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PREFACE

The overall purpose of this study is to examine the reliability of pre-mining water quality predictions at hard rock
mining operations in the United States. To our knowledge, no effort has previously been made to systematically
compare predicted and actual water quality for mines in the U.S. or elsewhere. Environmental Impact Statements
(EISs) and similar documents under federal and state law are the single publicly available source of water quality
predictions for hard rock mines, and thus they were chosen as the information foundation for conducting the research.
In designing the project, we decided to look broadly at as many mines as possible rather than concentrate on an in-
depth analysis of a few mines. This approach — which shows general trends and can more easily be extrapolated to
the larger set of hard rock mines — will provide the most useful results for mine regulators, which are the principal
intended audience for the study. More in-depth studies of individual mines would be a natural next step for
continuing investigations.

As part of the study, requests were made to federal and state agencies to provide National Environmental Policy Act
(NEPA) documents and information on operational water quality. The effort required to obtain the documents and
information, although initially expected to be onerous, was more arduous and protracted than we imagined. We were
surprised to find that no single repository exists for NEPA documents, although the Environmental Protection Agency
does have most EISs on microfiche. Technical reports associated with EISs were extremely difficult to obtain.
Similarly, the availability of operational water quality information was uneven, ranging from disorganized paper-only
copies in some states to user-friendly electronic information in others. The authors are grateful to the many agencies
that did provide documents and water quality data. One of the most important recommendations in the report is that
operational water quality data should be made available to the public in a transparent and easily accessible manner.

The report finds that adverse impacts to water quality are common at mine sites, and they are most often caused by
failed mitigation. We recommend that a more in-depth study of the effectiveness of common mitigation measures be
undertaken. Another important cause of water quality impacts is errors in geochemical and hydrologic
characterization of the mined materials and the mine site area. The companion report (Predicting Water Quality at
Hardrock Mines: Methods and Models, Uncertainties, and State- of-the-Art) makes a number of concrete suggestions
for improving characterization and predictions.

This report also identifies inherent risk factors that may lead to water quality impacts. Although all mines require
carefully executed mitigation measures, mines close to water resources with high acid drainage or contaminant
leaching potential need special attention in terms of mitigation and characterization. Adopting protective mitigation
and characterization approaches, as recommended here and in the companion report, will help prevent unacceptable
water quality impacts, decrease long-term costs, and help instill public trust in the industry. This report is ultimately
intended to advance the practice of science, engineering and regulation related to water quality prediction, the
recognition of risk, and the application of effective mitigation to hardrock mines. The authors encourage ongoing
cooperative efforts with regulators, scientists and engineers, non-governmental organizations, and industry to further
the work begun in this study.

Jim Kuipers
Butte, Montana
and

Ann Maest
Boulder, Colorado
September 2006
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EXECUTIVE SUMMARY

INTRODUCTION AND APPROACH

This study reviews the history and accuracy of water quality predictions in Environmental Impact Statements (EISs)
for major hardrock mines in the United States. It does so by:

e identifying major hardrock metals mines in the United States and determining which major mines had EISs

o gathering and evaluating water quality prediction information from EISs

o selecting a representative subset of mines with EISs for in-depth study

e examining actual water quality information for the case study mines, and

e comparing actual water quality to the predictions made in EISs.
Based on the results of the evaluations conducted, an analysis was performed to identify the most common causes of
water quality impact and prediction failures. In addition, an analysis was conducted to determine if there were
inherent risk factors at mines that may predispose an operation to having water quality problems. Conclusions are
provided about the effectiveness of the underlying scientific and engineering principles used to make water quality
predictions in EISs. Finally, recommendations are made for regulatory, scientific and engineering approaches that
would improve the reliability of water quality predictions at hardrock mine sites.

The National Environmental Policy Act (NEPA), enacted in 1969, was the first environmental statute in the United
States and forms the foundation of a comprehensive national policy for environmental decision making. NEPA
requires federal agencies to take a “hard look™ at the environmental impacts of each proposed project to ensure the
necessary mitigation or other measures are employed to meet federal and state regulations and other applicable
requirements. Under NEPA, when a new mine is permitted, agencies have a duty to disclose underlying scientific
data and rationale supporting the conclusions and assumptions in an EIS.

NEPA requires federal agencies proposing major actions that may substantially affect the quality of the human
environment to prepare a detailed Environmental Impact Statement (ELS). A “major action” includes actions
approved by permit or other regulatory action. If the agency finds that the project may have a significant impact on
the environment, then it must prepare an EIS. As part of the EIS process, hardrock mines operating on federal lands
or otherwise subject to NEPA are required to estimate impacts to the environment, including direct impacts to water
quality and indirect impacts that occur later in time but are still reasonably foreseeable. The NEPA analysis process
calls for performing original research, if necessary, and reasonable scientifically supported forecasting and
speculation. A wide array of scientific approaches has been used to predict water quality that could result at mine
sites, and many different engineering techniques were applied to mitigate these potential impacts. The primary
subject of this report is the effectiveness of water quality predictions and mitigation that were applied over the past 30
years as a part of the EIS process at hardrock mines in the United States.

IDENTIFICATION OF MAJOR AND NEPA-ELIGIBLE HARD ROCK MINES
Major Hardrock Metal Mines in the United States

Hardrock metal mines in the United States produce gold, silver, copper, molybdenum, lead, zinc and platinum group
metals from open pit and underground mining operations. For the purpose of this study, “major” mines were defined
as: those that have a disturbance area of over 100 acres and a financial assurance amount of over $250,000; have a
financial assurance of $1,000,000 alone (regardless of acreage); or have a production history (since 1975) of greater
than 100,000 ounces of gold, 100,000,000 pounds of copper or the monetary value equivalent in another metal. Using
those criteria, 183 major hardrock metal mines were identified as having operated since 1975.

The major hardrock mines are located in fourteen states (Alaska, Arizona, California, Colorado, Idaho, Michigan,
Montana, Nevada, New Mexico, South Carolina, South Dakota, Utah, Washington and Wisconsin), with the vast
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majority (178 of 183) located in western states. Nevada has the greatest number of major mines of any state, with 74
(40%) of the total major mines. Sixty-three percent (63%) of the mines produce gold and/or silver, 16% produce
copper, 4% produce copper and molybdenum, 2% produce molybdenum only, 4% produce lead and zinc, and 1%
produce platinum group metals (percentages add to greater than 100 because some mines produce multiple
commodities).

Seventy-two percent (72%) of the major hardrock mines in the U.S. that have operated since 1975 are open pit mines,
while 15% are underground. Sixty-six percent (66%) of the major hardrock mines use cyanide heap or vat leaching,
24% use flotation or gravity processing and 12% process ore by acid dump leaching and solvent extraction/
electrowinning.

Forty-five percent (45%) of the 183 major hardrock mines in operation since 1975 are still operating, and 49% have
closed. Only one new major hardrock mine is currently (as of 2005) in construction, and seven others are in various
stages of permitting. After the NEPA processes were completed, development proposals were withdrawn for four of
the major hardrock mines identified in this study.

Major Hardrock Metal Mines Subject to NEPA

Mines located on federal land administered by the Bureau of Land Management or the Forest Service are subject to
the requirements of NEPA. Also subject to NEPA regulations are certain National Pollution Discharge Elimination
System (NPDES) permits issued by the Environmental Protection Agency, certain 404 Wetlands permits from the
Army Corp of Engineers, and mines located on Native American trust lands administered by the Bureau of Indian
Affairs (BIA). In addition, some states (California, Montana, Washington and Wisconsin) have a state-mandated
process that is equivalent to NEPA.

NEPA requires environmental analysis of federal actions. As it has evolved, an EIS is required for any “major federal
action significantly affecting the quality of the human environment,” and an Environmental Assessment (EA) is
required for lesser actions. EAs do not require public comment; the results of an EA can determine whether the action
is significant, which will trigger an EIS, but usually the EA is performed in lieu of an EIS.

Of the 183 major modern-era hardrock mines identified, 137 (75%) had federal actions that triggered NEPA analysis.
Ninety-three (68%) were located on BLM land, thirty-four (25%) on Forest Service land, and nine (7%) on both BLM
and Forest Service land. Disturbance of wetlands triggered NEPA analysis at five (4%) of the mines, requiring a 404
wetlands permits from the Corp of Engineers (COE); a discharge into a water of the United States was the only NEPA
trigger at three (2%) mines; and NEPA analysis was triggered at two (1%) mines because they were located on Indian
Lands. Twenty-three (19%) mines were located in states that have their own NEPA-equivalent statutes. In many
cases, more than one federal agency may be involved in the NEPA process (e.g., Forest Service and BLM, based on
location, or Forest Service and EPA, based on location and a NPDES discharge); in addition, state agencies may be
responsible for carrying out their own NEPA-equivalent or alternative processes. When this occurs, a Memorandum
of Understanding (MOU) is usually written among the various agencies describing their shared responsibilities in
order to avoid duplication of efforts. When two or more federal and/or state agencies are involved, the agencies
establish a formal agreement delineating which will act in the lead and cooperating roles. In some cases an EIS (or
EA) may be developed that will satisfy both NEPA and a NEPA-equivalent state law.

The general makeup of the mines where NEPA is applicable is roughly similar to that of major mines. The NEPA-
applicable mines are located in 11 states with all but one located in the western states. Nevada had the most NEPA-
applicable major mines with 50% (69) of the total. Eighty-five percent (116) of the NEPA-applicable mines produced
gold and/or silver, while 15% (21) produced copper. Seventy-six percent (104) of the NEPA-applicable major mines
were open-pit, while 14% (19) were underground mines. Sixty-nine percent (95) used cyanide heap or vat leach, 20%
(28) used flotation/gravity and 11% (15) used acid dump leach processing. Forty-seven percent (64) of the major
mines subject to NEPA were still operating, 45% (61) have closed, one was in construction, six were in permitting,
and five were withdrawn from consideration after undergoing the NEPA process.
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EISs were performed at 82 (60%) of the 137 major mines subject to NEPA, either as part of new permitting actions or
later expansions or other actions. EAs were performed at the remainder of the mines subject to NEPA. EISs and EAs
were obtained by writing, e-mailing, and/or calling state and federal agencies, including the BLM, Forest Service,
tribal agencies and by conducting library searches. The process of obtaining NEPA documents took approximately 16
months and involved numerous follow-up calls, and written and email contact. Of the 137 major mines subject to
NEPA, 71 mines had documents that were obtained and reviewed. A total of 104 NEPA documents, either EISs or
EAs, were reviewed for the 71 mines. The general characteristics of mines with reviewed EISs are similar to those of
all major hard rock mines and all NEPA-eligible mines, as shown in Table ES-1.

EVALUATION OF WATER QUALITY PREDICTION INFORMATION IN NEPA DOCUMENTS

Information on the following elements related to water quantity and quality predictions was collected from the 104
NEPA documents: geology/mineralization; climate; hydrology; field and laboratory tests performed; constituents of
concern identified; predictive models used; water quality impact potential; mitigation; potential water quality impacts;
predicted water quality impacts; and discharge information. There are two types of water quality predictions made in
EISs: “potential” water quality, which leans toward worst-case water quality that does not take mitigation into
account; and “predicted” water quality, which does consider the beneficial effects of mitigation. Both types of water
quality predictions were recorded and used for subsequent comparisons to actual water quality. For each type of
information collected from the NEPA documents, a score was derived to characterize the element (e.g., geology/
mineralization used six scores, including one for no information provided). The scoring allowed numeric summaries
(percentages) to be calculated based on the information collected from the NEPA documents. The results for the EIS
information collected for each mine reviewed in detail (71 mines, 104 EISs) are contained in Section 5 of the report.
Limited information on certain water quality elements is contained in Table ES-4.

A preliminary evaluation of the availability of operational water quality information was performed before selection
of the case study mines. Operational and post-operational water quality information was available from EISs
conducted after the new project EIS, especially for the states of Alaska, Montana and Idaho, where multiple EISs
were often available. In other states, such as Arizona, California, Nevada and Wisconsin, technical reports and water
quality data were available from state agencies that regulate mining activities.

SELECTION OF CASE STUDY MINES

The case study mines were selected based on:
e the ease of access to information on operational water quality
e the variability in general categories such as geographic location, commodity type, extraction and processing
methods, and
e the variability in EIS elements related to water quality, such as climate, proximity to groundwater and surface
water resources, acid drainage potential and contaminant leaching potential.

Case studies were developed for the twenty-five mines listed in Table ES-2.
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Table ES-1. Comparison of General Categories for All Hard Rock Mines, NEPA-eligible Mines and Mines with

Reviewed EISs (% of mines in sub-category)

EXECUTIVE SUMMARY

. NEPA. | Mines
Category Sub-category _Major eligible “{'th
Mines (%) Mines (%) Reviewed
EISs (%)
Alaska 4.4% 5.1% 9.9%
Arizona 10.9% 9.5% 11.3%
California 8.2% 9.5% 11.3%
Colorado 4.9% 0.0% 0.0%
Idaho 7.7% 4.4% 8.5%
Michigan 0.5% 0.0% 0.0%
Location Montana 8.2% 10.9% 18.3%
Nevada 40.4% 50.4% 32.4%
New Mexico 3.8% 2.2% 2.8%
South Carolina 1.6% 0.0% 0.0%
South Dakota 2.7% 0.7% 1.4%
Utah 3.8% 2.9% 1.4%
Washington 2.2% 2.9% 0.0%
Wisconsin 0.5% 0.7% 1.4%
Primary Gold 12.6% 12.4% 19.7%
Primary Silver 7.1% 6.6% 7.0%
Gold and Silver 62.8% 65.7% 54.9%
Commodity Copper 16.4% 15.3% 19.7%
Copper and Molybdenum 4.4% 2.9% 1.4%
Molybdenum 2.2% 0.7% 1.4%
Lead and Zinc 3.8% 3.6% 5.6%
Platinum Group 1.1% 1.5% 2.8%
Underground 14.8% 13.9% 18.3%
Extraction Methods Open Pit 72.1% 75.9% 71.8%
Underground + Open Pit 12.0% 10.2% 9.9%
Heap or Vat Leach 65.6% 69.3% 62.0%
Flotation and Gravity 24.0% 20.4% 26.8%
Dump Leach (SX/EW) 12.0% 10.9% 11.3%
Processing Methods Heap Leach 39.3% 38.7% 25.4%
Vat Leach 9.3% 10.2% 14.1%
Heap Leach and Vat
Leach 16.9% 20.4% 22.5%
Smelter 3.3% 1.5% 1.4%
Operating 44.8% 46.7% 49.3%
Operational Closed 48.6% 44.5% 36.6%
Status In Construction 0.5% 0.7% 1.4%
Permitting 3.8% 4.4% 7.0%
Withdrawn 2.2% 3.6% 5.6%
Total number of mines in category 183 137 71
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Table ES-2. Case Study Mines

Mine State Mine State
Greens Creek AK Golden Sunlight MT
Bagdad AZ Mineral Hill MT
Ray AZ Stillwater MT
American Girl CA Zortman and Landusky MT
Castle Mountain CA Florida Canyon NV
Jamestown CA Jerritt Canyon NV
McLaughlin CA Lone Tree NV
Mesquite CA Rochester NV
Royal Mountain CA Round Mountain NV
King
Grouse Creek ID Ruby Hill NV
Thompson Creek ID Twin Creeks NV
Beal Mountain MT Flambeau WI
Black Pine MT

The major characteristics of the case study mines were similar to those of all mines with reviewed EISs, as shown in
Table ES-3. The availability of information on operational water quality was also a major factor in the selection of
case-study mines. The highest percentage of case study mines was from Nevada, and this state had the highest
percentage of mines for all major mines, NEPA-eligible mines, and mines with reviewed EISs. Somewhat higher
percentages of mines from California and Montana were selected for case studies because of the ease of obtaining
operational water quality information from these states. Similar percentages of gold and/or silver mines were selected
for the case studies as were present in all mines with reviewed EISs. However, a lower percentage of primary copper
mines was selected for case study because of the difficulty in obtaining operational water quality information on these
facilities. Case study mines had very similar percentages as all mines with reviewed EISs in terms of extraction and
processing methods. In terms of operational status, no case study mines were in construction, in permitting, or
withdrawn because operational water quality information would not be available for mines in these types of
operational status.

Case study mines were also similar to all mines with reviewed EISs in terms of EIS elements related to water quality,
as shown in Table ES-4. The elements listed in Table ES-4 are considered “inherent” factors that may affect water
quality conditions. That is, these elements are related to conditions that either relate to climatic and hydrologic
conditions at and near the mine site (in the case of climate, and proximity to water resources) or to qualities of the
mined materials that may affect water quality (in the case of acid drainage and contaminant leaching potential). For a
number of mines, little or no information on these elements was available in initial EISs, but subsequent NEPA
documents either contained the first information or contained improved information after water quality conditions
developed at the mine site during and after operation. Therefore, for acid drainage and contaminant leaching
potential, the highest documented potential in any of the EISs was recorded.

Case study mines were similar to all mines with reviewed EISs in terms of climate and proximity to surface water
resources. When compared to all mines with reviewed EISs, a higher percentage of case study mines had shallower
depths to groundwater. However, six of the case study mines had groundwater depths greater than 50 feet below the
ground surface. In terms of acid drainage potential, lower percentages of case study mines had low and high acid
drainage potential, but higher percentages had moderate acid drainage potential. Therefore, the case study mines
provide a somewhat more evenly distributed range of acid drainage potentials than all mines with reviewed EISs.
Case study mines had nearly identical percentages of mines with low and high contaminant leaching potential, but
more case study mines had moderate acid drainage potential, reflecting fewer mines in the “no information” category
for case study mines.
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Table ES-3. Comparison of General Categories for All Mines with Reviewed EISs and Case Study Mines (% of
mines in subcategory)

Category Subcategory All Mines with Case_ Study
Reviewed EISs Mines
Alaska 10% 4%
Arizona 11% 8%
California 11% 24%
Colorado 0% 0%
Idaho 9% 8%
Michigan 0% 0%
Location Montana 18% 24%
Nevada 32% 28%
New Mexico 3% 0%
South Carolina 0% 0%
South Dakota 1% 0%
Utah 1% 0%
Washington 0% 0%
Wisconsin 1% 4%
Primary Gold 20% 12%
Primary Silver 7% 4%
Gold and Silver 55% 64%
. Copper 20% 4%
Commodity Copper and Molybdenum 1% 4%
Molybdenum 1% 4%
Lead and Zinc 6% 4%
Platinum Group 3% 4%
Underground 18% 16%
Extraction Methods Open Pit 72% 76%
Underground + Open Pit 10% 8%
Heap and/or Vat Leach 62% 72%
Flotation and Gravity 27% 28%
Dump Leach (SX/EW) 11% 8%
Processing Methods Heap Leach 25% 20%
Vat Leach 14% 16%
Heap Leach and Vat
Leach 23% 32%
Smelter 1% 0%
Operating 49% 52%
Closed 37% 48%
Operational Status In Construction 1% 0%
Permitting 7% 0%
Withdrawn 6% 0%
Total number of mines 71 25
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EXECUTIVE SUMMARY

Table ES-4. Comparison of EIS Elements for All Mines with Reviewed EISs and Case Study Mines (% of mines

with sub-element)

All Mines with Case Study
Element Sub-element Reviewed EISs Mines
Dry/Arid 20% 20%
Dry/Semi-Arid 35% 28%
Humid Subtropical 4% 12%
Climate Marine West Coast 4% 4%
Boreal Forest 28% 32%
Continental 3% 4%
Sub-Arctic 4% 0%
No information 7% 4%
Surface Water Perennial Streams >1 mile 26% 24%
Proximity Perennial streams <1 mile 25% 28%
Perennial streams on site 44% 44%
No information 12% 4%
Groundwater Groundwater >200 ft deep 16% 8%
Proximity Groundwater 50-200 ft deep 13% 16%
Groundwater 0-50 ft
deep/springs on site 59% 72%
. . No information 9% 8%
Ao orainade [ Low 58% 48%
(highest) Moderate 6% 32%
High 27% 12%
Contaminant No information 22% 12%
Leaching Low 32% 32%
Potential Moderate 30% 40%
(highest) High 17% 16%
Total number of mines 71 25

Overall, the case study mines display a variability in geographic location, commodity type, extraction and processing
methods and in EIS elements related to water quality. Considering the additional limitation of having readily
accessible operational water quality information, the case study mines reflect well the distribution of general
categories and water quality-related elements that are present in the larger subsets of hard rock mines in the United

States.

Case studies for each mine contain information collected from EISs and other documents, information on actual water
quality, a comparison of predicted and actual water quality, and an analysis of the causes of water quality impacts and
prediction errors.

COMPARISON OF PREDICTED AND ACTUAL WATER QUALITY

Operational and post-operational water quality information was collected from EISs conducted after the new project
EIS for mines in Alaska, Montana and Idaho. Interviews of state agency personnel were conducted in California,
Montana, Nevada and Wisconsin. Technical reports and water quality data from state agencies that regulate mining
were collected for mines in Arizona, California, Nevada and Wisconsin. In some cases, the water quality data showed
pre-mining and operational water quality, but baseline data were generally difficult to obtain. The information
collected on actual water quality conditions was held in databases or in electronic and paper files for comparison to
predicted water quality.
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For this evaluation, a water quality impact is defined as increases in water quality parameters as a result of mining
operations, whether or not an exceedence of water quality standards or permit levels has occurred. Information on
whether groundwater, seep, or surface water concentrations exceeded standards as a result of mining activity is also
included. Nearly all the EISs reviewed reported that they expected acceptable water quality (concentrations lower
than relevant standards) after mitigation were taken into account. Indeed, if this prediction was not made in the EIS,
the regulatory agency would not be able to approve the mine (with certain exceptions, such as pit water quality, in
states where pit water is not considered a water of the state).

A comparison between potential (pre-mitigation), predicted, and actual surface water quality for the case study mines
is presented in Table ES-5. Sixty percent of the case study mines (15/25) had mining-related exceedences in surface
water. Of the mines with surface water quality exceedences, four (17%) noted a low potential, seven (47%) a
moderate potential, two a high potential, and three had no information in their EISs for surface water quality impacts
in the absence of mitigation measures. For the mines with surface water quality exceedences, only one mine, the
McLaughlin Mine in California, was correct in predicting a moderate potential for surface water quality impacts with
mitigation in place. However, this mine predicted low acid drainage potential, yet acid drainage has developed on
site. Of the mines without surface water quality exceedences (7 or 28%), all were correct thus far in predicting no
impacts to surface water with mitigation in place. Three of the seven are desert mines in California, one (Stillwater in
Montana) has had increases in contaminant concentrations but no exceedences, and the other three have had no
exceedences or increases in mining-related contaminant concentrations in surface water to date. Therefore, most case
study mines predicted no impacts to surface water quality after mitigation are in place, but at the majority of these
mines, impacts have already occurred.

A comparison between potential (pre-mitigation), predicted, and actual groundwater quality for the case study mines
is presented in Table ES-6. The majority (64% or 16/25) of the case study mines had exceedences of drinking water
standards in groundwater. However, exceedences at three of the mines, all in Nevada, may be related to baseline
conditions; therefore, 52% of the case study mines clearly had mining-related exceedences of standards in surface
water. Of the 13 mines with mining-related exceedences in groundwater, only two noted a low potential for
groundwater quality impacts in the original EIS. The majority (9 or 69%) stated that there would be a moderate
potential, and two stated there was a high potential for groundwater impacts in the absence of mitigation. In terms of
predicted (post-mitigation) groundwater quality impacts, 77% (10/13) of the mines with exceedences predicted low
groundwater quality impacts in their EISs, including mines predicting low impacts in the original EIS.

Of the mines with mining-related groundwater quality exceedences (13), only one mine — the same mine that correctly
predicted that there would be surface water exceedences (McLaughlin, CA), was correct in predicting a high potential
for groundwater quality impacts with mitigation in place; the others predicted a low potential (not exceeding
standards) in at least one EIS. Of the mines without groundwater quality exceedences (5 or 25%), all were correct in
predicting no impacts to surface water with mitigation in place. Again, three of the five are desert mines in
California, one (Stillwater, MT) has had increases in contaminant concentrations but no exceedences, and the other
(Greens Creek, AK) has had mining-related exceedences in seeps. Therefore, most mines predict no impacts to
groundwater quality after mitigation were in place, but in the majority of case study mines, impacts have occurred.

Therefore, as with surface water, the predictions made about groundwater quality impacts without considering the
effects of mitigation were somewhat more accurate than those made taking the effects of mitigation into account.

Again, the ameliorating effect of mitigation on groundwater quality was overestimated in the majority of the case
study mines.

A comparison between acid drainage and development for the case study mines is presented in Table ES-7a. Of the

25 case study mines, nine (36%) have developed acid drainage on site to date. Nearly all the mines (8/9) that
developed acid drainage either underestimated or ignored the potential for acid drainage in their EISs.
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Table ES-5. Summary of Predicted and Actual Impacts to Surface Water Resources at Case Study Mines

Element Number/Total Percentage

Mines with mining-related 15/25 60%
surface water exceedences

Mines with surface water 4/15 27%
exceedences that predicted
low impacts without
mitigation

Mines with surface water 11/15 73%
exceedences that predicted
low impacts with mitigation

Table ES-6. Summary of Predicted and Actual Impacts to Groundwater Resources at Case Study Mines

Element Number/Total Percentage
Mines with mining-related 13/25 52%
groundwater exceedences
Mines with groundwater 2/13 15%

exceedences predicting low
impacts without mitigation

Mines with groundwater 10/13 77%
exceedences predicting low
impacts with mitigation

Table ES-7a. Summary of Acid Drainage Potential Predictions and Results for Case Study Mines

Element Number/Total Percentage
Mines predicting low acid 18/25 72%
drainage potential
Mines that have developed 9/25 36%
acid drainage
Mines with acid drainage that 8/9 89%
predicted low acid drainage
potential

The majority of the case study mines (18/25 or 72%) predicted low potential for acid drainage in one or more EISs.
Of the 25 case study mines, 36% have developed acid drainage on site to date. Of these 9 mines, 8 (89%) predicted
low acid drainage potential initially or had no information on acid drainage potential. The Greens Creek Mine in
Alaska initially predicted moderate acid drainage potential but later predicted low potential for acid drainage for an
additional waste rock disposal facility. Therefore, nearly all the mines that developed acid drainage either
underestimated or ignored the potential for acid drainage in their EISs.

Of the 25 case study mines, 19 (76%) had mining-related exceedences in surface water or groundwater. However,
nearly half of the mines with exceedences (8/19 or 42%) predicted low contaminant leaching potential in their EISs.
The constituents that most often exceeded standards or that had increasing concentrations in groundwater or surface
water included toxic heavy metals such as copper, cadmium, lead, mercury, nickel, or zinc (12/19 or 63% of mines),
arsenic and sulfate (11/19 or 58% of mines for each) and cyanide (10/19 or 53% of mines).
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Eight case study mines predicted low contaminant leaching potential (Table ES-7b). Of these eight mines, five (63%)
had exceedences of standards in either surface water or groundwater or both after mining began. The three mines that
predicted low contaminant leaching potential and had no exceedences of water quality standards were the three
California desert mines: American Girl, Castle Mountain, and Mesquite.

Table ES-7b. Summary of Contaminant Leaching Potential Predictions and Results for Case Study Mines
(percentages)

Element Number/Total Percentage
Mines predicting low 8/25 32%
contaminant leaching
potential
Mines with mining-related 19/25 76%

exceedences in surface
water or groundwater
Mines with exceedences 8/19 42%
that predicted low
contaminant leaching
potential

Mines with exceedences 8/19 42%
that predicted moderate
contaminant leaching
potential

Mines with exceedences 3/19 16%
that predicted high
contaminant leaching
potential

Stated another way, 21 of the 25 case study mines (84%) had exceedences of water quality standards in either surface
water or groundwater or both. The exceedences at two of these mines may be related to baseline conditions.
Therefore, 76% of the case study mines had mining related exceedences in surface water or groundwater (Table ES-
7b). Of the remaining 19 mines, 42% (eight) predicted low contaminant leaching potential (or had no information),
42% (eight) predicted moderate contaminant leaching potential, and only three (16%) predicted high contaminant
leaching potential. Therefore, nearly half of the mines that had exceedences of water quality standards

underestimated or ignored the potential for contaminant leaching potential in EISs. The constituents that most often
exceeded standards or that had increasing concentrations in groundwater or surface water included toxic heavy metals
such as copper, cadmium, lead, mercury, nickel, or zinc (12/19 or 63% of mines), arsenic and sulfate (11/19 or 58% of
mines for each), and cyanide (10/19 or 53% of mines).

CAUSES OF WATER QUALITY IMPACTS AND PREDICTION ERRORS
Inherent Factors Affecting Water Quality at Mine Sites

This study attempts to determine if there are certain factors that make a mine more or less likely to cause water quality
problems and more or less likely to accurately predict future water quality. Such factors could include inherent
characteristics of the mined materials and the mine, management approaches to handling mined materials and water,
and the type and number of geochemical tests that are performed on mined materials. The inherent factors evaluated
include: geology and mineralization; proximity to water resources and climatic conditions; and geochemical
characteristics of mined materials, such as acid drainage and contaminant leaching potential.
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The relationship between inherent hydrologic and geochemical characteristics and water quality impacts shows that
mines with close proximity to surface water or groundwater resources and with a moderate to high acid drainage or
contaminant leaching potential have an increased risk of impacting water quality.

Surface water impacts for the mines with close proximity to surface water and high acid drainage or contaminant
leaching potential are compared to surface water impacts for all the case study mines in Table ES-8. Overall, for the
13 mines with close proximity to surface water and high acid drainage or contaminant leaching potential, 12 (92%)
have had some impact to surface water as a result of mining activity. For all case study mines, only 64% had some
surface water quality impact. Eleven of the 13 (85%) have had exceedences of standards or permit limits in surface
water as a result of mining activity.

Table ES-8. Surface Water Quality Impacts for Mines with Close Proximity to Surface Water and Elevated Acid
Drainage Potential Compared to Surface Water Impacts for All Case Study Mines

Percent (%) Percent (%) with | Percent (%) with
# with Impact to Exceedences of | Exceedences that
Mines Surface Water Standards in Predicted No
Surface Water Exceedences
Mines with close
proximity to
rf water an
clevated acid d 13 129/213 118/513 10311
drainage and ( ) ( ) )
contaminant
leaching potential
All case study o5 64 60 73
mines (16/25) (15/25) (11/15)

Of the 11 mines with surface water exceedences, ten (91%) predicted that surface water standards would not be
exceeded. Considering the two mines that accurately predicted no surface water exceedences (Stillwater and
Flambeau) and the one that accurately predicted exceedences (McLaughlin), 77% of mines with close proximity to
surface water or direct discharges to surface water and moderate to high acid drainage or contaminant leaching
potential underestimated actual impacts to surface water. For all case study mines, 73% of the mines with surface
water quality exceedences predicted that there would be no exceedences. Compared to all case study mines, higher
percentages of mines with close proximity to surface water and elevated acid drainage or contaminant leaching
potential had surface water quality impacts and exceedences. EIS water quality predictions made before the
ameliorating effects of mitigation were considered (“potential” water quality impacts) were more accurate at
predicting operational water quality than predictions based on assumed improvements from mitigation.

Groundwater impacts for the mines with close proximity to groundwater and high acid drainage or contaminant
leaching potential are compared to groundwater impacts for all the case study mines in Table ES-9. Of the 15 mines
with close proximity to groundwater and high acid drainage or contaminant leaching potential, all but one (93%) have
had mining-related impacts to groundwater, seeps, springs or admit water. For all case study mines, only 56% had
mining-related impacts to groundwater. For the 15 mines with close proximity to groundwater and elevated acid
drainage or contaminant leaching potential, 13 or 87% had mining-related exceedences in groundwater. For all case
study mines, only 52% had exceedences in groundwater.
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Table ES-9. Groundwater Quality Impacts for Mines with Close Proximity to Groundwater and Elevated Acid

EXECUTIVE SUMMARY

Drainage Potential Compared to Groundwater Impacts for All Case Study Mines

Percent (%) | Percent (%) with o .
with Impact | Exceedences of Percent (%) with
. . Exceedences
# Mines to Standards in .
that Predicted
Groundwater | Groundwater or
No Exceedences
or Seeps Seeps
Mines with
close proximity
to groundwater
Zgic(jd %Ifaviﬁ;ede 15 93 93 86
o 9 (14/15) (14/15) (12/14)
contaminant
leaching
potential
All case study o5 68 68 52
mines (17/25) (17/25) (13/25)

These results, although not comprehensive, suggest that the combination of proximity to water resources (including
discharges) and moderate to high acid drainage or contaminant leaching potential does increase the risk of water
quality impacts and is a good indicator of future adverse water quality impacts. Although this finding makes intuitive
sense from a risk perspective, a comprehensive study of cause and effect has never been conducted. Mines with these
inherent factors are the most likely to require perpetual treatment to reduce or eliminate the long-term adverse impacts
to surface water resources. Although all mines must rely on well executed mitigation measures to ensure the integrity
of water resources during and after mining, mines with the inherent factors identified in this study must have
mitigation measures that are even more carefully designed to avoid water quality impacts.

FAILURE MODES AND ROOT CAUSES OF WATER QUALITY IMPACTS

This section identifies the underlying causes of water quality impacts at the case study mines. It uses information
gathered from the case studies and conducts a “failure modes” and “root cause" analysis. A failure is an outcome that
is different than intended or predicted. A failure mode is the general type of failure that occurred or is predicted to
occur (e.g., prediction failure, mitigation failure), while a root cause is the underlying, more specific, reason for the
failure. The objective of the analysis presented in this section is to identify the most common types and causes of
failures in protecting water quality at existing mines so that the failures can be prevented in the future. Results from
this analysis can be used to make recommendations for improving both the policy and the scientific and engineering
underpinnings of EISs.

Methodology and Approach

The approach uses existing (“historical”) information from the 25 case study mines with EISs to identify the causes of
water quality impacts that occurred during mining operations. In contrast, most similar risk analyses are conducted
before operations begin and focus on generating predictions from engineering design information (e.g., likelihood of
failure based on factor of safety calculations). Because our approach is retrospective rather than prospective, we
know unequivocally whether a prediction has failed or a water quality failure has occurred. Therefore, the focus of
this analysis is to determine what caused the failure to occur. The information used to determine how failure occurred
is contained in the case studies, which summarize and compare water quality predictions in EISs with actual water
quality conditions during mining operations.
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Types of Characterization Failures

There are two types of characterization failures identified in the case studies: hydrologic and geochemical.
Inaccuracies in hydrologic and geochemical characterization can lead to a failure to recognize or predict water quality
impacts. The primary root causes of hydrologic characterization failures identified in this study are:

e dilution overestimated

¢ lack of hydrological characterization

e amount of discharge overestimated

e size of storms underestimated.

The primary root causes of geochemical characterization failures identified are:
e lack of adequate geochemical characterization
e sample size and/or representativeness.

The other failure mode identified in the case studies is mitigation failure in which the primary root causes are:
e mitigation not identified, inadequate or not installed

waste rock mixing and segregation not effective

liner leak, embankment failure or tailings spill

land application discharge not effective.

Table ES-10 shows the various failures modes, root causes and identifies various mines that serve as examples of the
failure modes. The results are summarized in Table ES-11 and are as described below.

Six of 25 mines exhibited inadequacies in hydrologic characterization.
e At two of the mines, dilution was overestimated.
At two of the mines, a lack of hydrologic characterization was noted.
At one of the mines, the amount of discharge generated was underestimated.
At one of the mines, the size of storms was underestimated.

Eleven of 25 mines exhibited inadequacies in geochemical characterization. Geochemical failures resulted from:

e assumptions made about the geochemical nature of ore deposits and surrounding areas (e.g., mining will only
be done in oxidized area)

e site analogs inappropriately applied to a new proposal (e.g., historic underground mine workings do not
produce water or did not indicate acid generation)

e inadequate sampling (e.g., geochemical characterization did not indicate potential due to composite samples
or samples not being representative of actual mining)

o failure to conduct and have results for long-term contaminant leaching and acid drainage testing procedures
before mining begins

o failure to conduct the proper tests, or to improperly interpret test results, or to apply the proper models.

Sixteen of 25 mines exhibited failures in mitigation measures.
e At three of the mines mitigation was not identified, inadequate, or not installed.
e At four of the mines waste rock mixing and segregation was not effective.
e At nine of the mines liner leaks, embankment failures or tailings spills caused impacts to water resources.
e At one mine, land application disposal resulted in impacts to water resources.
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Table ES-10. Water Quality Predictions Failure Modes, Root Causes and Examples from Case Study Mines

embankment failure or
tailings spill

Failure Mode Root Cause Examples

Lack of hydrologic Royal Mountain King, CA; Black Pine, MT
characterization

H . Dilution overestimated | Greens Creek, AK; Jerritt Canyon, NV

ydrologic n n "

Characterization Amount Qfdlscharge Mineral Hill, MT
underestimated
Size of storms Zortman and Landusky, MT
underestimated
Lack of adequate Jamestown, CA; Royal Mountain King, CA; Grouse
geochemical Creek, ID; Black Pine, MT

Geochemical characterization

Characterization | Sample size and/or Greens Creek, AK; McLaughlin, CA; Thompson Creek,
representation ID; Golden Sunlight, MT; Mineral Hill, MT; Zortman

and Landusky, MT; Jerritt Canyon, NV

Mitigation not Bagdad, AZ; Royal Mountain King, CA; Grouse Creek,
identified, inadequate, | ID
or not installed
Waste rock mixing and | Greens Creek, AK; McLaughlin, CA; Thompson Creek,
segregation not ID; Jerritt Canyon, NV

Mitigation effective
Liner leak, Jamestown, CA; Golden Sunlight, MT; Mineral Hill,

MT; Stillwater, MT; Florida Canyon, NV; Jerritt
Canyon, NV; Lone Tree, NV; Rochester, NV; Twin
Creeks, NV

Land application
discharge not effective

Beal Mountain, MT

Table ES-11. Summary of Failure Modes for Case Study Mines

EXECUTIVE SUMMARY

Failure Mode

Number of Case Study
Mines Showing Failure

Percent of Case Study
Mines Showing Failure

Mode Mode
Hydrologic .
Characterization 6 24%
Geochemical 0
Characterization 11 44%
Mitigation 16 64%
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CONCLUSIONS AND RECOMMENDATIONS
Identification of Risk and Prevention of Impacts

e Actual water quality impacts are closer to potential (pre-mitigation) rather than predicted (post-mitigation)
impacts in EISs; therefore, the threshold for significance determinations, and thus EIS (rather than EA)
analysis, should be potential rather than predicted impacts.

¢ Cyanide is not specifically identified as a contaminant of concern often enough; whenever cyanide is being
used in heap or vat leaching or flotation, it should be listed as a potential contaminant of concern.

e A minimum and relatively consistent set of geochemical tests should be required by federal and state mining
agencies. See the companion report (Predicting Water Quality at Hardrock Mines: Methods and Models,
Uncertainties, and State- of-the-Art ) for recommendations for minimum required geochemical testing.

e Mines with close proximity or discharges to water resources, moderate to high acid drainage and/or
contaminant leaching potential should undergo more scrutiny by agencies in the permitting process than
mines with low inherent water quality impact factors.

¢ Hydrologic characterization failures are most often caused by over-estimation of dilution, failure to recognize
hydrologic features and underestimation of water production quantities. They can be addressed by requiring
adequate hydrologic characterizations and making environmentally conservative assumptions about water
quality and quantity.

e Lack of adequate geochemical characterization is the single-most identifiable root cause of water quality
prediction failures. Improvements in geochemical characterization can provide the greatest contribution to
ensuring accurate water quality predictions at hardrock mine sites. As noted in the companion report, the
same geochemical test units should be used for testing of all sources and parameters used to predict water
quality impacts. In addition, more extensive information on mineralogy and mineralization should be
included in EISs, and more attention should be paid to uncertainties in geochemical and hydrologic
characterization.

e Mixing and segregation mitigation failures occur at a moderate frequency and are typically caused by using
too little neutralizing material and not effectively isolating acid generating material from nearby water
resources. This can be addressed by requiring adequate geochemical and hydrologic characterization and
minimizing transport along hydrologic pathways.

e Mitigation frequently fails to perform according to plan. It is important to consider the likelihood and
consequences of mitigation failure in EISs and identify additional mitigation measures that can be installed if
failure occurs. Multiple mitigation measures (e.g., installation of liner and leachate collection system or
pump-back system) should be required in most cases and planned for in the design phase.

e Improvements are needed in the prediction of appropriate mitigation measures. Preventive mitigation
measures are more cost effective and environmentally protective than remediation after impacts have
occurred.

e EISs for new mines should include comprehensive baseline water quality, hydrologic, and geochemical

evaluations and careful and supportable identification of mitigation measures, including an evaluation of
potential mitigation failures.
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Data and Data Quality Issues

e Operational and post-operational water quality information for hard rock mine sites should be readily
accessible to the public in a user-friendly web-based format.

e Information provided to the public should include: maps clearly showing the location of mine units, streams,
and surface water and groundwater sampling locations; identification of facilities/source areas associated
(upgradient) with wells and other sampling points; pre-mining and baseline/background water quality and
quantity information; well depths; groundwater elevations in monitoring wells; and water quality data for all
monitoring locations.

e In many cases existing conditions were explained by baseline water quality conditions with limited baseline
water quality information. An independent review of baseline water quality data for hard rock mines should

be conducted to verify those claims.

e With the cooperation of industry and regulators, a more systematic and complete effort should be undertaken
to compare water quality predictions against actual water quality impacts as a follow-up to this study.
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1. INTRODUCTION

When a mine is permitted in the United States, the project proponent (i.e., mining company) must ensure the
regulatory agency or agencies that groundwater and surface water quality will not be adversely affected by the
proposed mining operations. Based on laboratory and field characterization tests, and in some cases water quality
modeling, qualitative or quantitative predictions of operational and post-closure water quality are presented.
However, the validity of these predictions is rarely checked after mining begins. During the course of this
investigation no single document was discovered comparing National Environmental Policy Act (NEPA) document
predictions to actual water quality. This study is the first such effort to evaluate the reliability of water quality
predictions for large hardrock mines.

This study is the second in a two-part series on prediction of water quality at hardrock mines. The first report, titled
Predicting Water Quality at Hardrock Mines: Methods and Models, Uncertainties, and State-of-the-Art (Maest et al.,
2005) provides an overview and critique of the mine characterization and modeling techniques that are being used for
prediction of water quality at mines in the U.S. and internationally. The objective of the second study, reported in this
document, is to review the history and reliability of water quality predictions for major hardrock mines in the United
States. In addition, factors contributing to the reliability of the water quality forecasts are identified, and
recommendations are presented for improving water-quality predictions.

1.1. METHODOLOGY AND APPROACH

This project utilized water quality predictions made in Environmental Impact Statements (EISs) because EISs require
water quality predictions to be made as part of the regulatory review process in NEPA. This report is not intended to
address the regulatory process itself but rather the underlying scientific and technical processes, which are employed
in EISs to predict water quality impacts.

The overall project methodology/approach consisted of the following phases:
define and identify all major hardrock mines in the U.S
identify NEPA/EIS eligibility of major hardrock mines
identify and gather EISs and related documentation for major mines
review, compile and analyze relevant EIS documents and related information on water quality predictions
gather, review and document in case study format EISs and water quality history information for selected
mine sites
compare EIS predictions with actual water quality information for the selected mines
e identify failure modes and root causes of failures to predict water quality impacts
develop conclusions and recommendations about the effectiveness and regulatory application of the science
underlying water quality predictions at hardrock mines

A database (Excel spreadsheet) was created to catalogue general operational and environmental information from
NEPA documents and other sources as well as information on discharges to groundwater and surface water for major
and mines subject to NEPA. The data collected include the following:
location (state and county if available)
ownership
commodity (gold, silver, copper, molybdenum, lead, zinc, platinum group metals)
mining (underground, open pit) and processing methods (heap leach, vat leach, flotation, gravity, dump leach
(sx/ew), smelter)
operational status (year production initiated, present status, year closed, projected year closed)
e disturbance and financial assurance (permitted and/or actual disturbance on BLM, Forest Service, private,
state, and Native American Indian Lands; current financial assurance amount, bankruptcy status)
NEPA applicability by BLM, Forest Service, Corps of Engineers, EPA, Indian Lands, state required
e NEPA documentation including year of document, proposed action, document type (EA, EIS, SEIS)
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e record of NEPA document requests and retention
EIS information (summary of information on geology/mineralization; climate; hydrology; field and lab tests
performed; constituents of concern identified; predictive models used; water quality impact potential;
mitigation; predicted water quality impacts; discharge information)

e National Pollutant Discharge Elimination System (NPDES) permit information (permit number, major or
minor permit, whether reported on EPA ECHO database)

The major challenge for this study was obtaining reliable operational water quality data against which predictions can
be measured or evaluated. The ease of obtaining such information varies dramatically from state to state. In some
states, NEPA or its equivalent that requires water quality predictions, is applied to all mines in the state, while in other
states, NEPA derived water quality predictions are applicable only to mines on public lands. In some states, water
quality data are available in electronic forms while in others, only paper copies of water quality data are available. In
this study we limit our in-depth case study analysis to mines subject to the NEPA process requiring water quality
predictions. Therefore, the focus is predominantly on mines on public lands. The mines selected for case study
reflect the general population of large hardrock mines in terms of their geographic distribution, commodity types, and
other factors. Generally, mines that have exhibited water quality impacts have more water quality data and analysis
than mines without notable environmental impacts. In order to balance the analysis, an effort was made to include not
only mines with notable impacts in the case studies, but also mines without notable impacts.

For the case study mines, water quality conditions after mining began are compared to water quality predictions and
baseline water quality data. If water quality impacts did occur but were not predicted, the causes of the impacts are
provided to the extent practicable. Based on this analysis, recommendations for improvements in the scientific
underpinnings of the predictions used in the regulatory process are made.

The study is broken into the following sections after the introduction:

e Section 2 provides background information in NEPA and EISs related to water quality predictions at mine sites.

e Section 3 provides a primer on water quality prediction methods and models that have historically been and are
presently in use.

e Section 4 provides the basis for defining major and hardrock mines subject of NEPA and summarizes the
information describing the major and NEPA applicable mines on state and federal agency basis.

e Section 5 contains information on water quality predictions for each of the 71 major mines where complete
information was available. The information collected includes geology and mineralization, climate hydrology,
field and lab tests performed, constituents of concern identified, predictive models used, water quality impact
potential, mitigation, predicted water quality impacts and discharge information.

e Section 6 consists of case study summaries for selected mines, focusing on predicted and actual water quality
impacts.

e Section 7 contains the general results of the study, including a discussion of inherent factors that may predispose a
mine to water quality impacts.

e Section 8 identifies the causes for failed predictions and contains recommendations for improving predictions and
the regulatory process related to predictions.

e Appendix A provides major mine statistical information by state and federal agency including location (state and
where available, county information), commodity produced, extraction and processing methods, and operational
status.

e Appendix B provides more complete information on NEPA documents and water quality data.
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2. NEPA AND WATER QUALITY PREDICTIONS

The following sections contain a general description of the National Environmental Policy Act (NEPA) and
information in the Act related to scientific analysis and water quality predictions.

2.1. NATIONAL ENVIRONMENTAL PROTECTION ACT

When Congress passed the National Environmental Policy Act (NEPA) in 1969 it was heralded as the foundation of
modern American environmental protection by providing a comprehensive national policy for focusing on
environmental concerns (CEQ 1997). NEPA does not work by mandating that federal agencies achieve particular
substantive environmental results. Rather, NEPA requires federal agencies to take a “hard look™ at the environmental
impacts of certain proposed projects to ensure the necessary mitigation or other measures are employed to meet
federal regulations and other applicable (such as state) requirements.

NEPA requires the consideration of the important potential environmental impacts of a proposed action through express
statutory mandates, Council on Environmental Quality (CEQ) regulations, and individual federal agency-specific
regulations. Further, the broad dissemination of information mandated by NEPA allows the public and other
government agencies to participate in the environmental review process and to react to the effects of a proposed action
as part of the permitting process.

To those ends, NEPA requires federal agencies proposing major actions that may substantially affect the quality of the
human environment to prepare a detailed Environmental Impact Statement (EIS). A “major action” includes actions
approved by permit or other regulatory action. EISs are required to describe different alternatives to the proposed
action, including the “no action” alternative, in which the proposed action would not be implemented.

In order to determine whether or not a project will have a significant impact on the environment, the federal agency
may prepare an Environmental Assessment (EA). If the agency determines, after preparation of the EA, that the
project will not significantly impact the environment, then it may issue a Finding of No Significant Impact (FONSI).
Otherwise, if the agency finds that the project may have a significant impact on the environment, then it must prepare
an EIS. In many cases the agency will prepare an EIS from the outset, particularly where the project is likely to be
more controversial. EISs are required to describe different alternatives to the proposed action, including the “no
action” alternative, in which the proposed action would not be implemented.

The federal agency must consider three types of impacts — direct, indirect, and cumulative. Direct effects are those
that are caused by the action and occur at the same time and place. Indirect effects are those that are caused by the
action and occur later in time or farther removed in distance but are still reasonably foreseeable. Indirect effects may
include effects on air and water and other natural systems, including ecosystems. A project’s “cumulative impact” is
the impact on the environment that results from the incremental impact of the action when added to other past,
present, and reasonably foreseeable future actions. Cumulative impacts can result from individually minor but
collectively significant actions taking place over a period of time.

2.2. SCIENTIFIC ANALYSIS IN THE NEPA PROCESS

The federal agencies are required to describe the environment of the areas to be affected or created by the alternatives
under consideration. In order to do so, a baseline against which to compare predictions of the effects of the proposed
action is considered to be critical to the NEPA EIS process.
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NEPA and its implementing regulations require all federal agencies to:

[[nsure the professional integrity, including scientific integrity of the discussions and analysis in
environmental impact statements. [Agencies] shall identify any methodologies used and shall make explicit
reference by footnote to the scientific and other sources relied upon for conclusions in the statement (40 CFR
1502.24).

Further, the regulations mandate that all NEPA documents be “supported by evidence that the agency has made the
necessary environmental analysis” (40 CFR § 1502.1). Consequently, federal agencies have a duty to disclose the
underlying scientific data and rationale supporting the conclusions and assumptions in an EIS. Unsupported
conclusions and assumptions violate NEPA. The federal courts pay particular attention to this requirement and have
found that federal agencies are required to provide the underlying environmental data that are relied upon in the
NEPA process. The scientific data and rationale are typically contained in appendices to an EIS.

The importance of scientific integrity and use of high-quality data in the NEPA analysis process cannot be overstated.
To satisfy NEPA, the federal agencies “must explicate fully its course of inquiry, its analysis, and its reasoning.”
(Dubois V. U.S. Department of Agriculture, 102 F.3d 1273, 1287 (1* Cir. 1996)). NEPA provides specific
requirements in the case where data or scientific analyses are unavailable to the federal agency. The existence of
incomplete or unavailable scientific information concerning significant adverse environmental impacts essential to a
reasoned choice among alternatives triggers the requirements of 40 CFR § 1502.22. This provision requires the
disclosure and analysis of the costs of uncertainty and the costs of proceeding without more and better information.

40 CFR § 1502.22 imposes three mandatory obligations in the face of scientific uncertainty: (1) a duty to disclose the
scientific uncertainty; (2) a duty to complete independent research and gather information if no adequate information
exists (unless the costs are exorbitant or the means of obtaining the information are not known); and (3) a duty to
evaluate the potential, reasonably foreseeable impacts in the absence of relevant information, using a four-step
process. The four step process involves:

1. astatement that such information is incomplete or unavailable;

2. astatement of the relevance of the incomplete or unavailable information to evaluating reasonably
foreseeable significant adverse impacts on the human environment;

3. asummary of existing credible scientific evidence which is relevant to evaluating the reasonably
foreseeable significant adverse impacts on the human environment, and,

4. the agency's evaluation of such impacts based upon theoretical approaches or research methods
generally accepted in the scientific community. For the purposes of this section, "reasonably
foreseeable" includes impacts which have catastrophic consequences, even if their probability of
occurrence is low, provided that the analysis of the impacts is supported by credible scientific
evidence, is not based on pure conjecture, and is within the rule of reason.

The requirement to conduct independent research when faced with incomplete or unavailable information insures
agencies comply with NEPA’s central purpose “to obviate the need for speculation by insuring that available data is
gathered and analyzed prior to the implementation of the proposed action.” “The federal courts have held that original
research should be performed if necessary together with reasonable scientific supported forecasting and speculation.”
(Save our Ecosystems at 1248-49 and at 1246 note 9)
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3. THE SCIENCE OF WATER QUALITY PREDICTION AND MITIGATION

The science of predicting water quality at hardrock mine sites has been practiced for at least the past 30 years as part
of the regulatory review process. Under NEPA, hardrock mines in the United States on federal land are required to
estimate impacts to the environment, including direct impacts to water quality and indirect impacts that are later in
time but still reasonably foreseeable (Kempton and Atkins, 2000; Bolen, 2002). Mines on private land in the United
States may also be subject to state or federal processes that may or may not require prediction of potential impacts to
water resources. A wide array of scientific approaches ha been used to predict water quality that could result from
proposed construction, expansion, or other actions as described in the following sections.

3.1. SITE CONCEPTUAL MODEL

An accurate conceptual model is a necessary first step in successfully predicting water quality at a mine site (Mayer et
al., 2002). A conceptual model is a qualitative description of the hydrology and chemistry of the site and their known
and potential effect on mined and natural materials. It includes baseline conditions, sources (mining-related and
natural), pathways, biophysicochemical processes, mitigation measures, and receptors. Information about sources and
mitigation measures will generally come from the mine plan. Site conceptual models should include mitigation
measures, and the effectiveness