Surveys of Past Reclamation Sites On-going 
Pit-Slope StabUity Analysis On-going 
Waste Rock StabUity Analysis On-going 
Waste Rock Disposal Area Water Balance On-going 
TreatabUity Study ofthe Bingham Groundwater Plume On-going 
TreatabUity Studies of Leach Water and ARD On-going 
Ecological/Human Health Risk Assessment On-going 
Regional Numeric Groundwater Modeling On-going 
Land Use Master Plan On-gomg 
Waste Rock Disposal Area Design Studies On-going 
Geochemical Evolution of TaUings Impoundment SoUs On-going 
Slope Stabilization Study of South Eastside Waste Rock Disposal Areas On-going 
Survey of Surface and ShaUow (jroundwater Flow Around the Open Pit On-going 
Precipitation Plant Closure Plan Planned 
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Hydrogeology ofthe Post-closure Pit Planned 
Water Chemistry ofthe Post-Closure Pit Plarmed 
Long-Term SustainabUity Plan Planned 
Closure Waste Rock SoU Geochemistry Survey Planned 
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The Boarxa of Oil , Gas, and Mining, a t i t s Septerriber 28, 1978 executive 
meeting, approved your previously submit1:ed surety contract for reclamaticn 
of the Bingham Canyon Mine. 

Biclosed herewith i s Kennecott's copy of the fully executed Mined land 
Reclamation Contract. 3herefore I hereby issue f inal approval t o the 
Kennecott Copper Oorporatian' s Bingham Canyon Mine t o operate under the Utah 
Mined land Reclamation Act. 

Sincerely, 

n r m B. FEI< 
^ DIRECTOR 

CBF/sp 
enc: Reclamation Contract 
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W ^ -̂  I'̂ ^Sk -̂̂  

STATE OF UTAH 
KPAfOTCHT OF NATURAL RESOURCES 
BOMtO OF c n . 6 1 ^ . ANO MINING 

1588 UCT RORTM TEMPLE 
SALT LAKE CITY. UTAH 84116 

* HINEO LAND REOAKAnON CONTRACT • 

1KIS CCHTMn. atde antf m t c r e d I n t o t h i s j ^ g > p - ^ . tf t y e v 

< C f ^ f T ^ f n £ f i e . . 1 9 2 ; ^ bCtMecn i tenneeot t CoDt»er C o , . ^ ^ , ^ ^ ^ ^ ^ 

• eervoratfon tfuljr authorized tn& cx is t fAg under and t y v i r t u e e f the I ^ M S o f 

S t a t e o f Ptah «s party o f the f i r s t ftert, end herc tn t f ter c i l t e d the 

Operater. aad the KWRD OF OIL. «KS. AND HINING. duly authorfted and v x f s t i n g 

fear v i r tue e f the I m of the State o f U U h . as partjr o f the second p a « ^ 

hereinafter called the Beard. 

VrmCSSETH: 

UHCREAS. the Operator i s the owner and i n possession o f c e r U I n asf n ing 

clalos and/or leues hereinafter Bore pa r t i cu la r l y acntioned and desc r i bed 

I n Exhibit '*A" attached hereto. 

WHEREAS, the Operator d id on the W ln th day o f Augia« t; 

19 76 « f i l e with the Division o f O i l . Gas. and Mining, a "Kotlcc e f I n t e n t i o n 

t o Coonence Mining Operations* and a "Mining and ftecTtoetlon Plan* to secure 

authorization to engage, o r continue t o engage, in eining operations i n t h e 

State o f Dtah, under the tenas and provis ions o f the Mined Land Rec laaat ion 

Act . Section 40-8. O.C.A.. 1953. 

VHEREAS. the Operator Is able and w i l l i n g to reclaim the above o c n t i o n e d , 

"lands affected* In accordance t r i th the approved Mining and Reelamatton P l a n , 

the Mined Land Reclaaation Act o f 1975 and the rules and regulat ions adopted 

In accordance, therewith. 

WHEREAS, the Board has considered the factual i n fonu t i on and recoomenda-

t iens provided by the S U f f of the Div is ion o f O i l , 6as. and Mining cs t o t h e 

•agnitude. tjrpe and costs o f the approved reclaaation ac t i v i t i e s planned f o r 

the land affected. 

WHEREAS, the Board Is cognizant o f the nature, extent, durat ion e f 

operations, the financial status o f the Operator and his capabi l i ty » f c a r r y i n g 

out the planned w r t . 

NW THtREFO!̂ . for and tn consideration e f the cwtual covenants 0 f the 

part ies by each to the other aade and herein contained, the part ies hereto 
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The Operator proafses to recTaia the land affected in 
accordance with I t s Mining and Reclaaation Plan which 
was approved by the Board on February 22. 1978. the 
Mined Land Reclaaation Act, and the rules and regu la t ions 
adopted in accordance therewith. 

The Beard, in l ieu of accepting the posting of a bond . 
or other surct/ , accepts the personal guarantee of the 
Operator to reclaim the land affected in accordance 
wtth i t s approved rcclaeation plan. 

The Board and Operator both agree that the Operator w i l l 
be obligated te expend a alnlBia average, excluding 
««1ar1es. but net eperatino wages, ef SSO.UOtt - 1978 d o l l a r s 
per year fbr each three (3) year period. In mintaining 
a program of ciperlaentation and in the application o f U M 
best available tcchnelogjr toward rehabilitation of land 
associated with or affected by mining or processing oper>ations. 

The Board and Operator further sgree that the annual 
expenditure as se t forth in paragraph three (3) above, 
unless waived ty the Board, will continue until mining 
as described In the notice of intention is permanently 
tcreinatcd, and that said annual expenditure will not 
constitute the fulfillment of the obligations of the 
Operater as to arined land reclaiution. The Operator 
further agrees to waive the requireaents for the fixed 
sin as surety u required In Section 40-8-14 (8), U.C.A.. 
1953. 

The Operator agrees to provide to the Board and Division 
annually, a detailed report of reclanatisii work perrorr-.ecl 
during the preceeding year, including a cost accounting ( 
for said reclamation worii in 1978 dollars. 

The Operator further agrees to work Jointly with the 
Division In establishing innutl reclaosticn plans tor 
each forthcoming year. Said plan will be subject to the 
review of the Board. Consideration will be given to 
the annual report of the previous year in establishing 
such plans. 

The Operator agrees to designate a responsible Individual 
who Is involved In the Operator's on-going reclamation 
efforts,.who.will serve as liaison to the Division; 

8. This contract shall be binding en all successors and 
assigns, to the Operator. 

IN WITNESS VfEl^li^pft parties Of the f i r s t and second parts , here t o 

have respectively se* .their'ta|nds and seals this ? f ^ day of ^ t ^ i L . . ^ 

19 J \ I J *:. ^ •:̂  KENNECOrajX^mB^RPOaAJ 

• ] ' . . : • • ' ; ' 5 < ^ ^ ^ - ^ 
ATTEST: . ' IM^ I t s » , . . . „ . , > , . . . . . , _ 

Kote: 

UaUl ULniHn J l V i 3 i » n " 

BOA.RO or OIL. CAS. AHD HINING 

Cha i nsan 

If the Operator i i a corporat ion, the agreer.eoi sKculd be e»ecuted by 
i t s Cyly «u:hor)2ed officer v.ith ir.-? jcol of ;-''.J : r ' n r r i : i o n ^ffi»o<;. 
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KO. ACT-033-00? 

Date August p ^ 1976 

STATE OF UT/iH 
DSpa?.ItE2.T 0? I!Arc?AL RESOlOCZo 
DIVISION OF OIL, GAS AI© I-mOjJG 

.1588 Vest North Temple 
Sa l t lcke City, Utah QkU.6 

NOTICE OF PTTSnTOIT TO C0?̂ -!S?C5 l-iI?rr?IG 0PEPATI0N5 
(See Rule H of General Aules and Regulat ions) 

i . Wane of Applicant o r Ccnpany Kennecott Copper Corporation, Utah Copper D i v i s l o a 
Corporat ion ( X ) Par tnersh ip ( ) Ind iv ic t : a l ( ) 

2 . Address ? . 0 . Box 11299, Salt lake Ci ty , Utah SUlU? • - -
Persaoeot 

3' Iv'are and title of person representing coapany B. B. Saith. C-eneral Manager 

h . Address P. 0. Box 11299, Salt lake City, Utah 8Ull»7 Office Phone 322-lg3i 

5- location of Operations Salt lake and Tooele vithin the following sections: 
County 

Sec 7, 8, 9, 10, U , 17, 18, 19, 20, 21, 30, 31 & 32, TIS, R2W, SIBSi-I; 
Sec 9, 10, 11, 12, 13, lU, 15, 16, 22, 23, 2U, 25, 26 & 36, TIS, R3«', SIS3£-!; 
Sec k , 5, 6, 7, 8, 9, 10, 11,1^, 15, I6, 17, 22, 23, 27, 23 & 33, 32S, R2-rf, Si3S£ ' i ; 

. Sec 7, 17, 18 & 19, T3S, RU7, SLEStM; 
Sec t, 8, 9, 13, !»•, 15, 16, 17, 18, 19, 20, 21, 2U, 25, 28, 29, 30, 31 4 32, T3S, ES 
R2;7, SLBfirM; 

Sec 11, 12, 13, lU, 15, 21, 22, 23, 2^, 25, 26, 27, 33, 3^, 35 & 36, T3S, F3W, Sl^ili; 
Sec 6 & 7, O^S, R2V, SL32^4; 
Sec 1, 2, 3, 1 1 & ^ » Ths , R3W, S L B & H . 

6. Name of Mine Binghaa Canyon Mine ^ 

Mineral to be mined: Mining methods: 

( ) Coal ( ) Flagstone Open pit, vaste leaching. 
(X) Copper ( ) Gravel Insitu leaeiaing, under-
( ) Manganese ( S Shale ground. 
( ) Iron Ore f ) Uranium 
( ) Riosphate ( } Gilsonite 
( ) Potash ( ) Bitusicous Sandstone 
( ) Fluorspar ( ) Tungsten 
( X ) Other (specify) Minerals associated vith copper. 

6. Have you or any person, partnership or corporation associated with you received 
\ en approved Notice of Intention to Cosaence Mining Operations by the State of Utah 

for operations other th^n described herein? 
( ) Yes ( X ) Ko * 

If yes. list all approval nu.-3bers no;: under surety: 
* Kennecott's Tintic Mines Division ncy have requested approval. 
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20. 

J L l . 

U a 

0 2 . 

f^.Tier/O.-'ncrs of record c_ tne surface area v i th in the lu- f o be r . f fected: 

Kennecott Copper Corporation Address l 6 l East Ugnd S t r e e t , Vc\i York, BY lOOl.-? 
(Local Office) 

IT. V. I n d u s t r i e s Address Univers i ty Club B3dg, Sa l t l ake Ci ty , UT 
(Local Office) 

!rbe Anaconda Coziianv Address I8U9 V.-est Worth Teanle , Sa l t Lake Ci ty , i r r 

Owner/Ovraers of r ecord of minerals to be mined: 

Kennecot t Copper Corporatiop Address I 6 1 East U2nd S t r e e t , New York, NY 1003.'7 
(Local Office) 

TJ. V. I n d u s t r i e s Address Univers i ty Club Bldg, S a l t l ake Ci ty , UT 

Ormer/Ovmers of r ecord of a l l o ther minerals wi th in any p a r t of t h e l and a f f e c t e d : 
( l o c a l Office) 

The Anaconda Coccany Address I8U9 Vest North Temple, Sa l t lake Ci ty , UT 

Have t h e above ovners been Dot i f ied"xn"vr i t ing? 
( X ) Yes ( ) . N o 

03-

a.l .̂ 

Source of Operator * s l e ^ l r i g h t fb en t e r "and conduct opera t ions on lahd~ro ce 
covered by the N o t i c e : 

I j ega l docursents. 

l i c e n s e s , e t c . 

i n d u d i n z deeds, easements, min ing" "claims, 
- -

agreements. 

. 

A p p r o j 2 n ? t e ac reage t o be d i s tu rbed : 

H l n e 
i H n e v a s t e d isposa l . 
S x c e s s s i n e water d i s p o s a l 
O r e t r a n s f e r - n i n e t o process 
O r e p rocess ing f a c i l i t i e s 
avai l ing d i s p o s a l 

. £ z ce s s p rocess wa te r d i s p o s a l 

T o t a l 

3,100 ac r e s 
8,000 acres 
2,700 ac re s 

If00 ac r e s 
1,800 acres 
6j000 ac res 
1,000 ac re s 

23>000 ac r e s 

G i v e t h e names .and. posi.Qffice_ja.ddresses..Qf. eyersLprincipaa Executive, Offi.qerj 
I ^ t r t n e r , ( o r p e r s o n pe r fo i s ing a s imi l a r function) of Appl ican t : 

I7eme: 

a . 

h . 

c . 

B. B . Smith 

H. H. Kreaer 

F . B . Mil l i l :en 

T i t l e : 

General Kanager 
Utah Copper Division 
president 

Address: 

P. O. Box 11299 •- -
Salt Lake City, UT 8U1V7 
161 East 42nd Street 

Metal Mining Division New York, HY 10017 
161 East 42nd Street 

President " New York, NY 10017 

DWQ-2003-000001 Page 78 of 156 03-01-2003



"• c 
J.'cs Applicantj any subsii-.i--:jy or a f f i l i a t e of any person, ^ ^ r t . n c r s h i p , a s s o c i a ­
t i o n , t r u s t , or corporation cont ro l led by or under cc.t^^on c o n t r o l v/ith Apolican-^ 
or any person required to be iden t i f i ed by Iteni lU, ever had an approval of a ' 
Notice of In ten t ion withdra\.'n or has surety r e l a t i n c t h e r e t o ever been f o r f e i t s d"* 

( ) Yes ( X ) No 
I f ye.s, expla in : 

ss 
STATS OF UIAH ) 

C0U7OT OF a\LT lAICE ) 

I , B. B. Sirith \ , having been duly sv/orn 

depose and attest that a l l of the representations contained in the foregoing 

application are true to the best of my knov/ledge; that I am authorized to 

complete and file this application on behalf of the Applicant and this 

application has been executed as required by lav;. 

KEK1IEC0TT COPPER CORPOPATION 
Utah Copper Divis ion 

I t s^Genera l Manager 

Taken, subscribed and sworn t o before s e the undersigned author i ty i . i 

lay said county, this 9 day of CXjUUf^LudJ , 1976. 

)-ty Coxmission E::pires: 

-YU-jArM^ I. I'i79 
~ 7 
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^ 
MINING APPLICATION 

NO. ACT-035-002 

DATE: August 9, 1976 

STATE OF UTAH 
DEPARTMENT OF NATURAL RESOURCES 
DIVISION OF OIL, GAS AND MINING 

158 8 WEST NORTH TEMPLE 
SALT LAKE CITY, UTAH 84116 

MINING AND RECLAMATION PLAN 

PREAMBLE 

Planning for rehabilitation of an operation mine is always 
difficult. This difficulty is magnified many times when the 
expected life of the mine may be decades or even a century. Such 
is the case of the Bingham Mine. It is not even possible to 
determine the approximate land uses at the end of the mining 
operation. For that reason, this rehabilitation plan cannot be 
as specific as that of other, more short-lived, operations. 

However, regardless of the end use of the land, it is the 
intention of Kennecott to leave the land in a stable and 
productive condition consistent with location, possible uses, and 
topography, recognizing that since the mine is open pit in nature 
that the land itself cannot be restored as it was prior to 
commencement of mining. 

To accomplish these objectives, Kennecott will maintain a program 
of experimentation and will apply the best available t-echnology 
toward rehabilitating each piece of land as it moves from mining 
to other uses. A detailed annual report of reclamation work 
performed during the preceding year will be developed for reviev/ 
by the Board of Oil, Gas and Mining. These annual reports will 
be utilized by Kennecott and the Division in jointly establishing 
reclamation plans for the forthcoming year with the intent of 
accomplishing the overall objectives.. 

The following plan represents an attempt to outline some of the 
possible land uses and describe the steps the company will take 
to reach the general objectives. 
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^ 
MINING AND RECLAMATION PLAN 

A. Applicant - Kennecott Copper Corporation, Utah Copper 
Division. 

B. Type of Operation - Mining and processing for mineral 
extraction. Mining method and processing facilities are 
continually modified and updated to meet natural and physical 
requirements and conditions of market, technology, 
governmental regulation, economics and other factors. Large 
scale mining operation has been underway since about 1904. 
Remaining life of the mining operation will depend upon many 
things including the likelihood that eventual mineral 
shortages and improved technology will justify mineral 
extraction from materials now considered waste. It is, 
therefore, impossible to predict a terminal point for the 
mining and processing operations. However, it is not expected 
that this terminal point will occur within the next 50 years. 

The Utah Copper Division operations extend from in and around 
the Bingham Mine to just beyond the north end of the Oguirrh 
Mountains near Magna (see CONFIDENTIAL map. Exhibit A). The 
operation is divided into the following areas which are 
identified on Exhibit A, shown in schematic arrangement on 
process diagram Exhibit B, and covered separately herein: 

1. Mine 5. Ore Processing Facilities 

2. Mine Waste Disposal 6. Tailing Disposal 

3. Excess Mine Water 7. Excess Process Water 
Disposal Disposal 

4 . Ore Transfer-Mine to 
process 

1. Mine Area 

The mine area from which overburden and ore .is removed 
comprises approximately 3100 acres. 

Prior to open pit mining which began in 1904, this 
mountainous area had been a source of timber and was 
being used for underground mining operations with 
associated surface facilities, residences, businesses, 
etc. As open pit mining has expanded, these other used 
have been discontinued. 

Determination of a definite use for the area after mining 
operations cease is difficult due to many uncertainties 
involved, but will be determined in light of potential 
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use of the land and the condition of the land after 
reclamation by means that are technologically and 
economically practicable. Possibilities include: 

Scenic attraction. 

Historical landmark. 

Other public.or private use. 

Very little vegetation remains in the mining area becaus e 
of the considerable volume of material having been 
displaced. The remaining vegetation consists of grasses, 
forbs, shrubs, and trees such as aspen, mountain 
mahogany, Utah juniper and fir. The pH of undisturbed 
soils ranges from 4.5 to 7.5 as determined by mixing 100 
gm of soil with 100 ml of distilled water. Most 
materials removed from or exposed in the mine are acidic . 
Surface elevation ranges from approximately 5240 feet to 
over 7800 feet above sea level. 

Underground workings and natural bedrock aquifers have 
been, and will continue^ to be, encountered during mining 
operations. The drainage from these abandoned mines and 
fault-related aquifers is discharged through a railroad 
tunnel to supply make up water for leaching operations. 
At times the water is bypassed by pipeline and canal to a 
disposal area (see Area 3). Typical analysis of this 
water is listed below: 

pH 
TDS 
SOj 
Al 
Mg 

4.7 
2,4 00 ppm 
1,4 00 ppm 

5 ppm 
50 ppm 

Fe 
Cl 
Ca 
Cu 

100 ppin 
7 0 ppm 

500 ppm 
4 ppn 

Experiments are being conducted to determine if this 
water can be used for irrigation. 

Since open pit mining began, over 1,350,000,000 tons of 
ore and 2,400,000,000 tons of waste have been removed. 
This is one of the largest mining operations ever 
undertaken, having produced more copper than any other 
mine in history. The present excavation is approximately 
2-1/4 miles wide and 1/2 mile deep (see photograph 
Exhibit C). There are now 56 levels or benches in the 
mine whicJh typify open-pit mining, a feasible and 
economical system for handling the low grade ore and 
overburden in vast quantities. Height of the benches 
ranges between 40 and 50 feet. Material is now being 
removed from 20 lower benches and from upper benches by 
truck. 
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After crushing, the ore will be conveyed out of the pit 
to a new grinding facility located approximately one mile 
north of Copperton. Waste will be hauled by truck to the 
existing waste dumps. 

The ore body is in the shape of a plug, or an inverted 
cone. As the mine progressively develops in depth, all 
benches must be pushed farther and farther back to gain 
necessary operating space and assure safety by 
maintaining a stable slope ranging from 25 1/4 to 29 \ / A 
from horizontal. Modernization and other technological 
advances, such as innovative dewatering techniques, will 
allow maintenance of stable pit slopes as a function of 
specific rock type and moisture conditions in the various 
sections of the mine. At the conclusion of mining, pit 
sides will be stabilized at a slope of 30* to 50* from' 
horizontal as a function of location in the mine. 

The mining sequence includes drilling, blasting, loading 
by shovel and haulage by trucks, waste cars and ore cars. 
At the present time, approximately 108,000 tons of ore 
and 380,000 tons of waste are removed during each 
operating day. Ore is transported by rail to process 
plants, and waste is deposited in outlying areas of the 
mine (see Area 2). Equipment size continues to increase 
through improved materials and technology. Haulage 
trucks now in use at the mine range in capacity from 65 
tons to 150 tons. Shovels range from 6-yard to 25-yard 
capacity. 

It is expected that in the future other mining methods 
such as underground mining and in-situ extraction may 
become economically feasible and practiced for recovery 
of lower lying minerals in the Bingham mine area. 

At present, it is not possible to perform any 
revegetation on active dumps or in the pit as open pit 
mining progresses because the total area is continually 
being disturbed. At the conclusion of open pit mining, 
sides will be stabilized at a slope in the range of 32 
1/4 to 37 1/4 from horizontal. It is very unlikely that 
the pit could be revegetated at that time because most of 
the exposed surface will be solid rock containing natural 
sulfide mineralization. Meteoric water and atmosphere 
will generate acidic conditions from these minerals. The 
bottom of the pit may eventually fill with water; 
however, the level can be limited by discharge through 
one of the available railroad tunnels. Such discharge 
water would either be processed for mineral extraction 
and neutralization, impounded, used for other acceptable 
purposes or otherwise safely disposed of as may be 
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determined in the future by the appropriate regulatory 
agency. 

Surface facilities including buildings, railroad tracks, 
power lines and poles and equipment will be removed from 
the mine area when no longer needed in the mining or 
subsequent operations. 

Mine Waste Disposal Area 

Waste material or overburden removed from the mine is 
deposited in outlying areas in Bingham Canyon, on the 
west front of the Oquirrhs and in Butterfield Canyon. 
Total area comprises approximately 8000 acres. Leaching 
and precipitation operations are conducted for recovery 
of minerals from this waste material. 

Prior to use for waste disposal, the area ranged in 
elevation from 5200 feet to 7900 feet above sea level and 
had been a source of timber, was used for dry farming, 
grazing, and underground mining with associated 
facilities, residences, business, etc. These uses have 
been discontinued as waste material has covered the area . 
However, some grazing and dry farming continues on low 
lying perimeter areas. 

It is expected that leaching and precipitation operations 
and possibly other processing methods will be used for 
mineral extraction from the dumps long after final 
deposition of mine waste is completed. Some possible 
ultimate uses of the area may include: 

A source of borrow and granular material 
Residential, commercial or industrial development 
Recreational 
Scenic 
Other 

Little or no vegetation exists on areas covered by waste 
dumps. Vegetation on area that will eventually be 
covered consists of grasses, forbs, shrubs and trees such 
as juniper, mountain mahogany and maple. The pH of 
undisturbed soils ranges from 4.5 to 7.5 as determined by 
mixing 100 gm of soil and 100 ml of distilled water. 
Waste dumps tend to become acidic from meteoric water and 
atmosphere and from the leach solutions (pH 3 - 3.5) that 
are distributed over the dupps. 

The leaching and collection system, including the 
protection against escape of leach water from waste dumps 
into lower lying areas, is shown in schematic arrangement 
on Exhibit D. It consists of reservoirs, pumps and 
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piping to distribute solution on the dumps, pipelines 
from dams to the precipitation plant and an overflow 
canal to collect and convey any escaping solution to the 
reservoir. Leach solution is processed at the 
precipitation plant for mineral recovery. During 
extremely wet or high runoff period, excess leach 
solution may accumulate in the reservoirs and require 
discharge to the-Excess Mine Water Disposal Area (Area 
3). 

As noted under Area 1, waste dumps presently comprise 
approximately 2,4 00,000,000 tons of material and are 
increasing at the rate of 380,000 tons per day. Waste is 
transported from the mine by trucks and is dumped over 
the banks to a natural angle of repose. Rail dumps are 
terraced at approximately 100 foot levels which progress 
out generally in a uniform manner. Truck dumps are 
higher and are extended out at the same level without 
terracing. Problems in dumps stability have been 
encountered on some large truck dumps which are generally 
associated with inadequate foundation material underlying 
the dumps. Slides have occurred from failure of this 
underlying or foundation material. However, because 
these dumps are active, no attempt is needed to stabilize 
these areas other than monitoring and precautionary 
systems for safety. Movement detection switches and 
movement noise detectors have been installed to detect 
any dump movement prior to failure. These systems will 
continue to be maintained and improved as mining 
progresses. In addition, computer models have been 
developed to simulate conditions in dumps to estimate the 
position of the dump crest when stability becomes 
critical. In the future, control points or a survey net 
may be established to check dump movement and settlement. 
After dumps become inactive for dumping, other steps will 
be implemented so that all dumps are left in a safe and 
stable condition. Techniques to accomplish this may 
include terracing and hydraulic methods consistent with 
subsequent use determined at that time. Necessary 
collection systems will be provided to contain natural 
seepage in the area. Dikes and ponds will be constructed 
on the upper levels of dumps to prevent slope wash and 
possible mud slides. 

No major revegetation is planned because the majority of 
the waste material contains natural sulfide 
mineralization which becomes acidic when exposed to 
meteoric waters and the atmosphere. However, in some 
small areas of the dumps where there is little or no 
sulfide mineralization, tests are being conducted to 
determine possible methods and types of vegetation 
suitable for these areas. These tests include aerial 
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seeding of approximately 20 acres with grasses, forbs and 
shrubs, and hand planting of a two-acre control area for 
more detailed study which is being conducted jointly with 
the U. S. Forest Service. If and when revegetation 
practices or methods are developed which would make 
vegetation economically practicable, such practices and 
methods will be employed on the dumps. When no longer 
needed in the mining, mineral extraction or subsequent 
operations, all surface facilities, including buildings, 
above ground utilities, railroads, piping and equipment 
will be removed. Much of this type effort has been 
accomplished in the past, including demolition of 
buildings in the city of Bingham Canyon, removal of 
trackage from old rail dumps and removal of bridges in 
Carr Fork and other demolition and clean up work. 
Appropriate revegetation of these areas will take place. 

Excess Mine Water Disposal Area 

This involves an approximate 2700-acre area upon which 
excess mine water is transported and contained in ponds 
for evaporation. Facilities may be installed at a later 
date for treatment of w.ater prior to disposal. 

Prior to use for excess mine water disposal, which 
commenced in 1935, the land was used for grazing and dry 
farms. After construction of the Bingham Creek reservoir 
at the mouth of Bingham Canyon in 1965, discharge to the 
evaporation pond area was considerably reduced and now 
required only during extremely wet or high runoff 
periods. Currently, much of the land is used for dry 
farming and sand and gravel operations. 

Possible future uses of the land when no longer needed in 
the mining operation may include one or more of the 
following: 

Sand and gravel operations 
Farming 
Water storage and evaporation 
Recreational 
Sludge or water disposal by others 
Residential, commercial or industrial development 
Other 

In addition to dry-farm wheat, the area contains natural 
grasses, forbs and shrubs. The pH of the natural soils 
ranges from 6.5 to 7.5 as determined by mixing 100 gm of 
soil and 100 ml of distilled water. Surface elevation 
ranges from approximately 4675 feet to 5200 feet above 
sea level. 
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Residues of evaporation are acidic and contain soluble 
ions of iron, aluminum, magnesium and sulfate. Depending 
upon specific source of excess water from mine operation , 
water analysis will range between the following values: 

pH 4.7-3.2 
TDS 2,400 - 6,700 ppm 
SOj 1,4 00 - 52,000 ppm 
Al 5 - 4,600 ppm 
Mg 50-6,300 ppm 

Fe 100 - 2,400 ppm 
Cl 70 - 180 ppm . 
Ca 4 00 - 500 ppm 
Cu 4 - 100 ppm 

Evaporation ponds are contained and separated by dikes 
constructed of earth from the area. Dikes are 
approximately four feet high and twelve feet wide on top . 
Side slopes are approximately two horizontal to one 
vertical. Dikes are monitored and maintained to prevent 
spill of solution. 

At such time as area is no longer needed for excess water 
disposal or other purposes associated with mining 
operation, stabilization will be accomplished consistent 
with subsequent use determined at that time. 
Stabilization will take into account all pertinent 
factors including surrounding land usage, potential use, 
and may include removal or covering accumulated salts, 
treatment with neutralizer, grading and revegetation 
work. In any event, area will be left in a safe, table 
condition suitable for future use and without hazard of 
erosion or surface water accumulation. 

Because the area appears better suited for future uses in 
farming than other vegetative purposes, any revegetation 
work would most likely be accomplished to suit farming 
requirements. In the event of farming, or soil 
stabilization, this would involve testing by standard 
agricultural analysis (e.g. Utah State Soils Laboratory), 
application of fertilizer and cultivation- Such crops as 
wheat, barley, alfalfa, wheatgrass and clover could be 
raised. irrigation could be considered if sufficient 
water becomes available. 

There will be 
disposal area 
conducting an 
of this study 
is also condu 
this area in 
Lake County, 
area will be 

no changes in the excess mine water 
as a result of modernization. Kennecott is 
extensive surface water study. The results 
may change water usage practice. Kennecott 
cting a detailed five-year study relevant to 
cooperation with the State of Utah and Salt 
Any recommendations for amendment of this 
forthcoming after the study is completed. 

) 
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Ore Transfer - Mine to Process Area 

From the mine area at Bingham, ore was transported to the 
processing plants near Magna by railroad cars. Instead^ 
the ore will be conveyed to a grinding plant located one 
mile north of Copperton. Approximately 37 acres of 
right-of-way between the mine and grinding plant will be 
disturbed by the -construction of the conveyor. After 
construction is completed, the right-of-way will be 
replanted with a mixture of grass seeds. When the 
conveyor is no longer needed for mining or other 
activities, the surface structures will be removed. The 
area will then be returned to the farming and pasture 
usage currently ongoing on the property. 

The existing railroad between the mine and the facilities 
near Magna will be maintained-and will be used for the 
transport of precipitate copper and general freight. 

Land along the railroad is used primarily for dry 
farming. It may have been previously used for grazing. 

When no longer needed in the mining operation, the 
railroad may be used tb serve future industrial or 
commercial needs. Otherwise, the railroad right-of-way 
will have potential use for: 

Residential, commercial or industrial development 
Utility right-of-way 
Roadway 
Other 

In addition to dry farm wheat, the area contains natural 
grasses, forbs and shrubs. The pH of the soils ranges 
from 6.5 to 7.5 as determined by mixing 100 gm of soil 
and 100 ml of distilled water. Surface elevation ranges 
from approximately 5400 feet to 4500 feet above sea 
level. 

At such time as the railroad is no longer ne.^ded in the 
mining or processing operations or for subsequent use, 
trackage and surface facilities will be removed and area 
left in condition suitable for conversion to other use 
determined at that time. Revegetation will be 
accomplished if appropriate for the subsequent use when 
the trackage and surface facilities are removed and the 
right-of-way has no future use as such. 

Ore Processing Facilities Area 

Over the years ore processing facilities have been added, 
changed, enlarged and improved to suit needs and 
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conditions. Many more such modifications are expected in 
the future. Facilities at one time consisted of the 
Arthur, Magna, and Bonneville concentrators, power plant, 
railroad car and engine shops, lime plant, foundry and 
other supporting and related surface structures and 
utilities. Total land area comprises approximately 160O 
acres. Other separated facilities include water supply 
and distribution-systems and maintenance shops. This 
represents a total additional area of approximately 200 
acres. 

As modernization takes place, ore will be received via 
conveyor at a coarse ore stockpile located at a new ore 
grinding plant north of Copperton. Ore will be reclaimed 
from beneath the pile and will be ground in semi-
autogenous (SAG) mills and ball mills. The ground ore 
will be gravity slurried, via pipeline, to the existing 
concentrators for additional processing through the 
existing facilities. 

The grinding plant will be located on a 100-acre site 
currently under cultivation for wheat. Following 
construction, the disturbed but undeveloped areas will be 
replanted. When the grinding plant is no longer needed 
for mining or other activities, the surface structures 
will be removed. The area will then be returned to 
agriculture or will be available for other types of 
development. 

The pipeline corridor will pass through areas used for 
wheat cultivation, pasturage, railroad right-of-way, 
manufacturing, and mining. Approximately 210 acres of 
the corridor will be on land previously undeveloped for 
mining or manufacturing purposes. After construction is 
completed, the disturbed areas within the pipeline right-
of-way will be replanted with a mixture of grass seeds. 
When the slurry pipeline is no longer needed for mining 
or other activities, the surface structures will be 
removed. The area will be returned to agriculture or 
will be available for other types of development. 

Possible future uses of the area when no longer needed 
for ore processing may include one or more of the 
following: 

Other industrial or commercial operations 
Residential 
Other public or private use 

Prior to construction of initial process facilities in 
about 1906, vegetation consisted of natural grasses, 
forbs and shrubs such as sagebrush, oak, service, 

10 
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mahogany and juniper. Most of this vegetation remains in 
undisturbed portions of the area. Other vegetation has 
been added for stabilization and appearance. This 
includes trees such as Russian Olive and Chinese Elm, and 
plants such as alfalfa, clover and various grasses. The 
pH of natural soils ranges from 6.5 to 7.5 as determined 
by mixing 100 gm of soil and 100 ml of distilled water. 
Surface elevation ranges from approximately 4200 feet tio 
54 00 feet above"sea level. 

At such time as the surfa,ce facilities, including 
buildings, utilities, railroads, equipment, etc., are no 
longer needed for ore processing or related purposes and 
if not convertible to some other use, they will be razed 
and/or removed. All hazardous conditions will be 
eliminated and ground surfaces stabilized and planted 
using vegetation types natural or subsequently determined 
to be best suited to the area. 

Tailings Disposal Area 

Tailing produced from the ore concentrators is discharged 
as a slurry into a 6000-acre tailing pond adjacent to 
north of the concentrators. The original ground surface 
which ranged in elevation from 4210 feet to 4340 feet 
above sea level is believed to have been a sparsely 
vegetated, highly alkaline soil such as present perimeter 
areas. Prior to use for trailing disposal, which began 
about 1916, some limited livestock grazing may have been 
attempted. 

In its terminal condition for deposition, the tailing 
pond may be considered as a resource. It will contain 
unrecovered minerals that eventually may justify 
reprocessing for recovery. Tailing material also has 
value as fill for land reclamation and construction such 
as currently used for highway embankment work. Studies 
have demonstrated that mixing tailing material with 
alkali soils enhances capability of sustaining a wide 
range of vegetation. Considerable areas of Western Utah 
and Nevada may be reclaimed for agricultural and other 
purposes by this material. 

When no longer needed for foregoing purposes, the tailing 
disposal area will have potential use for one or more of 
the following: 

Farming 
Residential, commercial or industrial development 
Recreational 
Scenic Attraction 
Other 
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Natural vegetation in the area includes salt grass, wire 
swamp grass, cattails and salt bush. The pH of the 
natural soils ranges from 8.5 to 9.0 as determined by 
mixing 100 gm of soil and 100 ml of distilled water. 
High clay content of the soil, close proximity to Great 
Salt Lake, and poor drainage would have contributed to 
the highly alkaline condition. 

The tailing pond, is a continually rising area (currently 
rising at about 3-1/2 feet per year) and is contained by 
a dike which extends completely around its perimeter. 
This dike must also be continually raised and be 
maintained in a stable condition. Initially, dike fill 
was rock waste from the mine; later fill hauled from 
areas adjacent to the concentrator plants was used; and 
more recently, dike build up is being accomplished by 
relocation of previously placed dike fill material by 
drag line. This is followed by sealing of the pond side 
of the dike with a berm of coarse tailing distributed by 
a perimeter pumping system. To obtain adequate dike 
stability, the outside of the dike is maintained at 5 to 
1 slope as recommended by consultants on slope stability. 
Periodic inspections are conducted by consultants to 
assure long-range stability of the system. Present 
elevation of the pond surface averages approximately 4 34 5 
feet above sea level. Dewatering of the tailing pond is 
by means of two buoy-supported siphon lines which remove 
clear water, most of which is reclaimed as concentrator 
process water. 

The area near the top of the dike which is subject to 
being disturbed in the subsequent dike build up, and 
roads on the dike, are stabilized and will be stabilized 
to prevent wind erosion. Farther down the outside slope 
where the surface is permanent, revegetation is 
practiced. Current plantings include several plant and 
tree species along the dike slopes. Success has been 
achieved with Japanese millet, rye, yellow sweet clover, 
wheatgrass, brome, range alfalfa and vetch plants, and 
Russian olive, larch and elm trees. Because of the 
continually rising tailing deposition, permanent 
stabilization or revegetation of the pond surface is not 
possible as long as operation continues. However, wind 
erosion control is and will be practiced. About 90% of 
the pond surface is kept moist at all times by the 
natural meandering of the tailing stream discharged into 
the pond. The remaining areas are treated by several 
different methods to stabilize the surface. Where 
possible, the surface is wetted by tailing distribution 
lines installed for this purpose. If this is not 
feasible, and the dry areas are accessible to land 
vehicles, the surface is treated with stabilizing agents. 
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>̂  If not accessible by land vehicles, dry areas are treated 
by application of a polymer product with aircraft. Use 
of fast growing grasses is also being investigated for 
wind erosion control. 

Based upon current operating rates and practices, by the 
year 2025, the tailing pond surface will be reduced to 
approximately 3,000 acres and the average elevation will 
be approximately 4560 feet above sea level. 

When no longer needed for tailing deposition, mineral 
recovery or material source, grading and revegetation of 
dike slopes not already done will be completed. Drainacge 
will not be a problem. As noted previously, the outer 
surface of the dike will have an average 5 to 1 slope. 
The pond surface will have, or will be graded to, a 
natural slope which will be more than adequate for 
drainage needs, considering that this is a region of low 
precipitation and the surface can adequately absorb 
normal precipitation. 

Revegetation is also receiving consideration by Kennecott 
and other mining companies for stabilization and 
subsequent reclamation of inactive tailing pond surfaces. 
To this end, test work is being conducted to ascertain 
which species of vegetation are suitable, and procedures 
required to obtain adequate vegetation growth. Planting 
Japanese millet at the rate of 10 to 15 pounds per acre 
with fertilizer may be a means of vegetating the tailing 
pond surface after deposition is completed and to a 
limited extent during the deposition process. The 
surface of the tailing pond will be stabilized using the 
most practicable technology available upon the 
termination of the deposition of the tailing. 

7. Excess Process Water Disposal Area 

This comprises a treatment plant, sludge disposal area, 
canals and diversion facilities now existing, as well as 
possible additional treatment facilities, water storage 
and evaporation ponds and other facilities that may be 
required in the future. It involves perimeter areas 
around the tailing disposal area (Area 6) comprising a 
total of approximately lOOO acres. Any excess water is 
discharged under the provisions of NPDES Permit UT-
0000051. The discharge criteria may be modified in the 
future as a result of the surface water study cited in 
Section 3. 

Most of the area remains in a natural state and may have 
been used for very limited grazing prior to the early 
1900's. 
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Possible future uses of the area when no longer needed 
for water treatment and disposal may include one or more 
of the following: 

Other industrial or commercial operations 
Residential development 
Other public or private use 

Natural vegetation in the areas includes salt grass, wire 
swamp grass, cattails and salt bush. The pH of the 
natural soils ranges from 8.5 to 9.0 as determined by 
mixing 100 gm of soil and 100 ml of distilled water. The 
area is comparable to the original ground surface of the 
tailing disposal area. Surface elevation ranges from 
4210 feet to 4300 feet above sea level. 

Canals have been constructed around the tailing pond area 
to convey natural flows and drainage and excess water 
from tailing pond and treatment plant to the Great Salt 
Lake. Sludge from the treatment plant is deposited in a 
low diked area. 

At such time as the surface facilities including 
treatment plant, piping and utilities are no longer 
needed, and if not convertible to some other use, they 
will be razed and/or removed. Sludge ponds, evaporation 
ponds and possible other areas will likewise be left in 
condition suitable for conversion to other use determined 
at that time. This may involve filling or covering with 
tailing and other stabilization and revegetation work 
comparable to that designated for the tailing disposal 
area. Canals will most likely be left indefinitely for 
conveyance of natural surface flows and drainage to Great 
Salt Lake. 
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APPENDIX B - TAELmGS MODERNIZATION PROJECT 
FUGITIVE DUST ABATEMENT PROGRAM 

(PAGES ADDRESSING THE EXISTING IMPOUNDMENT ONLY) 
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TAILINGS MODERNIZATION PROJECT 

FUGITIVE DUST ABATEMENT 
PROGRAM 

Kennecott Utah Copper 
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Fugitive dust emissions from the constructed dikes will be minimized by periodic application of water and 
dust suppressants and seeding of slopes. 

Placement of tailings distribution pipelines and tailings management facilities for operation of the North 
Impoundment are not anticipated to be a potentially significant source of dust. Potential fugitive dlust 
emissions will be minimized by periodic application of water in work areas. North Impoundm-ent 
construcrion is scheduled for completion in 1998 with use of the North Impoundment scheduled to 
commence in late 1998 or early 1999. 

Existing Tailings Impoundment Transition Construction • 1997-2004. 

Construction pertaining to the transition off the existing Tailings Impoundment will involve phased 
revegetation coordinated with downsizing ofthe peripheral discharge system. This transition is described 
[below. 

Revegetation plan. The revegetation goal is to establish a self-sustaining vegetative cover for long-
term dust control, stability, and wildlife habitat Kennecott conducts an ongoing revegetation program to 
jvegetate the exterior side slopes and stepback dikes of the existing Tailings Impoundment. This program 
has been in operation for many years, and has produced a vigorous community of grasses, forbs, shrubs, 
and trees. 

Because the top surface of the existing Tailings Impoundment is large, the revegetation plan calls for 
subdivision of the surface into smaller, more manageable areas. These areas will be revegetated in a 
systematic, sequential manner, while tailings continue to be deposited onto the unrevegetated beach areas 
to control dust. Revegetation of the top of the impoundment will begin by building the first of a series of 
approximately 6 to 10 foot-high main revegetation dikes to separate the area to be revegetated from 

J operational areas and to provide access across the impoundment surface. Main revegetation dikes and 
revegetation areas are shown on Figure 2. 

Revegetation is anticipated to begin in 1997 and continue for five to ten years. In Figure 2, the roman 
numerals indicate the revegetation sequence for the areas. Revegetation will begin in the western portion 
of the impoundment and proceed towards the decant pond in the northeast comer. This will allow 
adequate time for the decant pond, which contains saturated slimes, to consolidate prior to revegetation. 

While the revegetation dikes are constructed to isolate each revegetation area, the tailings spigotting or 
peripheral discharge system will continue to operate within the revegetation area. The main revegetation 
dikes have been located to take maximum advantage of the surface wetting provided by the existing 
peripheral spigotting system. Also, the design of the dike system, shown on Figure 2, was closely 
coordinated with the operation of the cyclone station so that the overflow produced by the cyclone 
operations can be spigotted off the main revegetation dikes to supplement the peripheral spigotting system. 

Prior to planting, the sections of the spigotting system in the revegetation area will be sequentially shut off 
and the revegetation area wiU be planted using direct seeding. In areas with poor trafficability, smaller 
revegetation dikes will be built out from the main dike or a low ground pressure crawler type tractor 
(commonly referred to as a "swamp taxi") wiU be used to allow access for hydroseeding equipment. A 
tackifier may be applied if planting would not occur promptly. 

T)|^ically, completion of revegetation dikes, shutting off of spigot sections, and planting will be carried 
out in the late fall, winter, or spring, since germination and establishment of a vegetative crop are more 
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FIGURE 2 

REVEGETATION PLAN FOR EXISTING IMPOUNDMENT 
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successful when planting is done to take advantage of winter and spring moisture. Furthermore, frozen 
ground helps to control fugitive dust, allows the equipment a wider range of operation, and provides the 
newly planted seeds with moisture from winter snows. 

The revegetation steps and seed mixes to be used to establish vegetation will be those that have been 
successful to date on Kennecott's existing Tailings Impoundment. Fast growing cereal rye grasses will be 
planted initially with subsequent planting of nitrogen fixing species. Establishment of a vegetative co'vcr 
will provide long-term dust control. 

Table 1 estimates operational, beach, revegetated, and other acreages, by year, for both the existing 
Tailings Impoundment and the North Impoundment As indicated in the table, the existing Tailings 
Impoundment had a beach area of approximately 4,252 acres in 1988 when the existing peripheral 
discharge system became operational and effective in controlling fugitive dust emissions. The transition 
was designed to minimize the combined Existing and North Impoundment beach and embankment areas. 
The combined beach and embankment areas must fluctuate during the transition years due to construction 
constraints; however, this acreage will never exceed the 1988 acreage on the Existing Impoundment To 
control fugitive dust during the transition to the North Impoundment, tailings will be spigotted through the 
peripheral discharge system to the unrevegetated areas on the Existing Impoundment. Noith 
'Impoundment construction activities will be accompanied by control measures described in this Program. 

jTransitional usage of peripheral discharge system on existing Tailings Impoundment. As 
revegetation progresses from west to east, unused portions ofthe existing peripheral spigotting system in 
the -western side of the existing impoundment will be relocated to the main revegetation dikes so that 
getting of the entire unrevegetated surface of the impoundment will continue. After tailings storage has 
shifted to the North Impoundment in 1999, the peripheral spigotting system will continue to wet all 
unrevegetated surfaces of the existing Tailings Impoundment Thus, Kennecott will continue to use the 
peripheral discharge system for fugitive dust control on the existing Tailings Impoundment during the 
transition. 
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APPENDIX C - FINAL CLOSURE PLAN, GROUND WATER ISSUES 
KENNECOTT TAILINGS IMPOUNDMENT 

(WITHOUT PLATES) 
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FINAL CLOSURE PLAN 

GROUND WATER ISSUES 

KENNECOTT TAILINGS IMPOUNDMENT 

GROUND WATER DISCHARGE PERMIT UGW350011 

Prepared by: 

I Kennecott Utah Copper 
j September 1997 
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INTRODUCTION 

The Division ofWater Quality issued Kennecott Utah Copper a ground water discharge permit for 
the Tailings Impoundment expansion which requires the submission of a closure plan for the 
Tailings Impoundment. The purpose of this document is to provide a general description of the 
closure plan for the Tailings Impoundment and to discuss measures that will be taken prior to and 
after closure to protect ground water in the area. This document fulfills the requirements of Part I 
Section K Item 9 ofthe Ground Water Discharge Permit for the Tailings Impoundment (the Permit), 
pennit number UGW350011. 

The Teiilings Impoundment is located at the north end ofthe Oquirrh Moimtains, near the edge of 
the Great Salt Lake (see Figure 1). At closure, the impoundment will consist of two major portions, 
the existing impoundment and the North Expansion. A general layout ofthe site showing these two 
portions ofthe impoundment, as well as other major features, is provided on Plate 1. A diagram, 
conceptually illustrating the ^pearance ofthe impoundment at final closure is provided in Plate 2. 
Closure ofthe impoundment will be completed when the new expansion reaches estimated design 
capacity of 1.9 billion tons, currentiy projected at 25 to 30 years. Prior to final closure, portions of 
the existing impoundment will be closed and reclaimed as the North Expansion is placed into 
operation. 

Closure of both the existing and expanded impoundments will be accomplished by separately diking 
off large areas of the impoundment As these areas are diked off, they will be vegetated and 
reclaimed. The location of these dikes is shown in Plate 3 for the existing impoundment and in 
Plate 4 for the expanded impoundment. The use of dikes will allow for the isolation and separation 
of these areas and for the gradual closure ofthe impoundment. 

CLOSURE ISSUES 

With respect to the ground water, the following closure issues have been identified and will be 
addressed wdthin this plan: 

• Potential for acidification ofthe tailings after closure. 

*• Potential process water discharges to ground water. 

• Surface water drainage and discharges. 

*• Tailings Impoundment water balance. 

*• Potential changes in the quality of ground water discharged. 
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Of the issues identified, only the potential for the acidification of the tailings could result in 
conditions at closure being worse than existing and/or future operating conditions. Data collected 
to date, however, indicate that there is no significant potential for acidification ofthe tailings that 
would result in closure problems with respect to ground water. 

ACromCATION POTENTIAL 

Tailings deposited in the Tailings Impoundment will remain in the impoundment after closure. 
Water stored within the tailings will have the same quality as the process water deposited in the 
tailings. There is a potential that sulfide metals stored within the tailings could oxidize and produce 
low pH waters capable of leaching metals and other substances from the tailings and alter the quality 
ofthe water. Kennecott has conducted a number of investigations directed at evaluating the potential 
for acidification ofthe tailings. These investigations include: 

•• "Acidification Potential ofthe Kermecott Tailings," Schafer and Associates, and Shepherd 
Miller, Inc., 1995. 

•• "1996 Data Summaiy Report for the Test Fill and Step-Back Area," Schafer and Associates, 
and Shepherd Miller, Inc., 1997 

*- "Appendix A Sampling Results, Kennecott Utah Copper, Magna Utah," Shepherd Miller, 
Inc., 1997 

• "1996 Annual Operational Monitoring Report for the Tailings Impoundment Ground Water 
Discharge Pennit UGW3 50011," Kennecott, 1997. 

Results of these investigations have indicated that: 

> • The net acidification potential ofthe inqxaundment is positive, i.e., the oxidation of sulfates 
in the tailings, as a whole, will not generate acidic conditions. While individual surface 
layers may generate acidic conditions, these acid waters will be neutralized by the excess 
neutralization potential found in other (deeper) layers. 

• Due to the presence of fine-grained layers within the tailings, the depth of oxygen penetration 
is very limited, generally less than four to six feet These layers will remain at or near 
saturation. Under these conditions, migration of oxygen is greatiy reduced due to the low 
permeability of oxygen under saturated conditions. The lack of oxygen at depth will prevent 
acidification of deeper tailings and also limits potential acidification ofthe tailings to the 
upper surficial tailings cover. Any potential degradation of water quality is, therefore, also 
limited to the shallow surficial depths within the tailings impoundment. 

*• The shallow depth of potentially acidified areas, coupled with the horizontal nature of 
tailings water flow within the tailings (discussed in subsequent sections), will restrict any 
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• 

potential water quality problems to surface water discharges. Even if acidified tailings 
waters were to migrate vertically, these waters would be neutralized by the tailings as they 
passed through. Tailings water quality would not be significantly different fix)m existing 
tailings water which is generally better than the natural water quality ofthe ground water in 
the aquifers below the Tailings Impoundment. 

Based on the characterization bf acidification potential ofthe tailings covering the existing 
impoundment, approximately 25 to 35 percent ofthe exposed surficial tailings are expected 
to generate acidic conditions. The extent and possible impacts ofthis potential acidification 
are shown in the older portions ofthe existing unpoundment where the tailings have already 
been oxidized. 

The final lifts of tailings placed on the existing impoundment will contain higher percentages 
of neutralizing minerals because these tziilings wrill contain the finer grained overflow 
fi-action of the cycloned tailings in which the neutralizing minerals are present at higher 
concentrations. 

Kennecott will continue to characterize the tailings with respect to their potential to generate acidic 
conditions and this characterization will continue through closure ofthe North Expansion. Available 
data indicate that future conditions for the existing impoundment are likely to improve, and that 
conditions will be better than those that currently exist. 

Due to the cycloned nature of the coarser grained underflow tailings, used to construct the 
embankment ofthe expanded taiUngs impoundment, the potential for acidification of these tailings 
is somewhat greater than for the existing impoundment. These tailings will be fiilly characterized 
prior to closure and provisions have been included in the DOGM bonding requirements to cover the 
costs for correction of acid conditions in the unlikely event that such conditions were to develop. 

POTENTIAL DISCHARGES TO GROUND WATER 

Kennecott has conducted a number of studies addressing the potential discharge of tailings water to 
ground water. These studies include: 

*• "Ground Water Assessment of the Great Salt Lake Area," Engineering Technologies 

Associates, Inc., 1992. 

*• "Regional Hydrogeologic Report for the Great Salt Lake Area," GeoTrans Inc., 1992 

*• "Regional Geochemical Report for the Great Salt Lake Area," GeoTrans Inc., 1992 

*• "Hydrogeologic Report for the Great Salt Lake Area," Kennecott, 1992. 

I *• "Tailings Impoundment Liner Alternatives Report, Woodward-Clyde Consultants, 1993. 

i 
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*• "Geotechnical Detailed Design Report, Utah Copper Tailings Modernization," Woodward-
Clyde Consultants, 1993. 

• "Summary Report Gypstack Characterization," Shepherd Miller, Inc., 1995. 

These, along with other investigations, were provided to the Division of Water Quality as part of 
Kennecott's Ground Water Discharge Permit Application and serve as the basis for issuing the 
Ground Water Discharge Permit for the Tailings Impoundment. These investigations show that the 
seepage fix>m the Tailings Impoundment is minimal and will not adversely affect underlying ground 
water. 

The hydraulic conditions existing during the operational phase ofthe Tailings Impoundment (shown 
in the cross-section ofthe Tailings Impoundment in Figure 2), will remain largely unaffected after 
closure. Changes to hydraulic conditions that will occur during closure are: 

• Decreased water levels within the impoundment of approximately 33 feet. 

*• Increased consumption of water discharged to the impoundment by the vegetative cover that 
will be established on the closed impoundment 

• Decreasing rates of water recharge into the Tailings Impoundment. 

These changes will result in a reduction in the rate at which tailings water is potentially discharged 
to ground water. 

The rate of tailings water seepage through the Tailings Impoundment, for the fully saturated 
condition, was estimated at 875 gallon per minute (gpm) in the Ground Water Discharge Permit 
Application. Recent estimates ofthe elevation of tailings water within the Tailings Impoundment 
at closure (see the following section on surface water discharges during closure) indicate that the 
hydraulic heads at the tailings-foundation contact will be reduced by an average of 16%. Because 
the rate of seepage into the underlying aquifers is proportional to the head above the foundation, 
seepage fix)m the closed impoundment would be reduced by approximately the same percentage (to 
approximately 730 gpm). At the predicted rates of seepage for the operational impoundment there 
will be no significant adverse impacts to the underlying aquifers. Potential impacts will be fiirther 
reduced during closure. 

Ground water monitoring is being conducted during the operational phases of the Tailings 
Impoundment to ensure that there are no adverse impacts to ground water quality. This monitoring 
will be continued into closure. However, the quantity and frequency ofthe monitoring performed 
can be greatiy reduced, particularly with time beyond closure. 
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SURFACE WATER DISCHARGE 

Closure ofthe Tailings Impoundment will modify both surface water and tailings water drainage. 
Under operational conditions, process water is circulated through the impoundment and used in the 
process or is discharged at UPDES OutfaUs. Storm water falling in and on the impoundment, as well 
as taUings water seepage, is included in the process water system. 

Upon closure, the tailings s u r ^ e water drainage wUl be modified such that only stonn water falling 
on the edges of the impoundment wiU be discharged to the surface water system. Storm water 
felling on the impoundment wiU be retained in the impoundment The toe coUection ditch will be 
used to route aU storm and taUings seep water to the UPDES Outfell 007 where it wUl be discharged 
to lower Lee Creek. A map showing the site surface water drainage after closure is provided on 
Plate 5. 

The Tailings Impoundment is located in an area of ground water discharge and, therefore, storm 
waters from the Tailings Impoundment will not infiltrate into the ground water. It is anticipated that 
this wiU continue to be an area of ground water discharge after closure, however, even if the 
direction of recharge were reversed, Uttie surface water would be able to infiltrate into the ground 
water due to the low permeabiUty ofthe shaUow sediments and the lack of significant heads to drive 
the infiltration of surface water. 

Tailings Seepage 

After closure, the only taUings water discharged from the impoundment will be seepage draining 
from the embankment ofthe existing impoundment from the blanket drain constructed beneath the 
embankment ofthe North Expansion. Although the rate of seepage discharge wiU diminish once 
taUings inflows stop, seepage from the Tailings Impoundment wiU continue indefinitely. Large 
decreases in the rate of seepage are anticipated to result fit)m the termination of embankment 
construction during the first year after closure. Beyond the first year, seepage rates wUl continue to 
decrease, although more slowly. Additional information conceming the rates of tailings water 
discharge is provided in the tailings water balance section. 

Storm Water Discharge 

Precipitation felling on interior portions ofthe TaUings Impoundment wUl not be drained as suiface 
water. Dikes, constructed to contain the deposition ofthe final tailings lift as each section is closed, 
will be constructed at an elevation high enough to prevent any potential run-off of the interior 
portions ofthe closed areas. Collected water wiU pond internally and either be absorbed or will 
evaporate. Precipitation falling on the Tailings Impoundment embankment will be drained to the 
toe collection ditch surrounding the impoundment. 
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Ground Water Discharge 

Under current and anticipated future ground water conditions at closure, it is presumed that ground 
water wUl continue to discharge into the toe collection ditch, other ditches, and water conveyance 
structures surrounding the TaUings Impoundment. These ditches are constructed as topographic 
lows in this area, therefore, ground water will naturally flow into these structures. The anticipated 
ground water elevation and direction of flow after closure are shown on Plates 6 and 7 for the 
Shallow and Principal aquifers respectively. The actual rate of ground water discharge into these 
ditches is, however, quite small, likely only a few tens of gallons per minute, as a resudt ofthe low 
vertical hydrauUc conductivity ofthe ShaUow Aquifer. Water discharged in the toe collection ditch 
wiU include tailings wrater that has entered the shallow aquifer beneath the Tailings Impoundment 
and then traveled horizontally until discharged. 

Because ofthe poor natural quality ofthe Shallow and Principal aquifer, it is unlikely that ground 
water resources in this area wUl ever be developed suflScientiy to change the direction of flow from 
the toe collection ditch into the underlying aquifers. Even were such a condition to develop, it is 
unlikely that a significant amount of seepage would occur due to the limited gradients that could be 
developed and the low vertical hydraulic conductivity ofthe Shallow Aquifer. 

TABBING WATER SEEPAGE 

The rate of seepage of tailings water from the existing impoimdment has been estimated at 2,500 
gpm for existing conditions (Mass Balance Report, 1995, prepared by Shepard MiUer Inc.). Seepage 
from the existing impoundment will be reduced as the expanded impoundment is brought into 
operation, but much ofthis reduction wiU be replaced by seepage fiom the expanded impoundment. 
In order to evaluate the potential impacts of this seepage on surface water flows fix>m the 
impoundment after closure, estimates of seepage rates aftsr closure have been made utilizing two 
differing approaches, a water balance and numerical hydrauUc modeling ofthe closed impoundment. 

WATER BALANCE 

A detailed water balance for the Tailings Impoundment afier closure was presented in the report 
"Acidification Potential ofthe Kennecott Tailings." A copy ofthis water balance is provided in 
Appendix A. This model assumed that run-off would be discharged fiom the impoundment and that 
any water remaining after accounting for evaporation, evapotranspiration, and run-off would be 
discharged as seepage. The results ofthis wrater balance indicated that, afier closure, the volume 
of water received as precipitation was only slightiy (5%) greater than the volume of water lost from 
the impoundment due to evaporation and evapotranspiration. This model, however, assumed that 
aU areas ofthe impoundment would have run-off and that the run-off would be discharged from the 
impoundment. Since only a very limited portion ofthe impoundment will be allowed to drain as 
surface water, the volume assumed to be lost as surface water will, instead, be lost as evaporation 
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and seepage. This model was recentiy updated by its authors (Schafer and Associates) to include 
the effects of surface water run-off and to include some better estimates of soil parameters. These 
revisions and their impacts on the original estimates are discussed in Appendix B. Table 1 
summarizes the results of these revisions and indicate an estimated seepage rate of 330 gpm. 

These calculations assume that there will be no change in the volume of water stored in the 
impoundment. This is incorrect, as water will be released fix)m storage in the impoundment and, 
therefore, the initial seepage rate wiU be higher than predicted by this approach. Once the deposition 
of new tailings is stopped, the water stored within the tailings wiU start to drain, both as lateral 
discharge to surfece water and as seepage to ground water. InitiaUy, the rate of discharge wiU be the 
same as current rates of discharge and wfll decline rapidly as time passes beyond closure. The 
seepage rates at closure is estimated to be: 

• Discharge to ground water at the time of transition off of the 

Existing Impoundment* 620 gpm 

• Discharge to ground water from the North Expansion at closure * 206 gpm 

• Seepage to surface water at the time of transition off of the 

Existing Impoundment * 2500 gpm 

• Seepage to surfece water from the North Expansion at closure** 2700 gpm 

Total 6026 gpm 
* Estimate obtained from the "Final Environmental Impact Statement for the Kennecott Tailings Modernization* 
** Estimate obtained from the repoit 'Mass Balance Repoit* prepared by Shepard Miller, Inc., I99S 

The rate of seepage estimated for the existing impoundment is high because much ofthe water stored 
wiU have drained off by the time the North Expansion is closed. Given that the seepage rate will be 
the highest at closure, the estimate of 6026 gpm is the maximum seepage rate that could occur. The 
estimate of 330 gpm, obtained fiom the post closure water balance, is the lowest rate obtained using 
these water balance approaches. Hydraulic calculations, discussed in the next section, indicate a 
potentiaUy lower rate of 190 gpm obtained using the EPA's Hydrologic Evaluation of LandfiU 
Performance (HELP3) model. 

The volume of water stored within the combined impoundments at closure will be approximately 
130 biUion gaUons. Using the initial seepage rates as the maximum rate, the volume of water stored 
in the Tailings Impoundment would take a minimum of 40 years to drain. The actual rate will be 
much lower since the rate of seepage wiU decline rapidly in the period immediately after closure. 
Ground water modeling, discussed in the next section, indicates that most ofthis drainage will occur 
within 100 years and that a near steady state condition will develop by that time. 
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HYDRAULIC MODEL OF TAH^INGS WATER SEEPAGE 

Schafer and Associates numericaUy modeled the hydrology ofthe Tailings Impoundment using the 
hydrauJic properties ofthe tailings coupled with reasonable assumptions for the water inputs into 
the impoundment. The results of their modeling are provided in Appendix A and indicate a seepage 
rate of 4,391 gpm at closure, decreasing to 220 gpm once steady state conditions are achieved. 

The soil properties, assumed by the model provided in Table 2, are based on data collected during 
the design of the tailings expansion that characterize the nature of the taUings and imderlying 
materials. Model boundaries and the configuration ofthe model is provided in Figure 3. This figure 
also shows the simulated water level after closure ofthe impoundment which is approximately 25 
feet lower than the operational water level. A comparison of this seepage estimate with those 
calculated using a mass balance approach is provided in Table 3. Figure 4 shows the change in 
predicted seepage rates as a function of time. It is anticipated that over one hundred years will be 
required for the rate of seepage to reach a steady state equiUbrium. 

The predicted steady state seepage rate of 220 gpm, does not include an estimated 826 gpm (as 
estimated in the Ground Water Discharge Permit Application) of seepage which is lost through the 
impoundment foundation directiy to ground water. The seepage rate through the impoundment 
foundation wiU decrease gradually until upward gradients in the shallow aquifer retum and the net 
seepage into the underlying aquifer goes to zero. This is anticipated to take hundreds, to thousands, 
ofyears. 

CLOSURE PLAN 

This document provides the major elements ofthe closure plan as related to ground water issues. 
Additional details conceming the general closure ofthe impoundment are provided in the document 
"TaUings Modernization Project DOGM ConsoUdated App'n" submitted to the Division of Oil Gas 
and Mining (DOGM) on March 15,1996. 

The Tailings Impoundment will be closed in two phases. The first phase will be the transition of 
operations from the existing impoundment as the North Expansion becomes available for tailings 
storage, with the second phase being the subsequent closure ofthe North Expansion at the end of its 
usefiil life. 

TRANSITION PLAN FOR THE EXISTING IMPOUNDMENT 

Transition of tailings storage activities from the existing impoundment will include the following 
activities: 

• Removal of unnecessary facUities. 
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• Reclamation and vegetative stabilization of disturbed areas. 

• Vegetationoftheembankment and surface ofthe impoundment 

• Monitoring. 

Reclamation and vegetation ofthe existing impoundment wUl be achieved in stages as the transition 
is made between the existing impoundment and the North Expansion. Because the top surface of 
the existing impoundment is large, this area will be subdivided into a number of smaUer areas 
(shown on Plates 3 and 4), while tailings continue to be deposited onto unreclaimed areas. This 
procedure is designed to minimize fugitive dust emissions to the air. Reclamation is anticipated to 
begin in the western portion of the impoundment and proceed towards the decant pond in the 
northeast comer over a period of several-years. Thus, portions ofthe existing impoundment will be 
reclaimed and removed from use as the North Expansion is brought on-line. Closure ofthe top of 
the existing impoundment is anticipated to be complete by the year 2005. Structures used for 
operation ofthe North Expansion, located on the sides ofthe existing impoundment, will be removed 
when the closure ofthe final phase ofthe North Expansion is completed. 

CLOSURE PLAN FOR THE NORTH EXPANSION 

Closure of the expanded impoundment will involve the removal of remaining above-ground, 
man-made, structures fix)m the existing and expanded portions ofthe impoundment Structures such 
as the toe ditch and the 007 Outfall wdll remain to control drainage from the impoundment 
Reclamation ofthe impoundment will be performed in accordance wdth a reclamation plan approved 
by DOGM. Techniques employed will be similar to those used to transition operations from the 
existing impoundment, with updated technology as appropriate. As wdth the transition from the 
existing impoundment, the surface ofthe impoundment will be subdivided into a number of smaUer 
areas that wiU be reclaimed in a systematic, sequential manner, while tailings continue to be 
deposited onto operational areas. The locations of these areas are shown on Plate 4. 

Reclamation 

Reclamation ofthe Tailings Impoundment will occur during operation ofthe impoundment and at 
closure. The main reclamation objectives during construction and operation are to: 

• Vegetatively stabiUze aU areas disturbed by construction activities as soon as possible after 
the activity is completed, 

• Reclaim the rises ofthe exterior slopes ofthe impoundment on a seasonal basis, and 

• Establish a vegetative community suited to wildlife habitat. 
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Primary objectives for final reclamation are to: 

• Reclaim the top surfece ofthe impoundment for long-term fugitive dust and erosion control, 
with minimal maintenance requirements, 

• Establish a vegetative community best suited to wildlife habitat, and 

• Provide for the long-term vegetative stabilization of the impoundment. 

Kennecott's ongoing reclamation program has produced a vigorous community of grasses, forbs, 
shrubs, and trees on the Tailings Impoundment which is used as a habitat by a variety of wildlife. 
This proven approach wiU be the basis for reclamation ofthe impoundments at closure. Specific 
methods used to achieve these objectives are detailed in the document "TaUings Modernization 
Project DOGM Consolidated App'n." 

Storm Water 

The remaining storm water and tailings seepage water wiU be routed through the toe ditch and 
eventually discharged to Lee Creek. The toe drztin wiU be left in place after closure to facilitate 
drainage of surface and seepage water fiom the taiUngs embankment to the C-7 ditch, Lee Creek, 
and ultimately to the Great Salt Lake. The discharge ofthis water firom the impoundment will occur 
at the 007 OutfaU and wiU be in accordance with the regulatory requirements and limits set forth at 
that time. 

Ground Water 

Neither the quaUty nor the quantity ofpotential discharges to ground water wiU change significandy 
upon closure. The elevation ofthe saturated tailings water surface wiU begin to decline once the 
deposition of new tailings water is stopped. However, the rate of decline in the saturated tailings 
water surface will be so smaU that it wiU not significandy affect the rate of tailings water seepage 
through the foundation siuiace. Since no additional water wiU be appUed to the surface of the 
impoundment, the waters potentiaUy discharged are those stored during taUings deposition and 
precipitation onto the impoundment surfece. The quaUty ofthis water will be the same after closure 
as is currently being discharged. 
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MONITORING DURING CLOSURE 

Monitoring of the Tailings Impoundment wiU continue, as specified in the Pennit for operating 
conditions, as sections ofthe impoundment surfaces are taken out of service. However, additional 
samples ofthe tailings wiU be collected as the final Uft (last three feet) of tailings is placed in the 
section being closed. These samples wiU be "grab" samples coUected from the tailings spigots 
located in the area being closed. The sampling rate wiU be sqjproximately one sample per each 200 
acres closed. These samples AviU be analyzed to determine their acid generating potential. If these 
analyses indicate that a significant acid generating condition is likely to exist within the surfical 
tailings, remedial actions wUl be considered and, if necessary, implemented. Evaluation of the 
potential for developing significant acid generating conditions wiU be based on our past history in 
meeting reclamation goals given sinular test results. Tailings samples wiU also be coUected from 
the surface of closed sections ofthe impoundment after the final lift of tailings is placed, but prior 
to vegetatioiL These samples wiU also be coUected at a rate of one sample per each 200 acres closed. 
These samples wiU be analyzed to determine their acid generating potential. Sampling and analyses 
wUl be as specified in Appendix A ofthe Permit. 
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POST-CLOSURE MONITORING 

A detailed closure monitoring plan wiU be submitted to the DWQ six months prior to closure ofthe 
North Expansion. This monitoring plan will specify the actual compliance and operational 
monitoring required after closure. After closure, the closure monitoring plan will be reviewed and, 
where necessaiy, revised every five years and submitted with each Ground Water Discharge Permit 
renewal application. The following sections outline the major elements ofthe anticipated Post-
Closure Monitoring plan. 

MONFTOR POINTS 

Post-closure monitoring wdll consist of ground, surface, and tailings water monitoring and will be 
implemented upon closure ofthe North Expansion. The location of each monitoring point is shown 
on Plate 8. 

Ground Water 

The network of ground water monitoring weUs used for operational monitoring, identified in Table 4 
and shown on Plate 8, wdll be used for the post-closure monitoring. If these monitoring wells are 
damaged, contain more than two feet of sediment, or have a substantially decreased yield, they will 
be redeveloped or replaced. Samples collected from these wells wUl be analyzed for the parameters 
as specified for operational monitoring in the Permit (see Table 5). The analytical methods used wiU 
be those specified in Table 6. Analytical results will be evaluated as specified in Part I Section H 
ofthe Permit to determine whether ground water quaUty has been affected by the impoundments. 

These wells wdll be sampled semi-annually for five years after closure. If, after five years, no 
statistically evident degradation ofthe water quality is measured, the sampling frequency will be 
reduced to annually for the next five years. Ten years after closure, the results ofthe monitoring data 
collected during closure wiU be reviewed and the number of wells required for monitoring and 
frequency of sampling reviewed. Based on the results ofthis review, the monitoring program will 
be revised. It is anticipated that the number of weUs monitored and the frequency of monitoring will 
be reduced to once every five years. Ground water monitoring of the impoundment will end 30 
years after closure, unless conditions warrant otherwise. Should the post-closure ground water 
monitoring data indicate that additional monitoring is not necessary, Kennecott will petition the 
Executive Secretary to discontinue post-closure monitoring. 

Monitoring data collected during the post-closure period will be reviewed to ensure that none ofthe 
compliance limits specified in the permit are exceeded at the time of closure. Should any 
compliance limits be exceeded, the weU would be immediately resampled. If the resampled data stiU 
show exceeded water quality compUance limits, the statistical significance will be evaluated using 
the methods described in the Statistical Methods For Evaluating Ground Water Monitoring Data for 
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Hazardous Waste FaciUties, Volume 53, No. 196 ofthe Federal Register, October 11, 1988. If this 
evaluation indicates the exceedance is statistically significzint, the cause wdU be determined using 
the procedures outUned in Section R317-6.15 of the Ground Water Quality Protection regulations. 
If the exceedance is related to the Tailings Impoundment, the need for corrective actions will be 
evaluated and a Contamination Investigation and a Conective Action Plan will be prepared and 
implemented. A compliance/contingency decision schematic is provided in Figure 5. 

The analytical methods used in the analysis wdll be those identified in Table 6. Procedures for 
installing monitoring wells, coUecting and analyzing ground waters, and QA/QC samples are 
provided in KUC's Ground Water Characterization and Monitoring Plan (1996). This plan wiU be 
updated as necessary to reflect post-closure requirements. 

Surface Water 

Table 7 identifies the surface water sampling points and sampling frequency during the post-closure 
period. The locations of these sampling points are shown on Plate 8. Surface water monitoring will 
include the discharge from the toe collection ditch to Lee Creek (the UPDES discharge point 007), 
sampling point CLC452, located in the Clarification Canal, and three tailings water seeps. The water 
quaUty data coUected at these points wdll be used for informational monitoring purposes only. All 
discharges from the Tailings Impoundment wdll be required to meet the terms ofthe UPDES pennit 
in effect at that time. 

Suiface water samples will be coUected using the procedures detailed in Kennecott's "Procedures 
for Water Quality Sampling." Samples will be analyzed for the list of parameters specified in 
Table 5, and the methods of analyses used will be those identified in Table 6. 

Tailings Water 

The interstitial water stored wdthin the Teiilings Impoundment wiU be monitored using monitor weUs 
and lysimeters completed wdthin the taUings. The points to be sampled are Usted on Table 8 and 
their locations are shown on Plate 8. Water quality data collected at these points wdll be used for 
informational monitoring purposes only. 

Sampling will be conducted as specified in Kennecott's "Procedures for Water Quality Sampling." 
Samples will be analyzed for the Ust of parameters specified in Table 5 and the methods of analyses 
used will be those identified in Table 6. 
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REPORTING AND NOTIFICATION 

Monitoring Reports 

KUC wUl prepare a summary of the post-closure monitoring results. During the first ten years 
foUowing closure, the report wiU be submitted by the end of March for the preceding calendar year. 
After the tenth year, the report wdll be part ofthe permit renewal application submitted every five 
years. Information regarding monitoring weU logs and constmction details for replacement or new 
monitoring weUs instaUed will be submitted to the DWQ within 30 days ofthe completion ofthe 
work. 

Determination of Compliance 

CompUance for monitor wells wUl be determined as specified by the requirements of Part I 
Section H ofthe Permit Should any compliance problems be encountered, die actions specified in 
this section would be taken. 

Surfece v^ter and tailings water monitoring will be conducted for infonnational purposes only and 
no compliance conditions are specified. 

14 DWQ-2003-000001 Page 119 of 156 03-01-2003



1 (0 
hi 1 3 
1 < " 
1 > " 1 " = 1 Ul 
1 u z h 1 < 

o 
1 <c' 
1 u l 
1 ^ 1 < 
r l 

1 S S S 2 S 8 
Ul -7 6 en 6 t? C9 
o - - ^ 
^ Ul 

> < 
eo f^ p in V g 
r.- in ai CO o O 
•V d ri o Q o 

Ul . - . - ^ 
(L 

o 
- i 
en 

0. S S 8 a o S 
- r O r t d ' v d c i d 

c 

Ul 
o 
5 
y 
s (9 

IL
 W

A
T

E
R

 

/F
A

L
L

 

O
F
F

 

C
O

L
A

T
IO

N
 

R
A

C
E

 

IN
 L

A
Y

E
R

 

O S 5 K <3 S 
I I A <t ::3 >-. u i t : (k: 
1 Q: Q: UJ a. 10 Q 

in in o o 
eo V 
in o 
Ol to 
CN eo 

in" —" 
CN 

1 
- . U J 
5 ! - 0 
h t i t K 
> O 
S ^ ^ en" 
9 CO C t . 
• - (~ Sk u. 

a i a: Q: 

V e^ 
ri r^ 
tn r t 

t "? 1 . a 
ta o 
Uj UJ 
ta t3 
sc t 
0. CL 

Hi lij 
«o to 

5? 
C X 

s s ^ 5 

u. 

c/3 

u 
T - CtJ 

tl} (L> 

CO c : 

I— ^2 
PQ 

O O O O O O 
O O O O O ~ 

- O O O O O 
o o o o o o 

o o o o o o o o 

( 0 0 1 0 1 0 4 

rsj <q- <~ a> 

Ul 

u 
Ul f N . - 0 0 . - r M 0 e N 0 O . -

< l -
3 a 
>- tl. 
U 
4 

a r y . - o o . - C M O e N O O . - v 

o r M . - o t o a 3 i n c M O m 
» - e n n c n v e n o t o v i / j v 

Ul 
f-

< o n ^ 
a CO .-

> 
K 
Ul 

cn o o 
^ oo oo 
^ ^ 5> 
o Q M 

Ul S eo V 
»- '- o o 
< 
O 

S( 

s 
U 

p 
e3 o o CO (N o IN o o .- eo 

o 

Ul 5 
tL 
O 
.J 
OT 

O S 

ro to ̂  ^- m 
* ID ^ .^ . - • « - " • ^ OJ 

CN lO ̂  .^ 

-: r̂  "» g 

ID 00 
CO CM 

o o a i o r ' ^ a o v i o ^ i o r o m 

o ^ I O O I . - l o u i i o i n 

UJ 
Q. 

. - C M e n v m t o r . > c o e 3 > o . - r J 

eo 
S to 
13 Q 
Ul S 
ca Ul 

f l 
u Ul UJ 

111 
O O O 

a a 2 
CO CO to 

3 2 2 
UJ Ul UJ 

i i i 
«< «t «t 
Q Q Q 

5« 
ES 

UJ _ j 

S o 
Q • -

^ 1 
CO ~J 

p: Q: 

^ ^ 

UJ 

Q 

t o —. 

5 to ** 

uL Ul 

^ = ! 
o o 
- J eo 

d ^ 
- s 
^ Q 

s s 

S S 

or 
UJ 
Q 

Q-
Ul 
<a 5 5 

:::i -1 
2 a 
Ut 

^ or 3 
u 
CO 

(.) eo 

Ul 
i . 
Q: 
3 
o 
IO 
t ) 
CO 

Q 

Q. 

2 
2 

Q 

§ 
O 

^1 
a: a: > 

a : UJ UJ > . (w 
UJ a 9 tf «« 
OQ 5 5 ^ 3 
O U l UJ 3 (t 
t - ^ U > m 
o o Ul 5 3 
O 2 Q T u: 

n: 

^ 5 -» § ̂  

o 

a 
r* 
CO 

tf> 

b 

• • 

r t 

i 
o 
o 

•« o 

" ' 
OB' 
OD 

•••A 

•3 

eo 
eo 

le: 
O 

K. 
2 
Ul -

S ' l < 
g ^ 

< 5C 
u. u. 
O o 
Ul UJ 

~J . J 

5 § 

^ » 
^ 2 

g U-

DWQ-2003-000001 Page 120 of 156 03-01-2003

http://ary.-oo.-CMOeNOO.-v


.A 
es 
H 

• o 
o 

V
a

n
 G

en
uc

ht
en

 
C

o
n

st
a

n
ts

 

s 

u 

R
es

id
ua

l 
W

a
te

r 
C

on
te

nt
 

(c
m

V
cm

') 
S

at
ur

at
ed

 W
a

te
r 

C
o

n
te

n
t 

(c
m

V
cm

^)
 

S
at

ur
at

ed
 H

yd
ra

u
lic

 
C

o
n
d
u
ct

iv
itv

 (c
m

/s
ec

on
d)

 

a 
> 

es 
' ' iZ 

0) 

es 

(3\ 
l / l 
O 

o 

O 

O 

oo 

O 

O 

X 
e ^ 

I/) 
20 

_C 

O 
J : 

00 

o 

l i - l 
I T 
O 
o 

o 

d 

d 

l/l 
SO 

_c 

T 3 
4> 
C 

o 

r * l 

ON 
t / 1 
O 

d 

>/-i 

o 
d 

d 

o 
X 

e/l 
en 
c 

' « 

u 
.E 
c/5 

ON 
0 0 

• r~-
o 
d 

t/-i 

o 
d 

r o 
• ^ 

d 

T 
O 

X 
u-1 

E
m

ba
nk

m
en

t 
(e

xi
st

in
g
 

Im
po

un
dm

en
t)

 

ON 

r n 
ON 

O 
o 
d 

CM 

d 

d 
"x 
o o 
m 

c 
e5 

Q 
<-• 

c 

£ 
c 
ec 

£ 
LU 

r o 

ON 

o 
d 

wo 
ON 

o 
d 

d 

d 
"x 
o 
CNJ 

c 
•2 

ecj 

•o 
C 
3 
O 

DWQ-2003-000001 Page 121 of 156 03-01-2003



f O 
4) 

ee 
H 

cn 
U 

• t a ^ 

ee 
E 

• t a ^ 

sn 
b i 
V 
M) 
ee 
41 
41 

41 

M 

ee 

3 

o 

o 

.5 

01 
ee 

41 
C/3 

e 
3 

.2 

1 k 
o 
c 
ee 
> 

41 

4) 
U 
O 
u 

Qu 

e 

es 
'O.rt 

'3 

CL 

es 
S 

O 

o 
o 

ro" 

O 

r o " 

O 
o 
r o 
NO" 

30 
C 

3 
• a •» 

o o 
c .= 

_ 2 CO 
c0 41 

. A Q . 
u. O 
(U 

r o 
r o 

O 

00 

v o 

o 

o 
o 
f S 

4> 

etj 
4) * 

£ « 
C« k . 

11 

ON 

o 
<=> t s 

<=> 
vO 

v o " 

o 

o 
o 
o_ 
r-" 

o 

r o 

o 
r r 
• < T " 

o 

o o 
0 0 
v o " 
f S 

o 
o 
o_ 

NO" 

— * u • 
^ » 
O 4> 

£ ^ 
.2 S 

2 ° 
•5,0 
• r 1-
— CL 

CM 

rs 

0 

rr_ 
^ " 

0 

0 • 
r-
vo" 

"^ * 
V. * 2 • £ « 
0 3 

II 
1̂  

ON 
ON . - ^ 
— QQ 

.1: c 
<u 

u.- n. 
4) CL 

.= < 
:s « 
- = - <u 
- O CO 
k. ^.—' 

J <-
4) O N 

^ <«-
C ce) 

* -o 
4) trt 
CO • < 

- ^ t s 
• o ea 
C J = 
etJ U 

.- ^ 
m = 
-§ .2 

03 

C 
4> 
a. 
o. 
< 
4) 
4> 

c/: 

CJN 

4) 

t J 
O 
eo 

i n 
0 
ON 

' ". 
6 
c 
u 

- i 

-a 
u 
a. 
41 J Z 

c/5 
p 

r 0 
ca. <u 

a : 
4) 

C 

J2 
eO 

ca 
eo 
10 
ee 
^ 

c/5 

.. 
t o " 

• « 

h-
.„ 
0 
CJ 
41 
c 
u 

01 

.£ 
t t a . 
0 

1 J 

ces 

c 

0 
C 

0 

CO 
0 

•T3 

t J 

< 

c 
CO 
C L 
X 

LU 
J Z 

r 0 
7 
"C 
-13 
0 
S 
5) 
CO 

^ 
20 
C 

• — 
H 
TD 
C 
CO 

. - V 

< 
X 

'-a c 
eu 
Q . 
C L 

T 3 
C 
eo 
1. . 

CO 

t J 
C/) 

c 
0 

' e o 

fe 0 . 
X 

UJ 

0 
Z 1 - • 

4) 
T 3 
0 

4) 
CO 

^ 
t/1 
DO 
C 

eO 
f -

C 
0 
tart 
CO 
u . 
a> 
a. 
0 
20 

. C 
L . 
3 

•a 
E 
a. 
20 

vo 
CM 
00 
tart 
CO 

T 3 
<U 

CO 

£ 
en 
4) 

>̂  
.̂» C 

4> 
- 0 
C 
u 
o. 
<u T 3 
C 

i -
41 

eo 
^ 

T3 
C 
3 
0 
L-
SO 
0 

eo 
4) 

10 
0 
4> 
20 
CO 
CL 
41 
<U 
en 

U 
T3 

0 
C 

0 
c 
en 
4) 
0 
Q 

- 0 
0 
t . . 
U 
0 . 

CO 

c 0 

eo 

4> 
a . 
0 
(U 

.tart 

, 0 
v i 
- 0 
4> 
CO 

F 
•K 
UJ 

- I -

DWQ-2003-000001 Page 122 of 156 03-01-2003



Table 4 

Post Closure Siimpling Frequency for Monitonng Wells 

Sample Type 

NET449D 

NET531B 

NET532A 

NET532B 

NET536A 

NET536B 

NET536C 

NET604A 

NET604A 

NET646A 

NET646B 

NET1380A 

NET1380B 

>fET138lA 

NET1381B 

NET1382A 

NET1382B 

^fET1382C 

NET1383A 

NET1383B 

NET 13 84 A 

NET 13 84A 

NETi385A 

NET1385B 

NET1386A 

NET1386B 

NET1387 

NET 1393 A 

NET 1393 B 

NET 1492 

NET 1493 

1 NET 1494 

Soimpliiig Point 

Ground Water 

Groiind Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Frequency | 

0 - S Y<*!>''"! 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Scmi-Anmial 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Aiiiiual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

Semi-Annual 

*; - 10 yenrs 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

in- lOvcnro!-

Everv Fifth Year 

Not Sampled 

Everv Fifth Year 

Every Fifth Year 

Everv Fiftli Year 

Everv Fifth Year 

Everv Fifth Year 

Everv Fifth Year 

Everv Fifth Year 

Not Sampled 

Not Sampled 

Everv Fifth Year 

Everv Fifth Year 

Not Sampled 

Not Sampled 

Everv Fifth Year 

Everv Fifth Year 

Everv Fifth Year 

Not Sampled 

Not Sampled 

Everv Fifth Year 

Everv Fifth Year 

Everv Fiftli Year 

Everv Fifth Year 

Not Sampled 

Not Sampled 

Everv Firth Year 

Everv Fifth Year 

Ever\ Fifth Year 

Everv Fifth Year 

Everv Fifth Year 

Everv Firth Year 

These are anticipated frequencies, the actual frequency will be based on the results of a review 
conducted 10 years after closure. 
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Table 5 

List of Analytes 

Parameter Ground Wutcr Wcll.s .Surfucc Water Sumplt^s Tailings Wells 
Lysimeter 

s 

RF.LD 

pH 

Temperature 

G^nductance 

Depth to Water 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

LARORATDRY 

TD.S 

TS.S 

Gross-Alpha 

Gross-Beta 

Radium 226 

Radium 228 

Uraiiium 

Chloride (Cl) 

Ruoridc(F) 

.Sulfate (.SO/) 

Calcium (Ca) 

Magnesium (Mg) 

Potassium (K) 

Sodium (Na) 

Alkalinity (ALK) 

Arsenic (As) 

Barium (Ba) 

Cadmium (Cd) 

Chromium (O) 

("opper (Cu) 

Lead (Pb) 

.Selenium (.Se) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Zinc (Zn^ x \ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Note: Radio nuclides (Uratiium, radium 226, Radium 228, Gross Alpha, and Beta Particle) will be 
analyzed for in only wells NET 1386A, NET1386B, NET1393A and NET1393B. 
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Table 6 

Analytical Methods 

Parameter AnalYtical Method 
Tar^iet 

L_ Detection Limit 

1 F IELD II 

pH 

[ Temperature 

[ Conductance 

1 Deptii to Water 

l.'̂ O.l 

170.1 

251 OB 

N/A 

N/A 

N/A 

1 10 umho/cni 

1 0.01 ft 1 
LABORATORY 

IDS 

TSS 

1 Gross-Alpha 

1 Gross-Beta 

Radium 226 

Radium 22X 

Uranium 

Chloride (CD 

Fluoride (F) 

Sulfate (SO/) 

1 Calcium (Ca) 

1 Magnesium (Mg) 

[Potassium (K) 

1 Sodium (Na) 

Alkalinity (ALK) 

[ Arsenic (As) 

1 Barium (Ba) 

1 Cailmium (Cd) 

1 Chromium (Cr) 

[Copper (Cu) | 

Lead(Pb) 

Selenium (Se) 

Zinc (Zn) 

1 160.1 

160.2 

71 IOC 

71 ion 

903 

9(H 

200.8 

325.2 

4500r-C/3()0.() 

375.3.375.4.9036 

200.7 

200.7.242.1 

258.1. 200.7 

200.7 

2320H 

200.x, 2{H).9. 200.7 

2(H).7, 200.8. 200.9 

200.7, 2(M).8, 200.9 

218.1,200.7,200.8.200.9 

200.7, 20().X 

239.1.200.8, 2(K).9. 200.7 

2(M).7, 200.8. 200.9 

289.1,289.2, 2(K).7. 200.8. 
200.9 

1 10 mg/I 1 
1 3 mg/l I 

1 pCi/L 1 

Dependent on TDS | 

2 pCi/L 

1 pCi/L 

0.005 mg/l 

5. mg/l 

0.2 mg/I 

5. mg/l 

1 mg/l 

1 mg/l 1 
0.1 mg/l 

1 mg/l 

l()Mlg/l 

0.005 mg/l 

O.OI mg/l 1 

0.002 mg/l 1 

O.OI mg/l 

0.02 mg/l 

0.(M)5 mg/l 

0.003 mg/l 

O.OI mg/I 
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Table 7 

Post Closure Monitoring Frequency for Tailings Seeps and Surface Water Sites 

ll 
Sampling Point 

Snmple Type Frequency 

SURFACE WATER 

CLC452 

UPD007 

Seepage and surface water 

Seepage and surface water 

Quarterly 

Quarterly 

TAILINGS SEEPS 

TLSI427 

\ TLSI430 

TLSI434 

Tailings seepage 

Tailings seepage 

Tailings seepage 

Every Fifth Year 

Every Fifth Year 

Everv Fifth Year 
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Table 8 

Post Closure Monitoring Frequency for Tailings Wells and Lysimeters 

Sampling Point Sample Type Frequency 

WELLS 

TLT449C 

TLT887 

TLT2452 

Tailings Water 

Tailings Water 

Tailings Water 

Annual 

Annual 

Annual 

! TAILINGS LYSIMETERS 

TLL4100 

TLL410I 

TLL4I02 

TLL4I()3 

T L U I 3 I 

TLL4I32 

Interstitial tailings water 

Interstitial tailings water 

Interstitial tailings water 

Interstitial tailings water 

Interstitial tailings water 

Interstitial tailings water 

Every Fifth Year 

Every Fifth Year 

Every Fifth Year 

Every Fiftli Year 

Everv Fiftli Year 

Ever\' Fifth Year 
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APPENDIX D - ENVIRONMENTAL GEOCHEMISTRY OF THE BINGHAM CANYON 
PORPHYRY COPPER DEPOSIT, UTAH 
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Original article 

Environmental geochemistry of the 
Bingham Canyon porphyry copper 
deposit, Utah 
Richard K. Borden 

Abstract At the Bingham Canyon porphyry copper 
deposit, sulfide mineralization progresses outward 
from a low-grade core through the following general 
zones: (1) molybcjenite, (2) chalcopyrite-bornite, (3) 
chalcopyrite-pyrjte, (4) fjyritej and (5) sphalerite-
galena. ,The lojv-grade tore and the molybdenite 
zone are co;nposed of (let neutralizing rocjc and will 
generally not acidify wheK exposed to surface 
weathering condititjns. The COpper-beariftg zones of 
the otebody and the surrtcunciing pyrite i)alo are net 
acid-generating .and so Will tend, to acidify when 
exposed. Rotks in the lead-zinc halo are typically 
net neutralizing.- Iti pljui view/the distribution of net 
neutralisation potential (NNf) is-dotighntft-shaped, 
with a jiositive (net heutralizihg) 1,000-m-diiimeter 
core surroiinded by a n^qt ive (net aeid-gcnerating) 
3,000-m-diameter'ring. Itock fexpos'ed Jh the lower 
loo rt of the current pit has.a positive NNP and is 
oveylain by 500 m of rock with a negative NNP. 

Keywoifds Acid rock drainage - Bingham 
Canyon • Geochemistry • Porphyry copper • Utah 

Introduction 

Porphyry copper deposits account for more than 40% of 
world copper production and more than a third of world 
copper reserves (Vanecek 1994). The mining of porphyry 
copper ore bodies typically exposes sulfide minerals to the 
surface weathering conditions, accelerating natural 
chemical weathering processes and potentially releasing 
acid, metals and sulfate to the environment. If sulfide-
bearing rock acidifies, metal mobility and bioavailability 
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are gready increased. The proper management of acid-
generating mine wastes is one of the largest environmental 
concerns associated with metals mining operations 
worldwide (Warhurst and Noronha 2000). It is estimated 
that in the United States alone more than 17,000 km of 
streams and rivers have been impacted by acid rock 
drainage (ARD) from abandoned mines (Skousen 1995). 
The Bingham Canyon porphyry copper orebody ranks as 
one ofthe world's largest metal deposits. The concept of 
large-scale open-pit mining was first implemented at Bing­
ham Canyon in 1906, and net production from the orebody 
totals more than 15 million tonnes of copper. The Bingham 
Canyon open pit is currendy more than 3 km in cUameter 
and more than 900 m deep. The Bingham Canyon deposit 
has also been one ofthe most intensely stucUed ore bodies in 
the world. The geometry of the deposit is well exposed in 
three dimensions, and it exhibits the classic mineraUzation 
and alteration zoning expected for a porphyry copper 
deposit (Babcock and others 1995). Since the first scientific 
studies were produced almost a century ago (Boutwell 1905; 
Boutwell and others 1905), more than 50 papers have been 
written about Bingham Canyon geology. Most of these 
papers have focused on various aspects of alteration and 
sulfide mineralization, but none have examined the 
environmental geochemistry ofthe deposit. This study 
examines the environmental geochemistry of the Bingham 
Canyon porphyry copper deposit in terms of its acid/base 
accounting characteristics. The data presented in this study 
can be used to evaluate the geochemical behavior of similar 
porphyry copper deposits when they cu-e exposed to accel­
erated surface weathering conditions by mining operations. 

Acid/base accounting theory 

Under typical surface weathering conditions, sulfide min­
erals such as pyrite (FeS2), chalcopyrite (CuFeS2), bomite 
(Cu5FeS4), and molybdenite (M0S2) will oxidize to release 
sulfate, metals, and acidity. A generalized oxidation 
reaction for pyrite, the most common sulfide mineral is: 

FeSz -f I5/4O2 -I- 7/2H2O = Fe(0H)3 -(- 250^" -f- 4H+ 

Sphalerite (ZnS) may sometimes act as an acid-generating 
mineral, but galena (PbS) and chalcocite (CU2S) will not 
produce acid under typical surface weathering conditions. 
Sulfate minerals, such as gypsum (CaS042H20) and barite 
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(BaS04), will not produce acid under any conditions 
(Plumlee 1999; Jennings and others 2000; Kwong 2000). 
Acidity that is generated by sulfide oxidation in a rock may 
be stored in the rock as soluble salts, may contribute to 
ARD, or may be neutralized in-situ by acid-neutralizing 
minerals. Most carbonate minerals will react with acidic 
solutions to maintain a near neutral pH. A generalized 
neutralization reaction involving calcite (CaCOs) is: 

CaCOj + 2H+ = Ca^+ + H2CO3 (2) 

In theory, silicate minerals will also neutralize acidity and 
maintain a near neutral pH. However, in practice, most 
silicates provide much less neutralizing capacity than 
carbonates because of their slow reaction kinetics (Plumlee 
1999). In most cases, silicate weathering will only provide a 
significant source of neutralization potential under 
strongly acidic conditions and in the very long term 
(Lawrence and Wang 1997; Stromberg and Banwart 1999; 
Jambor and others 2000). 
Most rocks contain a combination of acid-generating sulfide 
minerals and of acid-neutralizing minerals. The modified 
Sobek acid/base accounting method uses static tests of 
sulfur content and acid-consumption to characterize the 
bulk acid-generating and acid-neutralizing characteristics 
of a sample (Sobek and others 1978; Lawrence 1990). The 
acid potential (AP) is calculated by multiplying the weight 
percent of sulfur associated with acid-generating minerals 
in the sample by 31.25. This conversion factor, based on the 
mass balance relationships expressed in Eqs. (1) and (2), 
expresses the AP in terms of kilograms of calcium carbonate 
required to neutralize the acid that would be generated by 
complete oxidation of all ofthe potentially acid-generating 
sulfides in 1,000 kg of rock. The neutralization potential 
(NP) is also expressed in terms of kg of calcium carbonate 
equivalent per 1,000 kg of rock, although other minerals in 
addition to calcite may contribute to the NP. The carbonate 
NP is calculated from a direct measure of the amount of 
carbonate in the rock. The net neutralization potential 
(NNP) of the sample is derived by subtracting the AP from 
the NP. The neutralization potential ratio (NPR) is derived 
by dividing the NP by the AP. A negative NNP or an NPR of 
less than one indicates that there is an excess of AP over NP 
in the rock, and that it will likely generate ARD. In theory, a 
rock with an excess of NP will not generate ARD. However, 
because ofthe uncertainties created by differential reaction 
kinetics, leaching rates and mineral distribution in the rock, 
a commonly used screening criteria assumes that rocks with 
NNP values above 0 and NPR values above 1 are possibly 
acid-generating unless the sulfide content is less than 0.3% 
(AP<10 kg/1,000 kg), or the NPR is greater than 2 (Price 
and others 1997). 

Geology of the Bingham 
Canyon orebody 

The Bingham Canyon porphyry copper deposit is centered 
o n the Eocene Bingham Stock (James and others 1961; 
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Simplified geologic map of the Bingham Canyon porphyry copper 
deposit 

Lanier and others 1978a). Economic mineralization is 
hosted in the stock and extends a short distance into the 
surrounding sedimentary rocks (Fig. 1). From youngest to 
oldest the stock is composed of monzonite, porphyritic 
quartz monzonite, quartz monzonite porphyry, latite 
porphyry, and quartz latite porphyry. The intrusive 
complex is primarily composed of monzonite with a much 
smaller volume provided by the other late stage porphy­
ritic intrusive phases. The stock was intruded by magmatic 
stoping and replacement into the Pennsylvanian Oquirrh 
Group, a sedimentary sequence composed of quartzite 
with lesser amounts of interbedded limestone, calcareous 
sandstone, and siltstone. Two limestone beds that range 
between 36 and 70 m thick can be traced across the open 
pit. The Parnell beds, a 120-m-thick sequence of inter­
bedded limestone, calcareous sandstone, and quartzite, are 
also continuous across the open pit. 
Sulfide mineral zones are concentrically arranged around 
the center of the orebody. Mineral zoning patterns have 
been described by numerous previous workers including 
James and others (1961), Rose (1970), John (1978), and 
Philhps and others (1997). The innermost zone ofthe 
deposit, exposed in the bottom ofthe pit, consists of a low-
grade core with generally less than 0.5% total sulfides. It 
contains low concentrations of molybdenite, pyrite, chal­
copyrite, and bomite. Surrounding the low-grade core is a 
zone of molybdenite mineralization followed by the ring-
shaped copper zone of the orebody. The inner portion of 
the copper zone is dominated by bornite and chalcopyrite 
mineralization with lesser molybdenitejnd pyrite. The 
outer edge of the copper zone is dominated by pyrite and 
chalcopyrite. The entire orebody is approximately 1,800 m 
in diameter and currendy averages about 0.6% copper. A 
pyrite halo surrounds the copper zone ofthe orebody. This 
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zone may contain over 5% pyrite on the immediate mar­
gins of the orebody, but pyrite concentrations decrease 
outward to 1-2% at 600-900 m from the orebody contact. 
Locally, skarn deposits in the limestone beds may contain 
as much as 90% sulfides. Sulfide minerahzation changes 
from both disseminated and fracture-controlled within 
and on the margins of the orebody to almost exclusively 
fracture-controlled on the outer margins ofthe pyrite halo. 
A broad lead-zinc zone with load galena and sphalerite 
deposits surrounds the. pyrite halo between about 1,500 
and 2,700 m from the center ofthe orebody. 
The low-grade core and the zones of molybdenite and 
copper mineralization typically coincide with the zone of 
potassic hydrothermal alteration. The pyrite halo generally 
coincides with phyUic and propylitic alteration zones. 
Limestone and calcareous sandstone beds become pro­
gressively more altered nearer the orebody and the center 
of the Bingham Stock. From the uppermost exposures in 
the open pit to the bottom of the pit the following min-
eralogical zones are present in limestone beds (Reid 1978): 
(1) unaltered rock, (2) marble, (3) wollastonite, (4) cris-
tobalite, (5) garnet-clay, (6) garnet-quartz, and (7) am-
phibole-epidote. Garnet composition is believed to be an 
intermediate member of the grossularite-andradite series. 
These zones generally reflect a gradual decrease in the 
percentage of calcium carbonate in the limestone and 
calcareous sandstone beds, and an increase in calcium-
siHcate minerals. Reid (1978) noted that the soluble frac­
tion of the limestone decreases from 44% in the marble 
zone to only 5% in the amphibole-epidote zone. 
The oxidized cap of the orebody has been completely 
removed by mining, and the remaining orebody is 
unoxidized. However, a deep weathering profile exists in 
bedrock exposed immediately beneath the pre-mining 
topographic surface on the outer margins of the open pit. 
This zone contains few intact sulfides and extends several 
tens of meters beneath the old topographic surface. 

Methods 

A total of 88 bedrock samples were collected from recently 
exposed surfaces in the pit during a preliminary acid/base 
accounting study. Sample sites were selected to provide a 
uniform geographic distribution in the pit while insuring 
that all lithologies were adequately characterized. Samples 
were composited from 20 to 30 randomly selected loca­
tions across several hundred feet of exposure. The Ken­
necott Utah Copper Environmental Laboratory analyzed 
all samples by a modified Sobek acid/base accounting 
technique. Each sample was crushed and homogenized 
before being ground to minus 200 mesh. The follov^ng 
analyses were then performed: (1) total sulfur, (2) sulfur 
remaining in the sample after an HCl leach, (3) NP as 
defined by the amount of 0.10 or 0.50 N HCl consumed by 
1 g of the sample, and (4) total metals. It is assumed that 
almost all sulfate minerals except barite are removed from 
the sample by an HCl leach. The samples contain very little 
barium, so almost all the sulfur remaining after the HCl 

leach is likely in sulfide form. The sulfide sulfur that 
contributes to AP was calculated by subtracting the sulfur 
associated with galena and sphalerite from the sulfide 
sulfur value. Samples were also analyzed for total carbon 
and carbon remaining after an HCl leach. The carbon 
removed from the sample by the HCl leach is assumed to 
be associated with ceilcite. 
In addition to the 88 outcrop samples, there are about 
80,000 boring samples collected near the current pit sur­
face that have been analyzed for total sulfur and about 50O 
that have been analyzed for total carbon. All of the sulfur 
and carbon analyses were performed with a Leco furnace. 

Results and discussion 

The analytical results from the 88 outcrop samples indicate 
that, on average, about 9% ofthe total sulfur in the rock 
samples was in the form of non-acid-generating sulfate 
and sulfide minerals, and about 13% ofthe total carbon is 
in a form that was not leachable by HCl. Based upon these 
results, it was determined that the AP distribution within 
the open pit can be conservatively mapped using existing 
total sulfur data available from the borings. AP distribu­
tion was mapped by averaging all of the sulfur values in a 
series of 30x30 m squares on the pit surface and then 
contouring the averaged values. The follovnng description 
of NP distribution is based predominantly on the 88 
samples collected as part of the preliminary study. How­
ever, the total carbon data provided by the 500 boring 
samples was used to support the outcrop sampling results. 
The descriptions of NNP and NPR distribution are based 
upon the total sulfur and Sobek NP data. 

Distribution of acid potential 
Pyrite and to a lesser extent chalcopyrite, bornite, and 
molybdenite are the primary minerals contributing to AP 
in the Bingham Canyon deposit. In plan view, the distri­
bution of AP in the pit is doughnut-shaped with a low AP 
core surrounded by a 3,000-m-diameter ring with elevated 
AP (Fig. 2). In vertical profile, the low AP core is exposed 
in the bottom of the pit and is overlain by 500 m of rock 
with elevated AP (Fig. 3). The low-grade core of the ore-
body contains very few sulfide minerals and has AP values 
as low as 3 kg/1,000 kg. Much of the AP in the low-grade 
core and the molybdenite zone of the orebody is provided 
by molybdenite. Although molybdenite can generate 
acidity under surface weathering conditions, in practice it 
is one of the most resistant sulfides to oxidation and so is 
likely to be a minor contributor to acid production 
(Plumlee 1999). The exposed center ofthe low grade core, 
with AP values of less than 10 kg/1,000 kg, is currently 
150-300 m wide and 1,200 m long. The inner portion of 
the copper zone of the orebody contains abundant chal­
copyrite and bornite, with very little pyrite, and generally 
has AP values of between 10 and 30 kg/1,000 kg. Pyrite 
content increases on the outer margins of the copper 
orebody, and AP values range from about 30 to more than 
80 kg/1,000 kg. Within the orebody, chalcopyrite, bornite. 
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Fig. 2 
Plan view distribution of AP in the Bingham Canyon porphyry copper 
deposit. AP was calculated from total sulfur data 
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Fig. 3 
Average AP versus elevation in the Bingham Canyon open pit. Total 
sulfur AP is averaged in approximate 30-m vertical increments. Ore 
g r a d e mineralization extends from the pit bottom to approximately 
1,700 m elevation 

and molybdenite typically do not contribute more than 
20 kg/1,000 kg towards the total AP. 
Rocks with the highest AP occur in the pyrite halo 
immediately surrounding the orebody. In plan view, this 
zone is about 900 to 1,200 m from the center of the low-
grade core. In vertical profile it is about 300 m above the 
low-grade core on the current pit walls. Locally, maximum 
AP values within the pyrite halo may reach about 250 kg/ 
1,000 kg. In general, any AP in excess of about 5 kg/ 
1,000 kg within the pyrite halo is provided by pyrite. 
AP values decrease dramatically on the outer margins of 
the pyrite halo. Most of the rock exposed in the lead-zinc 
zone on the uppermost benches of the pit has AP values of 
less than 10 kg/1,000 kg, and AP values of 0 kg/1,000 kg 
are common near the pre-mining topographic surface. 
This results from both a decrease in the original pyrite 
mineralization more than 1,500 m from the low-grade core 
of the orebody, and because much of the pyrite that was 
originally present has been oxidized by long-term 
weathering immediately beneath the pre-mining surface. 

Distribution of neutralization potential 
The distribution of NP on the current pit walls is closely 
related to the lithologic distribution with significant 
overprinting by contact metamorphic alteration. As shown 
in Table 1 and Fig. 4, rocks that contain abundant calcium 
carbonate, such as limestones and the Parnell beds, have 
the highest NP values followed by igneous rocks and lastly 
by quartzites. 
About 90% ofthe NP in sedimentary rocks is provided by 
calcium carbonate. The remaining NP is probably 
provided by relatively fast weathering calcium-silicate 
minerals such as wollastonite, calcium-rich garnet, and 
diopside, which are related to skarn alternation in the 
calcareous portions of the sedimentary sequence (Reid 
1978; Plumlee 1999). The average NP contributed by non-
carbonate minerals is 19 kg/1,000 kg in limestone, 7 kg/ 
1,000 kg in the Parnell beds, and 2 kg/1,000 kg in 
quartzites. For each sedimentary rock type, NP generally 
decreases towards the Bingham Stock as calcium carbon­
ate is replaced by less reactive calcium-silicate minerals. 
Sulfide minerahzation in the sedimentary sequence 
increases towards the stock resulting in an inverse rela­
tionship between NP and AP in the limestone and Parnell 
beds (Fig. 4). Samples from the limestone beds have NP 
values that range from 517 kg/1,000 kg in relatively unal­
tered limestone high on the pit walls to 19 kg/1,000 kg in 
intensely altered limestone skarn near the contact with the 
Bingham Stock. Similarly, NP values in the Parnell beds 
vary between 177 kg/1,000 kg and 14 kg/1,000 kg 

Table 1 
Neutralization potential data for 
Bingham Canyon lithologies. All 
MP values are reported in kg 
CaCOj/l.OOOkg 

Lithology Average 
Sobek NP' 

Limestone 
Parnell beds 
Quartzites 
Igneous rocks 

178±85 
60±30 
10±4 
23+4 

Average 
carbonate NP ' 

159±68 
53±31 

8±4 
10±4 

Sobek NP range Carbonate NP range 

19-517 
14-177 
0-70 
6-76 

14-363 
0-173 
0-68 
0-66 

'Includes the 90% confidence interval based on the r-statistic for each mean 
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Fig. 4 
AP versus Sobek NP for various rock types associated with the 
Bingham Canyon porphyry copper deposit. Quartzites include some 
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Fig. 5 
Plan view distribution of NNP in the Bingham Canyon porphyry 
copper deposit. NNP is based upon total sulfur AP and Sobek NP 

depending on the proximity of an igneous contact. The 
sedimentary sequence to the northeast of the orebody has 
much less NP than in any other area. There are no sig­
nificant limestone beds, and NP values in the quartzite 
samples from the northeast only average 3 kg/1,000 kg 
versus an average of 15 kg/1,000 kg for quartzite samples 
from other areas. 
For igneous rocks, calcium carbonate typically provides 
less than 50% of the total NP. Where present, the car­
bonate is generally contained within fractures and thin 
veins. The remaining NP is probably provided by sihcate 
minerals such as plagioclase, biotite, phlogopite, chlorite, 
actinolite, and augite. On average, these six minerals 
comprise about 55% of the monzonite, while relatively 
unreactive orthoclase and quartz comprise an additional 
40% (Lanier and others 1978b). The average NP contrib­
uted by non-carbonate minerals in the igneous rocks is 
13 kg/1,000 kg. This value is broadly consistent with NP 
values measured for a large suite of aluminosilicate min­
erals by Jambor and others (2000). On average, the early 
monzonite and quartz monzonite phases of the intrusion 
contain more carbonate than the late stage latite porphyry 
and quartz latite porphyry phases. Within the monzonite 
and quartz monzonite phases, carbonate contents are 
generally highest adjacent to limestone beds. NP values are 
very low in the northeast portion of the stock, adjacent to 
the low NP portions of the surrounding sedimentary 
sequence. The correlation coefficient between carbonate 
content in the monzonite and quartz monzonite, and the 
distance to the closest limestone contact is -0.3. Carbonate 
may have been assimilated into the stock from the sur­
rounding sedimentary rocks during emplacement or 
mineralization. As noted by Reid (1978), the altered 
limestones adjacent to the Bingham Stock are strongly 
depleted in CaO and CO2. 

Distribution of net neutralization potential 
The distribution of NNP in the Bingham Canyon deposit is 
doughnut shaped, with a positive 1,000-m-diameter core 
surrounded by a negative 3,000-m-diameter ring (Fig. 5). 
Rock exposed in the lower 100 m ofthe pit is generally net 
neutralizing, and is overlain by about 500 m of net acid-
generating rock (Fig. 6). 
NNP values in the low-grade core of the orebody are 
positive, and the zero NNP contour generally conforms to 
the outer limit of molybdenum mineralization in the or­
ebody. The center of the low-grade core, where total sulfur 
is less than 0.3%, typically has NNP values above 10 kg/ 
1,000 kg and NPR values above 2. The highest NNP value 
sampled in the low-grade core was 28 kg/1,000 kg (NPR 
=4.6). These values may underestimate the effective NNP 
of the low-grade core because much of the AP is provided 
by relatively inert molybdenite. The outer limit of the 
orebody is generally defined by the -25 or the -50 kg/ 
1,000 kg NNP contour line. Within the pyrite halo, NNP 
values below -75 kg/1,000 kg and NPR values below 0.1 
are locally common about 1,100 m from the center of the 
low-grade core. Net neutralizing rocks are exposed on the 
margins of the pyrite halo and in the lead-zinc zone 
around the top of the pit. As shown in Fig. 5, the 0 kg/ 
1,000 kg contour completely encircles the orebody about 
1,500 m from the low-grade core. 

Conclusions and implications 

The well-developed mineralization and alteration zoning 
that has been noted by many previous studies at Bingham 
Canyon is mimicked by the acid/base accounting 
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Fig. 6 
Average NNP versus elevation in the Bingham Canyon open pit. NNP 
is based upon total sulfur AP and Sobek NP averaged in approximate 
90-m vertical increments. Ore grade mineralization extends from 
the pit bottom to approximately 1,700-m elevation 

characteristics of the deposit. The low-grade core and the 
molybdeni te zone of the orebody, exposed in the bottom 
of the pit, are generally net neutralizing and rock here is 
unl ikely to generate ARD when exposed to surface 
jweathering conditions. Water currently being pumped 
f rom the bot tom of the pit, in contact with these net 
neutral iz ing rocks, has a near neutral pH and an alkalinity 
in excess of 50 mg/l as CaC03. The main copper zone of 
t h e orebody and the surrounding pyrite halo are generally 
ne t acid-generating and the rock will tend to acidify when 
exposed. Waste rock mined from the pyrite halo generally 
acidifies within a decade of exposure to surface weathering 
condi t ions , and soils forming on some pyrite-bearing 
was t e rock surfaces attain paste pH values as low as 2.1 
(Borden 2001). Rock exposed near the pre-mining topo­
g r a p h i c surface and in the lead-zinc halo, approximately 
1,500 m from the center o f t h e orebody, contains few 
in t ac t acid-generating sulfides and so poses little risk of 
acidification. Water that drains from underground work­
i n g s in the lead-zinc halo surrounding the open pit gen­
era l ly has a neutral pH and an alkalinity in excess of 
2 0 0 mg/I as CaCOa. Waste rock generated from the upper-
p i t benches will typically maintain a near-neutral pH, even 
af ter several decades of weathering (Borden 2001). 
T h e alteration and metals zoning observed at Bingham 
C a n y o n has been noted at other porphyry copper deposits, 
so these general acid/base accounting relationships are 
p r o b a b l y repeated at many other ore bodies. The Bingham 
C a n y o n acid/base accounting data can also be used to 
semi-quanti ta t ively compare this deposit's potential to 
gene ra t e ARD with other porphyry copper deposits. For 
e x a m p l e , samples collected from the Berkeley Pit in Butte, 
M o n t a n a have much higher AP values and much lower NP 
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values than are typical for the Bingham Canyon deposit 
(Newbrough and Gammons 2002). The average NNP 
values reported for the Berkeley pit by Newbrough and 
Gammons (2002) are at least four times more negative 
than the average NNP data derived from the Bingham pit. 
These data indicate that, although significant port ions of 
the Bingham Pit may generate ARD, the current pit as a 
whole is unlikely to produce the extremely low pH and 
high sulfate water that has accumulated in the Berkeley Pit 
since its closure. 

Acknowledgement Thanks are due to the staff at the Bingham 
Canyon Mine and the Kennecott Utah Copper Environmental 
Laboratory for their help in completing this study. 

References 

Babcock RC, Ballantyne GH, Phillips CH (1995) Summary ofthe 
geology of the Bingham District, Utah. In: Pierce FW, Bolm JG 
(eds) Porphyry copper deposits of the American Cordillera. 
Arizona Geol Soc Digest 20:316-335 

Borden R (2001) Geochemical evolution of sulphide-bearing 
waste rock soils at the Bingham Canyon Mine, Utah. Geochem 
Explor Environ Anal 1:15-21 

Boutwell JM (1905) Genesis ofthe ore deposits at Bingham 
Canyon, Utah. Am Inst Mining Eng Trans 36:541-580 

Boutvirell, IM Keith A, Emmons SF (1905) Economic geology 
of the Bingham mining district, Utah. US Geological Survey 
Professional Paper 38 

Jambor JL, Dutrizac JE, Chen TT (2000) Contribution of specific 
minerals to the neutralization potential in static tests. Pro­
ceedings ftom the Fifth International Conference on Acid Rock 
Drainage. Society for Mining, Metallurgy, and Exploration, 
Littleton, Colorado, pp 551-565 

James AH, Smith WH, Bray RE (1961) The Bingham district-a 
zoned porphyry ore deposit. In: Cook DR (ed) Guidebook to the 
geology of Utah, no 16, geology of the Bingham mining district 
and northern Oquirrh mountains. Utah Geological Society, Salt 
Lake City, pp 81-100 

Jennings SR, DoUhopf DJ, Inskeep WP (2000) Acid production 
from sulfide minerals using hydrogen peroxide weathering. 
Appl Geochem 15:235-243 

John EC (1978) Mineral zones ofthe Utah Cbpper orebody. Econ 
Geol 73:1250-1259 

Kwong YTJ (2000) Thoughts on ways to improve acid rock 
drainage and metal leaching prediction for metal mines. 
Proceedings from the Fifth International Conference on Acid 
Rock Drainage. Society for Mining, Metallurgy and Exploration, 
Littleton, Colorado, pp 675-682 

Lanier G, Swensen AJ, Reid JE, Bard CE, Caddey SW, Wilson JC 
(1978a) General geology ofthe Bingham mine, Bingham Can­
yon, Utah. Econ Geol 73:1228-1241 

Lanier G, Raab WJ, Folson RB, Cone S (1978b) Alteration of 
equigranular monzonite, Bingham mining district, Utah. Econ 
Geol 73:1270-1286 

Lawrence RW (1990) Prediction ofthe behavior of mining and 
processing wastes in the environment. In: Doyle FM (ed) 
Western regional symposium on mining and mineral processing 
wastes. Am Inst Mining Metall Petrol Eng/SME Publication, 
Littleton, Colorado, pp 115-121 

Lawrence RW, Wang Y (1997) Determination of neutralization 
potential in the prediction of acid rock drainage. Proceedings 
from the Fourth International Conference on Acid Rock 
Drainage, Vancouver, pp 451-464 

DWQ-2003-000001 Page 134 of 156 03-01-2003



Original article 

Newbrough P, Gammons CH (2002) An experimental study of 
water-rock interaction and acid rock drainage in the Butte 
mining district, Montana. Environ Geol 41:705-719 

Phillips CH, Smith TW, Harrison ED (1997) Aheration, metal 
zoning, and ore controls in the Bingham Canyon porphyry 
copper deposit, Utah. In: John DA, Ballantyne GH (eds) Geology 
and ore deposits of the Oquirrh and Wasatch mountains, 
Utah. Society of Economic Geologists, Fort Collins, Colorado, 
pp 179-206 

Plumlee GS (1999) The environmental geology of mineral de­
posits. In: Plumlee GS, Logsdon MJ (eds) The environmental 
geochemistry of mineral deposits, part A, processes, techniques, 
and health issues. Soc Econ Geol, Rev Econ Geol 6A:71-116 

Price WA, Morin K, Hutt N (1997) Guidelines for the prediction 
of acid rock drainage and metal leaching for mines in British 
Columbia: part II recommended procedures for static and ki­
netic testing. Proceedings of the Fourth International Confer­
ence on Acid Rock Drainage, Vancouver, pp 15-30 

Reid JE (1978) Skarn alteration ofthe Commercial limestone, 
Carr Fork area, Bingham, Utah. Econ Geol 73:1315-1325 

Rose AW (1970) Zonal relations of waUrock alteration and sulfide 
distribution at porphyry copper deposits. Econ Geol 65:920-936 

Skousen J (1995) Prevention of acid mine drainage. In: Skousen J, 
Ziemkiewicz PF (eds) Acid mine drainage control and treat­
ment. West Virginia University and the National Mined Land 
Reclamation Center, Morganton, West Virginia, pp 13-14 

Sobek A A, Schuller WA, Freeman JR, Smith RM (1978) Fieid and 
laboratoiy methods applicable to overburdens and mine soils. 
Report EPA-600/Z-78-054. US Environmental Protection 
Agency, Cincinnati 

Stromberg B, Banwart SA (1999) Experimental study of acidity-
consuming processes in mining waste rock: some influences of 
mineralogy and particle size. Appl Geochem 14:1-16 

Vanecek M (1994) Mineral deposits ofthe world, developments in 
economic geology, no 28. Elsevier, Amsterdam 

Warhurst A, Noronha L (2000) Environmental policy in mining: 
corporate strategy and planning for closure. Lewis, Boca Raton 

- „ I 

DWQ-2003-000001 Page 135 of 156 03-01-2003



DWQ-2003-000001 Page 136 of 156 03-01-2003



APPENDIX E - GEOCHEMICAL EVOLUTION OF SULPHIDE-BEARING WASTE 
ROCK SOILS AT THE BINGHAM CANYON MINE, UTAH 

DWQ-2003-000001 Page 137 of 156 03-01-2003



DWQ-2003-000001 Page 138 of 156 03-01-2003



Geochemical evolution of sulphide-bearing waste rock soils at the 
Bingham Canyon Mine, Utah 

Rich Borden 
Kennecott Utah Copper Corporation, Bingham Canyon Mine, P .O. B o x 232, Bingham Canyon, Utah 8 4 0 0 6 - 0 2 ? 2 j , 

USA (e-mail: hordenr@kennecott.com) 

ABSTRACT: T h e soils forming on waste rock d u m p surfaces at the Bingham 
Canyon Mine have paste p H values ranging from 2.08 to 7.91. Paste conductivity, a 
measure of soil salinity, varies between 22 and 8750 ^ S cm . T h e primary controls 
on waste rock soil p H and saUnity are the sulphide distribution in the waste rock, the 
amount of l imestone present and the age of the waste rock d u m p surface. T h e 
average p H of recendy exposed waste rock is 7.0 and the average conductivity is 
1120 ytS c m ~ \ Within six years of placement on the waste rock dumps the average 
p H declines to 4.7, further decreasing to 3.7 after 50 years. T h e average conductivity 
increases to 3000 |^S c m ~ ' within six years but then declines to 855 \j& c m " after 
50 years. T h e sharp d rop in p H , and the peak in salinity shordy after the waste rock 
is placed on the dumps , reflects the rapid release of acidity and sulphate caused by 
oxidation of newly exposed pyrite. T h e salinity o f t h e soils begins to dechtie as pyrite 
becomes depleted and sulphate is flushed from the soU by infiltration and runoff 
more rapidly than it is replenished by sulphide oxidation. 

I N T R O D U C T I O N 

Management of sulphide-bearing waste rock is one of the 
lajrgest environmental concerns associated with metals mining 
operations (Warhurst & Noronha 2000). Pyrite and other 
sulphide minerals in waste rock oxidize when exposed to 
surface weathering conditions and release sulphate, acidity and 
metals (Krauskopf & Bird 1995). Soils forming on waste rock 
dump surfaces may become too acidic or saline to reclaim 
without the use of expensive chemical amendrnents or soil 
caps. Runoff and infiltration from weathered waste rock sur­
faces may also have adverse impacts on surrounding surface 
and groundwater quality, requiting the construction of cosdy 
collection and tteatment systems. Therefore, it is important to 
understand the geochemical evolution of sulphide-bearing 
waste rock soils in order to predict future environmental 
impacts and to select appropriate reclamation and water 
management strategies. 

Many investigators have examined the genesis of soils 
forming on sulphide-bearing waste rock, but almost all of these 
studies have been limited to coal spoils (Schafer et al. 1980; 
Ciolkosz et al. 1985; Davidson «/ al. 1988; Horbac2ewski & 
Van Ryn 1988; Roberts et at 1988; Chichester & Hauser 1991; 
Haering et ai. 1993; Johnson & Skousen 1995). Coal spoils tend 
t o have lower sulphide contents than those of many ore bodies, 
a n d are generally composed of sandstone, siltstone and shale. 
XFds is a relatively limited number of rock types compared to 
t h e suite of igneous, metamorphic and sedimentary rocks that 
tnay be contained in waste rock from metals mining operations. 
IVlost of these previous studies were located in eastern U.S., so 
precipitation and weathering rates may be dissimilar to those 
found in the arid and semi-arid climates of many western U.S. 
mining sites. 

TTie present study was conducted at the Bingham Canyon 
porphyry copper deposit near Salt Lake City, Utah. The mine 

Greci>emistry: Exploration, Enviriinment. Analysis. Vol. 1 2001, pp. lS-22 

site is located in a semi-arid climate between 150O and 
2500 metres in elevation. Over three billion metric tonaes of 
waste rock have been produced since open pit mining 
operadons began in 1906. The existing waste rock surfaces 
cover more than 2000 hectares and vary from <1 to >50 years 
in age. 

Copper mineralization is centred on the Bingham stock, an 
Eocene monzonite intrusion exposed in the bottom of the 
open pit. The stock was intruded into the Pennsylv-anian 
Oquirrh Group, a sedimentary sequence of quartzite with lesser 
amounts of interbedded limestone Qames et aL 1961; Lanier 
et al 1978). The copper ore body is surrounded by a pyritic halo 
that typically contains between 1 and 7% sulphides Qames et al 
1961; John 1978; Babcock et al 1997). On the outer margins 
of the pyritic halo, near the deeply weathered pre-mining 
topographic surface on the upper edge of the open pit, pyrite 
contents of 0 to 0.5% are common (Kennecott Utah Copper 
Corporation 19^)9). A lead—zinc halo surrounds the pyritic halo 
and small load deposits of sphalerite and galena are exposed 
on some of the uppermost pit benches (Babcock et al 1997). 
Most of the copper-depleted leached cap of the Bingham 
ore body was removed before 1916 (James et al 1961). 
Since that time, the majority of waste rock produced at 
Bingham Canyon has come from the pyritic halo with a much 
smaller contribution from rock exposed on the upper benches 
of the open pit (James et al 1961'; John 1978; Babcock et al. 
1997). Waste rock is generally composed of a mixture of 
monzonite intrusive rock and quartzite, with lesser amounts 
of limestone. Pyrite is by far the most common sulphide 
mineral in the waste rock, with lesser-amounts of chalco­
pyrite, sphalerite and galena. The variability of pyrite and 
calcium carbonate content in the rock has produced a series of 
waste rock surfaces with diflerent acid generating and acid 
neutrahzing characteristics. The diversity of age and nilneralogi-
cal characteristics on the Bingham Canyon waste rock surfaces 
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has created a unique area to examine the controls on waste 
rock soil evolution. 

The objectives of this study were: (1) to characterize soil pH 
and salinity conditions on the Bingham Canyon waste rock 
dumps; (2) to identify the primary waste rock characteristics 
influencing soil chemistry; and (3) to determine if the dump soU 
chemistry is changing as the waste rock surfaces are weathered. 
These data are being used at Bingham Canyon in conjunction 
with botanical surveys to identify the geochemical limitations 
on the re-establishment of native vegetation and to plan 
reclamation strategies for various dump surfaces. 

M E T H O D S 

Field sampling 

A total of 130 field samples and 17 quality assurance/quality 
control samples were collected from the waste rock dumps 
during the summers of 1998 and 1999. Approximate sample 
locations were selected to establish uniformed geographical 
distribution over the entire waste rock surface and to ensure 
that dump surfaces of all ages were characterized. Dump 
surface ages were estimated by comparing topographical maps 
and aerial photographs from 19 different years, between 1952 
and the present. The age of dump surfaces created after 1991 
could be estimated to within one year. However, the ages of 
dump surfaces created between 1987 and 1991 could only be 
estimated to within ± 2 years, those created between 1952 and 
1984 to within ± 1 to 6 years and those created between 1906 
and 1952 could not be estimated at all because of the lack of 
maps for that period. 

In the field, the exact sample site was chosen to be most 
representative of the immediate surrounding area. For example, 
on generally non-vegetated surfaces with small, scattered areas 
of volunteer growth, samples were only collected on the 
non-vegetated areas. The same principle was used for surfaces 
containing waste rock with significandy different lithological or 
mineralogical contents. On dump surfaces that contained two 
visually distinct areas of near equal size, a separate sample was 
collected from each of the distinct areas. 

Each sample was made-up of three to five sub-samples 
collected on the dump surface. Sub-sample locations were 
generally arranged in a polygon and were about six to nine 
metres apart from each other. At each sub-sample location a 
hole was dug to a depth of 10 cm, the sub-sample was then 
collected by removing the entire 0—10 cm vertical interval from 
one side of the hole. All the sub-samples were mixed together 
in a stairiless steel bowl and were hand sorted to remove any 
clasts larger than c. 1 cm in diameter. A representative split of 
the mixed material was then retained for analysis. Laboratory 
replicates were created by sphtting two sub-samples from the 
mixed material and assigning thenj unique sample numbers. At 
some sampling sites, field replicates were taken by collecting a 
new sample from a different set of sub-sample locations within 
the same area on the dump surface. 

Field observations including estimates of lithological content 
and sulphide distribution were also made at each sample site. 
The relative percentage of igneous rock, quartzite and lime­
stone was estimated by selecting 20 or more clasts randomly 
within the outline of the polygon defined by the sub-sample 
points. Each clast was cracked open and examined to detennine 
its lithology and if any sulphides were visible within the clast. 
The abundance of each lithology was assigned a percentage 
from 0-100% in increments of 5% based upon this technique. 
If a lithology was determined to be present at a percentage 
between 0 and 5% it was designated as being present in trace 

amounts. TTie sample site was also examined to de;te;rmi-
any sulphides could be visually identified within the i 
grained material (sand size and smaller), and on the outside or 
inside of clasts. This visual survey was performed botrh with the 
naked eye and with a lOx hand lens. 

Laboratory procedures 

AU samples were analysed by the Kennecott Uta_h Copper 
Corporation Environmental Laboratory for paste pH and 
conductivity. Paste conductivity is expressed in miUiSiemens 
per centimetre (p.S cm ) and is a measure of the total salinity 
of the soU. Twenty-four samples were also leached wi th distiUed 
water so that the individual soluble constituents o f the soil 
could be determined. About half of the samples selected for 
this leach test were from sites where volunteer vegetation was 
growing and where botanical surveys were later carried out. 
Most of these samples had paste pH values >4.2 and conduc­
tivities <500 jiS cm~ ' . The other half of the samples were 
selected in order to be representative of waste rock surfaces 
that had lower pH or higher conductivity values. 

In the laboratory, 5 g of each soil sample was mixed with 
10 ml of distilled water. The mixture was then shaken and 
aUowed to sit in a closed container for 24 h. Tlie paste pH and 
paste conductivity measurements were made on the water 
sample after it was decanted from the solids. These analyses 
were performed with an Orion Model 230A pH meter and an 
Amber Science Incorporated EC Model 2052. For the leach 
samples, 300 g of sod were mixed with 300 ml of distiUed water 
and continuously agitated for 24 h in a closed container. '^ 
water was then filtered through a 0.45 fxm fUter and analij 
for alkalinity, acidity, sulphate and metals (Ca, Mg, N a , K_, Cl, 
Al, Cu, Fe and Mn). Alkalinity was determined by titrating to a 
pH end point of 4.5 with a 0.5 N sulphuric acid solution. 
Acidity was determined by titrating to a pH end point of 8.2 
with a 0.25 N sodium hydroxide solution. Both alkalinity and 
acidity titrations were performed with a Mettier model DL70ES 
automatic titrater. Sulphate was analysed with an Alpkem 
model 300 continuous flow analyser. The metals were analysed 
with a Perkin-Elmer Optima 3000 inductively coupled plasma 
emission spectrometer. 

RESULTS 

SoU paste pH results for samples collected on the Bingham 
Canyon waste rock dumps range between 2.08 and 7.91 
(average 4.5). Paste conductivity varies between 22 fjS c m ~ ' 
and 8750^5 cm~ ' (average 1170(15 cm~') . Table 1 sum­
marizes the laboratory and field replicate results. The results for 
field replicates showed higher variance than for the laboratory 

Tab le 1. Replicati sample analytical variability 

Number of sample pairs 
Average pH difference 

iVIaximum pH difference 
pH correlation coefficient 
Average conductivity RPD* 
Maximum conductivity RPD* 
Conducdviryr correlation coefficient 

Replicates 

Laboratory 

9 
0.12 

0.22 
0.998 

5.1% 
13.3% 

0.996 

Field 

• 8 

0.19 
0.' 
0.'.-

43.3% 
97.9% 

0.904 

•Relative .percent difference (-difference between rvvo samples/average of 

pAfo samples). 
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Table 2. Summary of sod distilied water leachate analytical restilts 

Constituent 

Average concentration* Concentration range* 

(all samples) (all samples) 

Average concentration* 

(pH<4.1) 

8 
2784 

350 
217 
262 

12.1 
3625 

Average concentration* 
(pH>4.5) 

16 
326 
131 

11.7 
2.4 

13.2 
484 

Number of samples 
Sulphate 
Calcium 
Magnesium 
Fe, A), Cu, Mn 
Na, K, Cl 
All analytes (TDS) 

24 
1145 
204 

80 
89 
12 

1531 

24 
14-5240 
3.5-^81 
1.1-588 
1.1-550 
5.9-23.1 

27-6625 

*A1I concentradons in mg I 

replicates, and probably reflect smaU-scale spatial variabiUty of 
soil chemistry within the sample area. However, the maximum 
p H cUfference between any replicate sample pair was only 0.38 
p H units, and only one set of paste conductivity replicate 
results differed by more than a factor of two. 

Table 2 and Figure 1 summarize the resiUts of the soU 
distilled water leachate analyses. T h e concentration of total 
cLssolved solids (TDS) measured in the soU leachate varied 
between 26.7 mg 1~ ' and 6625 m g 1~ ' . Sulphate is the domi­
nan t soluble anion detected in the waste rock soils, and calcium 
a n d magnesium are the dominant cations. O n average, sulphate 
represents 6 5 % by weight of the measured T D S in each 
leachate sample. Calcium and magnesium average 2 0 % and 5 % 
o f the T D S , respectively. The concentrat ion of other c o m m o n 
salts such as sodium, potassium and chloride in each leachate 
sample averaged otUy 6%, and the combined concentration of 
these ions in solution did not exceed 23.1 mg 1~ ' in any 
sample. The leachate concentration of all of the analytes except 
f o r sodium, potassium and chloride increased with decreasing 
p H . As shown on Figure 2, there is generaUy good agreement 
be tween the soil paste conductivity and the measured T D S in 
t h e leachate samples. 
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Fiig . I . Distilled water leachate chemistry of waste rock soils. The 
five samples furthest to the right all have paste pH values of <4.1 
anid contiuctiviries of >2000 jiS c m " '. The eight samples furthest to 
th<; left all have pH values of >4.5 and conductivities of <100nS 
crm~ '. 

D I S C U S S I O N 

T h e data presented in Table 3 indicate that waste rock su lph ide 
distribution, limestone content and surface age aU influence the 
soil chemistry. TTie relationship of these variables to soU p H 
and salinity are explored in the foUowing sections. 

S u l p h i d e d i s t r ibu t ion 

Numerous studies have investigated the geochemistry o f sul­
phide oxidation. Some general references on the subject inc lude 
pubhcarions by Kittrick et al. (1982), Williams et a l (1982), 
Blowes & Jambor (1994), Krauskopf & Bird (1995) and R o s e & 
Cravotta (1998). A generalized oxidation re"action for py t i t c is: 

FeSj -I- 15 /4O2 -I- 7 / 2 H 2 O = Fe(OH)3 -F 2 S O j " -F 4 H "• 

In soUs with abundant pyrite, sulphide oxidation p rov ides a 
cont inuous source of acidity and sulphate. Under alkaline or 
weakly acidic conditions, the iron is immediately precipitated 
as a hydroxide. However, if soU p H drops < 4 , much o f t h e iron 
released by pyrite oxidation remains soluble, and additional 
iron may be released by the dissolution of pre-existing iron 
hydroxide in the soil: 

Fe(OH)3 -F 3H"" = Fe '"" -F 3H2O 
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Fig. 2. Log soil paste conducrivity versus log measured total 
dissolved solids (TDS) in the distilled water leachate. The rdation-
ship between conductivity and TDS as calculated by the least squares 
method is: Log TDS=(0.942)(Log Conductivity)+0.314, r^=0.94. 
The correlation coefficient berween conductivity and TDS is 0.865. DWQ-2003-000001 Page 141 of 156 03-01-2003
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Table 3. Relationship between soilpH, conductivitf and selected waitc rvi:k characteristics 

Variable Average pH* pH range Average conductivity ( ^ cm '}* Conductivity range (̂ xS cm ) 

Sulphide distribution 
No visible sulphides 
Only visible inside clasts 
Visible on inside/outside of clasts 
Visible in fines and on clasts 

Limistonc content 
None 
0 - 5 % 
5-15% 
>20% 

Surface age 
Recendy exposed bedrock 
1992-1998 
1987-1991 
1973-1984 
1961-1972 
Created before 1952 

5.79-1-0.44 
4.56+0.49 
4.70+0.54 
3.85+0.46 

3.93+0.26 
4.89+0.66 
5.82+0.69 
6.85+0.40 

7.03 
4.67+0.86 
4.87+1.11 
5.17+0.50 
4.42+0.44 
3.68+0.83 

3.23-7.76 
3.13-7.15 
2.32-7.91 
2.08-7.00 

2.08-7.57 
2.32-7.29 
2.16-7.61 
5.21-7.91 

2.32-6.87 
2.42-7.59 
2.08-7.91 
2.09-7.57 
2.32-6.60 

125+37 
152+45 
845+304 

2610+539 

1160+345 
886+722 

1270+555 
549+385 

1120 
2990+913 
1290+975 
1140+430 
906+496 
855+559 

26-500 
22-420 
33-4125 

310-8750 

22-8750 
50-7240 
75-5680 
68-2110 

1485-7240 
87-54«5 
33-6280 
22-8750 
84-2600 

*The 95% confidence interval based on the 7'stadsric for each mean is included. 

At low pH, this soluble iron in conjunction with hydrogen ions 
and other metals may be a significant contr ibutor to total soU 
salinity. 

The waste rock at Bingham Canyon is generaUy composed of 
sandy gravel o t silty, sandy gravel. Visible siJphide minerals 
were observed both in the sandy matrix and on larger gravel 
clasts at about 3 1 % of the waste rock sample sites. Visible 
sulphides were only present on the inside and outside of clasts 
at about 32% of the sample sites, and were ordy observed on 
the inside of clasts at 14% o f t h e sample sites. At the remaining 
sample sites, no sulphides were observed. Younger waste rock 
surfaces are more likely to contain sulphides in the fine-grained 
matrix than older surfaces. Sulphides were observed In the 
sandy matrix of aU samples collected from surfaces younger 
than 1991, but were only observed in the matrix of 2 7 % of the 
samples from older surfaces. The average age of surfaces where 
sulphides were observed in the fine-grained matrix was 17 years 
compared to 27 years for surfaces where sulphides were only 
observed on the inside and outside of clasts. 

As shown on Table 3 and Figure 3, this sulphide distribution 
has a significant impact on both soil p H and conductivity. Soils 
that do not contain any visible sulphides have an average p H of 
5.8 and an average conductivity of 125 (iS c m ~ ' . As sulphides 
become more widely distributed in waste rock the average pH 
declines and the average salinity increases. Soils that contain 
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Fig. 3. Soil paste pH v. log paste cohdiictivity (showing the sulphide 
distribution observed on the waste rock surface at each sample 
point). 

siUphides in the sandy matrix and on the inside and outs ide o f 
gravel clasts have an average p H of 3.9 and a n average 
conductivity of 2610 p,S cm ~ . 

There are several ways in which the observed sulphide 
distribution may influence the soU p H and salinity. 3 n general , 
waste rock surfaces where sulphides are present in all size 
fractions contain a higher percentage of sulphides t h a n surf 
where siJphides are only present in larger clasts. Su lph ide , 
the sandy matrix also have greater exposure to a t m o s p h e r i c 
oxygen and water and so would be expected to oxidize m o r e 
rapitUy than siUphides inside clasts. 

L i tho log ica l c o n t e n t 

The presence of limestone and monzoni te on the was te rock 
d u m p surface influences the soU p H and to a lesser extent the 
soU salinity. Limestone contains abundant calcium carbonate , 
which provides an in situ buffer to the acid generated by pyrite 
oxidation. Monzoni te typically contains calcium carbonate 
veins as well as abundant calcium-silicate and alumino-sLlicate 
minerals, which also provide some buffering capacity ( jambor 
et al 2000). 

Acidity is neutraUzed by calcite dissolution according to: 

C a C 0 3 + H"' = Ca^ -(-HC03~ (when pH is > 6.3) 

SoUs in equilibrium with calcite and the atmosphere wiU 
maintain a p H of about 8 (Krauskopf & Bird 1995). Th i s is the 
approxirnate upper Umit for p H observed on the Bingham 
Canyon waste rock dumps. 

When calcite reacts with acid, hydrogen ions are consumed 
and calciuni ions are released. O n monzonite-dominated d u m p 
surfaces, neutraUzation capacity and calcium are also supplied 
by;the breakdown of calcium-siUcate minerals such as plagio­
clase, which typicaUy comprises 30%^of the rock (Lanier et 
1978). Some neutraUzation capacity in the monzonite is a_. 
attributed to less abundant and less reactive mmerals such as 
biotite and chlorite. Independent of pH, calcium and sulphate 
ions in suflficiendy high concentration may precipitate to form 
gypsum: 

C a ^ - ' - F S O ^ " - F 2 H 2 0 = C a S 0 4 - 2 H 2 0 
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F i g . 4. Soil paste pH v. log paste conductivity (showing the 
dominant lithologies observed on the waste rock surface at each 
sample point). 

The solubiUty of gypsum may limit the concentration of 
dissolved siUphate and calcium in the soU (Rose & Cravotta 
1998). According to Richards (1954), a solution of pvire water 
in equilibrium with gypsum wiU have an electrical conductivity 
o f c. 2000 (iS cm ~ ' . O n the surfaces of waste dumps , elongate, 
clear to white crystals <2 nun in length were noted in the sandy 
mat r ix of about 5 % of the samples. T h e s e are beUeved to be 
g y p s u m crystals. AU of the sample sites at which they were 
observed contained either limestone o r igneous rock and had 
p a s t e conductivities above 1 7 0 0 ^ 5 c tn~ . 

The relationships between Uthology, p H and conductivity are 
iUustrated on Figure 4. AU samples frorn waste rock surfaces 
c o m p o s e d of 1 0 % or more Umestone are assigned to the 
l imes tone dominant popiUation. Samples from waste rock 
suifaces without any limestone and containing 50%) o r more 
m o n z o n i t e are assigned to the igneous dominan t popiUation. 
Samples from waste rock surfaces composed of 9 0 % or more 
qirartzite with n o limestone are assigned to the quartzite 
d o m i n a n t population. 

For limestone- and quartzite-dominant d u m p surfaces, p H 
a n d salinity exhibit a linear, inverse relationship. AU quartzite-
doin ina ted soils with elevated conductivities also have low p H 
va lues . If any acidity is released by pyrite oxidation in quattzite-
d o m i n a t e d soUs, the p H declines immediately because these 
so i l s possess littie or no acid-neutraUzing capacity. Conversely, 
l imes tone-dominant soUs may have conductivities as high as 
20O0 | J S cm with a near neutral p H because acicUty released 
b y pyrite oxidation is neutraUzed in situ. There is a positive 
co i re la t ion between the amount of l imestone present on the 
d u m p surface and p H (Table 3). Samples coUected from d u m p 
sur faces containing > 2 0 % Umestone have an average p H of 6.9, 
c o m p a r e d to 3.9 for surfaces with no limestone. T h e maximum 
conduct iv i ty for soUs contaitung > 2 0 % limestone is also limited 
t o about 2000 (iS cm ~ ' because the lowest p H for these 
s a m p l e s was 5.21. 

SoUs forming on igneous dominated d u m p surfaces tend to 
h a v e low p H values and high conductivities. Igneous rocks 
generaUy contain more sulphides than sedimentary rocks and 
t h e y have a lower buffering capacity than Umestone, so they are 
l e s s Likely to maintain a neutral p H as they are oxidized. 

S u j f a c e a g e 

O n average, the pH of waste rock soils decreases with 
inc reas ing rime of exposure. After a rapid initial increase, the 
a v e r a g e salinity also decreases with time (Table 3, Fig. 5). 
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Fig. 5. Soil paste pH v. log paste conductivity (showing the a g e of 
the waste rock surface at each sample point). 

Samples of newly exposed waste rock collected ftom the o p e n 
pit that have been ground to a — 200 mesh size have an a v e r a g e 
paste p H of 7.0 and an average conductivity of 1120 \xS c m ~ ' 
(Kennecott Utah Copper Corporat ion 1999). The ave rage 
paste p H of the waste rock soUs declines to a p H of < 5 wdthin 
the first six years. Over the next forty years, the average p a s t e 
pH decUncs to 3.7. Within the first six years of rrUning, the 
average paste conductivity more than doubles ftom 1 1 2 0 to 
2990 \i& cm . After about ten years the average conduct iv i ty 
drops to 1290 \xS c m ~ ' , then graduaUy declines to an ave rage 
of 855 nS cm ~ ' after about 50 years. 

The mining process increases the surface area o f waste rock 
that is exposed to a tmospheric oxygen and water, accelerating 
pyrite oxidation and increasing the rate of acid and su lpha te 
production. If carbonates are present, the acid released by 
sulphide oxidation may be neutralized in situ, but soils w i t h o u t 
acid-neutraUzing minerals may acicUfy rapidly. Recendy crea ted 
waste rock surfaces tend to have elevated paste conductivit ies 
because the newly exposed pyrite releases sulphate into t h e soil 
more rapidly than it is removed by runoff o r tnfUttation. 
Through t ime, most exposed pyrite is either c o n s u m e d or 
armoured, and the rate of new sulphate release is eventual ly 
surpassed by the rate o f sulphate removal by flushing. At this 
point in time, the soU conducrivity wiU begin to decline. In t ime , 
almost all of the exposed sulphides are oxidized and the ra te of 
new sulphate release drops to near zero. Continued flushing 
may result in soils with relatively low conductivities. 

G e o c h e m i c a l e v o l u d o n 

Acid/base accounting (ABA) compares the net acid generat ing 
potential of a rock with its net neutralization potential. A B A 
analysis was initiaUy designed to assess the acid generat ion 
potential of coal spoils (Sobek et a l 1978). In the past decade , 
numerous studies have at tempted to refine the techtuque and 
make it more appUcable t o metal mining wastes (Lawrence et a l 
1989; Price et a l 1997; K w o n g 2000). The acid potential (AP) of 
a rock is a measure of the amount of calcium carbonate that 
would be required to neutralize aU of the acid generated by 
complete oxidation of aU sulphides in the rock T h e neutraUz­
ation potential (NP) is a measure of the amount of acicUty that 
the rock can consume. Although many minerals may contr ibute 
to the N P , it is expressed as the amount of calcium carbonate 
that would have to be present in the rock to provide the 
equivalent neutraUzing capacity. The AP and N P may be 
direcdy compared when expressed in calcium carbonate equiv­
alents. GeneraUy a rock, with an AP that is much higher than its 
NP, wiU generate acid rock drainage under surface weathering DWQ-2003-000001 Page 143 of 156 03-01-2003
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Fig. 6. Evolution of waste ro c k soil p H 
and salinity for waste rock surfaces with 
different initial acid/base account ing 
chararteristics. Point (A) is foe was t e rock 
soils where the initial Neutralization 
Potendal (NP)>Acid Potentia] (AV) near 
0; Point (B) is for soils where the initial 
NP=AP near 0; Line (C) is fo j soils 
where the initial AP>NP near O; Line 
(D) is for soils where the initial 
NP>AP>0; Line (E) is for soils where 
the inirial AP>NP>0. 

conditions. A rock with a N P much greater than its A P wUl 
typicaUy no t generate a d d rock drainage. At Bingham Canyon, 
pyrite is the primary contr ibutor to AP, and calcium carbonate 
and calcium-siUcate minerals in Umestone, and to a lesser extent 
in monzonite, are the primary contributors to N P . 

Figure 6 is a paste p H v. log paste conductivity diagram that 
shows how Bingham Canyon waste rock surfaces with different 
initial ABA characteristics respond through time to surface 
weathering conditions. Five generalized initial ABA conditions 
and weathering pathways are shown: point (A) N P is greater 
than AP, which is near zero; point (B) N P and A P are both near 
zero; line (C) AP is greater than N P , which is near zero; line (D) 
N P is greater than AP , which is greater than zero; and Une (E) 
AP is greater than N P , which is greater than zero. 

Waste rock that has abundant N P , but Uttie or no A P when 
placed on the dump wiU generaUy maintain a neutral to weakly 
basic p H and low salinity throughout the weathering process. 
Soils forming on these surfaces will always plot near point (A) 
on a paste p H / l o g paste conductivity diagtam. At Bingham 
Canyon, these soUs are generaUy forming on surfaces with 
>10%) Umestone that contain Uttie or no pyrite. 

Waste rock that has Utde or no N P or A P wUl tend to 
maintain a neutral to weakly acid p H and low saUnity through­
out the weathering process. Newly created waste rock soUs may 
have a p H near 7, but because they are no t buffered at a neutral 
pH, older surfaces may evolve towards a p H typical of 
rainwater. Rainwater in the vidruty of Bingham Canyon typi­
caUy has a p H of 5.0—5.5 and a conductivity of 10—15 ^S c m ~ ' 
(National Atmospheric Deposi t ion Program (NRSP-3) / 
National Trends Network 2000). These soUs wUl plot near 
pomt (B) on a paste p H / l o g paste conductivity diagram. At 
Bingham Canyon, these soUs are generaUy forming on surfaces 
composed entirely of non-mineraUzed quartzite. 

Waste rock with a significant A P but with Utde or no N P wiU 
tend to evolve along path (C) during the weadiering process. At 
Bingham Canyon, these soUs are generaUy forming on surfaces 
composed of mineralized quartzite that contains > 1 % pyrite. 
These waste rock soUs may acidify within months or a few years 
after exposure to surface conditions because there is no 
neutralizing capacity to buffer the initial release of acid when 

the pyrite begins to oxidize. The rapid release o f s u l p h a t e a lso 
causes the salinity to increase rapicUy. Below a p H o f 4, o t h e r 
cations and anions also begin to contribute to the saJinity. Wi th 
time, the pyrite that is avaUable for oxidation is c o n s u m e d r 
generaUy within one or two decades, a point is r e a c h e d •il 
pyrite oxidation products are flushed from the soil faster than 
they are produced. At this point on path (C) the sal ini ty begins 
to decline. However , the pH may remain buffered be tween 2 
and 3 for a much longer period of time because o f t h e minera l 
acidity provided by some sulphate-, iron- and a l u m i n i u m -
bearing minerals in the soU. After many years o f add idona l 
flushing these minerals are removed, so the p H m a y increase 
above 4, and the saUnity may drop to paste conduct iv i t ies of 
less than 100 pS cm ' . 

Waste rock that has some A P but with an excess o f N P will 
tend to evolve along path (D) during the weathering p r o c e s s . A t 
Bingham Canyon, these soils are generally forming o n surfaces 
that contain more than 2 0 % limestone and that c o n t a i n > 1 % 
pyrite. T h e adcUty released by pyrite oxidation is neutral ized 
in situ, so the soU maintains a neutral to slightiy acid p H 
throughout the weathering process. However, the release o f 
sulphate may cause the soU salirUty to increase to 2 0 0 0 |j.S c m ~ ' 
at which f)oint salinity may be limited by gypsum solubility. 
Again at some point , sulphide oxidation products a r e r emoved 
from the soil faster than they are being p roduced and the 
salinity begins to drop. With enough time, aU sulphide oxidat ion 
products and soluble secondary tninerals like g y p s u m are 
flushed from the soU and it may evolve back towards point (A) 
on the paste p H / l o g paste conductivity diagram. XXIien the 
buffering capacity is provided by minerals, such as calcium 
siUcates that have slower reaction kinetics, the p H may d r o p 
below 6 early in the weathering process (Jambor ei aL 2000) . 
However, as the rate of sulphide oxidation and acid p roducr l ' ^ -
decreases, the p H wiU eventuaUy increase to neutra l 
concUtions. 

Waste rock that has some N P , but with an excess o f A P 
when placed on the dump wiU tend to evolve a long path (E) 
during the weathering process. At Bingham Canyon, these soils 
are generaUy forming on surfaces with minor l imestone o r 
abundant monzoni te that are also strongly mineraUzed with DWQ-2003-000001 Page 144 of 156 03-01-2003



Geochemical evolution of waste rock 21 

pyrite. Initially all of the acicUty released by pyrite oxidation is 
neutralized in situ and the sod maintains a neutral pH while the 
salituty increases to about 2000 p.S cm~ ' . However, as pyrite 
oxidation continues, the neutraUzation capacity is graduaUy 
exiiausted and eventuaUy the pH begins to drop. For waste rock 
surfaces where AP is only a Uttie higher than NP, this process 
wiU take much longer than waste rock were AP is much greater 
than NP. As the pH drops <4, the concentration of sulphate 
and metals increases conductivity to above 2000 fiS cm 
EventuaUy, the rate at which sulphide oxidation products are 
created is exceeded by the rate at which they are flushed from 
the system. At this point the saUnity wiU begin to drop and the 
soil will evolve in a sinular manner to path (C). 

CONCLUSIONS 

The primary controls on waste rock soU pH and salinity at the 
Bingham Canyon Mine are the distribution of sulphides in the 
waste rock, the amount of NP in the waste rock, and the age of 
the waste rock dump surface. Waste rock surfaces that contain 
sulphides in both the sandy matrix and in gravel clasts generally 
have lower pH values and higher conductivities than waste rock 
surfaces that only contain sulphides on the inside or outside of 
clasts. The average pH of the waste rock soUs increases with 
increasing limestone content. The geocherrtical evolution of 
individual waste rock soils through time is dependent upon the 
inidal AP and NP o t the waste rock. For waste rock soils with 
excess AP, pH tends to decrease with increasing surface age, 
bu t soils with excess NP may remain neutral throughout the 
weathering process. The salinity of pyrite-bearing waste rock 
soils tends to peak within the first six years of exposure and 
declines thereafter. 
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VEGETATIVE COMMUNITY ANALYSIS OF BIOSOLIDS TEST PLOTS AFTER FIVE 
YEARS OF GROWTH 

Rick Black, HDR Engmeering, Incorporated, 3995 South 700 East, Suite 100, Salt Lake City, 
Utah 84097 

Richard K. Borden, Kennecott Utah Copper Corporation, PO Box 6001, Magna Utah 84044 

ABSTRACT 

The application of municipal biosolids during reclamation has been gaining acceptance in 
recent years. A series of reclamation test sites were established at the Bingham Canyon Mine in 
Utah during 1995 iand 1996. These test sites were established on the tailings impoundment 
surface, on capped waste rock surfaces and on a gravel-borrow area. At each site, biosolids were 
apphed to plots at rates of between 10 and 30 dry tons/acre, and control plots received identical 
treatments with the exception that biosolids were not applied. Vegetative community surveys 
were conducted at seven of these paired plots in the summer of 2001. After five to six years of 
growth, the biosolids plots generally contained a higher percent cover, ~75% of which was 
provided by volunteer weed species. On average, cheat grass (Bromus tectorum) alone 
accounted for over half of the total cover at the biosolids plots. The control plots, where 
biosolids were not applied, generally had less total cover, but weedy species accounted for less 
than 20% ofthe cover that was present. On average, the absolute cover provided by non-weedy 
species at the control plots was about twice as high as at the biosolids plots. The species 
diversity of non-weedy species at the control plots was also higher than at the biosolids plots. 
Forbs and woody shrubs were most common on the control plots. Most differences between 
biosolids and control plots were found to be statistically significant at a 0.05 significance level 
using an ANOVA analysis. The application of biosolids at these rates may favor the growth of 
weedy species and inhibit the establishment of favorable species. These study results suggest 
that depending upon the reclamation objectives, biosolids application may not always be 
beneficial, and that application rates of less than 10 tons/acre may be optimal at reclamation 
sites. 

INTRODUCTION 

The Bingham Canyon Mine is located m the Oquirrh Mountains near Salt Lake City, 
Utah. Several reclamation test sites were established at the mine in 1995 and 1996. These sites 
were designed to test the effect of biosolids (composted municipal sewage sludge) application 
during the reclamation of tailings, waste rock and gravel-pit surfaces. Biosolids have been used 
at many other reclamation sites because they can unprove the physical and chemical 
characteristics ofthe soil and may act as a slow release fertilizer. The study area has a semi-arid 
climate and average annual precipitation varies between about 15 and 20 inches/year. The test 
plots are located between 4400 and 6200 feet above mean sea level. 

At each of these test plots, biosolids were applied at rates that varied between zero and 
thirty dry tons/acre. The biosolids were usually disked into the surface soil before the sites were 
planted. Data collected from these sites after the first one to two growing seasons generally 
indicated that the plots where biosolids were applied had produced much more biomass than the 
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control plots that received no biosolids. In these early surveys, weedy species were not observed 
to dominate any ofthe test plots (Marrs, 1997b; McNeamy, 1998). 

During the summer of 2001, seven of these paired test plots were revisited and new 
vegetative community analyses were performed. Two ofthe paired test plots were located on the 
tailings impoundment embankment, three were located on top of sulfide-bearing waste rock 
surfaces and two were located on a gravel-borrow area. 

METHODS 

Test plots were selected for analysis if they met the following criteria: 1) documentation 
was available that detailed the treatments each plot received when it was established, 2) the plots 
were more than five years old, 3) the plots had not been disturbed since establishment, and 4) the 
location and boundaries ofthe plots could be confidently identified in the field. 

Vegetation community analyses were performed at each test plot according to the relevE, 
or "sample stand" method (Barbour et al., 1987). Plant identification and nomenclature generally 
follows Welsh et al. (1993) while exotic species were identified ftom Whitson et al. (1992). 
Using the relevfe method, variable-sized quadrats (sub-sites) were sampled at representative 
locations within each test plot area. The number of individual quadrats sampled at each test plot 
varied from one to five, depending upon the size ofthe plot. Each quadrat was sized to contain 
at least 90-95% ofthe dominant plant species identified within the community during the general 
site reconnaissance. Within each quadrat, three parameters were measured: the absolute % cover 
of each species present, the sociability of each plant species, and the vigor class of each plant 
species (Tables 1 through 3). Percent cover estimates were visually estimated within cover 
classes defined by the Braun-Blanquet cover scale (Mueller-Dombois and Ellenburg, 1974). The 
cover for each observed species was measured as a category (a number between zero and seven 
denoting 0-100% cover, respectively) rather than a precise number. An exact estimate of percent 
cover is thought to give a false sense of precision and cover estimates ftom multiple observers 
rarely agree. Although some precision is lost, categorical classification has good repeatability. 

Species diversity was approximated with the number of species observed within each test 
plot. Even though simple diversity based on species counts can be undesu^ble because it fails to 
consider the relative abundance of the species present, in conjunction with the percent cover 
data, the relative abundance can be inferred. 

The data ftom the relevlfe surveys were used to investigate the effects of biosolids 
application on the revegetation efforts. Percent cover, species diversity, and weed composition 
were compared between the biosolids and control plots. Weeds were identified by referencing 
the following three texts: 

Noxious Weed Field Guide for Utah, J. Merritt, N.D. Belliston, and S.A. Dewey, 2000 
Weeds ofthe West, T.D. Whitson et al, 1992 
Common Weeds ofthe United States, USD A, 1971 
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Table 1. 
Cover Classes of Braun-Blanquet 

Range of % 
Cover Class Median 

Table 2. 
Sociability Scale of Braun-Blanquet 

Value Meaning 

1 
2 
3 
4 
5 
+ 

R* 

75-100 
50-75 
25-50 
2-25 
1-5 

<1- 0.5 
Rare 

87.5 
62.5 
37.5 
15.0 

3 
0.75 

* 

5 
4 
3 
2 
1 

Growing in large, almost pure stands 
Growing in small colonies or carpets 
Forming small patches or cushions 
Forming small but dense clumps 
Growing singly 

* R=Individuals occurring seldom or 
only once; cover ignored and assumed 
to be insignificant SOURCE: Mueller-
Dombois and Ellenburg 1974 

SOURCE: Barbour et al. 1987 

Table 3. 
Vigor Class 

Class 
E 
G 
F 
P 

Meaning 
Excellent 

Good 
Fair 
Poor 

In general, weedy species that were observed on the test plots were not part of the 
reclamation seed mixes that were applied. In most cases the weeds are volunteers on the plots. 
However, four species that are listed as weeds in one or more of these texts were included in 
some of the seed mixes applied to the test plots. Rubber Rabbitbrush (Chrysothamnus 
nauseousus) is a dominant native ^ecies on undisturbed slopes of the Oquirrh Mountains and 
was included in some ofthe seed mixes. Yellow and White sweet clovers (Melilotus officinalis 
and Melilotus albus, respectively) and Orchard Grass (Dactylis glomeratd) have also been 
historically included in revegetation seed mixes. During the analysis of weed content in the test 
plots, these four species were considered to be non-weedy because they were intentionally 
seeded onto many of the test plots. 

Average Absolute Cover for each test plot was calculated by averaging the median-point 
ofthe Braun Blanquet cover classes for each species at each ofthe quadrats (sub-plots). These 
average absolute cover values for each species was totaled and reported as total absolute 
vegetative cover at each plot. The total absolute vegetative cover for any one plot can exceed 
100% as there could be several layers of vegetation contributing to the total (grasses, forbs, 
shrubs). 
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PAIRED TEST PLOT RESULTS 

Table 4 presents the 2001 survey results for each of the paired test plots. The results 
presented below characterize the vegetation cover at a single point in time five to six years after 
the plots were established. The character of the vegetation has likely changed since the initial 
surveys were conducted immediately after planting and it is anticipated that the character ofthe 
vegetation will continue to change in the future. 

Table 4. 
Comparison of Absolute Cover and Species Diversity between Paired Plots 

Test Plot 

01-04 
01-05 
01-06 Tailings Cap 
01-06 Soil Cap 
01-07 
01-09 No Treatments 
01-09 All Treatments 

Abs 
Gov 

W 
Speci 

BSA 
88 
54 
92 
101 
99 
59 
85 

olute 
erof 
sed 
SS ( % ) 

NBS 
21 
41 
6 
17 
8 

1.5 
0.7 

#of 
Spe 

Obsc 
BSA 

2 
2 
4 
6 
8 
7 
7 

Weed 
cies 
;rved 

NBS 
2 
2 
3 
7 
5 
6 
4 

Absolute 
Cover of 

Non-Weed 
Species (%) 

BSA NBS 
0.2 
46 
0.4 
7 

29 
60 
25 

90 
64 
16 
62 
120 
33 
48 

# of Non-
Weed 

Species 
Observed 

BSA NBS 
1 
2 
2 
7 
8 
6 
3 

5 
3 
2 
14 
14 
15 
14 

Note: BSA = Biosolid Application 
NBS = No Biosolid Application 

The results for the individual sites are detailed below. 

Site 01-04 

Site 01 -04 is located on the east side of the tailings impoundment embankment at an 
elevation of approximately 4400 feet above mean sea level. This area corresponds to Test Plot 7, 
set up in 1996 as a demonstration project for biosolids application (McNeamy, 1996). Biosolids 
were applied at rates of between 20 and 30 dry tons/acre to one set of plots and a series of control 
plots were also established where no biosolids were applied. All of the plots were then drill 
seeded. When the site was revisited in 2001, the plots that received biosolids were dominated by 
Cheatgrass (Bromus tectorum) (absolute cover equaled 88%). Non-weed species had an absolute 
cover of less than one percent on the biosolids plots. At the control plots that received no 
biosolids, the absolute cover provided by non-weedy species, predominantly Western 
Wheatgrass, Sheep Fescue and Tall Wheatgrass, was about 90%. Weedy species at the control 
plots had an absolute cover of 21%. 

Site 01-05 

Site 01-05 is located on the northwest side ofthe tailings impoundment embankment at 
an elevation of approximately 4400 feet above mean sea level. This area corresponds to Test 
Plot 1, set up in 1995 as a demonstration project for biosolids application (McNeamy, 1996). At 
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the site, a series of plots were established where biosolids were applied at rates of 0, 10, 20 and 
30 dry tons/acre. About 6 tons/acre of slaked lime was also added to all ofthe plots to raise the 
pH ofthe acidic soils that were present. All ofthe plots were drill seeded. The 2001 survey 
results show that the plots that received biosolids had an average absolute cover of 100%. About 
half of this cover was provided by Cheatgrass and the other half was provided by Tall 
Wheatgrass. The control plot that received no biosolids had an absolute cover of 41 % 
provided by weedy species and about 64 % provided by non-weed species, predominantly Tall 
Wheatgrass. 

Site 01-06 Tailings Cap 

Site 01-06 is located at an elevation of 6150 feet on the Eastside waste rock disposal area 
at the Bingham Canyon Mine. This area corresponds to the 6190 Test Plot, established by 
Kennecott Utah Copper in 1995 to test various waste rock caps with and without biosolids 
application (Marrs, 1997a). The waste rock beneath the cap material is acidic and will not 
support vegetation. Two sets of paired plots were compared at Site 01-06. 

An 18-inch thick tailings cap was used with and without biosolids in one set of paired 
plots; The 2001 survey found that the tailings cap that received 30 tons/acre biosolids had an 
absolute cover of 92% provided by weedy species, predominantly Cheatgrass. Non-weedy 
species contributed less than one percent to the absolute cover. The tailings cap that received no 
biosolids had an absolute cover of 22%. The majority of the cover was provided by Sheep 
Fescue and Western Wheatgrass and about six percent of the cover was provided by weedy 
species. 

Site 01-06 Soil Cap 

A second set of paired plots at Site 01-06 was constructed with a manufactured soil 
colhposed of alluvial sediments mixed with pond sludge. One plot received an 18-inch thick cap 
without biosolids, and the other plot received a 2 to 12 inch cap whh 30 dry tons/acre biosolids. 
Weedy species, predominantly Cheatgrass and Clasping Pepperweed, had an absolute cover of 
101% on the biosolids plot in 2001. Non-weedy species, predominantly Four-wing Saltbush, had 
an absolute cover of seven percent. The plot that received no biosolids had an absolute cover of 
17% provided by weedy species, predominantly Cheatgrass. Non-weedy species had an absolute 
cover of 62%. The most common non-weed species observed were Western Wheatgrass, Rubber 
Rabbitbrush, Utah Sweetvetch, Yellow Sweetclover and Four-wing Saltbush. 

Site 01-07 

Site 01-07 is located at an elevation of 6050 feet on a reclaimed portion ofthe Eastside 
waste rock disposal area at the Bmgham Canyon Mine. The site is on an east-facing slope that 
was capped with 18 inches of mixed sludge and alluvium. In 1994 one half of the slope was drill 
seeded without biosolids application and in 1995 biosolids were applied at 30 tons/acre to the 
other half of the slope before it was drill seeded (Marrs, 1997a). The 2001 survey indicates that 
the portion ofthe slope that received biosolids had an absolute cover provided by weedy-species, 
predominantly Cheatgrass and Clasping Pepperweed, of 99%. Western Wheatgrass and Slender 
Wheatgrass were the dominant non-weed species providing 29% of the absolute cover. The 
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portion ofthe slope that did not receive biosolids had an absolute cover of 128%. Non-weedy 
species provided 120% ofthe absolute cover. The dominant species on this portion ofthe slope 
were Yellow Sweetclover, Western Wheatgrass, Palmer Penstemon, Utah Milkvetch and Slender 
Wheatgrass. 

Site 01-09 No Treatments 

Site 01-09 is in an old gravel borrow area located at an elevation of about 5400 feet 
above mean sea level at the foot ofthe Eastside waste rock disposal area. This site corresponds 
to the Triangle Borrow Test Plots established by Kennecott Utah Copper in 1996 (Marx and 
Cordell, 1996). At the Triangle Borrow area a series of plots were set up to test the effects of 
biosolids, mycorrhizae, seed coating gels and soil gels on plant establishment. Two sets of 
paired plots were compared at Site 01-09. 

Biosolids were applied at 0, 15 and 20 tons/acre at one set of test plots. No other 
treatments were made before the plots were drill seeded. In 2001 when the site was revisited, the 
absolute cover on the biosolids plots was 119%. Weedy species, predominantly Cheatgrass and 
Tumble Mustard provided about half of the cover and Intermediate Wheatgrass provided the 
other half. Non-weedy species provided about 33% ofthe absolute cover on the control plot and 
weedy species provided about 2%. The dominant species on the control plot were Slender 
Wheatgrass and Utah Sweetvetch. 

Site 01-09 All Treatments 

The second set of paired test plots at Site 01-09 received treatments with mycorrhizae, 
seed coating gels and soil gels. Biosolids were then applied to the plots at rates of 0 and 15 
tons/acre. The biosolids plot had an absolute cover of 110% in 2001. Weedy species, 
predominantly Cheatgrass provided about 85% of the absolute cover and non-weedy species 
provided 25%. The dominant rion-weed species were Slender Wheatgrass, Intermediate 
Wheatgrass and Shadscale. Non-weed species had an absolute cover of 48% on the plot that did 
not receive biosolids and weedy species covered less than one percent. The dominant species on 
this plot were Big Sagebrush, Slender Wheatgrass, Shadscale, Lewis Blue Flax and Califomia 
Poppy. 

DISCUSSION 

Figures 1 and 2 are graphs that average the percent absolute cover provided by each species 
observed in the seven paired plots. The control plots that were planted without biosolids had an 
average absolute cover of 76% in 2001. Non-weedy species provided 62% ofthis cover and 
weedy species provided 14%. A total of 30 non-weedy species and 11 weedy species were 
observed growing on the control plots. The dominant species that were observed in order of 
decreasing abundance were: Tall Wheatgrass, Cheatgrass, Yellow Sweetclover, Western 
Wheatgrass, Slender Wheatgrass, Sheep Fescue, Palmer's Penstemon, Utah Milkvetch, Utah 
Sweetvetch, Rubber Rabbitbrush, Big Sagebrush and Clasping Pepperweed. Generally, all of 
these species except Cheatgrass and Clasping Pepperweed were in the seed mixes that were 
originally applied to the test plots. 
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During the 2001 field investigation, it was observed that the plots that were planted after 
biosolids were applied at rates of between 10 and 30 dry tons/acre had an average absolute cover 
of 107%. Non-weedy species provided 24% ofthis cover and weedy species provided 83%. A 
total of 19 non-weedy species and 12 weedy species were observed growmg on the biosolids 
plots. On average, the absolute cover provided by Cheatgrass on the biosolids plots was 72%. 
No other species had an average absolute cover above 10%. Secondary species observed in 
order of decreasing abundance were: Slender Wheatgrass, Intermediate Wheatgrass, Tall 
Wheatgrass, Tumble Mustard, Clasping Pepperweed, Westem Wheatgrass and Prickly Lettuce. 
Only the wheatgrass species were included in the original seed mixes that were applied to these 
sites. 

In general the test plots that received biosolids had a higher total absolute cover than the 
control plots that received no biosolids. As shown on Figure 3, there is a weak positive 
correlation between the amount of biosolids applied to a plot and the absolute cover growing 
after five years (R^ = 0.20). However, biosolids application appears to favor the establishment of 
weedy species on the test plots (Figure 4). There is a strong positive correlation between the 
biosolids application rate and the fraction ofthe total cover that is provided by weedy species (R^ 
= 0.85). As shown on Figure 5, this results in a moderate negative correlation between the rate 
of biosolids application and the absolute cover provided by non-weed species (R^ = 0.40). In 
most cases, the higher the biosolids application rate, the lower the absolute cover of the species 
that were intentionally seeded onto the site. On average, the control plots had more than twice as 
much cover provided by non-weed species than the plots that received 10 to 30 dry tons/acre 
biosolids. Species diversity, as measured by the number of species observed, was also higher on 
the control plots. An average of 9.2 species were observed on each ofthe biosolids test plots, but 
only 4.1 were non-weedy species. An average of 13,7 species were observed on each ofthe 
control plots, of which 9.6 were non-weed species. 

An ANOVA analysis was performed on the seven paired plots for several of the 
measured parameters (Table 5). The differences in the absolute cover provided by non-weedy 
species was found to be statistically significant at a 0.05 significance level using an ANOVA 
analysis (p=0.03). The differences in total absolute cover provided by all species was also found 
to be statistically significant (p=0.05). However, total species diversity between plots that did 
and did not receive biosolids was not statistically significant at a 0.05 significance level 
(p=0.24). 

Table 5. 
Statistical Analysis of Differences between Treatments (Biosolids versus Non Biosolids) using 
an ANOVA analysis 

Tota 
Treatment 
Biosohd 
Non 
Biosolid 

Mean 
24 
62 

Absolute Cover of Non-V 
1 Cover Identified for all h 
St. Dev. 
23 
35 

95% CL 
22 
35 

/eedy species 
fon-Weedy S 
F-value 
5.71 

1 

pecies 
d.f 
12 

p-value 
0.03 
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Species Diversity 
Total Number of Species Identified 

Treatment 
Biosolid 
Non 
Biosolid 

Mean 
9.2 
13.7 

St. Dev. 
5.7 
8.0 

95% C.I. 
5.3 
7.4 

F-value 
1.53 

d.f 
12 

p-value 
0.24 

Total Absolute Cover 
Total Number of Species Identified 

Treaitment 
Biosolid 
Non 
Biosohd 

Mean 
107 
76 

St. Dev. 
12 
40 

95% C.I. 
11 
37 

F-value 
4.41 

d.f 
12 

p-value 
0.05 

The application of biosolids at rates of between 10 and 30 dry/tons acre appears to favor 
the growth of volunteer weedy species at the expense of non-weed species. In most cases the 
application of biosolids ultimately inhibited the establishment of species that were intentionally 
seeded onto the test plots at the Bingham Canyon Mine. These study results suggest that 
depending upon specific reclamation goals, biosolids application may not always be beneficial, 
and that application rates of less than 10 dry tons/acre may be optimal at reclamation sites. 
Unfortunately, these study results cannot be used to estimate the optimum biosolids application 
rate between 0 and 10 dry tons/acre that may aid in initial vegetation establishment without 
favormg the dominance of weedy species in the longer term. 
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