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Preface

The U.S. Environmental Protection Agency (EPA) was established in
1970 to protect human health and the natural environment. The agency’s
mission includes enforcing and implementing environmental laws enacted
by Congress, assessing environmental conditions, and solving current and
anticipating future environmental issues. To assist EPA in addressing risks
associated with chemical emergencies as well as abandoned hazardous waste
sites, Congress passed the Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA) in 1980, better known as the
Superfund Act. The Superfund program addresses short- and long-term risks
of chemical spills and supports the permanent cleanup and rehabilitation of
hazardous waste sites.

In 2002, Congress instructed EPA to ask the National Research Council
(NRC) to conduct an independent evaluation of the Coeur d’Alene River
basin Superfund site in northern Idaho as a case study to examine EPA’s
scientific and technical practices in Superfund megasites, including physical
site definition, human and ecologic risk assessment, remedial planning, and
decision making. NRC established the Committee on Superfund Site Assess-
ment and Remediation in the Coeur d’Alene River Basin. In this report, the
committee analyzes the record of decision and supporting documents from
this Superfund site to assess the adequacy and application of EPA’s own
Superfund guidance in terms of available scientific and technical knowledge
and best practices.

In the course of preparing this report, the committee held five meetings,
including public sessions in Washington, DC; Wallace, Idaho; and Spokane,
Washington—where local, state, tribal, and federal officials, as well as rep-

x
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X PREFACE

resentatives from the private sector and nongovernmental organizations, in-
cluding regulated industries and citizen groups, were invited to meet with
the committee and present their views on Superfund activities in the Coeur
d’Alene River basin. Interested members of the public were also given an
opportunity to speak on these occasions. The following individuals spoke at
these meetings: U.S. Senator Larry Craig; U.S. Senator Michael Crapo; U.S.
Congressman C. L. “Butch” Otter; Brian Cleary, counsel to Coeur d’Alene
tribe; Ernest Stensgar, Chairman of the Coeur d’Alene tribe; Phillip Cernera,
Coeur d’Alene tribe; Alfred Nomee, Coeur d’Alene tribe; Ian von Lindern,
TerraGraphics Environmental Engineering; John Roland, Washington De-
partment of Ecology; Robert Hanson, Mine Waste program manager;
Stephen Allred, director, Idaho Department of Environmental Quality; Ron
Roizen, Bill Rust, Frank Frutchey, Lee Haynes, Jack Riggs, Bob Hopper,
Fred Brackebusch, Ivan Linscott, Shoshone Natural Resources Coalition Sci-
ence Committee; Fred Kirschner, Spokane tribe; Rogers Hardy, Citizens
Against Rail to Trail/Citizens Advocating Responsible Treatment; Thomas
Pedersen, University of Victoria; David Moershel, Spokane physician and
president of the Lands Council; Allen Isaacson, professor, Spokane Commu-
nity College and former U.S. Forest Service supervisory hydrologist for the
Idaho Panhandle National Forest; Bruce Lanphear, director, Cincinnati
Children’s Environmental Health; Jerry Cobb, Panhandle Health District;
Brad Sample, CH2M Hill; David Fortier, environment protection specialist,
Bureau of Land Management; Paul Woods, Laura Balistrieri, Stephen Box,
Nelson Beyer, U.S. Geological Survey; Daniel Audet, U.S. Fish and Wildlife
Service; and Elizabeth Southerland, Michael Gearheard, Sheila Eckman,
Anne Dailey, Mary Jane Nearman, Angela Chung, Marc Stifelman, Cami
Grandinetti, Bill Adams, EPA.

In addition to the information from those presentations, the committee
made use of the peer-reviewed scientific literature; government agency re-
ports; information submitted to the committee by citizens, advocacy groups,
and industry; and unpublished database information as well as related sta-
tistics and data directly obtained from EPA and the states of Idaho and
Washington.

This report consists of nine chapters. The first chapter provides an over-
view of the committee’s charge, the issues related to this charge, and the
approach the committee took in completing its task. Chapters 2 and 3 re-
view the history of the Coeur d’Alene mining district and the relationship
between the biologic, human, and physical environments in the river basin.
Chapters 4-8 review scientific and technical questions relating to the reme-
dial investigation, human and ecologic risk assessments, and remedial deci-
sions set forth in EPA’s record of decision for the site and the supporting
documents. Finally, Chapter 9 discusses lessons learned from the Coeur

Copyright © National Academy of Sciences. All rights reserved.
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PREFACE xi

d’Alene experience and suggests a new paradigm for addressing environ-
mental and health concerns at large complex mining sites.

We wish to thank Earl Bennett, University of Idaho, and Teresa Bowers,
Gradient Corporation, for their valuable service while they served on the
committee. The committee is also grateful for the assistance of NRC staff in
preparing this report: Karl Gustavson, study director; James Reisa, director
of the Board on Environmental Studies and Toxicology; Ray Wassel, pro-
gram director; Ruth E. Crossgrove, senior editor; Cay Butler, editor; Mirsada
Karalic-Loncarevic and Bryan Shipley, research associates; and Olukemi Yai,
program assistant; as well as John Brown, Emily Brady, Dominic Brose,
Alexandra Stupple, and others who supported the project as part of the
Board’s staff.

Finally, I thank the members of the committee for their dedicated efforts
throughout the development of this report.

David J. Tollerud, MD, MPH

Chair, Committee on Superfund Site Assessment and
Remediation in the Coeur d’Alene River Basin
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Summary

In 1983, the U.S. Environmental Protection Agency (EPA) listed the
Bunker Hill Mining and Metallurgical Complex in northern Idaho as a
Superfund site on the National Priorities List (NPL). The basis for this
listing was high levels of metals (including lead, arsenic, cadmium, and
zinc) in the local environment and elevated blood lead levels in children in
communities near the metal-refining and smelter complex. Initial cleanup
efforts focused on the areas with the most contamination and the greatest
risk of health effects—a 21-square-mile “box” in the heart of the Coeur
d’Alene River basin. Children’s blood lead levels in the box have declined
remarkably since the 1970s when lead poisoning was epidemic. They now
appear to be approaching those of same-age children in the U.S. general
population.

In 1998, EPA began applying Superfund requirements! beyond the
original Bunker Hill box boundaries to areas throughout the 1,500-square-
mile Coeur d’Alene River basin project area. Soils, sediments, surface wa-
ter, and groundwater are contaminated in areas throughout the basin with
metals derived from historical mining operations, and a wide variety of
studies have indicated that this contamination poses increased risks to hu-
mans and wildlife in the basin. In 2002, EPA issued a record of decision

IThe Superfund requirements are set forth in the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) of 1980 as amended (42 USC §§ 9601-9675
[2001]), and its implementing regulations are set forth in the National Contingency Plan
(NCP) (40 CFR 300).

Copyright © National Academy of Sciences. All rights reserved.
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2 SUPERFUND AND MINING MEGASITES

OVERVIEW OF CONCLUSIONS AND RECOMMENDATIONS

The committee found that scientific and technical practices used by EPA for
decision making regarding human health risks at the Coeur d’Alene River basin
Superfund site are generally sound. The exceptions are minor. However, for EPA’s
decision making regarding environmental protection, the committee has substan-
tial concerns, particularly regarding the effectiveness and long-term protection of
the selected remedy.

In the human health risk assessment (HHRA), EPA estimated potential lead
intake by current and future populations of children using currently available risk
assessment procedures with a reasonable degree of certainty. The application of
the IEUBK model? was also reasonable but would have benefited from greater
collection and use of additional site-specific information. Recognizing the impor-
tance of protecting current and future generations, remedial decisions regarding
human health appropriately emphasized residential yard remediations. Given the
prevalence of high concentrations of lead in soils of the studied communities and
the potential for lead exposure of young children, the committee concludes univer-
sal blood lead screening of children age 1-4 years is warranted. This screening
should be timed to coincide with other routine pediatric health care screening tests.
Barring recontamination of remediated properties, it seems probable that the pro-
posed remedies will reduce the targeted human health risks. However, long-term
support of institutional-control? programs should be provided to maintain the integ-
rity of remedies intended to protect human health and guard against health risks
from recontamination.

For environmental protection, EPA’s site characterization provided a useful
depiction of the metal concentrations in soils, sediments, and surface water over
the large spatial scale in the basin. However, the characterization did not ade-
quately address groundwater—the primary source of dissolved metals in surface
water—or identify specific locations and materials contributing metals to ground-
water. In addition, the committee has serious concerns about the feasibility and
potential effectiveness of the proposed remedial actions for environmental protec-
tion. There are no appropriate repositories to hold proposed amounts of excavated
materials, and establishing them in the basin will probably be extremely difficult.
Furthermore, the potential long-term effectiveness of proposed remedial actions is
severely limited by frequent flooding events in the basin and their potential to

(ROD) that addressed the entire project area, excluding the box (which was
the subject of earlier RODs). This ROD contained a “final remedy” to
address contamination-related human health risks and an “interim rem-
edy” to begin to address ecologic risks. These remedies are estimated to cost
$359 million over 30 years—and even this effort will not complete the job.

Congress instructed EPA to arrange for an independent evaluation of
the Coeur d’Alene Basin Superfund Site by the National Academy of
Sciences (NAS). In response, the National Research Council (NRC) con-
vened the Committee on Superfund Site Assessment and Remediation in
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recontaminate remediated areas with contaminated sediments. Yet, flooding ap-
parently received little attention in EPA’s selection of remedies. Overall, down-
stream transport of lead-contaminated sediments can be addressed only by re-
moving or stabilizing the contaminated sediments in the river basin. The committee
recommends that the specific sources contributing zinc to groundwater (and sub-
sequently to surface water) and the largest, potentially mobile sources of lead-
contaminated sediments be ascertained, and priorities set for their cleanup. If zinc
loading to groundwater is determined to stem from subsurface sources that are
too deep or impractical to be removed, groundwater should be addressed directly.
EPA should consider more thoroughly the potential for recontamination and pro-
ceed with those remedies that are most likely to be successful and durable. Be-
cause of the long-term and uncertain nature of the cleanup process, it is unrealistic
to develop comprehensive remedial schemes and assess their effectiveness a
priori. Hence, a phased approach to cleanup with defined goals, monitoring, and
evaluation criteria (an adaptive management approach®) is warranted.

In general, the Superfund process has a number of serious difficulties in ad-
dressing the complex contamination problems in mining megasites such as the
Coeur d’Alene River basin. Remediation involves long-term undertakings in which
remedies will usually need to be developed over time, and efficient responses to
the problems may require the implementation of programs outside the Superfund
framework. EPA has demonstrated flexibility in applying Superfund to the Coeur
d’Alene River basin and other megasites and has established a process in the
basin that incorporates some of the characteristics the committee considers im-
portant to address the problems at such sites. However, it is unclear whether all
the problems can be addressed efficiently and effectively within the constraints
that govern the Superfund process.

aThe Integrated Exposure Uptake Biokinetic Model for Lead in Children (IEUBK model) was
used at the Coeur d’Alene River basin site to select soil lead cleanup levels in residential yards.

binstitutional controls are actions, such as legal controls, that help minimize the potential
for human exposure to contamination by ensuring appropriate land or resource use.

CAdaptive management is an approach where remediation occurs in stages and the con-
sequences of each stage or phase are evaluated and provide feedback for planning of the
next phase.

the Coeur d’Alene River Basin. The committee, composed of members
with a wide range of backgrounds and expertise, was asked to consider
EPA’s scientific and technical practices in Superfund site definition, hu-
man and ecologic assessment, remedial planning, and decision making.
During the study, the committee held public sessions in Washington, DC;
Wallace, Idaho; and Spokane, Washington, where local, state, tribal, and
federal officials, as well as private sector and citizen groups presented

their views to the committee.
An important aspect of the study charge, beyond considering issues
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specific to the Coeur d’Alene River basin, is to attempt to extrapolate
“lessons learned” at this site to other large complex Superfund sites in the
nation. In response, the committee developed recommendations to facilitate
EPA’s mission at other large, geographically complex mining megasites.

Remedial efforts within the Coeur d’Alene River basin will require
much time, a great deal of money, and a concerted effort by involved
parties. Thus, the question “Is it worth it?” is often raised. This question,
however, depends on the requirements of the applicable federal laws and is
not germane to the question of how the agency has implemented these laws.
The committee has, as specified in its charge, focused on the agency’s
implementation and has not addressed the broader questions about the
financial or societal value of these expenditures. Such questions go beyond
matters that science alone can address. EPA undertook this difficult task
at a time when knowledge of the disposition and effects of contaminants
within the basin was evolving, and approaches to remediating large sites
were poorly developed. Much has been learned since then, and it is through
hindsight that this report reviews the process.

DECISION MAKING IN THE COEUR D’ALENE RIVER BASIN

EPA’s scientific and technical procedures were generally appropriate
and in accordance with the agency’s standard procedures, as understood by
the committee, for assessing risks to human health and the environment in
the Coeur d’Alene River basin. EPA has also made substantial efforts to
provide the public with information about its activities and to provide
opportunities for public comment and input. However, the committee has
concerns about several technical aspects of the analyses and has recom-
mended various ways that EPA’s standard techniques might be improved.

The committee recognizes that substantial controversy surrounds
remediation at the Coeur d’Alene River basin site, and EPA’s decisions were
responsive, at least in part, to concerns of affected parties. For instance,
cleanup efforts were strongly opposed both locally and within the Idaho
state government, partially stimulated by fear of the economic consequences
of having the entire basin declared a Superfund site. In contrast, other
groups demanded site remediation and strongly opposed any approaches
that would allow metals-contaminated media to remain in the environment
following cleanup. Therefore, some decisions the committee considers sub-
optimal might have resulted from compromise with affected parties, as well
as the reality of limited financial resources.

The discussion below is a synopsis of the committee’s conclusions and
recommendations provided throughout this report.
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SITE CHARACTERIZATION AND REMEDIAL INVESTIGATIONS

In completing the remedial investigation (RI), EPA conducted, spon-
sored, and synthesized substantial research in cooperation with the state of
Idaho, other federal agencies, and the Coeur d’Alene Tribe to evaluate the
extent of metals contamination in the basin. Some of the research efforts
are state of the art and should substantially inform the selection of appro-
priate remedies. Overall, EPA’s evaluations provide a useful depiction of
the location of contaminated soils, sediments, and surface waters over the
large spatial scale of the basin. The data have been used to estimate average
mass loading of metals in the Coeur d’Alene River and Lake and to provide
an adequate description of contaminants moving through much of the
system.

Nevertheless, the committee has identified some serious weaknesses in
the RI. EPA has not adequately characterized the substantial hydrologic
and climatic variations that can occur in the basin. Contaminant transport
models are based on average flows and conditions, and the RI only mini-
mally characterizes the extreme events (for example, flood events that trans-
port large amounts of contaminated sediments) that substantially affect the
fate and transport of metals throughout the basin. In addition, EPA’s seg-
mentation of geographic areas within the basin for assessment and remedial
actions does not facilitate a basinwide analysis of sources, transport, and
fate of contaminants. In particular, remediation of the Bunker Hill box is
under a separate administrative structure, yet this area contributes substan-
tially to downstream contamination.

To support remedial decision making adequately, the specific source
areas? of contamination releasing dissolved and particulate metals should
be characterized. Instead, EPA inferred source areas contributions of metals
largely from surface-water studies and not, for example, from studies of
metal leachability from source materials. EPA’s site characterization also
did not adequately address groundwater—the primary source of dissolved
metals in surface water. Understanding the contamination of groundwater
by aquifer materials, the dynamics of groundwater movement, and the
complex relationship between surface water and groundwater will require
additional study.

Evaluations of chemical speciation and mineralogy were extremely lim-
ited in the RI. As metals move though the system, their chemical form can
change and affect, for example, their ability to be absorbed by organisms if
ingested (bioavailability) or their ability to leach into groundwater from

2Source areas are the specific locations of materials that contribute contaminants to envi-
ronmental media of interest (for example, surface water or groundwater).
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aquifer material. For Lake Coeur d’Alene, additional characterization of
the behavior of metals in lake sediments and the relationship between
eutrophication and metals release is also needed.

Recommendations

In its remedial planning, EPA should incorporate new data that have
been made available by the U.S. Geologic Survey (USGS), the Coeur d’Alene
tribe, and others since issuance of the ROD and should proceed, as planned,
with more thorough source identification before cleanup to verify the loca-
tion, magnitude, disposition, and contributions from contaminant sources.

A better understanding of dissolved metals, particularly zinc, is needed
to account for movement to and from groundwater and surface water. The
chemical and hydrologic components of the assessment should be suffi-
ciently rigorous to identify source areas of contaminants and permit evalu-
ation of the consequences of alternative remedies to the transport of dis-
solved metals through the system.

Understanding the speciation of metals is important to characterize risk
more effectively and ascertain the potential effectiveness of remedial ac-
tions. Speciation information should be collected and examined to elucidate
the potential for metal transport and the effect of transformation processes
on the fluxes and bioavailability of metals.

HUMAN HEALTH RISKS AND REMEDIAL DECISIONS

Human Health Risk Assessment (HHRA)

The HHRA sought to estimate risks to human health associated with
estimated concentrations of environmental contaminants, particularly lead
and arsenic, and to calculate cleanup concentrations that would protect
human health.

EPA estimated potential lead intake by current and future populations
of children according to current risk assessment procedures with a reason-
able degree of certainty. Consequently, the committee concluded that EPA’s
HHRA is correct in concluding that environmental lead exposure poses
elevated risk to the health of some Coeur d’Alene River basin residents. The
committee agreed that subsistence activities, if they were to be practiced,
would be associated with elevated risk. EPA also applied reasonable meth-
ods to apportion risk among exposure sources, including those unrelated to
mine wastes. EPA concluded that although lead from old house paint prob-
ably contributed to the exposure of some children, lead-contaminated soil
was the primary contributor to health risk from lead.
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Children of ages 1 to 4 are the group at highest risk from lead exposure.
The committee found it inappropriate that the HHRA presented aggregate
data on childhood lead screening for children 0-9 years old, as that infor-
mation is misleading and tends to underestimate the risk among the princi-
pal target group. Furthermore, the annual blood lead sampling of children
at fixed sites is suboptimal and produces results with too much potential for
nonrepresentative sampling to evaluate the effectiveness of public health
intervention strategies in the basin. Universal blood lead screening of chil-
dren 1-4 years old is warranted for Coeur d’Alene River basin communities,
given the prevalence of high concentrations of environmental lead.

For arsenic, EPA collected no information about actual human uptake
and based its risk assessment on arsenic concentrations in environmental
samples. Biological indicators of actual human arsenic exposure would
serve to strengthen future risk assessments at sites such as Coeur d’Alene,
though the committee recognizes the limitations of the currently available
arsenic biomarkers.

The effects of psychological stress on mental health are not considered
in the HHRA. However, there is strong scientific evidence that living in or
near an area designated as a Superfund site is associated with increased
psychological stress and may also cause adverse health effects.

Recommendations

Health surveillance activities conducted or sponsored by local, state, or
federal (for example, the Agency for Toxic Substances and Disease Registry
[ATSDR] or EPA) entities should include the following:

e Annual blood lead screening of all children 1-4 years old who live in
the basin. Screening should be coordinated with local health care providers
and timed to coincide with other routine health care screening tests. These
data would be useful for evaluating the efficacy of the remedial activities.

e Health interventions that address possible consequences of chronic
psychological stress. These may have significant community benefits and
should be implemented before or concurrent with cleanup efforts.

e Continued research at the national level on biomarkers of human
arsenic exposure to strengthen future HHR As.

Use of the Integrated Exposure Uptake Biokinetic (IEUBK) Model

A major controversy at the Coeur d’Alene River basin site arose be-
cause EPA did not base its risk assessment and remediation decisions on the
blood lead levels that had been measured but on the IEUBK model to
estimate potential levels and related health risks.
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EPA’s remediation goal for lead in soil states that a typical child or
group of similarly exposed children should not have more than a 5%
estimated risk of exceeding a blood lead level of 10 micrograms per deci-
liter (ug/dL). Because protecting the future, as well as current, residents is
important and because measuring attainment of the remediation goal is
not possible, the use of a model that predicts such risks is necessary
and appropriate. Multicompartment predictive blood lead models, such
as the IEUBK model, are powerful tools for assessing pediatric risk from
lead exposure, exploring lead risk management options, and crafting
remediation strategies.

At the Coeur d’Alene River basin site, EPA’s application of the IEUBK
model was generally adequate and appropriate, but not optimal. Additional
collection and use of site-specific information, particularly site-specific
bioavailability and ingestion rates, would have improved the application of
the model. The credibility of the results would have been enhanced by greater
use of alternative tools (for example, other models and epidemiological stud-
ies) to assess the reliability of IEUBK model predictions and better character-
ization of the physical-chemical properties of the exposure source materials.

The committee also provides several conclusions regarding the model
and recommendations for the model’s future development and application.
The committee concluded that, in general, the design and functioning of the
IEUBK model are consistent with current scientific knowledge; however,
the committee concluded that there were some technical issues, particularly
the uncertainties associated with the default assumptions for bioavailability
of soil lead, soil and dust ingestion rates, and the parameter used to ex-
trapolate from a single blood lead estimate to the distribution of concentra-
tions throughout a population.

EPA regulatory guidance on the use of the IEUBK model in conjunction
with data from blood lead surveys is incomplete, particularly on actions to
take when blood lead studies and IEUBK model results disagree by a substan-
tial margin. The guidance states that model results are to take precedence in
those cases; however, a more comprehensive articulation is required. The
committee concluded that the model’s inherent uncertainties coupled with
the need to protect present and future populations necessitate additional
information (such as blood lead studies) to help characterize the model’s
uncertainties. This is particularly true at large mining megasites, such as the
Coeur d’Alene River basin, where physical site characteristics and human
exposure profiles can vary widely across the large geographic area. At those
sites, the IEUBK model results should not be the sole criterion for establishing
health-protective soil concentrations because model uncertainty and site com-
plexity may interact in unexpected or unknown ways.
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Recommendations

EPA should pursue initiatives to improve the knowledge base for soil and
dust ingestion rates and consider whether soil ingestion rates are site specific.
EPA should also pursue implementation of a model version that provides a
probabilistic distribution of blood lead concentrations in a population.

EPA should require that cleanup levels derived from the IEUBK model
be supported by site-specific measures of bioavailability and concentrations
of lead in various sizes of soil particles.

EPA should clarify guidance on using the IEUBK model in conjunction
with blood lead studies, particularly when reconciling differences between
modeled and observed blood lead levels and when considering the uncer-
tainties associated with each.

A comprehensive revision of the 1998 EPA directive on IEUBK model use
at large geographically complex sites is needed. The revision should establish a
decision-making structure for determining site cleanup concentrations and
specifications based on the IEUBK model’s predictive capability, blood lead
study results, economic feasibility, and long-term remedy protection.

Remedial Decisions Regarding Human Health

The committee concluded that EPA adequately characterized the feasi-
bility of alternative remedial actions for addressing risks to human health;
however, the long-term effectiveness of the selected remedy in the Coeur
d’Alene River basin is questionable because of the possibility, even likeli-
hood, of recontamination from floods and damage to protective barriers
used in residential remediations.

Barring recontamination, it seems probable that the proposed remedies
will reduce the human health risks addressed. There are logical reasons to
expect that residential yard remediations decrease lead exposure, and avail-
able evidence suggests the efficacy of this approach within the Bunker Hill
box. Thus, the strategy for yard remediation is supportable even though the
scientific evidence supporting substantial beneficial effects is currently weak.

Recommendations

Long-term support of institutional-control programs should be pro-
vided to avoid undue human health risks from recontamination and to
maintain the integrity of remedies intended to protect human health.

The effectiveness of remedial actions for human health protection needs
to be further evaluated. This evaluation should be supported by ongoing
environmental and blood lead monitoring efforts.
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ENVIRONMENTAL RISKS AND REMEDIAL DECISIONS

Ecologic Risk Assessment (ERA)

EPA’s ERA describes the likelihood, nature, and severity of adverse
effects on plants and animals resulting from exposure to metals associated
with mining operations throughout the study area. The committee found
the assessment to be generally consistent with best scientific practices. In
some respects, it was substantially more extensive than ERAs at many other
sites. However, support for conclusions on different organisms and habitats
is highly variable. Conclusions about waterfowl are especially strong be-
cause of the wealth of data on dose-response relationships developed by
USGS and the U.S. Fish and Wildlife Service, but conclusions on other
organisms, particularly in riparian and upland communities, are much less
certain. Deficiencies that precluded a thorough assessment of impacts on
some biota and on large portions of the basin are also apparent. For ex-
ample, few measures of community structure and site-specific toxicity tests
were used to characterize risks to fish and benthic macroinvertebrates in the
lower Coeur d’Alene River. The Lake Coeur d’Alene assessment was not
supported by studies to evaluate whether metal concentrations in sediments
or overlying waters were impacting ecologic communities. Finally, in con-
sidering effects on organisms, the high variability in exposures related to
extreme events, including low-flow conditions and flood events, was not
considered.

Overall, the committee was surprised at the minimal extent to which
EPA used the ERA in subsequent decision making. Preliminary remediation
goals (PRGs) (concentrations of metals intended to protect organisms) de-
veloped for fish, benthic invertebrates, small mammals, plants, amphibians,
and birds other than waterfowl are based on national regulatory criteria,
literature-derived values, or background concentrations. PRGs derived in
that fashion are highly uncertain and have questionable value for guiding
remediation decisions. Of the PRGs, only the national ambient water qual-
ity criteria were adopted from the ERA as remediation goals in the ROD.

Recommendations

Further evaluations of the impacts of exposures to metals in the aquatic
and terrestrial environment are needed to support remedial actions in-
tended to promote recovery of biota within the basin.

In developing restoration goals and performance metrics, additional
consideration should be given to habitat modifications (for example, stream
channelization) resulting from human activities that may prevent a return
to premining conditions.
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Remedial Decisions for Protecting the Environment

EPA used the feasibility study to select, document, estimate the cost of,
and compare five alternative strategies for environmental protection. De-
spite the extensive effort and documentation, none of these alternatives was
selected. The remedial strategies in EPA’s ROD for protecting the environ-
ment are presented as “interim remedies,” and the committee is encouraged
that EPA took this approach. At a site of this size and complexity, develop-
ing comprehensive remedial schemes and assessing their effectiveness a
priori is not realistic. The on-the-ground effect of remedial actions is often
unknown, as are unforeseen conditions that make solutions that appear
feasible on paper, infeasible in the field. EPA is proposing to use adaptive
management to implement interim ecologic protection remedies; however,
the committee is concerned about the rigor of EPA’s adaptive management
approach at this site, particularly regarding performance indicators needed
to evaluate progress.

The feasibility and effectiveness of EPA’s proposed remedial actions to
protect fish and wildlife resources have not been adequately characterized.
These actions can be roughly described as those intended to stem the influx
of dissolved zinc to surface waters and as those intended to reduce the
transport of lead-contaminated sediments through the basin and the effect
of those sediments on waterfowl. Removal of contaminated materials is a
core constituent of both strategies, yet the lack of available repositories (or
even identified locations) is particularly problematic. Still, the committee
recognizes that contamination problems in the study area will be solved
only when the contaminated materials in the river basin have been removed
or stabilized.

The threat to aquatic life in the basin results primarily from the influx
of high levels of dissolved zinc from groundwater to surface waters. Yet,
groundwater has not been targeted for remediation. Removing contami-
nated materials as a means to curtail fluxes of metals to groundwater and
subsequently to surface water is a logical strategy. However, the specific
source areas contributing zinc to groundwater throughout the basin are not
well understood, so it is not clear if proposed removals will have an effect
on surface-water concentrations. Evidence of the effectiveness of prior re-
movals of materials in the basin has not demonstrated a substantive effect
in reducing surface-water concentrations of zinc. A major portion of the
dissolved zinc in the lower basin results from groundwater seepage through
the Bunker Hill box, a source that is not addressed in the ROD for the
basin.

The Coeur d’Alene River basin is a system where floods have a funda-
mental role in the resuspension and distribution of contaminants and
particularly in the potential recontamination of remediated areas, includ-
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ing wetlands and river banks, by contaminated sediments. An understand-
ing of the source areas of these contaminated sediments is evolving. Al-
though impacts to waterfowl in the lower basin are severe, the durability
of proposed remedial efforts to protect waterfowl is highly questionable.
In addition, recontamination of wetlands by flood waters containing lead-
contaminated sediments would quickly undo the benefits of remediation.
The committee sees the need for such measures as restoring wetlands on
agricultural lands in the lower basin and upgrading the quality of the
habitat in existing wetland areas that have the least likelihood of being
recontaminated.

Recommendations

EPA should improve its planned adaptive management approach by
establishing unambiguous links between management objectives, manage-
ment options, performance benchmarks, and quantitative monitoring indi-
cators for the habitats and ecologic communities addressed in the ROD.

Remedial Efforts to Address Zinc in Surface Water

As part of its remediation planning, EPA should seek to locate those
specific sources contributing zinc to groundwater (which is subsequently
discharged to surface water) and set priorities for their remediation. If it is
determined that loading to the groundwater stems from subsurface mate-
rials too deep or impractical to be removed, groundwater should be ad-
dressed directly.

EPA should continue to support research on and demonstration of
lower-cost innovative groundwater treatment systems. In particular, EPA
should place a high priority on identifying possible methods of reducing
metal loading in groundwater from the Bunker Hill box and highly-affected
basin tributaries.

Remedial Measures to Address Transport and Effects of Particulate Lead

Recontamination of remediated areas from flooding is a major con-
cern. In selecting sites for remediation, EPA should consider the potential
for recontamination and proceed with remedies that are most likely to be
successful and durable. To the extent that water yield and flooding can be
managed through land-use practices, it is important to include these prac-
tices in schemes designed to protect human and ecosystem health.

Remedial measures should address the largest potentially mobile sources
of lead-contaminated sediments and seek to address those sources with the
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highest potential for contributing such sediments to the system. To facili-
tate such measures, EPA should develop a quantitative model for sediment
dynamics, deposition, and geochemistry for the basin watershed. In design-
ing and implementing remedies, consideration should be given to possible
unintended effects, such as impacts to fluvial behavior and migration of
resuspended sediments.

MINING-RELATED MEGASITES

Superfund megasites are often defined as those sites with projected
cleanup costs expected to exceed $50 million. In this section, the committee
restricts its conclusions to mining-related megasites that, in addition to
their high costs for remediation, include massive amounts of wastes result-
ing from many years of mining activities. Wastes at these sites are dispersed
over a large area and deposited in complex hydrogeochemical and ecologic
systems that often include human communities and public natural resources.

The committee concludes that an effective program for mining mega-
sites should emphasize long-term adaptive management. The desirable pro-
gram components are a stable management structure, long-term monitor-
ing components, active state and local involvement in the remediation
process, a broad perspective regarding what actions should be undertaken
in addition to cleanup, and long-term funding.

Most of the committee’s recommendations regarding mining megasites
can be implemented within the Superfund framework; some reflect actions
that EPA has already undertaken to some extent in the Coeur d’Alene River
basin; and some probably cannot be implemented under the current frame-
work, at least not without private or nonprofit partnerships.

Recommendations

Design the data collection, evaluation, and decision-making process at
mining megasites so that the remediation program focuses on establishing a
durable process for long-term management of the sites, as final remedies
may not be realistic at some megasites.

Be ready to waive specific “applicable or relevant and appropriate
requirements” (ARARSs) if an effective monitoring program demonstrates
that those numeric standards are not necessary to achieve the basic goals of
protecting human health and the environment.

Where final remedies cannot be realistically implemented, establish a
rigorous and responsive adaptive management process for environmental
remediation. ERAs at such sites should be designed to support remedy
selection, and move beyond documentation of the presence or absence of
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risks. In particular, the ERA should be a source of performance metrics and
restoration goals for use in an adaptive management strategy.

Establish an independent external scientific review panel with multi-
disciplinary expertise to provide ongoing evaluations and advice to the
relevant agencies on remediation decisions at mining megasites. Although
this recommendation may appear to add to the bureaucratic process, at
particularly complex sites it may well speed cleanup, avoid excess costs,
and provide a mechanism for resolving technical disagreements.

Broaden the goals of the cleanup to include restoration of habitat for
ecologic resources to the extent required to meet biological performance
goals. For affected communities, provide economic assistance and compre-
hensive medical support services that acknowledge the broad effects that
toxic waste sites have on health.

Encourage development of alternative and innovative technologies, in-
cluding responsible re-mining as remedial strategies. Consider offering in-
demnification to private or nonprofit entities that participate in cleanup,
agreeing that their liability will be limited to problems resulting from the
remediation activity.3

Look for opportunities to provide long-term support for implementing
and maintaining the cleanup activities and stewardship of the land. Possible
sources of such support might include special appropriations by Congress,
trust funds, or partnerships with private organizations.

Both risk assessment and risk management activities should be struc-
tured according to the natural environmental system boundaries; they
should not represent the aggregation of policies previously used at smaller,
simpler locations.

3Such relief should not be afforded to any responsible party at the site who has not entered
into a binding settlement agreement with EPA regarding its cleanup liability.
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Introduction

For more than 100 years, the Coeur d’Alene River basin has earned its
cognomen as “The Silver Valley” by being one of the most productive
silver, lead, and zinc mining areas in the United States. Its history is as rich
as the millions of tons of ore that have been extracted and processed there.
But that history has left a legacy of contamination that extends 166 miles
across the state of Idaho, through Lake Coeur d’Alene and down the Spo-
kane River into the state of Washington. A U.S. Environmental Protection
Agency (EPA) plan to clean up this contamination under Superfund! pro-
poses spending hundreds of millions of dollars over three decades—and
even this effort is not expected to complete the job. As might be expected of
any undertaking of this magnitude, the plan has created substantial contro-
versy and confusion. This report reviews and evaluates many of the issues
and concerns that have been raised regarding EPA’s decisions.

COEUR D’ALENE RIVER BASIN

The headwaters of the South Fork of the Coeur d’Alene River begin in
the Bitterroot Mountain Range at the Idaho-Montana border, and the river
flows westward as a high-gradient mountain stream past the town of Mullan

IThe Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
of 1980 (P.L. 96-510) established a “Superfund” to identify contaminated sites, determine
responsible parties, and finance cleanups when responsible parties could not. EPA administers
the Superfund program in cooperation with individual states and tribal governments.

15
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to Wallace, Idaho, where it joins two large tributaries, Canyon and Ninemile
Creek. Below Wallace, the valley broadens, the channel gradient begins to
diminish, and the river increases in flow as it passes the Idaho communities
of Osburn, Kellogg, Smelterville, and Pinehurst. Below Pinehurst, the South
Fork joins the North Fork, and the valley widens to several miles, with the
floodplain containing thousands of acres of wetlands and small lakes that
provide a valuable stopping place for migratory waterfowl. Some 70 miles
from its source, the river empties into the 25-mile-long Lake Coeur d’Alene,
which in turn is drained by the Spokane River at its northern end.

In the late 1800s and through most of the 20th century, the upper and
middle portions of the basin were a major mining region—the “fabulous
Coeur d’Alene” (see Chapter 2 of this report). The area had more than 100
mines and ore processing operations producing silver, lead, zinc, and other
metals. The Bunker Hill Mine and Smelting Complex, located in Kellogg,
Idaho, was the largest of these, and, when the Bunker Hill smelter was
built, it was the largest smelter in the world. The Coeur d’Alene mines
produced and processed an estimated 130 million metric tons (more than
140 million U.S. tons) of ore during their first century of operation (Long
1998). Today, although a few mines continue to operate, most have closed;
the smelting complex is shut down and most of its facilities have been
demolished.

The mining, processing, and smelting of such a huge volume of ore
resulted in widespread environmental contamination. Many of the mine
tailings throughout the region were discharged directly to Coeur d’Alene
River and its tributaries until 1968 when the practice was prohibited. Smelt-
ing operations at Bunker Hill also discharged large quantities of sulfur
dioxide, lead, and other metals that affected local communities and the
environment. During operation of the smelter—particularly in the early
1970s when its pollution-control devices failed—large numbers of nearby
residents, especially children, had highly elevated blood lead levels (BLLs)
(IDHW 1976). The wastes produced by the milling and processing opera-
tions pose risks to residents of the area and to the wildlife—particularly fish
and migratory birds—that depend on the basin’s natural resources.

SUPERFUND DESIGNATION

In 1983, EPA listed the Bunker Hill Mining and Metallurgical Complex
on the National Priorities List (NPL).2 This site encompasses a 21-square-
mile rectangular area (commonly called “the box”) surrounding the Bunker
Hill smelter complex. The site was divided into two operable units (OUs):

2The National Priorities List is intended primarily to guide EPA in determining which sites
warrant further investigation under Superfund.
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OU-1 covered the “populated areas” of the box and OU-2 covered the
“nonpopulated areas,” including the former smelter and industrial facility.
Cleanup began in earnest after EPA issued the record of decision (ROD) for
OU-11in 1991 and for OU-2 in 1992. Although much of the area within the
box has been cleaned up, remedial activities are still under way.

In February 1998, EPA announced that it would extend its Superfund
remedial authorities outside the box. Until then, the agency had attempted
to address contamination problems outside the box without invoking the
formal Superfund process. The agency concluded, however, that the au-
thorities it had been applying to address the widespread contamination and
risks to human health and the environment posed by the mining-related
wastes outside the box were insufficient (EPA 2004).

This action resulted in the addition of OU-3 that covers all the contami-
nated areas in the basin, Lake Coeur d’Alene, and the Spokane River,
outside the original box. This controversial extension created a large degree
of contention among residents within the basin, as many new communities
were given the “Superfund” designation. Not surprisingly, many residents
were concerned and angry over the designation of their community as a
Superfund site and the perception that the designation and associated stigma
would be long-lasting and further depress an economy already suffering
severely from the loss of mining-related jobs. This fear was bolstered by the
reality that the box has remained on the NPL since its listing in 1983, and
the ROD for OU-3 established a 30-year “interim” remedial plan. Further-
more, confusion about the OU-3 site designation was magnified by the
inexact nature of the site boundaries.? This situation is understandably
stressful and confusing for residents and landowners within the basin, as
there is no straightforward mechanism to determine whether property is
located within the Superfund site.

COEUR D’ALENE RIVER BASIN AS A MINING MEGASITE

Cleaning up the Coeur d’Alene River basin is a major challenge for
EPA’s Superfund program. The amount and wide distribution of waste
materials preclude complete remediation with traditional cleanup ap-
proaches such as removal and capping. Large portions of the communities

3The Superfund site is considered to be “all areas of the Coeur d’Alene Basin where mining
contamination has come to be located.” Although areas where contamination does not exist
are not included in the site, this designation has led to the widespread notion that the
Superfund site encompassed the entire 1,500-square-mile watershed of the Coeur d’Alene
River between the Montana border and the confluence of the Spokane River with the Colum-
bia River (for discussion, see Villa 2003). This issue is addressed by EPA in the ROD, Part 3,
Responsiveness Summary (EPA 2002), under: “General comment: Concerns about the bound-
aries of the Superfund site,” p. 2-4.
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are built on top of mining wastes, and infrastructure, such as the embank-
ment of Interstate 90, is built out of them. Every flood distributes these
wastes further, and the contaminants undergo chemical changes—which
can increase or decrease the risk they pose—as they travel through the river
basin. Thousands of people living in multiple political jurisdictions are
involved, and some cleanup efforts are expected to take centuries to achieve
ambient environmental protection standards even after hundreds of mil-
lions of dollars are spent on cleanup activities.

This site is not, however, an isolated case. There are thousands of
abandoned hardrock mining areas throughout the country, particularly in
the western states* (see Chapter 9). EPA has already listed 63 of these on
the NPL, and some have many of the same characteristics as the Coeur
d’Alene River basin—they are extensive, expensive, complex, and contro-
versial, with private parties that may be unable or unwilling to accept
responsibility for the cleanup. EPA has come to call sites like the Coeur
d’Alene River basin “megasites” and is increasingly concerned about how
to handle them with the diminishing cleanup funds it has available. Experi-
ence at the Coeur d’Alene River basin provides some useful insights into
this question.

THE COMMITTEE’S CHARGE

To evaluate scientific and technical aspects of the Superfund designa-
tion to OU-3, Congress instructed EPA to arrange with the National Acad-
emy of Sciences (NAS) to undertake an independent evaluation of the Coeur
d’Alene River basin Superfund site.¢ The study was funded by a Congres-
sional appropriation in the 2003 Consolidated Appropriations Resolution
(P.L. 108-7). The corresponding bill report (Report 107-740) from the
U.S. House of Representatives Appropriations Committee indicated that it
wanted NAS to consider:

EPA’s scientific and technical practices in Superfund site definition, hu-
man and ecologic assessment, remedial planning, and decision making.
NAS is further expected to assess the adequacy and application of EPA’s
own Superfund guidance in terms of currently available scientific and
technical knowledge and best practices, as well as to provide guidance to
facilitate scientifically based and timely decision making for the Coeur
d’Alene site.

4Hard rock mines exclude coal and certain industrial mineral mines, such as sand and
gravel mines.

SThe general definition of a megasite is that it probably will cost more than $50 million
dollars to clean it up to the standards called for in the Superfund legislation.

®Designated on the NPL as the Bunker Hill Mining and Metallurgical Complex.
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In making this request, Congress made it clear that it did not expect
“NAS to recommend a specific remedial strategy for this site” and that it
did not intend “that ongoing and planned remediation activities within the
original 21 square mile NPL site be disrupted or adversely impacted in any
way” because of the study.

In response, the Committee on Superfund Site Assessment and Remedi-
ation in the Coeur d’Alene River Basin was convened by the National
Research Council (NRC) of NAS. The committee, composed of members
with a wide range of backgrounds and expertise, was charged to consider
the specific tasks provided in the statement of task (see Appendix A for the
statement of task and committee member biosketches). The topics within
the task roughly parallel the Superfund evaluation process and pertain to
the various decision documents relating to OU-3, including site character-
ization in the remedial investigation, the ecologic risk assessment, the hu-
man health risk assessment, the integrated exposure uptake biokinetic model
(a model used by EPA to evaluate soil cleanup levels for lead in the human
health risk assessment), and remedial decisions covered in the feasibility
study and the ROD. Finally, the statement of task directs the committee to
develop “lessons learned” from the evaluation of this site that can be ex-
trapolated to other sites and considered at the national level. The chapters
of this report reflect the components of the statement of task.

NATIONAL RESEARCH COUNCIL AND
THE COMMITTEE PROCESS

The NRC of NAS is a nonfederal, nonprofit institution that provides
objective science, technology, and health policy advice generally by produc-
ing consensus reports authored by committees. The NRC exists to provide
independent advice; it has no governmental affiliation and is not regulatory
in nature. The committee was constituted only to review and evaluate the
scientific and technical aspects of the remedial proposals and whether these
proposals conformed to the relevant regulatory guidance.

There is no direct oversight of a committee by the study sponsor or any
other outside parties. In this regard, EPA and other interested parties have
no more input or access to committee deliberations than the general public.
This arrangement permits the committee complete independence in con-
ducting its study. The committee members represent a wide range of back-
grounds and expertise and conduct their work solely as a public service,
volunteering to the NRC and the nation, cognizant of the importance of
providing timely and objective scientific advice.

In conducting its review and evaluation, the committee relied on the
Superfund site decision documents and supporting materials, other scien-
tific studies including those conducted in the Coeur d’Alene River basin,
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technical presentations made to the committee by investigators, presenta-
tions to the committee by the public, other information submitted by indi-
viduals and interest groups (including expert witness reports from the natu-
ral resources damage assessment case currently under way in federal court),”
and the committee’s observations while visiting and touring the site. The
committee presented written questions and information requests to EPA,
the state of Idaho, and the state of Washington when further clarification
was needed. All information that was received by NRC staff was made
available to committee members and is available to the public through
NRC’s public access records office.

The committee held five meetings. Three of the meetings included open,
information-gathering sessions where the committee heard from invited
speakers and from interested members of the public. The first public session
(in January 2004) was in Washington, DC. Two meetings (one in April and
one in June 2004) were held in the Coeur d’Alene region, and the commit-
tee toured a length of the Coeur d’Alene River basin from Burke, Idaho, to
Spokane, Washington, and held public comment sessions in Wallace, Idaho,
and Spokane, Washington. The entire final two meetings were closed, de-
liberative sessions attended only by committee members and NRC staff.

Issues at the Coeur d’Alene River basin site are complex and have a
long history; as such, this review addresses some issues in greater detail
than others. For example, the statement of task (Appendix A) requests the
committee to review the adequacy and adherence to guidance on a scientific
and technical basis. The committee was not asked to provide a legal review
and therefore the report does not provide a clause-by-clause review of
compliance with the National Contingency Plan and the Comprehensive
Environmental Response, Compensation, and Liability Act. There were
also numerous concerns expressed by the public that are outside the pur-
view of the committee. Some of these relate to limitations in the legislation
establishing Superfund, some to issues outside EPA’s responsibility, some to
policy decisions made by the agency, and some to statements agency per-
sonnel have made explaining these decisions.

One question often raised to the committee was whether the benefits
expected to result from the cleanup are worth the high costs required to
achieve them. Certainly this is an expensive project. EPA projected the

7In the natural resources damage assessment court case, the Coeur d’Alene tribe and Fed-
eral Trustees (U.S. Fish and Wildlife Service and others) are suing a consortium of mining
companies for damages to the environment in the Coeur d’Alene River basin. The committee
did not engage in or follow this legal process as it is not within its purview. The committee
did have access to expert witness reports (which are public documents) from this case that
were relevant to aspects of the Coeur d’Alene River basin environment related to their state-
ment of task.
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discounted costs over the first three decades to be approximately $360
million, including approximately $92 million to protect human health in
the basin and approximately $250 million primarily for environmental
protection (EPA 2002, Table 12.0-1). The current population of children in
the basin (the primary intended beneficiaries of remedial efforts in residen-
tial areas) is small, and it remains unclear how much conditions will actu-
ally be improved for the fish and waterfowl by the interim measures being
proposed. Thus, the question “Is is worth it?” is often raised. This question,
however, pertains to the requirements of the applicable federal laws and is
not germane to the question of how the agency has implemented these laws.
The committee has, as specified in its charge, focused on the agency’s
implementation and has not addressed the broader questions about the
value of these expenditures.

In this and other ways, the committee has focused on addressing issues
within the statement of task. The committee attempted to strike a balance
in addressing the larger issues while providing sufficient detail to explain its
conclusions and recommendations. It became clear to the committee that
the evaluation and remediation process are continuing. New information is
being gathered, experiments on possible remedial approaches are being
conducted, and proposed remedies are being revised. This process will
continue for decades and perhaps centuries. Thus, the committee does not
consider its review to be the last word, but hopes that its findings and
recommendations will assist government agencies and other stakeholders in
improving the approaches to address large complex mining megasites such
as the Coeur d’Alene River basin.
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Historical Background

The Coeur d’Alene region, named after the Indian tribe that originally
inhabited the area, lies in northwestern Idaho, east of Spokane, Washington
(Figure 2-1). The region remained relatively isolated and pristine until late
1883 when the Northern Pacific Railroad, in an effort to stimulate passen-
gers to ride its newly opened branch looping north of Coeur d’Alene,
published a brochure entitled “In the Gold Fields of the Coeur d’Alenes.”
Two decades earlier, Captain John Mullan had spent 4 years opening up
the valley by constructing a military wagon road “through swamps, over
hundreds of ridges, and bridging many streams” from Fort Benton, Mon-
tana, to the shore of Lake Coeur d’Alene (Rabe and Flaherty 1974, p. 12).
This route, however, was too difficult and the winters too severe for it to
attract the railroads that were opening the West, and few settlers followed
the track, which was becoming overgrown. However, A.]. Prichard’s dis-
covery of gold in a creek feeding the North Fork of the Coeur d’Alene River
in the fall of 1883, broadcast to the world by the Northern Pacific, drasti-
cally changed all that. Within a few months, an estimated 5,000 prospec-
tors and others looking for a quick buck had streamed into the valley (Hart
and Nelson 1984).

Until then, the few thousand residents of the area, most of whom were
members of the Coeur d’Alene tribe living along the shore of Lake Coeur
d’Alene, were able to enjoy the natural riches that this area provided. The
river was described as “transparent as cut glass,” the mountains “clothed in
evergreen forests” of white pine, grand fir, douglas fir, and spruce; the
riparian areas thick “with the cottonwoods and silver beeches on both
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banks almost forming an arch overhead” of the deep channel; and the
stream “alive with trout and other fish” that “could be seen by the thou-
sands in the clear water” (Rabe and Flaherty 1974). Deer, beaver, muskrat,
otter, mink, wolves, weasels, mountain lions, badgers, wolverines, bear,
and moose, along with numerous species of birds and vast schools of
“salmon-trout,” were abundant. Father Nicholas Point, who ran the Coeur
d’Alene Mission, claimed that “Perhaps nowhere else does so small an area
contain such a variety [of wildlife]” and described the tribal members filling
their canoes with fish in a couple of hours of fishing, and 100 braves
returning from a hunt with 600 deer (Rabe and Flaherty 1974). Even at the
beginning of the mining era, one prospector could boast of having caught
247 trout in one day’s fishing in Placer Creek, a tributary of the South Fork
(Rabe and Flaherty 1974, p. 46).

The gold rush was relatively short lived, for much of the gold was
buried under 25 feet of gravel or embedded in quartz seams in the bedrock.
In either case, the gold was inaccessible to individual prospectors using
hand labor and simple placer mining techniques, and many left. Those who
stayed used more capital-intensive techniques and continued extracting gold
from the North Fork basin for half a century (Hart and Nelson 1984).

THE EARLY YEARS

The gold, however, is not what made the Coeur d’Alene region one of
the richest mining areas in the world. That resulted from the discovery of
rich silver-lead-zinc-bearing ores along the tributaries and main stem of the
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South Fork of the river. The first lead-silver mine in the district was the
Tiger, discovered in May 1884 near what would become Burke, Idaho. By
the end of 1885, 3,000 tons of ore had been extracted from this mine
(Quivik 2004, p. 87). This discovery was followed within a few months by
the discovery of many of the richest and most productive mines in the
district, including the Morning, Gold Hunter, Poorman, Sullivan, and many
others (Cook 1961). The biggest mine of all, the Bunker Hill (named after
the Revolutionary War battle), was discovered by Noah Kellogg in the fall
of 1885. By 1891, 26 of the 40 developed properties along the South Fork
were productive (Rabe and Flaherty 1974). The silver that attracted the
miners gave the South Fork the name “the Silver Valley,” but the ores were
also rich in lead and zinc along with lesser amounts of other metals.

Getting the Metals Out

Placer mining, however, was not an option for extracting the metals
along the South Fork. The ores were contained in veins that ran through the
bedrock of the mountains through which the South Fork and its tributaries
flowed. The miners had to tunnel into the mountains following the veins.
This was arduous and dangerous work. The tunnels were formed by drill-
ing or “jacking” holes into the rock by hand and then blasting out the rock.
The tunnels would be cut under the veins with angled tunnels, called stopes,
cut up into the vein. The ore blasted from the stopes would fall into carts
placed in the tunnel below, where it could be hauled out of the mine.
During the first couple of years, after being sorted by hand, the raw ore was
hauled by pack train out of the valley for shipment to processing facilities.

Within a couple of years, however, the Bunker Hill and other mines
were building mills to concentrate the ore, separating the metal-rich mate-
rials from those that were less valuable. The first concentrators, called jigs,
used a process that involved crushing the ore in stamp mills until it was
primarily the size of coarse sand. The crushed ore was mixed with water
and run over a “jig-table” or through a “jig cell” that allowed the heavier
particles, containing the higher concentration of metals, to collect in grooves
cut across the bottom of the table while the lighter particles, containing less
metal, were carried over the tail of the jig to become “jig tailings.”

The jigging process was relatively inefficient, recovering less than 75%
of the metals (Bennett 1994). As a result, the jig tailings and slimes (the mud
resulting from the water mixing with the finely powdered rock), which
were often disposed of by being dumped into or adjacent to streams, con-
tained relatively high percentages of lead and other metals. The rich ore
recovered from the jig was shipped to out-of-state smelters to be converted
into ingots of silver and lead. Construction of a narrow-gage railroad in
Idaho between Kellogg and Cataldo in 1887 eased the shipping process, but
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it still involved hauling ore from the mills in the region to a loading area in
Kellogg. At Cataldo, the ore was loaded on steamships to be hauled to
Coeur d’Alene where it was transferred to the Northern Pacific for transit
to a smelter (in Montana or Washington). The narrow-gage railroad, which
was associated with the Northern Pacific, was superseded by a standard-
gage railroad built in 1888 by the Union Pacific that ran from Tekoa,
Washington, up to Wallace (Hart and Nelson 1984). Two years later, the
Northern Pacific built its line into the Coeur d’Alene Valley from Missoula,
Montana, which traveled over a famous S-shaped bridge that was com-
pleted in 1890.

The process of developing underground mines, building ore processing
facilities, and constructing railroads required large amounts of capital and
organization, and was not one to be undertaken by individual prospectors.
Eastern and western capital flooded into the region, generating a conflict
between the miners and the mine owners that colored much of the region’s
history through the early 1900s.

The Miners and Their Settlements

Because transportation was so difficult and the miners worked under-
ground in 10-hour shifts, the miners initially tended to live as close to the
mines as they could. Thousands of them lived in shacks and rooming houses
crowded in communities such as Burke, Gem, Mace, Mullan, and Wardner
jammed in the narrow valleys near the entrances to the mines (see Box 2-1).
These mining towns, like mining towns throughout the West, contained
many more saloons and bordellos than churches (see Magnuson 1968).
Many of the early settlements were abandoned “when the ore ran out or the
towns were bypassed by transportation” (Hart and Nelson 1984).

One town that stayed was Wallace. Wallace was located not at a mine
mouth but on a cedar swamp near the conflux of Canyon Creek and the
South Fork, on the banks of which were the sites of numerous mining
operations. Colonel W.R. Wallace built a log cabin there in 1884 and set
about building a town (which he initially called Placer Center) that, he
predicted, would become the “center of one of the richest mining sections
of this continent.” Indeed the town did prosper and become the commercial
center for the upper basin. Colonel Wallace, however, was less fortunate.
The scrip he used to acquire the land turned out to be worthless, and, one
day in February 1889, all of his land was claimed by other residents.
Although the town was well located for commercial purposes, it suffered
from severe flooding and several fires during its first few decades.

Laboring in the mines was tough and dangerous and the mine workers
soon demanded better pay and better working conditions. By 1891, they
had secretly organized unions in all the major mines in the district. They
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BOX 2-1 The Town of Burke, Idaho

The canyon that held Burke is so deep that the sun could reach the town only
for 3 hours a day in the winter. It is so narrow that the town’s only street had to
carry wagons, two railroads, and Canyon Creek when it overflowed its banks. S.D.
Lemeux pulled the awnings on his grocery back to allow the daily freight through
on the Northern Pacific tracks that ran down the middle of the street and straight
through the center of the Tiger Hotel. The four-story hotel, originally built as the
boarding house for the Tiger-Poorman mines, had 150 rooms and a “beanery” that
served 1,200 meals a day. It burned down in a grease fire in 1896 but was rebuilt.
The railroad tracks were built through the hotel in 1906, when Harry Day of the
Hercules mine convinced the Northern Pacific to construct a spur track up to his
loading platform below Gorge Gulch. The hotel covered the canyon floor that the
railroad had to be built on. The Federal Mining and Smelting Company, which
owned the Tiger-Poorman and its hotel, agreed to Day’s request providing that
“the portion of the hotel under which you pass is to be lined with sheet or corru-
gated iron as fire protection.”

Source: Hart and Nelson 1984.

petitioned for better health care, safer working conditions, and a daily wage
of $3.50 (Hart and Nelson 1984, p. 50). The Bunker Hill Mine resisted and
organized the mine owners into the Mine Owners Protective Association to
fight the unions.! The Coeur d’Alene mining wars, which continued over
the next decade, involved armed fights, assassinations, lockouts, the dyna-
miting of mine properties, the imposition of martial law, the use of federal
troops to suppress the “insurrection,” and the internment of hundreds of
miners in squalid concentration camps. The miners were a tough lot (see
Box 2-2) and their unions were at the peak of their power in early 1899.
Within 6 months, however, the unions were broken and the federal troops
required every miner to obtain a work permit before working again in the
mines. They could obtain a permit only after “swearing to an anti-union
pledge.” During the ensuing year, 2,000 miners worked under this system,
only 130 of whom had previously worked in the Coeur d’Alene district and
only 99 of whom had ever been a union member (Hart and Nelson 1984).
These Coeur d’Alene mining wars form an important chapter in the history
of American labor movements.

IAnother purpose of this association was to fight against the high tariffs that the railroads
charged for hauling ore out of the valley.
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BOX 2-2 The Coeur d’Alene Miner

Mining has always been hot, rough, dirty, wet, and often dangerous work. At
the turn of the century, it was physically exhausting labor done in dark, narrow
passageways with a short supply of air, a great deal of dust, and few exits to the
surface. The conditions, and especially the dust, limited the number of productive
working years of the miner in the mines and reduced his lifespan if he survived
underground. The miners were paid between $3.00 and $3.50 a day, working
thirteen ten-hour shifts every two weeks, with the shift starting when they arrived at
the work place inside the mine and with a day off on alternate Sundays.

The miners in the Coeur d’Alene region were a mixed bag of nationalities,
representing the last remnants of the restless, independent men who roamed the
frontier and the first generation of European immigrants searching for jobs in their
new land. Only one-quarter of them were native-born Americans; the others were
predominantly British, Italian, and Scandinavian. All foreign nationalities were rep-
resented except Orientals, who were banned from the district by the miners who
feared the competition of their cheap labor.

Regardless of background, all who worked as hard rock miners had the same
10-hour work day, day after day, with a Sunday off every other week. Their non-
working life was not much more flexible. They woke at 5:30 AM to get dressed, eat
breakfast, and have time to get to their stopes in the mines by 7:30 AM to begin
work. After working ten hours, traveling back and forth to the portal and on to their
jobs inside the mines for three or four hours, sleeping eight hours, and eating for
another one or two hours, the miners had little or no time left for recreation, family,
or community activities.

Source: Hart and Nelson 1984.

Environmental Impacts

When mining and mineral processing began in the Coeur d’Alene min-
ing district, environmental protection was not a concern. The mine opera-
tors relied on the ability of the Coeur d’Alene system to get rid of mine
wastes, most of which were dumped into the Coeur d’Alene River or its
tributaries without restriction until well into the next century. Mills located
on hillsides deposited their tailings in gullies so that gravity and surface-
water drainage could move them down to the floodplains while winds
winnowed the fine-grained particles and spread them over adjacent slopes
and flat areas. Tailings from mills located in the floodplains were dumped
near the mills or directly into the South Fork of the Coeur d’Alene River
(Long 1998).

The rapid growth of the mining industry was accompanied by extensive
logging to provide timbers to support the roofs of the mining tunnels, to
construct railroads, to provide fuel, and to build the towns and mill facili-
ties that were springing up throughout the basin. The logging resulted in
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deforestation that increased the rate of runoff from the hills, and this,
combined with the large amount of tailings that clogged the channels,
raised stream levels so that overbank flooding occurred each year and drove
flood water to higher and higher levels (Box et al. 1999).

Major spring floods followed in 1893 and 1894. By 1903, tailings
covered the broad floodplains at Woodland Park, Osburn, and Smelterville
Flats. These deposits and the frequent floods caused a number of channel
changes where the South Fork runs through the flats (Box et al. 1999) (see
Figure 2-2).

By 1900, the results of dumping the waste tailings in the river were
being observed in the agricultural areas in the lower basin. Residents com-
plained that the tailings made the water and sediment toxic to livestock and
vegetation. They called the animals poisoned by these materials “leaded
horses, leaded cows, leaded dogs, leaded chickens, or leaded fish” (quoted
by Casner 1991). One resident described in her diary how the “family cat
would go into ‘fits’ after drinking ‘the bad water’” (Casner 1991). By 1900,
mill tailings had reached Lake Coeur d’Alene and had affected as much as
25,000 acres along the South Fork and main stem of the Coeur d’Alene
River (Long 1998).

Valley cross-section before
mining began

Coarse jig tailings clog
channel and aggrade
floodplain

Jig-era overbank sediments in

spendonedigers channel Fine flotation tailings allow
redeepening of channel and
abandonment of floodplain

c 1935

Post-1968 tailings impoundment Flotation-era overbank sediments

J

Present channel gravels

Cessation of riverine tailings
dumping and highway
construction narrows channel

D 1993

FIGURE 2-2  Changes in the channel of the Coeur d’Alene River at Cataldo Flats,
1880-1995. SOURCE: Box 2004.
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Beginning in 1901, the mining companies installed pile and plank dams
to reduce the amount of suspended load carried down the Coeur d’Alene
River. Although the increasing complaints from downstream landowners
were probably a major stimulus for this action, the mine owners also real-
ized that the trapped tailings would contain substantial amounts of metal
that might be reclaimed. The dams were located at Woodland Park on
Canyon Creek and at Osburn and the Pinehurst Narrows on the South Fork
of the Coeur d’Alene River. The Osburn dam created a reservoir that
covered approximately 300 acres (Casner 1991).

In spite of these efforts, several downstream farmers filed court suits
against the mining companies. The complainants claimed that mine wastes
being deposited on their lands by the river were killing crops, hay, and
other vegetation and that horses, and to a lesser extent cattle, dogs, and
chicken, were being poisoned by residues deposited on grass and along the
shore of the river after the floods. They also claimed that, when deposited
on land, the material brought down by the river was made more toxic by
reacting with air and that the resulting substance produced speedy death if
ingested by horses (Ellis 1940). These were the first in a series of lawsuits
what would become a protracted effort to get the mining companies to stop
discharging mine wastes into the river system. The farmers’ problems un-
doubtedly were exacerbated by the damming of the Spokane River at Post
Falls in 1906, which raised the level of Lake Coeur d’Alene, flooding the
lower reaches of the Coeur d’Alene River and, as a result, increasing the
rate of deposition and causing the river to flood over its banks and deposit
tailings on the surrounding lands more frequently.

The Mine Owners Association (MOA) “successfully defended the pref-
erential status of miners’ water rights in organized mining districts, claim-
ing that the waste was harmless, and offered the economic importance of
mining as a justification for their dumping policies” (Casner 1991). To
avoid further court suits, the MOA began buying “pollution easements” on
lands along the lower Coeur d’Alene River valley and “overflow ease-
ments” on the floodplains from Kellogg to Lake Coeur d’Alene (Grant
1952). These easements released “the mines from all past and future pollu-
tion claims” resulting from any possible damage to crops or domestic ani-
mals that mining operations might cause.

THE MIDDLE YEARS

During the first half of the 20th century, life in the Silver Valley settled
down. Union problems dissipated, working conditions improved somewhat,
and improved transportation allowed miners—and their families—to live in
homes located in more stable communities on the flats. In 1910, a major
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wildfire ripped through the region destroying forests and towns alike (Hart
and Nelson 1984; Pyne 2002). However, because the economy was booming,
most towns quickly rebuilt, often improving over the former layout, and
there was apparently little impact on mining operations. The denuded hill-
sides likely did increase the severity of floods, but this was already a common
problem in the basin. The population in the valley increased (Figure 2-3),
although not as much as mining output (Figure 2-4). Much of the increased
output resulted from improvements in mining and ore-processing technolo-
gies rather than from the employment of more workers.

Improvements in Technology

Advances in mining and ore-processing technologies introduced after
the turn of the century allowed the Coeur d’Alene area mines to substan-
tially increase their production of metals. A dry pneumatic drill, the Wiggle-
Tail, had largely replaced hand jacking for drilling blasting holes. These
machines increased the productivity of the miners but did not improve
mining conditions. They were frequently termed “widow makers” because
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15,000 1

Population

10,000 {— 1

5,000 1
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FIGURE 2-3 Population of Shoshone County, Idaho: 1900-1970. SOURCE: For-
stall 1995.
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FIGURE 2-4 Annual production, Coeur d’Alene mining district, 1885-1990. (1
megatonne equals approximately 1.1 million tons.) SOURCE: Bookstrom et al.
2004; Box 2004.

in addition to creating large amounts of dust which could cause silicosis (a
potentially fatal condition of the lungs), they had a tendency to loosen the
rock in the tunnel and stope ceilings while in operation (Hart and Nelson
1984). In 1918, an improved pneumatic drill was introduced that was more
stable and had a water line as well as a compressed air line (Hart and
Nelson 1984). The water, forced through a hollow drill bit, cleaned out the
blasting hole as it was being drilled and suppressed the dust. The larger
supply of compressed air helped ventilate the workings. These new drills
both increased productivity and improved safety and working conditions
for the miners.

With this new equipment and better ventilation, the miners were able
to tunnel farther and deeper. The massive Bunker Hill Mine, for instance,
has about 150 miles of mining tunnels ranging from 3,600 feet above to
about 1,600 feet below sea level (about 1 mile deep) (University of Idaho
2005).

Another major technological advance was the introduction of a new
method of concentrating the ore. The Wilfley table (invented in 1903)
adopted at some mills to supplement the jigs, increased recovery rates for
lead and silver to more than 80% (Bennett 1994). An even more efficient
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and selective “flotation” process, which could recover additional metals,
was introduced to the Coeur d’Alene mines, and by 1930 ores were being
concentrated by this method exclusively (Long 2001). This process involves
grinding the ore very finely and blowing air through a mixture of this finely
ground ore and water mixed with a frothing agent (usually pine oil or
cresylic acid) and a collection agent. The froth attracted the sulfide-bound
minerals and this metals-rich froth was collected for further processing
(Bennett 1994). The process was much more efficient than the jig-tables in
removing metals, reaching extraction efficiencies of around 85% by the
1930s and 95% by the late 1950s (Bookstrom et al. 2004). The more
efficient recovery also made it economical to process lower-grade ores.

The tailings from the flotation process were quite different from the jig
tailings. They contained much lower concentrations of metals but, being
much finer, were more mobile. These frothing “slimes” could not be stock-
piled and the river easily carried them over the plank dams. Consequently,
they were transported for longer distances downstream (Long 1998, pp.
90-91). When left to dry on the floodplains by receding flood waters, they
were also easily picked up and transported by winds.

Because ores of lower grade could be handled profitably by the flota-
tion process, the amount of rock flour that was added to the mine runoff
was significantly increased over that of the jig system, which relied on
relatively high-grade ores. Besides the frothing and collection agents, the
flotation process also used various other reagents such as sodium carbon-
ate, copper sulfate, zinc sulfate, and potassium dichromate (Fahrenwald
1927).

Another change in ore processing in the valley involved the Bunker Hill
Mine’s construction of a smelter in 1917. This smelter began with three
blast furnaces, four roasters, a lead refinery, and a silver refinery. With a
capacity of only 1,000 tons of ore per day, the facility produced mostly lead
and silver from concentrates produced at the Bunker Hill Mill located
about a mile to the east. The smelter continued to expand and by 1936 was
the largest lead-producing facility in the world (Bennett 1982, p. 19).

Because the flotation process recovered zinc and other metals in addition
to the silver and lead that were collected from the jig tables, facilities were
also built to process these metals. An electrolytic zinc plant was constructed
by Sullivan Mining Company at Government Gulch near Kellogg in 1928,
and it was the first facility in the United States to produce zinc with 99.99%
purity in commercial quantities (Murray 1982, p. 6). In 1943, a zinc fuming
plant was added to facilitate the recovery of zinc from smelter slags. A
cadmium plant was annexed to the smelter at the Bunker Hill Mine in 1945,
and high-grade cadmium began to be recovered from smelter by-products.

All these advances allowed the valley to increase metal production
substantially (see Figure 2-4). During their periods of production, the mines
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processed an estimated 130 million metric tons? of ore and produced about
7 million metric tons of lead, 3 million metric tons of zinc, and 30,000
metric tons of silver, approximately 17%, 6%, and 18% of the nation’s
production of these metals, respectively (Long 1998). Ore production
peaked around World War I at approximately 2.5 million metric tons per
year and again peaked in 1948 at 3.2 million metric tons per year (see
Figure 2-4) (Bookstrom et al. 2004, Figure 7a).

Waste Management

As production increased, the tailings became more of a problem. The
Page and Bunker Hill Mines built the first tailings impoundments in 1904,
but these were small and captured only the coarser materials (Casner 1991;
Bennett 1994). The processing of lower-grade ores also resulted in substan-
tially increased waste tailings.

The more efficient concentration technologies also supported the re-
covery of metal from some of the earlier wastes. The reprocessing of tailings
began as early as 19035, and the tailings impoundments behind the dams at
Canyon Creek and Pine Creek began to be reprocessed around 1919, al-
though the presence of sewage, garbage, and other contaminants created
problems (Long 2001, p. 89).

Although the tailings entrapped behind the plank dams were repro-
cessed, the dams were not maintained. Major floods in the spring of 1917
destroyed the Osburn and Canyon Creek dams, and the dam at Pinehurst
was breached by floodwaters in 1933 (Long 1998, p. 8). Figure 2-5 shows
the breached dam and substantial tailings behind it at Osborn in 1920.
There was little reason to replace the dams after they were breached, be-
cause the impoundments were already full of sediment—they would not be
effective in capturing the flotation tailings even if they had room. Also, they
had not been successful in eliminating the court suits by farmers whose land
was being contaminated downstream (Casner 1991). These cases continued
up until 1930, although the mining companies were generally successful in
defending their rights (Casner 1991).

During the 1920s, some mines began to use tailings ponds in an at-
tempt to control the increasing waste problem. The flotation tailings were
discharged into these ponds where they were allowed to settle before the
water was discharged to the river. By 1923, wastes from selective flotation
at Page Mill were being discharged into a tailings pond constructed within
a swampy area on the western side of the Smelterville Flats known as Page
pond (MFG 1992, pp. 1-26). Between 1926 and 1928, the Bunker Hill

21 metric ton equals approximately 1.1 U.S. tons.
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FIGURE 2-5 Tailings Dam at Osburn, Idaho, 1920. SOURCE: Richard 1921, as
cited in Bennett 1994.

Company built a larger tailings pond west of Kellogg that expanded over
the years to become the central impoundment area, which received most of
the flotation wastes discharged since 1928 (Casner 1991; Long 1998).

In 1932, the MOA, in response to substantial concern being raised by
residents in the city of Coeur d’Alene and other downstream areas, and to
preclude possible government restrictions on the discharge of tailings into
the river, constructed a suction dredge near Cataldo to remove tailings from
the river (Grant 1952). At Cataldo, the river system converts from a high-
to a low-gradient system, and solids settle out in this natural depositional
area. The suction dredge pumped about 7,000 gallons of water a minute,
excavating an estimated 500 tons of sediment per hour at 5% sediment
load and ran approximately 22.5 hours per day from June through Decem-
ber. Over the life of the dredge, it removed an estimated 34.5 million U.S.
tons of tailings, which were deposited in a tailings pond on Mission Flats
(URS Greiner, Inc. and CH2M Hill 2001, p. 2-7). This pond ultimately
covered an area of about 2,000 acres to a depth of 25-30 feet (Casner
1991). The dredge operated during the summers from 1932 to 1968 (Long
2001). Although it removed substantial amounts of tailings from the river,
apparently no effort was made to determine how much it actually reduced
the deposition of tailings on the lands downstream.
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BOX 2-3 Remembrance of the 1930s

“We never saw blue sky when | was there in the 1930s,” a former resident
recalled a few years ago. “We never saw the sun. Right after we moved there, | put
my baby daughter on the porch one morning. A neighbor came running over and
said, ‘Don’t you know any better? You can’t put a new baby out on the porch in the
morning! It’s real bad of a morning here!’ | remember another night my daughter
had been very ill; we didn’t know what it was. She was just gasping for breath. The
next morning, the clothing that had been hanging on the clothesline all night went
to pieces as | got ready to iron it. We wore rayon in those days. It was the sulfur
dioxide that had destroyed the fibers.”

Source: Tate 1981.

Tailings were not the only wastes of concern. As the mines were exca-
vated into the mountains, groundwater migrating downward through per-
meable rock fissures was encountered. When groundwater enters the mine
tunnels, chemical reactions can occur that greatly hasten the degradation of
the sulfide minerals and result in acidic waters with high dissolved metals
concentrations. Such waters are called “acid rock drainage.” The Bunker
Hill Mine had the most serious problem.

The Bunker Hill smelter also emitted substantial amounts of sulfur diox-
ide and other air pollutants that were discharged directly to the atmosphere.
Years later, valley residents still had vivid memories of this smoke (see Box
2-3). In an attempt to counter these problems, the Bunker Hill Company built
a “solarium” with ultraviolet lights that workers and children living in the
valley could use to obtain doses of substitute sunlight (Tate 1981).

The company also recognized that these pollutants were likely to cause
environmental problems and responded in the same way that the mine own-
ers had responded to the farmers. It bought “smoke easements” for the lands
likely to be affected by its emissions. By 1940, these smoke easements covered
more than 7,000 acres of private land (Casner 1991). The deposition of
pollutants emitted from the smelter caused the death of trees in the area and
contaminated the soil such that little vegetation could grow there. Even as
late as the 1980s and 1990s, extensive efforts undertaken by the company
and the government to replant seedlings to reestablish the forest and control
erosion off these slopes were unsuccessful (Tate 1981; EPA 2000).

Increased Community Concern

Because the mining companies were, as discussed above, so successful
in defending themselves against the farmers’ court suits, downstream resi-
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dents began to seek redress through the political system. The residents of
Coeur d’Alene City echoed their concerns as the flotation tailings began to
reach the city in the mid-1920s (Casner 1991). In 1929 and 1930, John
Coe, editor of the Coeur d’Alene Press, published a series of dramatic
articles detailing the history and dimensions of the pollution problem.
Casner (1991) indicated that John Coe and three politicians representing
the lower-valley residents had toured the river and observed (and had be-
come stuck in) the “yellow muck,” smelled the “stifling stench,” and saw
“a picture of desolation . . . a veritable ‘Valley of Death’ . . . in a ‘Paradise
Lost’ . . . created by the ‘sublime indifference of the octopus of heartless
wealth’” (Casner 1991). The paper followed up on this series by lobbying
for action by the state legislature and showing that Canadian mines were
operating profitably even though that country prohibited the dumping of
wastes into streams.

According to Casner (1991), the mining companies responded by
sponsoring their own studies that identified little or no problem, stimulat-
ing articles in local newspapers that attacked the downstream politicians
for threatening the existence of the mining industry and opposing any
government action in testimony before the state legislature and Congress.
Nevertheless, in March 1931, the state legislature established and provided
emergency funding for a “Coeur d’Alene River and Lake Commission” to
investigate the issue and report back to the legislature in 1933. The com-
mission requested the assistance of federal experts, writing “Our river is
gone, for the time at least, but we would really like to save our lake. Will
you help?” (Casner 1991).

Although studies undertaken for the commission by the U.S. Bureau
of Mines generally supported the position of the mine owners, other
studies by the U.S. Biological Survey, Bureau of Fisheries, and the Public
Health Service did not. Dr. M. M. Ellis of the Bureau of Fisheries authored
one of the best known of these studies. He investigated the effects of mine
wastes on fisheries and other aquatic organisms in the region in 1932. He
found that

The polluted portion of the Coeur d’Alene River, that is the South Fork
from a short distance above Wallace, Idaho to its junction with the North
Fork above Cataldo, and the main Coeur d’Alene River from the junction
of the forks to its mouth near Harrison, Idaho was found (July 1932) to
be practically devoid of fish fauna, bottom fauna or plankton organisms.
...Thompson Lake and Swan Lake, both rather heavily polluted by recent
backwaters from Coeur d’Alene River were almost without plankton
fauna. The plankton fauna of Coeur d’Alene Lake as a whole was rather
sparse, and particularly poor at the south end. No plankton were taken
off Harrison and at the mouth of Coeur d’Alene River; and very few as far
up the lake as East Point. (Ellis 1940, p. 55)
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By comparison, Ellis noted that the unpolluted small lakes nearby and
the tributaries to the Coeur d’Alene River between Cataldo and Harrison
supported normal fish populations and abundant plankton and aquatic
vegetation. In experiments, he exposed some fish and plankton species to
mine slimes, mine water, mill effluents, and Coeur d’Alene River samples
and showed that they were lethally toxic to all the test organisms. Native
fish in cages placed in the river died within 72 hours. Ellis concluded
“There is but one solution for this pollution problem as far as fisheries are
concerned, namely the exclusion of all mine wastes from the Coeur d’Alene
River” (Ellis 1940). Before coming to this conclusion, he had also inspected
and carried out experiments at the same Canadian mine that Coe had
visited and found a healthy fish population there.

The Biological Survey evaluated several birds found dead and con-
cluded that they died of metal poisoning attributed to pollution in the river
and from the smelters (Casner 1991). The problem of swan mortality had
been observed in 1924 with an account of 25 swans sickening and dying in
the wetlands between Medimont and Harrison (Chupp and Dalke 1964).

John Kurtz Hoskins of the U.S. Public Health Service had 296 water
samples from several locations in Lake Coeur d’Alene analyzed and found
average lead concentrations ranging from 0.08 to 0.22 milligrams/liter (mg/L),
with the concentration generally decreasing from the mouth of the Coeur
d’Alene River to Coeur d’Alene City. One of the samples at Harrison had a
lead content of 2.25 mg/L and another at Coeur d’Alene showed lead at
1.75 mg/L (Hoskins 1932, as cited in Casner 1991). He concluded that,
under normal conditions, the lake water was practically saturated with lead
in solution and pointed out that the concentrations were above the guide-
line for potable water on interstate carriers, which was 0.1 mg/L at that
time. The mining industry aggressively challenged the Hoskins report with
results of their own investigation which found lead at only 0.027 mg/L in
water samples taken from the Coeur d’Alene City pumping station (O’Keefe
and Ziegler 1930, as cited in Casner 1991).

Although the commission’s reports raised public awareness of the prob-
lems in the valley, the commission made only two recommendations. The
first was to support the use of the dredge that the mines had already begun
operating at Cataldo. The second was that a flume or pipeline be built
down the length of the South Fork to carry the mining slimes to settling
beds at Mission Flats.

In contrast to the frequent public statements by mine owners that
their wastes created no significant public health or environmental prob-
lems, by 1930 the occupational hazards and public health risks in the
production of lead and its compounds had been well known (Markowitz
and Rosner 2002). The mine owners had substantial evidence that there
were problems in Coeur d’Alene associated with mining. In addition to
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the sickened and dying animals, the death rate among miners in Idaho
averaged 2.47 per thousand per year between 1903 and 19083 (Hart and
Nelson 1984). By 1920, Bunker Hill management realized that their
smelter could be causing some health risks for its employees and initiated
an unproven electrolytic treatment for removing the lead from their bod-
ies (see Box 2-4 and Figure 2-6).

Nevertheless, the depression of the 1930s and then World War II diverted
attention from possible public health and environmental concerns. During the
1940s, the Idaho Fish and Game Service and the U.S. Fish and Wildlife Service
became sufficiently concerned about the death of migratory waterfowl feeding
in the lower basin that they tried to use flares, gunshots, and boats to keep
swans and geese away from the lethal feeding grounds, but they abandoned
this effort because it was unsuccessful (Chupp and Dalke 1964).

The depression initially brought depressed metal prices, leading to the
closure of many mines. However, they were saved by passage of the federal
Silver Purchase Act in 1934, which guaranteed that the government would
buy all the silver produced by American mines at twice the existing world
price (Bennett 1994). This act encouraged every mine that could produce
silver to reopen. Particularly fortunate was the Sunshine Mine, which had
discovered a very rich silver bearing ore in 1931. The Sunshine became the
most productive silver mine in the world and by itself produced more than
one-third of all the silver produced in the Silver Valley (Bennett 1994).

The advent of World War II increased the demand for metals, particu-
larly lead. But it also created a labor shortage, with many of the miners
joining the armed services. In spite of efforts by the government and the
mine owners to overcome these labor problems, production from the mines
never reached the levels it had during World War I and actually decreased
during the war years. Instead, the mines began to reclaim some of the old
tailing and waste ore stockpiles. A reprocessing mill at the old Sweeney Mill
processed some 1.2 million tons of tailings, producing 24 million pounds of
lead and 8.4 million pounds of zinc, along with over half a million ounces
of silver. Another built at Osburn Flats processed 4.4 million tons of jig
tailings to produce 54 million pounds of lead, 77 million pounds of zinc,
and 2.8 million ounces of silver (Bennett 1994). In total, 12 new mills were
built to remine waste piles as well as stockpiles of tailings. Long (1998, p. 2)
estimated that, in total, about 6 million metric tons (6.6 million tons) of
tailings have been reclaimed from creeks and dumps for reprocessing. Of
course, the reprocessing also produced tailings that again were discharged
into the rivers, so the overall environmental benefit was limited.

3Most of these deaths probably resulted from mine accidents and respiratory diseases and
not from lead poisoning. This is approximately twice the national death rate for males under
the age of 65 during this period (Bell and Miller 2002).
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BOX 2-4 The Clague Electrolytic Treatment

The Bunker Hill management recognized that the smelting process posed a
threat to the health of some of its workers. By 1920, the company had engaged in
medical experiments to counteract the effects of lead poisoning. In 1921, mining
historian T. A. Rickard wrote that the company made “beneficent use of electricity”
by providing the “Clague electrolytic method for the treatment of lead poisoning.”
As many as forty smelter workers at a time took the treatment—which consisted of
placing the patients’ arms and legs in a salt-water solution and then passing a 110-
volt current through their bodies—at the Wardner hospital. The process was in-
tended to attract lead to the electrodes in the water.

Source: Casner 1991.

THE LATER YEARS

With the return of the miners from the war and the continued high
metal prices resulting from the economic boom in the United States, com-
bined with reduced competition from abroad, ore-processing facilities were
expanded and metal production in the Coeur d’Alene region increased,
reaching a peak in the mid-1960s (see Figure 2-4). The Bunker Hill Mining
Company, for instance, increased its smelter capacity to 100,000 tons per

FIGURE 2-6 Workers taking the Clague electrolytic treatment in the 1920s. Pho-
tograph courtesy of Richard Magnuson, Wallace, ID.
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day and added additional recovery units so that by 1972 it was recovering
six different metals (Bennett 1982).

These were boom years for the valley. Another major project was the
construction of Interstate 90 in the early 1960s, which was built on em-
bankments and road beds constructed from tailings excavated from Cataldo
Flats, the central impoundment area, and other locations.

But as the economy recovered, so did concerns about the public health
and environmental contamination dangers resulting from mining. Not much
had improved in the Silver Valley (Box 2-5). Congress passed two laws in
1948, the Water Pollution Control Act and the Mining Waste Pollution
Control Act, which began to put pressure on the country’s mining industry.
The large mines began to address some of their pollution problems. An acid
plant was added to the zinc plant in 1954 to collect sulfur dioxide from
stack gases and a second one was added in 1966 (MFG 1992, p. 1-22).
Bunker Hill built a new smoke stack on its smelter in 1958 (Bennett 1982).
In the late 1940s, some of the mines began separating the sand-sized frac-
tions from the other tailings and returning the coarser materials to fill
abandoned workings (Long 1998).

By 1968, in response to state and federal pressure, all the mill tailings
were being disposed of in settling ponds rather than being discharged di-
rectly into the river* (Rabe and Flaherty 1974). In that year, Bunker Hill
also began diverting its contaminated adit drainage to the central impound-
ment area, although it was then allowed to flow into the river without
treatment, and added an acid plant to the lead smelter. In 1969, Bunker Hill
installed an improved “bag house” for controlling air emissions, and this
along with several other improvements resulted in a 90% reduction in
sulfur dioxide emissions (Bennett 1982, p. 21). The company also built a
wastewater treatment plant to treat acid mine drainage in 1974.

Passage of the Clean Air Act in 1970 and the Federal Water Pollution
Control Act in 1972 substantially increased the environmental pressures.
But public attention was particularly aroused in September 1973 when the
primary pollution-control device at the Bunker Hill smelter, the bag house,
was partially destroyed in a fire. The new owners of the facility, Gulf
Resources, decided that they would continue to operate the facility without
this pollution control. This continued until August 1974.5 During this time

4In some cases, these settling ponds, built without liners and often on top of old tailings
deposits, may have increased the flow of dissolved metals into the river while reducing the
amount of suspended sediment (Rabe and Flaherty 1974).

SCompany records made public in subsequent court proceedings indicated that this was a
very cynical decision based solely on economic considerations. The company was generating
substantial profits as a result of high metal prices, and it estimated that, based on the results
of a court case in Texas, it would probably not have to pay more than $7 million to settle any
lead poisoning lawsuits resulting from its actions (Bennett 1994).
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BOX 2-5 Living in the Valley

“Pam Nichols, an amiable florist who’s spent most of her 33 years [in the Val-
ley], remembers that when she was a child her blond hair would sometimes turn
green because of all the sulfur in the air. Others recall that, for days on end, there
would be blue skies and sunshine on the hills above town and haze so thick in
Kellogg you had to drive with your lights on. The South Fork was as white as lye
with industrial and municipal wastes. ‘Lead Creek,’ it was called, and children were
warned to stay away from it. Dogs that drank out of puddles after a rain sometimes
died. You couldn’t keep a lawn or raise a garden.”

Source: Tate 1981.

period, the smelters main stack emitted up to 160 tons per month of par-
ticulate emissions containing 50-70% lead compared to 10-20 tons per
month prior to the fire (TerraGraphics 1990). Average monthly emissions
at this time contained 73 tons of lead (ATSDR 2000), and ambient air
concentrations of lead measured as high as 30 micrograms per cubic meter
(ug/m3) (IDHW 1986).

After noting increasing levels of lead in ambient air in Kellogg, Idaho,
the Idaho Department of Health and Welfare quickly initiated a public
health investigation. This study (IDHW 1976) showed that in Smelterville,
adjacent to the smelter, 99% of the children tested had blood lead levels
(BLLs) greater than or equal to 40 ug per deciliter (dL) (the Centers for
Disease Control and Prevention [CDC] BLL of concern in 1974). Overall,
about 46% of the 919 children aged 1-9 years who were tested had BLLs
greater than or equal to 40 ug/dL (IDHW 1976). Although these were some
of the highest BLLs ever recorded, many of the basin residents remained
unconcerned (see Box 2-6).

In responding to these increased pressures, Bunker Hill spent more than
$21 million upgrading its wastewater treatment plant, installing hoods over
its blast furnaces and scrubbers on the sintering plant, and building two tall
smoke stacks (715 and 610 feet high) to further disperse its emissions and
thereby decrease ambient air concentrations of lead and other contami-
nants in the valley (Bennett 1994). At the same time, metal prices began to
fall, government price supports had disappeared, and Bunker Hill was
facing increased competition from newer, more efficient smelters (Bennett
1994). As a result, the smelter was shut down in 1981 with a loss of 2,100
jobs—approximately three quarters of the total mining employment in the
district at the time (Bennett 1994, 2004).

By 1983, when a second large human health study was conducted, the
proportion of children living closest to the smelter site with BLLs of 30 ug/
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BOX 2-6 “l Don’t Like People Poking at My Kids.”

“There’s nothing wrong with my kids,” one mother told a journalist in the early
1980s. She, her husband, and their two children lived in a small, tidy house on the
main street of Smelterville—a community with some of the highest concentrations
of lead found in the Kellogg area. Her children, ages nine and 13, both had lead
levels higher than 70 micrograms when tested during the CDC survey. She re-
fused to have them participate in any of the numerous follow-up surveys and de-
clined several offers to have them tested for neurologic or psychologic abnormal-
ities. “I don’t see any need for it,” she says. “l don't like all these people poking at
my kids, sticking their noses in where they don’t belong.” She pauses. “I don’t
know. Maybe there is more wrong than | realize, but | don’t think so.”

Many other residents agreed. Although the company had bought and demol-
ished all the residences within one-half a mile of the smelter, the citizens of Smelt-
erville protested the proposed closing of the Silver King Elementary School which
was also located within this area, even though monitors at the school showed lead
levels in the atmosphere 10 times higher than the ambient air standard. There
wasn’t enough evidence showing the high lead levels would harm their children
they argued, and when the question was put to a vote, 996 of the 1,127 ballots
cast were in favor of keeping the school open.

Source: Tate 1981.

dL or greater declined from 99% in 1974 to 19% (IDHW 1986, Table 81).
Since this time, the area around the former smelter has seen declining BLLs,
and by 2003 only 2% of children had BLLs greater than 10 ug/dL.

SUPERFUND

The final blow to the district’s mining industry was passage of the
Superfund legislation (more formally entitled the Comprehensive Environ-
mental Response, Compensation, and Liability Act) in 1980. Although much
of the impetus for the law came from a desire to clean up industrial hazard-
ous waste sites in the East, the Bunker Hill Mining and Metallurgical Com-
plex was quickly (1983) placed on the National Priorities List for cleanup.

The site, commonly referred to as the box, encompasses a rectangle, 3
miles wide and 7 miles long, running from the vicinity of Kellogg on its
eastern end to Pinehurst on its western end. This was the area most seri-
ously affected by airborne pollution from the Bunker Hill smelter (Long
2001). The U.S. Environmental Protection Agency (EPA) did not begin
cleanup actions until 1986 when they instigated a “fast-track” cleanup
targeting public areas, such as parks and playgrounds. In 1991, a record of
decision (ROD) covering the populated portions of the area (designated as
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operable unit [OU] 1) was issued; in 1992, an ROD was produced covering
the nonpopulated areas (designated as OU-2).6

During the same time period, the state of Idaho sued the existing min-
ing companies for $50 million in damages in a natural resources damage
(NRD) lawsuit. This suit was settled for $4.5 million, which went into a
trust fund to finance cleanup efforts (Long 1998). In 1991, the Coeur
d’Alene tribe filed another NRD lawsuit against eight mining companies.
One company, the Coeur d’Alene Mines Corporation, settled with the tribe.
In 1996, the United States joined the Coeur d’Alene tribe in this suit. At the
time of writing, this case is ongoing.

EPA officials said that they intended to address the environmental
problems that existed outside of the box using programs other than Super-
fund. However, they found their other tools to be inadequate, and, in 1998,
the agency announced that it was initiating the Superfund process for con-
taminated areas within the 1,500 square mile Coeur d’Alene River basin
reaching from Montana to Spokane, Washington—one of the largest Super-
fund designations in the country—to be designated as OU-3 of the Bunker
Hill Superfund site (Villa 2003).

The economic conditions and environmental pressures that had forced
the closure of Bunker Hill, the largest facility in the valley, affected many
other mines as well. During the 1980s, the population of the valley’s com-
munities fell by a quarter, incomes tumbled, and poverty rates soared. New
owners attempted to reopen Bunker Hill but declared bankruptcy in 1991
(Bennett 1994). A few mines remained in operation, but the Silver Valley
would never be the same again.

During its history, the Silver Valley could claim a number of achieve-
ments (Bennett 2004). It was the largest and richest silver-producing region
in the world, producing more than 1 billion ounces, with the Sunshine Mine
being the richest silver mine ever developed. Bunker Hill was the largest
lead and zinc mine in the United States, but was only 1 of 18 mines in the
district that produced more than a million tons. As indicated above, the
valley accounted for 18% of all the silver that has been produced by U.S.
mines, 17% of all the lead and 6% of all the zinc (Long 1998). More than
100 mines have operated in the district, including some of the deepest and
largest in the country. The total value of the metals produced by valley
mines exceeded $26 billion in 1997 dollars (Long 1998). But the legacy of
this history is also immense—environmental problems spread over hun-
dreds of square miles creating one of the largest and most expensive cleanup
challenges in the nation, a challenge that is likely to take longer to over-
come than it did to create.

For a useful chronology of mining and Superfund related events, including remedial activi-
ties, at the Bunker Hill Superfund site, see Figure 1 in EPA 2000.
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The Coeur d’Alene System

OVERVIEW

The Coeur d’Alene River basin is a large complicated system with
tremendous topographic, hydrologic, and biological variability. This chap-
ter summarizes the components of the Coeur d’Alene system that the
committee considers most important in understanding the system and evalu-
ating the likely effectiveness of proposals for the basin’s cleanup. The infor-
mation presented here forms the basis for the analyses contained in the
subsequent chapters.

The area covered by the proposed cleanup efforts being reviewed in-
cludes the Coeur d’Alene River basin (outside of the Bunker Hill box), Lake
Coeur d’Alene, and the upper reaches of the Spokane River, which drains
Lake Coeur d’Alene (see Figure 3-1). The total length of this system is 166
miles (267 kilometers [km]), and the study boundary includes an area of
approximately 1,500 square miles (almost 4,000 km?) (URS Greiner, Inc.
and CH2M Hill 2001a, p. 4-9). The final project area, however, is much
smaller, including only the contaminated portions of the basin, lake, and
Spokane River.

Socioeconomic Considerations
Historically, the growth and vitality of the communities of the Coeur

d’Alene River basin have been closely linked to the natural resources of the
region. The most obvious example is the relationship between the changes

47
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FIGURE 3-1 Map of the Coeur d’Alene River basin. SOURCE: URS Greiner, Inc.
and CH2M Hill 2001b.

in the mining industry over time and the status of the associated mining
communities. The forest resources have supported the lumber industry, and
Lake Coeur d’Alene is developing a strong recreation and tourism economy.
In addition, some members of the Coeur d’Alene tribe historically relied on
the resources of the basin to support a subsistence lifestyle.

There are also important relationships between the socioeconomic at-
tributes of the basin communities and potential risks from environmental
contaminants. The mining communities have large stocks of older housing.
Older houses are more apt to have lead-based paints, which constitute an
indoor source of lead exposure. They typically also have greater air infiltra-
tion rates than new houses, which can result in larger inputs of airborne
contaminants to the indoor environment. Households in the basin tend to
have low incomes, and basin communities exhibit high poverty rates. Re-
search on the relationships between blood lead in children and environmen-
tal and social factors has shown that blood lead levels (BLLs) tend to
increase as measures of socioeconomic status decrease (Bornschein et al.
1985). A final factor affecting human health risks for the types of contami-
nants found in the basin is the age of the people exposed. Very young
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children (less than 5 years old) are most susceptible to the neurological
effects of lead (Koller et al. 2004).

Topography

The Coeur d’Alene River basin is located in the western part of the
Northern Rocky Mountain physiographic province, extending from the
Bitterroot Mountains that run along the border between Idaho and Mon-
tana westward to Lake Coeur d’Alene, which lies near the border of Idaho
and Washington.

The river basin consists of the South Fork (299-square-mile [774 km?]
drainage area) and the larger North Fork (895-square-mile [2,318
km?2] drainage area), which merge 4 miles above the community of Cataldo.
Downstream from this confluence is the main stem of the Coeur d’Alene
River, which flows 29 miles (47 km) to Lake Coeur d’Alene. The lake then
drains through the Spokane River (see Figure 3-2).

The river basin contains three topographical types differentiated on the
basis of their stream gradients and floodplain characteristics. The first type
includes the upper reach of the South Fork from the Bitterroot Mountains
to the town of Wallace, the upper reach of the North Fork, and all the
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tributaries of the South and North Forks. These areas, which typically have
steep stream gradients and limited floodplains, are termed the upper basin.

The middle reach of the South Fork of the Coeur d’Alene River from
Wallace to Cataldo and the middle reach of the North Fork are the second
type of stream topography. In these reaches, collectively called the middle
basin, the valley has wider floodplain areas bordered by steep valley walls,
and the river gradient is more moderate.

The third type is the lower basin, containing the main stem of the
Coeur d’Alene River, which runs from Cataldo to Harrison. In this reach,
the river system is actually deltaic and the channel is backflooded by the
waters of Lake Coeur d’Alene. Here, the river channel takes on a meander-
ing pattern and, for most of the year, has an imperceptible gradient. The
floodplain in this section is quite broad containing wetlands, “lateral lakes,”
and agricultural lands.

At the bottom (western end) of the lower basin, the Coeur d’Alene
River flows into Lake Coeur d’Alene. This large and relatively deep lake is
the ultimate sink for much of the contaminated sediment being carried
down the Coeur d’Alene River.

The Spokane River drains Lake Coeur d’Alene at its north end. A dam
constructed at Post Falls near the beginning of the river controls the water
level in the lake. The Spokane River flows westward through the city of
Spokane and on to the Columbia River at Lake Roosevelt behind Grand
Coulee Dam.

Although the system can be divided into these different components on
the basis of topography, it is important to remember that this is one inter-
active system, and it needs to be viewed as such if cleanup plans are to be
successful (for an example, see Box 3-1).

Climate

Data concerning the climate in the Coeur d’Alene River basin are lim-
ited. The Coeur d’Alene River basin is typical of a “highland climate” with
substantial variations in temperature and precipitation both from year to
year and from higher to lower elevations.

Temperature and Precipitation

The upper basin experiences very high precipitation, averaging 55
inches (1.4 meters [m]) a year, of which 75-80% is in the form of snow
(Isaacson 2004). The U.S. Forest Service has recorded up to 100 inches
(2.5 m) of precipitation, with the depth of snow exceeding 18 feet (5.5 m).
In the middle basin at Kellogg, during the 30-year period of record, the
highest temperature recorded was 111°F (44°C), and the lowest was —36°F
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BOX 3-1 Riverine Systems and Fish

The fish species in the Coeur d’Alene River basin represent a valuable re-
source for recreation and subsistence living. As in most Rocky Mountain headwa-
ter streams, salmonids, including various species of trout and salmon, are a dom-
inant species, but a number of other important species are found there as well
(CH2M-Hill and URS Corp. 2001, Table 2-3).

For many of these species, the river continuum theory (Vannote et al. 1980)
demonstrates the importance of the entire hydrologic system to the health of their
populations. In general, as mountain rivers grow in size, the size of the fish, the
number of small fish, and the range in fish sizes all increase (Minshall et al. 1992).
The nature of the food available to the fish and the biotic and abiotic interactions
change along the path of the river as it moves downstream. As a river becomes
larger, there are more microhabitats and more pathways for obtaining food, and,
as a result, the range of sizes and the number of species generally increase down-
stream.

The river continuum is particularly important to salmonids in that upstream
migration patterns are an integral part of their usual life history pattern (Baxter and
Stone 1995), and this pattern links fish in a lower subbasin to habitat, prey abun-
dance, and type in an upper basin. For example, in the Coeur d’Alene River basin,
cutthroat and bull trout adults inhabit a wide variety of river habitats; however, they
return upstream to tributary streams to spawn (Woodward et al. 1995).

Connected habitats in the Coeur d’Alene basin tie upstream biotic communities
to those in downstream segments (Vannote et al. 1980; Minshall et al. 1992).
High-quality riparian habitats and substrates for benthic invertebrates (an impor-
tant food source) lead to “quality” trout stream fisheries.

For all these reasons, establishing high-quality riparian zones and desirable
channel characteristics, as well as improving water quality along the length of the
Coeur d’Alene River and its tributaries, is important to establishing and maintain-
ing healthy and diverse fish populations.

(=38°C). The average was 47°F (8.3°C) (URS Greiner, Inc. and CH2M Hill
2001b, p. 3-2).

The average annual precipitation at Kellogg was 31 inches (0.79 m). The
town of Wallace, at a somewhat higher elevation, had an average of 37 inches
(0.94 m). Most (70%) of the precipitation occurs in the form of snow in
October through April. As an indication of how variable the weather can be,
the minimum annual snowfall—16 inches (0.41 m)—occurred in 1995, and
the maximum—124 inches (3.15 m)—occurred the following year. The aver-
age annual snowfall over the period of record was about 52 inches (1.32 m)
(URS Greiner, Inc. and CH2M Hill 2001b, p. 3-2).

Normally, the snowfall melts off slowly in late spring and early sum-
mer. However, this area can experience warm winter Pacific storms that
bring a sudden onset of above freezing temperature and heavy rains on top
of the preexisting snow pack. These “rain-on-snow” events result in rapid
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snowmelt and produce an abrupt increase over the usual low winter base
flows in the river (Box et al. in press, p. 9). The basin is also subject to
intense local storms that are characteristic of mountainous areas. These
summer thunderstorms are of short duration, but they can cause significant
rill erosion, mass wasting (downslope movement of rock and soil under the
influence of gravity), and transport of colluvium and mine waste from steep
slopes as turbid water or debris flows.

Winds

The most common wind patterns in the basin are typical of the moun-
tain valley drainage phenomena. The winds flow parallel to the axis of the
valley—typically flowing gently down the valley (from east to west) at night
and in the early morning, as a result of the higher elevations cooling faster
than the lower elevations, and then reversing direction in late morning as
the sun warms the land, and the warm air begins to flow up the valley
(TerraGraphics 1990). This is almost a daily pattern if there are clear night
skies and no overriding regional weather patterns. Temperature inversions
frequently occur at night and in the early morning before the valley warms
up. However, during late summer, the area can experience strong (as much
as 70 miles per hour [113 km/hour]) dry winds. Such winds seriously
exacerbated the spread of the large forest fires experienced in 1910 and
1967 (Pyne 2001).

The winds on Lake Coeur d’Alene are less predictable, with the most

common patterns being from either the north or the south along the axis of
the lake (URS Greiner, Inc. and CH2M Hill 2001b, p. 3-3).

Mining-Related Wastes

An estimated 109 million metric tons (121 million U.S. tons) of con-
taminated mine tailings were produced by the mines and mills that operated
in the Coeur d’Alene River basin (Long 1998). Most of these tailings—56
million metric tons (62 million U.S. tons)—were discharged to the basin’s
streams. These discharged wastes contained an estimated 800,000 metric
tons (880,000 U.S. tons) of lead and more than 650,000 metric tons
(720,000 U.S. tons) of zinc. These and other mining wastes that were
discharged to the river systems intermixed with uncontaminated soils and
sediments to produce what the U.S. Environmental Protection Agency (EPA)
estimates to be more than 91 million metric tons (100 million U.S. tons) of
contaminated materials (EPA 2002, p. 2-1). Another 53 million metric tons
(58 million U.S. tons) of wastes containing 350,000 metric tons (386,000
U.S. tons) of lead and at least 650,000 metric tons (717,000 U.S. tons) of
zinc “were stockpiled along the floodplain of the Coeur d’Alene River,

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 53

placed in one of several tailings impoundments, or used as stope fill” (Long
1998).

Four basic types of wastes were discharged in the basin. The first is
“waste rock,” which is relatively unmineralized rock that is removed in
uncovering the ore veins. This waste, most of which was dumped at the
mine mouth, is relatively uncontaminated. The second type consists of the
“jig tailings” disposed in the early mining era. These are generally coarse!
materials with relatively high metal content. They were commonly dumped
into the basin streams or in waste piles near the ore-processing facilities.
The third type of waste consists of “flotation tailings,” left over from the
flotation method for processing ores, which came into use in the early
1900s. These tailings are much finer than the jig tailings and contain lower
concentrations of most metals. The flotation tailings also were commonly
dumped into the streams. The fourth type of waste includes a wide variety
of wastes discharged to the air, water, and land by the smelters and other
mining operations. The smelting facilities were located in the middle basin
in the 21-square-mile (54 km?) area addressed in operable units 1 and 2
(OU-1 and OU-2) of the Superfund site. These wastes can have a wide
range of physical and chemical characteristics.

Metals in these wastes are the contaminants of greatest concern, par-
ticularly compounds of lead, arsenic, and zinc. The risks that these con-
taminants pose to human health and the environment depend not only on
their concentration and the exposure to them but also on their chemical
form or speciation. Some compounds are more biologically available and,
therefore, pose higher risks than others.

Chemical Transformations and Toxic Effects

Metals in the environment exist in a variety of chemical forms or
“species.” For instance, zinc, a metal of primary concern in the Coeur
d’Alene River basin because of its toxicity to aquatic ecosystems, can exist
in its native mineral form (largely as sphalerite, or zinc sulfide [ZnS], also
known as zincblende or zinc ore), in other mineral forms often altered from
sphalerite (such as smithsonite, or zinc carbonate [ZnCO;], which is also a
zinc ore), in reduced sediments (as authigenic ZnS),? in solution in a com-

1Box et al. (in press) described the size ranges of jig tailing grain sizes from eight impound-
ments of jig tailings in the Prichard and Beaver Creek drainages as follows: >8 millimeter
(mm), 16%; 4-8 mm, 9%; 2-4 mm, 11%; 1-2 mm, 12%; 0.5-1.0 mm, 10%; 0.25-0.5 mm,
15%; 0.125-0.25 mm, 13%; 0.063-0.125 mm, 8%; and <0.063 mm, 6%. Tailings from the
flotation process are typically 80% by weight finer than 0.25 mm.

2Authigenic ZnS can be formed when Zn?* interacts with hydrogen sulfide (H,S) that is pro-
duced during sulfate reduction in sediments containing organic matter. Authigenic ZnS forms in
oxygen-depleted wetlands, marshy areas, and lake sediments of the Coeur d’Alene basin.
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pletely dissociated ionic state (Zn2+), or in a dissolved form complexed with
other inorganic or organic solutes. Speciation of metals is driven by a
variety of biotic and abiotic processes. Solid compounds can dissolve in
water to the ionic form. This process occurs rapidly for solids that are
soluble but slowly for those that are insoluble.

Weathering (commonly oxidation) can convert relatively insoluble
forms of minerals into more readily soluble ones (such as the conversion of
sphalerite to smithsonite or hydrozincite [Zn4(COj;),(OH).]). Weathering
occurs on surfaces, so more rapidly in minerals with increased surface area
(for example, in finely ground rock compared with large pieces). Once in
solution, ionic zinc is a reactive molecule and undergoes a variety of inter-
actions with other ions or with dissolved organic matter. These interactions
affect the solubility of the compound. For example, the formation of
authigenic ZnS will remove zinc from solution while zinc complexed to
dissolved organic matter likely will remain in solution. These are dynamic
and reversible processes, driven by a multitude of ever-changing biologic
and environmental variables (pH, oxic state, temperature, and moisture).
Thus, the potentially toxic metals exist as multiple chemical species in the
environment whose behavior and toxicity can be markedly different.

Several groups (EPA 2003, 2004a; NRC 2003) recently have pointed
out the importance of speciation in making metals bioavailable (in a form
capable of exerting toxicological effects). To exert toxicity, a metal must be
present as a species that is capable of interacting with a target site, the
target site must be accessible to the chemical, and the target site must be
available to interact with the metal. To illustrate, zinc exerts toxicity to fish
by interacting with receptors on their gills. It is expected that zinc must be
in its dissolved state to interact with these sites. If zinc is adsorbed to, for
example, ferric oxyhydroxide,? it will not be available to interact with the
sites of toxic action. Accessibility (or exposure) of the sites of toxic action is
not a constraint, because gills are in intimate contact with the water and
have an extremely high surface area to facilitate oxygen exchange between
the water and the fish’s blood. However, these sites may already be occu-
pied by other nontoxic metals with similar chemical properties, particularly
calcium and magnesium, the commonly dissolved cations that constitute
the “hardness” of water. Because these other cations also can react with the
receptor site, the toxicity of zinc depends on the concentrations of these
competitive species. Thus, the toxicity of zinc to fish is also highly depen-
dent on the hardness of the water.

In humans, the same types of interactions are important, but the organ-
ism and the environment (terrestrial instead of aquatic) are fundamentally

3Also referred to as hydrous ferric oxide.
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different. Here, lead is the metal of primary concern, and the factors limit-
ing the expression of toxicity are conversion of the metal to its ionic state
and uptake of the metal from the gut to the bloodstream. Except in expo-
sures from ingestion of water, lead is present as a solid upon ingestion or
inhalation. Similar to zinc, the ongoing process of oxidation/weathering in
the environment can convert lead sulfide (PbS), which is relatively insoluble,
to a variety of more soluble species such as lead carbonate (PbCO;).
This process is accelerated by large surface-areas-to-volume ratios (small
particle sizes) and favorable environmental conditions.

Thus, in similar environmental conditions, finely ground flotation tail-
ings may present a greater risk to humans and waterfowl than coarser jig
tailings, even though flotation tailings contain a lower concentration of
lead in them. The fine tailings have a much larger surface area per pound of
material than the coarser materials, providing much more opportunity for
the PbS in the tailings to be oxidized to a form that is more biologically
available.*

For humans, there are several other reasons why the finer particles may
present more risk. They are more likely to cling to children’s skin, which
makes them more likely to be ingested when children put their hands in
their mouths or touch food without washing their hands. They are more
likely to cling to children’s clothes and shoes, which makes them more
likely to be tracked into the house where they contribute to continuing
exposure through house dust (see discussion in Chapters 5 and 6 of this
report). They are also more likely to be picked up by breezes and become
atmospheric dust, making them more likely to be inhaled by children play-
ing outside or be carried into children’s homes (particularly, as indicated
above, in older homes that have higher air infiltration rates).

An additional reason why the finer particles may present increased risk
to waterfowl is that floods are more likely to carry the finer materials into
the wetlands and lateral lakes in the lower basin. The coarser metal-enriched
sediments tend to settle out of the flood waters near the river channel,
forming the natural levees that border the river.

Within the organism, the different lead-bearing compounds will have
various tendencies to dissociate into ionic lead (Pb2*). For example, PbS is
poorly soluble, but other lead species such as PbCOj, are substantially more

4However, there are a number of reasons why these opportunities may not be realized. The
fine tailings and coarse tailings are often found in different environmental conditions, particu-
larly with respect to the availability of oxygen. They are often deposited in different locations,
and the density of the deposits of the fine tailings makes them less permeable, and therefore
slows the infusion of oxygen. Under oxidizing conditions, fine tailings may be leached of
metal content more quickly than coarse particles. Of course, dissolved metals also may
reprecipitate in the environment through biotic or abiotic mechanisms as solid chemical spe-
cies, with a wide range of potential solubility.
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soluble. After ingestion of lead-contaminated soils, the uptake of any soluble
lead will also be modified by the presence of food in an individual’s stom-
ach, with absorption of lead declining in the presence of food. Once in the
bloodstream, lead is available to exert a toxic effect (see Chapter 5 for
further discussion).

All these factors that affect the toxicity of the wastes discharged into
the basin can be affected by environmental factors. Jig tailings initially
dumped into the river usually contained relatively insoluble metal com-
pounds that exhibit limited toxicity. However, as these materials are ex-
posed to air and water, the chemical nature of the compounds can change,
increasing their bioavailability and their potential toxicity. In addition, the
mixture of metals present may also change, so that the modifying effect of
such mixtures on the toxicity of individual metals may also change (La
Point et al. 1984).

In some cases, the indirect effects of the contamination may be a major
factor. For instance, it is not only the direct toxic effect of these contami-
nants to fish that is of concern, but also their effect on the stream benthic
organisms. These organisms are the primary source of food for the fish and
fill a number of other food-web roles including herbivorous shredders,
scrapers that consume attached algae and biofilm (“aufwuchs”), filterers
and gatherers that consume detritus and suspended phytoplankton, and
carnivorous engulfers that consume other invertebrates (Cummins and Klug
1979). They are often highly sensitive to dissolved metals and other con-
taminants, and in some parts of the basin only a few species (that are metal
tolerant) now exist (Stratus Consulting, Inc. 2000).

Furthermore, as indicated above, the presence of contaminants can
interact with other environmental factors in a way that either increases or
decreases toxic effects. For instance, in addition to being a source of con-
taminants, the high sediment loads in the Coeur d’Alene River and its
tributaries have a variety of biologic and physical effects on aquatic sys-
tems. These effects include the destruction of spawning areas, promotion of
anoxic conditions, lowering the rate of recruitment into fish and inverte-
brate populations, inhibition of respiration, and limitation of light (Hynes
1970). These types of changes are very important in assessing the risks that
the contaminants pose and what actions need to be taken to support a
return of healthy aquatic ecosystems.

Finally, the risks that these contaminants pose depend on the species
and segments of the population that are exposed to them (see Box 3-2).

THE UPPER BASIN

The upper basin, which includes the upper reaches of both forks of the
Coeur d’Alene River as well as all the tributaries to these forks, is where
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BOX 3-2 Who’s at Risk?

Metals in the Coeur d’Alene River basin pose risks that vary for different seg-
ments of the human population and species of wildlife.

For humans, young children are much more susceptible to the effects of lead
poisoning than adults because lead affects the neurological development that oc-
curs during a child’s early years. Young children also may have higher exposure
as a result of their tendency to play on lawns or on floors, and other surfaces that
may be contaminated.

For aquatic ecosystems, some varieties of fish and benthic organisms are more
sensitive than others. For example, rainbow trout are particularly susceptible to
dissolved metals, including zinc and cadmium (Davies and others 1976). There
are numerous reports of the sensitivity of trout in the Coeur d’Alene River to dis-
solved metals. Farag et al. (1998) demonstrated that trout and other biota in the
Coeur d’Alene system contain elevated concentrations of metals, and, in another
study, that the growth and survival of cutthroat trout were reduced when they were
fed macroinvertebrates from the South Fork (Farag et al. 1999). A study on trout
sensitivity to metals in Coeur d’Alene River waters indicated that trout would spend
as little as 3% of the time in contaminated water when given a choice of movement
and that the fish avoided zinc concentrations as low as 28 ug/L (Woodward et al.
1997). Studies also indicate that dietary exposure to zinc and cadmium affects the
early developmental stages of invertebrates and fish (Farag et al. 1998). Sculpin
are another fish species with high sensitivity to metals. Fish population assess-
ments conducted in the Coeur d’Alene River basin documented that these species
were absent from metal-contaminated stretches of the river where they otherwise
would be expected to be found, and they were more responsive than trout to
environmental contamination by metals (Maret and MacCoy 2002). Sculpin are
bottom-dwelling organisms that primarily feed on aquatic invertebrates. Among
the aspects of their life history that make them useful as indicators of metal con-
tamination are a small home range, inability to move during episodic events of
high metal concentrations, a close association with sediments, their propensity to
lay and incubate eggs in their range, and their failure to migrate to uncontaminated
reaches to spawn (Dillon and Mebane 2002; Maret and MacCoy 2002).

Among waterfowl, tundra swans are particularly susceptible because of their
migratory and eating habits. Most swans in the Coeur d’Alene River basin are
either en route to their northern breeding grounds in the spring or heading south
during wintering periods. They feed primarily on tubers and roots of aquatic plants
that grow at shallow depths in lakes and wetlands in the lower basin. In the pro-
cess of searching for and consuming these foods, they ingest significant amounts
of sediment, putting them at particular risk from the lead these sediments contain.

much of the early mining occurred. The major tributaries are Canyon Creek
and Ninemile Creek where the first silver and lead mines in the region were
located. During the mining era, at least 21 mines and mining complexes
operated along Canyon Creek, and at least nine operated along Ninemile
Creek (URS Greiner, Inc. and CH2M Hill 2001c, p. 2-4; URS Greiner, Inc.

and CH2M Hill 2001d, p. 2-4).
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There is still one active mine in the upper basin, the Lucky Friday Mine,
located slightly east of Mullan. This is an underground mine with an asso-
ciated flotation mill, producing silver, lead, zinc, and a small amount of
gold. Ore is processed at a rate of about 1,000 metric tons (1,100 U.S. tons)
per day, and the workings are backfilled with cemented tailings (Hecla
2004). The ore concentrates are shipped to a smelter in British Columbia.
The Lucky Friday complex employs about 100 people, although employ-
ment is likely to increase as a result of the company’s recent decision to
double its capacity by developing the Gold Hunter deposit, which lies about
a mile northwest of the existing Lucky Friday workings (Hecla 2004).

Human Community

Although large communities of miners formerly lived in the upper basin
valleys, currently there are only a few small settlements and scattered hous-
ing units in the tributary valleys. Most houses are quite old, and some lack
basic water and sewage services. There are two small incorporated commu-
nities in the upper basin, Mullan and Wallace, both located on the South
Fork of the Coeur d’Alene River. Table 3-1 shows selected demographic
characteristics for these communities compared with the state of Idaho and
the United States.

The populations of these communities, which decreased significantly
during the 1980s after the mills and many of the mines in the basin closed,
are somewhat older and poorer than is typical for Idaho. Wallace, in par-
ticular, has a high poverty rate. The housing stock is very old, with more
than 80% of the housing units built before 1960, and the number of vacant
units is very high, as would be expected in communities losing significant

TABLE 3-1 Demographic Characteristics of Upper Basin Communities

Demographic U.S. Idaho Mullan ~ Wallace
Population 840 960
Median age (years) 35.3 33.2 41.4 40.6
Older than 65 (% population) 12.4 11.3 16.8 16.0
Median household income ($ thousands) 42.0 37.6 30.4 22.1
Below poverty level (% individuals) 12.4 11.8 12.1 20.1
Unemployment rate 5.8 5.8 11.6 11.5
% with bachelor’s degree 24.4 21.7 10.8 17.2
% moved from out of state since 1995 8.4 15.3 14.8 21.8
% of owner-occupied units occupied by 9.7 6.9 22.7 14.8
the same family for >30 years
Vacant housing units (%) 9.0 11.0 19.5 27.3
Houses older than 40 years (%) 35.0 27.7 78.6 93.3

SOURCE: U.S. Census 2004.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 59

numbers of residents. A relatively high percentage of the residents in these
communities has lived in the same house for more than 30 years. These are
the households that stayed behind in spite of the economic problems that
affected the basin.

However, there are also new residents moving into these communities.
The percentage of residents who moved into these communities between
1995 and 2000 from out of state was as high as or higher than the average
for Idaho and much higher than the average for the United States.

Geology and Fluvial Geomorphology

Bedrock Geology

This portion of the Rocky Mountains is a region of high mountain
masses with steep valleys and no individually distinct mountain ranges. The
bedrock of the basin (and host rock for the ore veins) is composed of
argillite, slate, quartzite, and lesser amounts of impure, metamorphosed
dolomite. These rocks are geologically grouped into the Belt Series, a
sequence of indurated and mildly metamorphosed sedimentary rocks in
northern Idaho, western Montana, and parts of British Columbia and Wash-
ington. Belt Group rocks were originally clay, silt, and fine sand layers
deposited along the continental margins of a Precambrian sea between
1,500 and 1,400 million years ago (Winston 2000). The sediment layers
have been indurated, folded, and faulted. In the Coeur d’Alene mining
district, the rocks are intensely fractured and veined with minerals. Folding
has so crumpled the layers that most dip at angles steeper than 45°.

The zone of intense shearing and faulting is along a regional structure
known as the Lewis and Clark line, extending westward from central Mon-
tana to Spokane. Along this line, stream valleys such as the South Fork of
the Coeur d’Alene River are guided by the zones of more easily eroded
fractured rock.

The myriad fault and fracture zones along the Lewis and Clark line also
contain the mineralized zones of the Coeur d’Alene mining district. The ore
deposits are in veins composed primarily of quartz and siderite (FeCO;).
The ore veins are separated into two major types by mineralogy: (1) lead-
and zinc-rich veins have argentiferous galena (PbS) and sphalerite (ZnS),
and (2) silver-rich veins having argentiferous tetrahedrite [(Cu, Ag),,(Fe,
Zn),(As, Sb),S,;] and minor amounts of galena and sphalerite (Balistrieri et
al. 2002a). Pyrite (FeS,) is ubiquitous but variable in abundance in the ore
veins. Most veins contain small amounts of chalcopyrite (CuFeS,) and
minor amounts of other minerals including arsenopyrite (FeAsS) and pyr-
rhotite (Fe,_S). The veins generally range from a few millimeters to 3 m in
thickness, but some are up to 15 m thick (Hobbs and Fryklund 1968; URS
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Greiner and CH2M-Hill 2001b, p. 3-15). In the early development of the
district, oxidized ore mined from the Bunker Hill, Sullivan, Last Chance,
Morning, and Standard-Mammoth deposits contained significant amounts
of cerussite (PbCO,), and locally massicot (earthy yellow PbO), and natural
litharge (red PbO). Anglesite (PbSO,) was notably absent (Ransome and
Calkins 1908). Oxidized ore in the upper levels of these ore bodies was
mined for the PbCO; and wire silver. However, by 1904 only one mine had
a large deposit of carbonate ore remaining. The lower limit of oxidized ore
in the district was very irregular, with carbonate noted in vugs and fractures
to several hundred feet, but at the Bunker Hill Mine, unoxidized galena was
discovered at the surface (Ransome and Calkins 1908, pp. 97, 133). The
existence of PbCOj; ore is important because it has greater bioavailability
than sulfide ore and probably is present in the early jig tailings.

Beyond the main ore bodies, higher concentrations of sulfide minerals
occur in proximity to an igneous stock and along the major faults. Zones of
disseminated sulfide minerals extend tens to hundreds of meters outside of
veins at the Lucky Friday Mine (White 1998). Within the stratified rocks,
only the argillite and quartzite of the Pritchard Formation contain appre-
ciable disseminated sulfide in the lower part of the formation, occurring as
fine FeS, and/or Fe,_S in the argillite (Hobbs et al. 1965; URS Greiner and
CH2M Hill 2001b, p. 3-8).

Soils and Sediments

The natural hillsides have podzolic forest soils, with 10- to 19-inch-
(25- to 50-cm)-thick upper, dark-brown horizons containing 2-5% organic
matter. The soils are described as loamy skeletal soil, meaning mixed rock
fragments with the soil fines having a clay content of 3-18% with the
remainder being silt and sand. Soils are naturally acidic with a pH of 5.6-
6.5, and cation exchange capacities of 15-30 milliequivalents (meq)/100
grams (g) in the upper 10 inches (25 cm) (NRCS 2003).

The thickness of soil and loose rock on hill slopes is variable. Bedrock
exposures are common, but hill slope colluvial hollow and foot slope accumu-
lations up to 10 m (33 feet) thick of mixed rock and fines are common.
Differences in soil types and thickness and vegetation are expected between
north- and south-facing slopes because of sun exposure and moisture retention.

The hillsides and hollows adjacent to former mining operations are
covered with piles of waste rock and jig tailings. Waste rock dumps are
uncrushed rock materials containing little metal removed during the active
mining phase and placed just outside the mine openings. Jig tailings are the
relatively coarse-grained materials left over from the inefficient jigging pro-
cess that was used in the late 1800s and early 1900s to concentrate the ore.
This process left tailings with relatively high metal concentrations. Some of
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the jig tailings were deposited in the waste rock dumps, some were placed in
other repositories, but most, at least initially, were dumped into the upper
basin tributaries to wash downstream (see Chapter 2). In the late 1960s, the
dumping of mine tailings into surface water was stopped and tailings were
collected in repositories or tailings ponds. The largest upper basin tailings
pond is the 66-acre (27-hectare) Hecla-Star tailings pond at the bottom of
Canyon Creek containing about 2.1 million cubic yards (1.6 million m?3) of
material (URS Greiner, Inc. and CH2M Hill 2001¢, p. 2-7; URS Greiner,
Inc. and CH2M Hill 2001e, Appendix ], Table A-5).

Stream Channels

The stream segments in the upper basin have relatively steep gradients
(>60 feet/mile [11 m/km]) and flow through narrow valleys in canyons with
steep walls. Before the beginning of mining, the streams would have been
typical mountain streams characterized by step-pool and plain-bed chan-
nels (Montgomery and Buffington 1997) lined predominantly with bedrock
or cobble-boulder beds. Boulders, large logs, and log jams likely gave some
degree of channel stability, providing hydraulic steps and pools and some
sediment storage. The upper basin streams typically had little or no flood-
plain along their length, although some of the creeks did have discontinu-
ous forested floodplains up to a few hundred meters (about 1,000 feet)
wide (see Figure 3-3).
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FIGURE 3-3 Upper and middle reaches of the Coeur d’Alene River showing val-
ley fills and towns. SOURCE: Box et al. 1999.
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During the early mining era massive amounts of relatively coarse jig
tailings were dumped into these channels, causing them to aggrade. Since
then, many reaches of these streams have been artificially channelized, and
remediation projects have excavated some of the contaminated tailings and
placed them in unlined and uncapped repositories out of the active channel
ways (Harvey 2000; URS Greiner, Inc. and CH2M Hill 2001¢, p. 3-4 to
3-14). In the more heavily mined tributaries such as Canyon and Ninemile
Creek, the alluvial flats are underlain by 20-40 feet of alluvium (URS
Greiner, Inc. and CH2M Hill 2001¢, Fig. 2.1-1; Houck and Mink 1994,
Fig. 10). The surficial layer of jig tailings in lower Canyon Creek is 2-4 feet
thick (Houck and Mink 1994, p. §5).

These streams are still transferring metal-enriched sediments into the
Coeur d’Alene River. Canyon Creek, for instance, is estimated to be dis-
charging an average of 2,200 metric tons (about 2,400 U.S. tons) (equiva-
lent to 1,360 m3 or 1,780 cubic yards) of sediment a year to the South Fork
at Wallace (URS Greiner, Inc. and CH2M Hill 2001c, Table 3.2-1). Most
of this sediment is likely to be composed of native sediments mixed with
tailings heavily contaminated with lead and other metals.

Hydrology

Surface Water

The upper basin streams display flow variations typical for mountain
streams. Canyon Creek, for instance, has a base flow discharge estimated to
be 10-15 cubic feet per second (cfs) (280-425 L/s), and the ten-year flood is
estimated to have a peak flow about 100 times this base flow. The mini-
mum discharge is less than 0.5 cfs (14 L/s) (URS Greiner, Inc. and CH2M
Hill 2001¢, p. 2-16). EPA’s study of the upper basin tributaries (for ex-
ample, Canyon and Ninemile Creeks) found that high waters overflow the
banks an average of once every 1.5 years (URS Greiner, Inc. and CH2M
Hill 2001c, p. 2-18; URS Greiner, Inc. and CH2M Hill 2001d, p. 2-14).
However, a more recent study by the U.S. Geological Survey (USGS) finds
that “the ratio of runoff to precipitation has increased, especially since the
early 1960s. Some tributary streams that once ran bank-full or more about
twice in 3 years now run bank-full 5 or 6 times a year. As a result, rates of
erosion, sediment transport, and deposition also have increased” (Book-
strom et al. 2004a).

High water flow events carry significant amounts of sediment that are
derived from erodable materials in the river bed, river banks, and flood-
plain (Box et al. in press). In contrast, low flows carry the highest concen-
trations of dissolved contaminants. The low flows are fed entirely by
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groundwater discharges, and the high contamination levels result from the
percolation of these waters through tailings deposits.

Groundwater

In the upper basin, there are basically two types of groundwater aqui-
fers. The first is the bedrock groundwater system, which flows through
fractures in the relatively impervious bedrock. The recharge to this system
occurs primarily from rainfall and snowmelt in the mountains and from
stream flow and riparian aquifers losing water to bedrock in the lower
reaches of streams. The underground mining operations effectively created
a system of drains tapping the fracture systems and, as a result, much of the
bedrock aquifer groundwater discharges into old mining operations and
appears as “adit flow.” The second type of aquifer is the shallow aquifer
existing in the alluvium, tailings, and waste rock along the valley floor. The
recharge to this system comes from seepage from the stream and discharges
from the bedrock aquifer as well as from precipitation and snow melt.
These surface aquifers are the source of the late summer “base flows” in the
streams.

Dissolved Metals

Processes controlling the metal loading of groundwater are not known
with certainty. Groundwater flow rate, water acidity, presence of carbonate
minerals, fluctuating water tables, and chemical processes in the unsatur-
ated zone are important factors that contribute to the high variability of
dissolved metals in the groundwater.

The USGS sampled water draining from adits and seeping from be-
neath tailing piles for both total and dissolved metals (Balistrieri et al. 1998,
2002a). The investigators reported the following mean values for dissolved
zinc concentrations: adits (other than the Kellogg Tunnel), 5.8 mg/L;
tailings-seeps, 66 mg/L; groundwaters, 38 mg/L; and the Coeur d’Alene
River, 3.4 mg/L (Balistrieri et al. 2002a). The zinc concentration is highly
dependent on the pH of the water, and carbonate minerals in the soil can
reduce acidity (Balistrieri et al. 2002b).

Discharges from the bedrock aquifer contain relatively low concentra-
tions of dissolved metals. Even the adit drainages contribute few dissolved
metals. Most adit drainage waters are not acidic (pH = 6.5-7.8) and, there-
fore, have limited capacity to dissolve metals. The few adit drainages in the
upper basin that have significant concentrations of dissolved metals (Suc-
cess, zinc at 50 mg/L; Gem, zinc at 16 mg/L) have low flow rates (0.02 and
0.2 cfs [0.5 and 5 L/s], respectively), which yield relatively small loads
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(Balistrieri et al. 1998). The average zinc loading from all of the adits in the
major upper basin mining areas (Canyon Creek, Ninemile Creek, the upper
reaches of the South Fork, and Pine Creek) is about 71 pounds (Ibs) per day
(URS Greiner, Inc. and CH2M Hill 2001¢, p. 4-106; 2001d, p. 4-77; 2001f,
p. 4-68; 2001g, p. 4-44). This is about 2% of the total dissolved zinc load
at the mouth of the Coeur d’Alene River.

More significant contributions of dissolved metals come from dis-
charges from the shallow aquifers that exist in the alluvium, waste rock,
and tailings deposited on the sides and bottoms of the stream valleys. Zinc
concentrations in the seepage from many of these areas are in the 10-20 mg/L
range but can be substantially higher (for example, the zinc concentration
from a seep in the Ninemile Creek drainage was 350 mg/L) (URS Greiner,
Inc. and CH2M Hill 2001d, p. 4-77). This suggests the ease of oxidation of
ZnS under these conditions. However, the highest concentrations were
generally associated with low flow rates. Measurements of seeps draining
abandoned tailings piles have shown high concentrations of dissolved met-
als in Ninemile Creek and Canyon Creek (Balistrieri et al. 1998; URS
Greiner, Inc. and CH2M Hill 2001c¢, p. 4-106; URS Greiner, Inc. and
CH2M Hill 2001d, p. 4-77). Because the flow rates were low, these seeps
contributed relatively little to the dissolved zinc load (an average of 11.2 lbs
per day for the two seeps measured in Canyon Creek and 11.7 lbs per day
for the three seeps measured in Ninemile Creek) (URS Greiner, Inc. and
CH2M Hill 2001c, p. 4-106; 2001d, p. 4-77). The total contribution of
these tailings and waste rock piles, however, cannot be determined from the
available data because so few measurements were made, and because much
of the flow through these deposits probably enters the underlying aquifer
directly rather than appearing on the surface as seeps.

The other shallow aquifer discharges result from seepage of surface
water into, and subsequently out of, the valley floor aquifers. A study of
one of these aquifer systems showed seepage into and out of a 3.3 mile (5.3
km) stretch of alluvium underlying the downstream portion of Canyon
Creek occurring at a rate of 3-5 cfs (85-140 L/s), with the return seepage
flows high in dissolved zinc (650-30,000 ug/L) and other solutes (Houck
and Mink 1994; Barton 2002). The estimated amount of dissolved zinc
entering the stream from shallow aquifer discharges along this 3.3 mile
stream segment was 150 lbs (68 kg) per day. This average load value is
based on measurements during the low-flow months of September and
October 1999. The contribution may be significantly higher at most other
times of year when groundwater elevations are higher.

In total, however, EPA estimates that the upper basin streams contrib-
ute less than one-third of the total dissolved zinc loading measured to the
Coeur d’Alene River (URS Greiner, Inc. and CH2M Hill 2001a, Figs. 5.3.5-
8,9,10). Canyon Creek makes the largest contribution, 15% of the total,
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with Ninemile Creek next at 7%. The South Fork above Wallace and all the
other tributaries contribute 2% or less (see Figure 3-4 for details on zinc
loadings during water year 1999-2001).

Station 2, Station 3,
Canyon Creek Canyon Creek 40 ft'/s, 13 pg/L Station 1,

nr Burke at mouth 1,000 Ibs/yr | SFCDR near Mullan
38 ft'/s, 7.4 ug/L) 56 ft'/s, 1,700 g/

560 Ibs/yr 190,000 Ibs/yr

Y

40 ft'/s, 3.0ug/L| Station 5,
< | 2401bs/yr Placer Creek
\

242 ft'/s, 650 ug/L Station 6,
310,000 Ibs/yr SFCDR at Silverton
Station 7, | 9ft'/s,69ug/L| 3
Moon Gulch | 1,200 Ibs/yr v
390 ft'/s, 620 pg/L| Station 8,
480,000 Ibs/yr | SFCDR at Elizabeth Park

Station 4, |18 ft'/s, 2,300 ug/!
Ninemile Creek | 84,000 lbs/yr

Station 13, (€——41t'/s,5,000ug/L|  Station 9,
Prichard Creek 35,000 Ibs/yr | Government Guich
at Prichard
217 ft'/s, 32 g/l 3 X
<«——| 180 ft'/s, 93 ug/L| Station 10,
14,000 1bs/yr 33,000 Ibs/yr | Pine Creek
Y
. . 636 ft'/s, 810 ug/L Station 11
Station 12, Station 14, K P
NFCDR nr Prichard i NFCDR at Enaville 1,000,000 Ibs/yr | SFCDR near Pinehurst
>

3,800 Ibs/yr 46,000 Ibs/yr

| 796 ft'/s, 2.4 g/l >| 2,140 /s, 11 pg/L)
v

2,880 ft'/s, 210 ug/L|  Station 15,
1,200,000 Ibs/yr | CDR near Cataldo

2,890 ft'/s, 240pug/L|  Station 16,
1,400,000 1bs/yr |CDR near Harrison

\ 4
2,470 ft'/s, 1.3 pg/L| Station 17,
Coeur dAlene " 6,400 bs/yr | St Joe River
Lake
413 ft'/s, 2.5 ug/] Station 18,
2,100 Ibs/yr

St. Maries River

Station 19,

7,190 ft'/s, 71 pg/
Spokane R. near Post Falls

980,000 lbs/yr

Station 20,

7,640 ft'/s, 60 ug/L , X
Spokane R. at 7-Mile Bridge

900,000 lbs/yr

Station 21,

8,340 ft/s, 42 g/l Spokane R. at Long Lake

730,000 1bs/yr

FIGURE 3-4 Sources of zinc in the Coeur d’Alene River in water years 1999-
2001. Boxes for each location (station) present mean annual stream discharge,
mean flow-weighted concentration, and mean annual load of total zinc. SOURCE:

Clark 2003.
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Ecologic Community

Before the beginning of mining, the hills and valleys of the Coeur
d’Alene River basin were heavily forested. The hillsides were covered with
a rich mixed-conifer forest of Douglas fir, grand fir, ponderosa pine, west-
ern larch, and western white pine, and the valleys were forested with cedar
and lodgepole pine, cottonwood, and other riparian trees. Red cedar boles
and large logs that fell into streams provided pool habitat for fish, sediment
storage, and some degree of channel stability (Harvey 2002, p. 8).

Much of the original timber was cut down during the mining era for
building construction, mine-shaft support, and fuel, or it was destroyed by
fires such as that of 1910, which burned much of the basin above Kellogg
(Hart and Nelson 1984; Pyne 2001). Over the past half century or longer,
however, the forests have been allowed, and in some cases actively encour-
aged, to regenerate, and as a result the natural vegetative cover on the valley
slopes is returning. The basin contains National Forest, Bureau of Land
Management, state of Idaho, and private lands that can be leased out for
timbering. For instance, there has been extensive timbering along the North
Fork of the Coeur d’Alene River. The timbering often results in increased
runoff and sediment (Idaho Panhandle National Forests, 1987, 1998, 2002;
CBFWA 2001).

Although the return of the forests to most of the upper basin area has
reestablished the habitat needed by the wildlife species that naturally in-
habit such areas, the foresting operations and construction and mainte-
nance of the logging roads continue to reduce the value of this habitat.
Much of the basin has a very high logging-road density (greater than
4.7 linear miles of road per square mile [2.8 km/km?]) (CBFWA 2001,
p. 62).

Aquatic Habitat

Upstream of the areas affected by mining operations, the upper basin
streams are relatively healthy. EPA has found that the fish, such as cut-
throat trout and sculpin, and the benthic communities are diverse and
healthy (CH2M-Hill and URS Corp. 2001). Abundant trout populations
can even be found in some upper basin river segments affected by mining.
For instance, the South Fork of the Coeur d’Alene River above Wallace has
an average dissolved zinc concentration of approximately 190 ug/L, about
five times the ambient water-quality criteria (AWQC), but the trout density
is quite high, similar to that in morphologically similar reaches in the St.
Regis River, which has not experienced serious mining impacts (Stratus
Consulting, Inc. 2000). However, sculpin, which would be expected to be
abundant in the South Fork and its tributaries, do not fare so well. A recent
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study (Maret and MacCoy 2002) demonstrated that sculpin were absent
from stretches of the river where zinc concentrations exceeded the AWQC.

The quality of the aquatic and riparian habitat along many of the upper
basin streams affected by mining remains severely degraded. Efforts to
reestablish vegetation in the tailings deposits along the upper basin stream
channels usually have been relatively unsuccessful (URS Greiner, Inc. and
CH2M Hill 2001c, p. 1-1). These problems, combined with high concen-
trations of dissolved metal, result in the streams showing a substantial
reduction (and in some segments elimination) of native fish species and a
decline in the diversity and abundance of benthic macroinvertebrates (URS
Greiner, Inc. and CH2M Hill 2001b, p. 3-51).

THE MIDDLE BASIN

Before the mining era, the river segments in the middle basin would
have had the characteristics of braided streams, with their beds predomi-
nantly composed of gravel and having a relatively shallow depth (except
during flooding). The floodplains were described as heavily forested or
marshy (Box et al. 1999, p. 5).

Most of the large mining communities and large ore-processing facili-
ties were located along the middle reach of the South Fork of the Coeur
d’Alene River. These communities, with their housing, mine-processing
facilities, and transportation facilities, are built on top of and, in the case of
the railroad and interstate highway embankments, largely out of the vast
amounts of mine tailings deposited in this reach. The original Bunker Hill
Superfund site lies in the middle of this reach. This site, commonly called
“the box,” is a rectangular area that runs from Kellogg on the east to
Pinehurst on the west and contains the Bunker Hill smelter and all the other
facilities, residences, and land within its 21-square-mile (54-km?) area. The
site is composed of two OUs designated OU-1 (for populated areas) and
OU-2 (for the rural and former industrial areas) and was the focus of
cleanup efforts begun in the early 1990s. Although EPA has excluded the
box from consideration in its plans for OU-3, it continues to be a major
source of dissolved metals in the lower Coeur d’Alene River.

There are currently two active mines in the middle basin. One is the
Galena Mine located 2 miles west of Wallace, and the second is the Bunker
Hill Mine located in Kellogg. In addition, a group of investors is reported to
be exploring the possibility of reopening the Sunshine Mine located near
Kellogg® (Sterling Mining Company 2004).

SThe Sunshine Mine was the richest silver mine in American history with more than 360
million ounces of production over the past century. It was also the site of the 1972 mine-fire
disaster that killed 91 miners (USMRA 2004).
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The Silver Valley/Galena Mine is located southwest of Silverton in the
valley of Lake Creek. Silver and some copper are recovered by a flotation
mill, producing a silver-rich concentrate, which is sold to third-party smelt-
ers in Canada. Flotation tailings are separated into coarse and fine fractions
at the mill, and the coarse tailings pumped back into the mines to use as
backfill. The fine fraction slurry is piped down Lake Creek to the South
Fork valley and then to the 60-acre Osburn tailings ponds, situated at the
southeast end of the Osburn Flats. The fines are settled in the impoundment
and the clarified water decanted and carbon/charcoal filtered before waste
water is discharged to the river (EPA 2001). The mine, which produced
165,000 tons of ore and 3.7 million ounces of silver in 2003, employs about
200 people. Development work at the mine is ongoing and production is
expected to increase approximately 40% by 2006 (Coeur d’Alene Mines
Corporation 2004; Gillerman and Bennett 2004).

The Bunker Hill mine is, at present, a much smaller operation. Its
owner reports that he occasionally mines 18-36 metric tons (20-40 U.S.
tons) of ore per day and employs nine people (Robert Hopper, Bunker Hill
Mine, personal commun., April 14, 2004). If silver or zinc prices were to
rise substantially, this mine might be able to return to commercial produc-
tion, although it faces a number of problems related to the disposal of its
mining wastes and adit drainage.

Very little development has occurred along the North Fork. Although
several mining operations took place in the tributaries of the North Fork,
the only settlements are Prichard at the very top of the North Fork water-
shed and Enaville at the junction with the South Fork. The main activity in
the North Fork basin is lumbering. The dense logging roads and forestry
operations are a major source of erosion and high sediment loads in the
North Fork.

Human Community

From a socioeconomic standpoint, the most significant recent event in
the middle basin was the closure of the Bunker Hill smelter in August 1981.
The resulting loss of about 2,100 jobs caused significant declines in the
populations of the basin’s communities (Bennett 1994). As indicated in
Table 3-2, the middle basin communities reflect these events, showing many
of the same characteristics of the upper basin communities.

These communities are mostly larger than those in the upper basin.
The median age of residents is older than for the rest of Idaho and the
United States, but, compared with the upper basin communities, the me-
dian age is younger and a smaller proportion of the residents have been
living in the same house for more than 30 years. Another major difference
from the upper basin communities is that a significant portion of these
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residents—more than 26% in Smelterville—live in mobile homes (U.S.
Census 2004).

In terms of structure, the families in these communities are more typical
of state and national averages, with 5-8% of the population less than 5
years old, compared with 4-4.5% for the upper basin communities. A
significant percentage of the families moved here recently, but average
household incomes are low, and poverty rates are high.

Geology and Fluvial Geomorphology

The bedrock forming the valley walls in the middle basin has the same
geological characteristics as that in the upper basin, and a number of major
mining operations have taken place along the middle reach of the South
Fork. As a result, in several areas, the hill slopes are covered with the same
sorts of waste rock and tailings as are found in the upper basin. A major
difference in the soil characteristics is found in the hills on the south side of
the South Fork from Kellogg to Smelterville where acidic emissions from
the Bunker Hill smelter substantially contaminated the soil, preventing the
reestablishment of vegetation. The lack of vegetation, in turn, has made the
hills subject to sloughing and erosion. Sampling of the soils on the hillsides
above east Smelterville found mean concentrations of lead at approximately
9,000 mg/kg (TerraGraphics 2000, p. 6.11), making them a concern for
recontamination of the remedial work completed in residential areas of
the box.

The major geomorphic differences between the upper basin and the
middle basin are in characteristics of the river and the valley floor. Below
the confluence with Canyon Creek at Wallace the valley floor widens, the
valley fill becomes thicker, and the river slope begins to gradually flatten.
The valley fill beneath the floodplain increases in thickness from less than
30 feet (9 m) at Wallace to 80 feet (24 m) at Kellogg to 140 feet (43 m) at
Smelterville (Dames and Moore 1991) and is largely comprised of pre-
mining depositional sediments (Figure 3-5). However, much of the flood-
plain is covered with jig-bearing alluvium with an average thickness of
approximately 4 feet (1.3 m) (Box et al. 1999).

In its natural state, the river here would have exhibited the characteris-
tics of a braided stream. The widening of the channel and floodplain in the
middle basin would have caused a reduction in flood-water depth and
velocity, resulting in the deposition of flood-entrained bedload deposits.
The main channel would have switched back and forth across the flood-
plain, building up deposits of sand-to-cobble-sized alluvium (Box et al.
1999, p. 5).

The rate of deposition substantially accelerated after mining began,
because tailings were disposed directly into streams. By 1903, tailings depo-
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FIGURE 3-5 Diagram looking downvalley and geologic cross section of valley fill
of the South Fork of the Coeur d’Alene River valley west of Kellogg showing
aquifer units and wells. SOURCE: modified from Dames and Moore 1991.

sition over the broad valley floodplains at Osburn Flats and Smelterville
Flats resulted in barren wastes of gray jig tailings 1-2 feet thick through
which projected the dead stumps of trees (Box et al. 1999, p. 8; Bookstrom
et al. 2001, p. 24).

In addition to the flood deposits, mines and mills operating along the
middle reach have deposited substantial volumes of tailings and other wastes
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directly on the floodplains or in unlined large repositories. The largest
include the central impoundment area (CIA) at Bunker Hill containing 18.5
million m3 (24.2 million cubic yards) of various wastes, and Page Pond
containing 1.6 million m3 (2.1 million cubic yards) of tailings (URS Greiner,
Inc. and CH2M Hill 2001e, Appendix J, Table A-8). The Osburn Flats
tailings pond (containing about 2.7 million m? [3.5 million cubic yards] of
material) currently receives slurried tailings from the active Galena Mill
that are settled in the impoundment. A number of other large contaminated
sites, ranging in size from 10 to 30 hectares (25 to 75 acres), are associated
with the facilities located within the Bunker Hill complex (URS Greiner,
Inc. and CH2M Hill 2001g, Table 4.1-2).

The dumping of large amounts of tailings into the stream’s tributaries
overwhelmed the river’s ability to carry these sediment loads downstream.
In an effort to address complaints from downstream farmers about their
fields being covered with contaminated materials, wood-piling and cribbing
dams were constructed in the channel to contain the sediments, but these
were rapidly overtopped and later washed out (Box et al. 1999).

However, efforts to “stabilize” the river channel continued. As de-
scribed in the remedial investigation (RI): “to accommodate the infrastruc-
ture, and to make room for storing and disposing of mining wastes in the
floodplain, the channel of the South Fork Coeur d’Alene River has been
moved, channelized, armored, and otherwise altered, with only a few
reaches still resembling a natural river” (URS Greiner, Inc. and CH2M Hill
2001b, p. 2-11). Remediation efforts carried out pursuant to the ROD for
OU-2 again moved the river channel to allow about 1.2 million cubic yards
(0.91 million m3) of mine waste to be removed from the Smelterville Flats
area (EPA 2000; EPA 2004Db [July 27, 2004]).

The river continues to carry large amounts of sediment downstream.
From 1988 through 1998, EPA’s contractors estimated that the average
annual sediment load passing Pinehurst, downstream of Smelterville,
amounted to almost 20,000 metric tons (22,000 U.S. tons), which is equiva-
lent to about 12,000 m3 (16,000 cubic yards) (URS Greiner, Inc. and CH2M
Hill 2001f, p. 3-42). During 1996, a year experiencing a large flood, the
load was almost 70,000 metric tons (77,000 U.S. tons). About half of this
load was made up of fines (<63 wm diameter) (URS Greiner, Inc. and
CH2M Hill 2001f, p. 3-42). These data emphasize the important role of
heavy floods in distributing metal-contaminated sediments throughout the
system.

By the time the suspended sediments reach the middle basin, the metals
in the fines have had ample time to oxidize and thereby become biologically
available. USGS investigators used scanning electron microscopy with x-ray
detection of elements and leaching studies to characterize the speciation of
lead in samples that were collected from the floodplain and the river and
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found that iron and manganese oxides were present and appeared to be
host phases for lead, which was also present as PbCO; and PbSO,. They
concluded that the galena was oxidized within about 6 miles (10 km) of the
original deposit (Balistrieri et al. 2002a).

The North Fork of the Coeur d’Alene River joins the South Fork at the
bottom of the middle basin. The North Fork drainage basin is 3 times larger
than that of the South Fork, so stream flow is usually 2.5-4 times larger
from the North Fork. Mining operations were located on the Prichard and
Beaver Creek tributaries of the North Fork, but these do not contribute
significant mining waste. The concentrations of metals in water and sedi-
ment of the North Fork are low, usually below the EPA screening levels
(URS Greiner, Inc. and CH2M Hill 2001h, p. 5-4), and the North Fork
supports a good fishery for the westslope cutthroat trout (Abbott 2000).
Therefore, flow and sediment transport from the North Fork dilute the
South Fork metal concentrations below their confluence.

Although extensive logging activity in the basin probably has increased
the magnitude of flood flows in the North Fork, at similar flows (4,000 cfs)
(113 m?/s), the South Fork transports 38 times the suspended sediment and
72 times the bedload of the North Fork (Clark and Woods 2001, Figs. 10,
18). However, because the North Fork drains a larger area, it carries more
water. For instance, the peak flood flow with a recurrence interval of 2
years on the South Fork is 3,660 cfs (103 m3/s) carrying 1,203 metric tons
per day (1,327 U.S. tons per day) of sediment (including both suspended
sediment and bedload). On the North Fork, the flood with a 2-year recur-
rence interval is almost 4 times larger (15,100 cfs [428 m3/s]) and carries 5
times the sediment (6,590 metric tons [7,264 U.S. tons] per day) (Clark and
Woods 2001, Figs. 10, 18, p. 18, 26; Berenbrock’s 2002 estimates of flood
recurrence). Data from 1996 (a flood with >50-year recurrence interval)
and 1997 (a flood with 3-4 year recurrence interval) show that larger
dilutions of metal-rich with metal-poor sediment may occur in large flood
events than in the annual snowmelt flood (Box et al. 2005). In the 1996
event, lead concentrations in suspended sediment below the confluence
with the North Fork were approximately 42% of the upstream concentra-
tions while in the 1997 event, downstream lead concentrations were 73 %
of the upstream concentrations (Box et al. 2005).

Base flow of the North Fork is estimated to be 200-250 cfs, compared
with 80-100 cfs on the South Fork, so the high concentrations of dissolved
zinc that are harmful to aquatic life are diluted by the relatively uncontami-
nated flows from the North Fork. This dilution should result in concentra-
tions in the main stem base flow water that are 25% to 35% of the concen-
trations in the South Fork water.

In the 1999-2000 water year, the South Fork delivered about 20% of
the total lead load to Lake Coeur d’Alene; the remaining 80% is derived
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from erosion along the course of the main stem Coeur d’Alene River below
the confluence of the North Fork (Clark 2003, Fig. 12). Of the approxi-
mately 850,000 metric tons of mined lead historically lost directly or indi-
rectly to streams, Bookstrom et al. (2001, Table 15) roughly estimate that
24% (200,000 = 100,000 metric tons) still resides as sediments in the South
Fork drainage.

Hydrology

Surface Water

Several stream gauging stations in the middle reach of the South Fork
provide intermittent data from 1967 to the present. The major stations are
at Silverton, downstream from Wallace (which has the longest record, al-
though it was not in service from 1988 through 1997); Elizabeth Park,
upstream of Kellogg; and Pinehurst, downstream of Smelterville. At
Silverton, the average flow rate was about 250 cfs (7.1 m3/s) and the base
flow was estimated to be between 50 and 60 cfs (1.4-1.7 m3/s) (URS Greiner,
Inc. and CH2M Hill 2001f, p. 2-21).

Flooding

The Coeur d’Alene River frequently experiences significant floods in
late spring as a result of snow melt and, less frequently, winter floods as a
result of rain-on-snow events (see Figure 3-6). Figure 3-7 shows the esti-
mated frequency of peak flood discharges for Elizabeth Park and Pinehurst.
At Elizabeth Park, the spring floods typically flow in the range of 1,000 cfs
for several weeks, with peaks of 2,000-3,000 cfs (56-85 m3/s). Heavy rain-
storms in the spring can produce temporary, sharp runoff peaks on top of
this continued snowmelt runoff (Box et al. in press, p. 9). Major spring
floods occurred in 1893, 1894, 1917, 1948, 1956, and 1997 (S. E. Box,
USGS, unpublished material, 1994, as cited in Bookstrom et al. 1999,
p. 18). The largest winter floods resulting from rain-on-snow events oc-
curred in 1933, 1974, and 1996.

These flood flows transport substantial amounts of sediment downstream
(Clark and Woods 2001, Figs 10, 18). The threshold for bedload movement
in the South Fork at Silverton is about 200 cfs (5.5 m3/s), and a spring flow of
2000 cfs (56 m/s) transports S0 metric tons/day (55 U.S. tons/day) of
bedload, and more than 300 metric tons/day (330 U.S. tons/day) of suspended
sediment (Clark and Woods 2001). Measurements at Pinehurst showed a
transport of 250 metric tons/day (275 U.S. tons/day) of bedload, at 1,830 cfs
(52 m3/s) and 1,500 metric tons/day (more than 1,600 U.S. tons/day) of
suspended sediment in flows of 3,600 cfs (about 100 m?3/s).
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FIGURE 3-6 Coeur d’Alene River flood history, 1886-1997. Annual peak flows
and water-surface elevations at Dudley and Cataldo, Idaho, during winter and
spring flood events (dashed line depicts flood stage when entire floodplain is inun-
dated). SOURCE: Bookstrom et al. 2004b.

The largest and most damaging floods, however, occur as a result of
rain-on-snow storms. The first major flood after the beginning of mining
resulted from such an event in December 1933. Now considered to be the
50- to 100-year flood, the peak flow at Pinehurst may have been 17,000 cfs
(480 m3/s). The floodwaters broke out of diked channels through Kellogg
and severely eroded the northeast corner of the Bunker Hill tailings im-
poundment (Box et al. 1999, p. 5). All the Smelterville Flats north of the
railroad were flooded, and tailings were deposited over the flats. However,
little of the jig-tailings-aggraded floodplain above Kellogg was flooded.

Another winter flood in January 1974 exceeded that of 1933 and is
considered the 100-year flood. Extensive damage occurred where tributary
streams enter the South Fork valley, but little overbank flooding occurred
along the South Fork. Some damage did occur to dikes, road and railroad
embankments, and bridge abutments (Box et al. 1999, p. 12).

A third major winter flood occurred in February 1996. That flood had
a peak flow of 11,700 cfs (330 m?3/s) at Pinehurst, slightly less than the flow
of the 1974 flood (Beckwith et al. 1996) and only the floodplains in the
bottom reach of the middle basin were inundated by this event (Box et al.
1999, p. 12). The USGS found suspended sediment concentrations of 410-
1,900 mg/L during this flood (Beckwith et al. 1996), which indicates that
the river could have transported as much as 32,000 metric tons of sus-
pended sediment per day (equivalent to about 20,000 m3 or 26,000 cubic
yards per day).
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These rain-on-snow floods are of short duration. Stream discharges
increase and peak sharply before they tail off over a few days. These events
have produced the largest peak flows of record (1933, 1974, and 1996),
reaching 9,600 cfs (270 km/s) at the Elizabeth Park gauge. Multiple-storm
winter floods include those of 1917, 1933, 1961, and 1982. Single-storm
winter floods include those of 1946, 1951, 1964, 1974, 1980, 1990, 1995,
1996, and 1997 (S. E. Box, USGS, unpublished material, 1994, as cited in
Bookstrom et al. 1999, pp. 17-18).

Groundwater

In addition to the bedrock aquifer and the shallow aquifers found in the
upper basin, the middle basin also has a deeper aquifer system within the
valley fill separated from the surface aquifer by the relatively impermeable
layer of silt and clay (Figure 3-5). The deeper aquifer system begins a little
east of Kellogg where it is 20-50 feet (6-15 m) thick and becomes thicker in
the lower river reaches. This aquifer is a source of well water for many
basin residents who are not on municipal systems that obtain their water
supply from up-basin surface-water sources. It is recharged by the bedrock
aquifers and by seepage through the shallow aquifers. Having been formed
before mining began, this aquifer is composed of relatively uncontaminated
materials. There is no information about the possibility that groundwater
in the aquifer is being contaminated by seepage from the more contami-
nated waters that lie above it.® This aquifer was not evaluated in the 2001
RI (URS Greiner, Inc. and CH2M Hill 2001f, pp. 2-17, 2-18).

6There is also apparently no information about how many people depend upon this aquifer
as a source of water supply although there are a large number (thousands) of private, unregu-
lated drinking water sources in the study area (EPA 2002, Table 6.3-3).

FIGURE 3-7 Estimated recurrence of peak flood flows for the Coeur d’Alene
River. (a) South Fork at Elizabeth Park and Pinehurst; (b) main stem at Cataldo
and the North Fork at Enaville. Solid lines are curves plotted from data of Beren-
brock (2002), which considered basin and climatic characteristics and fit log-
Pearson type III distribution to peak flow data through 1997. Berenbrock (2002)
indicates a standard error of peak flow prediction from 40-70%. The dashed line is
the curve plotted from data from the U.S. Army Corps of Engineers (USACE 2001),
which derived the flood frequency by separating the winter rain flood and spring
snow melt floods into separate flood series by cause (rain- versus snow-melt-
generated floods), computing individual frequency curves for each series, and then
combining the curves by the probability equation of union into a single flood-
frequency curve. Analysis of flood data for the Cataldo gauge indicates that the
winter rain-on-snow events dominate the combined frequency curve above the 10-
year-flood level. The longest peak-flow record is from Cataldo (1911-1999), and
the maximum flood of record was 79,000 cfs in January 1974.
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Dissolved Metals

The bedrock aquifer historically has created some contamination prob-
lems, particularly in the adit drainage from the Bunker Hill Mine. This
drainage is highly acidic (pH = 2.8), has a high concentration of dissolved
metals (110 mg/L of zinc), and has a significant flow rate (3-4 cfs [85-115
L/s]) (Box et al. 1997). The Bunker Hill adit water has been treated to
remove metals since the mid-1970s, eliminating what was previously the
largest point source of zinc to the South Fork (about 2,000 Ibs/day [1,000
kg/day]) (Box et al. 1997). Bunker Hill adit water continues to be treated
using the central treatment plant (CTP), and the sludge from the CTP is
disposed in an active, unlined containment pond on top of the CIA, located
in the Bunker Hill box (EPA 2004b [July 27, 2004]).

Currently, the shallow aquifer systems are the major contributors to
the high levels of dissolved metals found in the river, particularly during the
low flow periods in late summer and fall when surface water concentrations
often exceed 2 mg/L Zn (Clark 2003, Figs. 4 and 6). Infiltration and seep-
age through the 1-2 m of tailings-contaminated sediments distributed over
the floodplain, as well as infiltration into, and seepage from impoundments
and tailings ponds contribute high metal loads to the groundwater in the
shallow aquifer. Many of the groundwater monitoring wells in the shallow
aquifer have total metals exceeding 10 mg/L, most of which is dissolved
zinc (TerraGraphics 1996, p. 34-36, 2005). Zinc levels in the Government
Gulch area adjacent to the former smelter have exceeded 100 mg/L (EPA
2000, p. 4-9).

In the past, one of the most important sources has been the seepage
from the CIA (Rouse 1977). One of the seep areas is so localized that it has
created piping and subsidence of the bed of Interstate 90 (Dawson 1998).
However, the current and likely future contributions from this source are
disputed (EPA 2004c; Rust 2004). These seeps still appear to be discharging
into the river under the Interstate 90 embankment (see Rust 2004), but EPA
believes that it has largely corrected this problem by installing an imperme-
able cap on the CIA and diverting the Bunker Hill adit drainage directly to
the wastewater treatment plant rather than ponding it on top of the CIA
(EPA 2004c). However, water-containing sludge is still disposed into a
large unlined pit on top of the CIA. The effect of remedial actions on the
metal content of groundwater and metal loads entering the river was uncer-
tain as of 2001 (Borque 2001; EPA 2000; TerraGraphics 2001). Interim
studies suggest some progress in reducing metal loads; however, groundwa-
ter remains heavily contaminated in this area, and continued seepage still
contributes a high load of dissolved zinc to the river.

Another major source of dissolved metal loadings is groundwater re-
turn flow to the river, most of which occurs below the surface of the river.
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Typically, the river loses flow to the groundwater in reaches where the
valley aquifer widens and regains groundwater return flow (generally with
a significant dissolved-metal load) where the valley aquifer narrows. The
USGS investigated river-flow losses and metal loading by the return flow
along two reaches in the middle basin: a 4.8-mile (7.7-km) reach at Osburn
Flats and a 6.5-mile (10.5-km) reach in the Kellogg-Smelterville area (Barton
2002). These measurements were made in July, near the end of the high
stream flow and then during the September and October 1999 base flows.
For the Osburn Flats reach, Barton (2002) estimated that seepage flow
carried 218 lbs (99 kg) of dissolved zinc per day into the river. The Kellogg-
Smelterville reach was estimated to contribute 730 Ibs (122 kg) of dissolved
zinc per day.

EPA had the study of the Kellogg-Smelterville reach reproduced in
2003 after some of the major remedial actions at Bunker Hill had been
completed. The new study showed 63% less zinc (464 lbs/day) and 19%
less cadmium coming from this reach (CH2M Hill 2004). However, lower
groundwater levels in 2003 than in 1999 also may account for some of the
difference. The higher 1999 levels could have resulted both in a greater
groundwater flux and in the groundwater rising through aquifer materials
that previously had substantial opportunity to oxidize, thus making the
metal more soluble. It is also possible that in-stream remedial activities
occurring during the 1999 study could have released additional dissolved
metal into the South Fork of the Coeur d’Alene River.

Substantial additional investigation will have to be completed to obtain
a thorough understanding of groundwater-movement dynamics and the
incorporation of dissolved metals from the aquifer materials.

EPA estimates that 41% of the total zinc loading in the Coeur d’Alene
River as it enters Lake Coeur d’Alene comes from the area included in the
box (URS Greiner, Inc. and CH2M Hill 2001i). The increase in zinc load-
ings as the South Fork travels from Mullan to its mouth is shown in Figure
3-8 and in more detail during the 1999-2000 water year in Figure 3-4. EPA
estimates that the river is carrying 23% of the total zinc load when it
reaches Osburn. By the time it gets to Pinehurst, it is carrying 78%. The
North Fork adds another 7% when it joins the South Fork above Cataldo.
The remaining 15% is picked up, presumably from pore water of the river-
bed sediments and groundwater seeping through the river banks, between
Pinehurst and the mouth of the river at Harrison.

Ecologic Community

Before the mining era, the valley walls in the middle basin, like the
upper basin hills, were heavily forested. Large white pine flourished in the
valley bottom, and large red cedars grew in marshy areas. Grassy openings
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FIGURE 3-8 Zinc loadings to the Coeur d’Alene River as a percent of the total
loadings at Harrison. SOURCE: Data from URS Greiner, Inc. and CH2M Hill
2001i.

were sparse (Box et al. 1999, p. 5). The riparian areas also contained alder
and large cottonwoods. Wildlife was probably plentiful and diverse, and
the waters would have supported large populations of native fish such as
cutthroat trout, bull trout, mountain whitefish, and sculpin.

The settlement and establishment of mining activities in the basin sub-
stantially degraded all of these habitats. The hills and valleys were logged
to provide timber for building structures and for fuel. The river was chan-
nelized, blocked, overwhelmed with mine tailings, and contaminated.

As in the upper basin, some of the hill forests have regenerated over the
past century. However, the hillsides adjacent to Smelterville, Wardner, and
Kellogg are contaminated with heavy metals from smelter emissions (Terra-
Graphics 2000; Sheldrake and Stifelman 2003), and an area of about 1,050
acres remained denuded of vegetation in 2000 (EPA 2000, p. 4-21). Soils on
these hillsides have high acidity and lack organics and nutrients for native
plant revegetation. EPA and the state of Idaho have attempted to replant,
treat with lime, and hydroseed these hillsides to reestablish a natural veg-
etative cover. As of the first S-year review, however, these efforts have not
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been successful in reestablishing ground cover (EPA 2000). Very little refor-
estation has occurred on the valley floor, much of which is covered by
settlements, roads, former mill sites, and waste repositories that support
little more than grasses.

Nor has the river channel recovered. Many of the problems created
during the 20th century remain and, at least from an ecologic perspective,
in some cases, have gotten worse with the increased channel stabilization
that has accompanied new construction activities (such as the construction
of an interstate highway through the valley), remediation efforts under-
taken pursuant to the records of decision (RODs) for OU-1 and OU-2, and
attempts to reduce flooding.

Although the middle basin historically has been the most affected by
mining activities, fish still exist in this stretch of the river. However, fish-
species richness and fish-population abundance are reduced, and sculpins (a
species particularly sensitive to metals) are largely absent. No fish are present
in the most heavily affected areas (CH2M-Hill and URS Corp. 2001,
p. 2-23). The benthic macroinvertebrate community, particularly down-
stream from the box (as measured by diversity, Ephemeroptera, Plecoptera,
Trichoptera [EPT] index, and abundances) has improved through the 1980s,
especially after direct discharge of tailings ceased. However, the benthic com-
munity remains affected and metal-sensitive taxa (such as mayflies) remain
largely absent (Stratus Consulting Inc. 2000).

THE LOWER BASIN

The lower basin differs in almost all respects from the upper and middle
basin of the Coeur d’Alene River. In this reach, the river becomes deeper
and takes on a meandering pattern with its bed predominantly composed of
sand and silt. The river gradient is nearly flat, and during much of the year
the river is essentially an arm of Lake Coeur d’Alene. In low flow, the
channel is confined by natural levees bordered by broad floodplains con-
taining wetlands, “lateral lakes,” and agricultural lands. The dominant
feature of this reach is extensive and rich wetland wildlife habitat, with
little human settlement.

Human Community

Although housing units are scattered along the few roads in the lower
basin and some settlements such as Cataldo are located there, the popula-
tion is small and the U.S. census does not provide any information about
communities in the lower basin. The small town of Harrison, located at the
mouth of the river, actually lies predominantly outside the lower basin,
along the shoreline of Lake Coeur d’Alene and is included with the lake
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communities. The committee lacks formal demographic data, but informal
observations suggest that the lower basin is a transition zone, reflecting
some of the aspects of the communities higher in the basin but also showing
signs of being part of the growing recreational development, which charac-
terizes Lake Coeur d’Alene.

Geology and Fluvial Geomorphology

The dominant geological feature in the lower basin is the change from
steep valley walls to broad alluvial floodplains. The floodplains are bor-
dered by steep hillsides, but the hills are relatively low. The lower Coeur
d’Alene River valley is essentially the delta of the Coeur d’Alene River into
Lake Coeur d’Alene. Here, the lake waters naturally backflood the river
channel all the way to the Cataldo Mission. This arm of the post-Ice Age
lake was progressively filled with sediment as the delta front (now near
Harrison) migrated down-valley. The deep river channel feeding the delta
front is carved into earlier fine-grained delta-front lake deposits as it ex-
tends down-valley, and the cohesive character of these deposits has inhib-
ited significant lateral migration of the channel through time. Portions of
the lake became isolated by the lengthening river channel and its levees,
creating what are known as lateral lakes. These lateral lakes gradually
shallow and infill with marsh deposits. At Cataldo Flats, the valley-fill
sediments are about 160 feet (50 m) thick, and below Rose Lake (less than
10 miles [16 km] below Cataldo), the thickness has increased to 400 feet
(120 m) (URS Greiner, Inc. and CH2M Hill 2001j, p. 2-2). The river has a
typical meandering pattern in the lower reach, with point bars at the inside
of meander bends. Although there are older, prehistoric meander scrolls
through the lower reach (Bookstrom et al. 2004a), there has apparently
been little channel migration since the mining era began (Box 2004).

The floodplains vary in width from about 1,000 feet (300 m) at Cataldo
to about 3 miles (5 km) near the river’s mouth. Along the lower reach,
distributary streams and man-made canals diverge from the river, connect-
ing to lateral lakes, which range to more than 600 acres (250 hectares), and
thousands of acres of wetlands. The soils here are rich enough to support
substantial wetlands vegetation. Approximately 9,500 acres (3,800 hect-
ares) of floodplain along this reach have also been converted to agricultural
use (CH2M-Hill and URS Corp. 2001, p. 2-29).

The metal-contaminated deposits on the floodplain of the lower seg-
ment are thinner than those along the middle stretch and generally are
composed of finer materials. Metal-enriched levee silt and sand deposits
extend across bank wedges and natural levees, generally thinning to 1.5 feet
(0.5 m) at a distance of about 260 feet (80 m) from the channel banks (see
Figure 3-9) and fining away from the river, toward lateral marshes and

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 83

lakes. In these lateral marsh areas, approximately 6-17 inches (15-44 cm) of
dark gray, metal-enriched silt and mud overlie the silty peat deposited
before the mining era (Bookstrom et al. 2001, p. 24). The soil near the
distributary streams and man-made canals carrying water to these lakes
and wetlands may be covered by thicker and metal-enriched sand splays
deposited by floods as they overtop the river banks. These splays fan out
across the floodplain, typically cover a couple of hundred acres (about 100
hectares), and are several meters thick near the river, tapering to less than
1.5 feet (0.5 m) at their end (Bookstrom et al. 2001, p. 25, Fig. 8).

Another location with heavily contaminated sediment cover is Cataldo
Flats, where the mining companies deposited contaminated materials
dredged from the river channel. These dredged materials cover 2,000 acres
(800 hectares) to a depth of 25-30 feet (7.5-9 m) (URS Greiner, Inc. and
CH2M Hill 2001j, p. 2-6). During the first 2 years of operation, the dredge
removed 1.8 million metric tons (2 million U.S. tons) of material from the
channel, but each year the channel filled up again during the flood season
(URS Greiner, Inc. and CH2M Hill 2001j, p. 2-6). The dredge continued
operating until 1968.

The river channel has much thicker layers of contaminated sediments
covering the premining materials. This contaminated channel sand is typi-
cally 9 feet (2.6 m) thick across the 260-foot (80 m)-wide channel (Book-
strom et al. 2001, p. 23). The fact that the channel deposits are substan-
tially thicker than the floodplain deposits suggests that the premining river
channel in this reach was much deeper than it is today. This is supported by
a 1932 report quoting steamboat operators who remembered the channel
being navigable “with 40 to 50 feet of water” (12-15 m) up to Cataldo
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FIGURE 3-9 Cross-section of Coeur d’Alene River near Killarney Lake showing
lead content of sediments in cores from the channel and floodplain. SOURCE:
Balistrieri et al. 2002a.
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(URS Greiner, Inc. and CH2M Hill 2001j, p. 2-6). By 1932, the river had
“only 12 to 15 feet (3.5 to 4.6 meters) of water in the main channel in this
region, both the channel and the main stream being obstructed here and
there by large bars of mine wastes and tailings” (URS Greiner, Inc. and
CH2M Hill 2001j, p. 2-53).

The USGS estimates that the river bed contains 51% of the lead in the
entire lower basin (Bookstrom et al. 2001, Table 12). These channel depos-
its are mostly silty fine-to-medium sand (Bookstrom et al. 2004b, slide 22;
Box 2004, slide 19).

Metal-enriched sand and silt also form oxidized bank-wedge deposits
along the river channel, covering the premining-era levees of gray silty mud.
However, the metal content of bank material at the upper end of the lower
basin is relatively low (about 2,000 mg/kg) (compared with bank deposits
in other reaches) as a result of the contaminated sediment carried by the
South Fork being diluted by the clean sediment coming in from the North
Fork (Box 2004, slide 28).” The volume of riverbank material is about 1.7
million cubic yards (1.4 million m3), and it contains 4% of the lead in the
lower basin (Bookstrom et al. 2001).

The remaining 45% of the lead in the lower basin is in the subaerial
levees (10%), in sediments spread over the floodplain and deposited in the
lateral lakes and marshes (18%), or in the dredge soils on Cataldo Flats
(17%) (Bookstrom et al. 2001; Box 2004). The only wetlands and lateral
lakes in the lower basin that do not receive frequent deposits of contaminated
sediments are those located south of the railroad embankment, which forms
a protective levee (Bookstrom et al. 2004a). In the 1999-2000 water years,
approximately 80% of the lead load transported to the lake at Harrison was
derived from the main stem river below the confluence of the North and
South Forks (Clark 2003, Fig. 12). The peak flow in that year was about
27,000 cfs or a spring flood with a 3- to 4-year recurrence (Figure 3-7).

The preceding discussion suggests that the major source of high-metal-
content sand and silt remobilized during floods is bedload scoured from the
channel and that the main-stem channel, therefore, is a major source of
metal-contaminated material that is delivered to the lateral lakes, marshes,
and Lake Coeur d’Alene.

Complicated chemical processes occur once the sediments are depos-
ited in the oxygen-scarce wetlands and lake bottoms. These processes tend

"However, by 11 km downstream of the confluence, the recent-flood-deposited bank mate-
rial again has a high metal concentration (4,500 parts per million). It appears that the high-
metal-content sandy bank deposited in the 1995 and 1996 flood flows in the lower main stem
is derived mostly from scouring and redepositing the high-metal-content channel material
(Box 2004, slide 28).
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to make the metals more biologically available as described in a recent
USGS report (Bookstrom et al. 2004a):

In reducing environments of marshes and lakes, metallic oxy-hydrides,
transported from oxidizing environments on levee uplands, are reduced.
Reduction breaks down metallic oxy-hydrides and releases metallic ions,
which combine with sulfide ions (produced by sulfate-reducing bacteria)
to form authigenic sulfidic-metallic materials that are non-stoichiometric
and amorphous to nano-crystalline. These materials have enormous sur-
face area, and are much more chemically reactive than detrital grains of
crystalline metallic sulfide minerals. The lead in these authigenic sulfides
is therefore much more bio-reactive and bio-available than the lead in
detrital grains of galena.

Hydrology

The flow of the main stem of the Coeur d’Alene River is gauged at
Cataldo, where the mean annual flow for the 1911-2003 record is 2,531 cfs
(72 m3/s), with late summer flows below 500 cfs (14 m3/s) (USGS 2004).
Flow in the lower main-stem channel is nearly imperceptible for most of the
summer and fall. Bank erosion during this period occurs from waves gener-
ated by wind and boat wakes. Because these low flows result primarily
from groundwater discharge, they contain high levels of dissolved contami-
nants such as zinc.

Since 1886, 13 major floods have inundated the floodplain of the Coeur
d’Alene River valley, and 26 lesser floods have flooded much of the valley
floor (Figure 3-6). Since mining began, the extent and severity of overbank
flooding has probably increased as a result of channel aggradation caused
by sedimentation of mine wastes and reduced forest cover. During flood
flow, the river breaks out into natural or artificial channels and through
levee breaches to the large lateral marshes and lakes. During large floods,
levees are overtopped and most of the valley floodplain is inundated. Such
overtopping is relatively common, having a recurrence period of 1.5 years
(URS Greiner, Inc. and CH2M Hill 2001j, p. 2-14).

Because the floodplain of the Coeur d’Alene River generally slopes
away from the tops of the natural levees that flank the river, if floodwater
overtops the levees or flows through low passes in the levees, it tends to
cover most of the floodplain. Annual spring floods commonly inundate the
lower valley, and major spring floods inundate most of the floodplain. The
more severe rain-on-snow winter floods commonly occur when the lake
level has been drawn down so that the hydraulic differential in the segment
is unusually high. One result of this difference is that a given amount of
winter flood flow is less likely to overtop the river levees than the same
amount of spring flow. However, because the winter rain-on-snow floods
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usually move more quickly, they are likely to scour more tailings sediments
from the channel and, if they do overtop the levees, deposit them on the
floodplain.

Ecologic Community

Before mining began, the natural levees along the lower reach of the
river would have been extensively forested with cottonwood and alder
trees. These natural vegetative types continue to exist today, although prob-
ably in less abundance because of the covering of the natural levees with
contaminated sediment and man-made alterations along the banks for rec-
reational and other purposes. The wetlands and uplands vegetation in the
downstream reach of the Coeur d’Alene River were not significantly af-
fected by the mining operations. However, extensive areas have been cleared
and drained for agricultural purposes (for pasture and cropland) and for
urban and recreational development.

The lateral lakes and wetlands provide areas for waterfowl nesting,
feeding, and other activities. Twenty-five species of waterfowl have been
identified in the vicinity of the lateral lakes during spring and fall migra-
tions, and more than 280 bird species are found throughout the Coeur
d’Alene River basin (CH2M-Hill and URS Corp. 2001, p. 2-17). As de-
scribed in Chapter 7, the contaminated sediments are implicated in the
poisoning of many waterfowl every year and may be having negative im-
pacts on other species of birds using these habitats (CH2M-Hill and URS
Corp. 2001, p. 2-25).

Tundra swans are particularly vulnerable to lead exposure and intoxi-
cation for multiple reasons. In particular, swans that occupy the Coeur
d’Alene River basin to a large degree are either en route to the northern
breeding grounds during their migratory period or heading south during
wintering periods. Therefore, when they arrive in the Coeur d’Alene River
basin, they are searching for available habitat, particularly for food and
resting areas. With their long necks, tundra swans can, as they feed, easily
reach sediments beneath a meter of water. In the process of sifting through
sediments, often searching for root tubers and other food products, tundra
swans ingest sediment. In the Coeur d’Alene River basin—in particular the
lateral lakes feeding areas—the sediment can be heavily contaminated with
lead. With such feeding habits, and with their preference for the habitats of
the lateral lakes which are heavily contaminated, tundra swans are at a
great risk. The risk is confirmed by substantial data on swan mortality in
the Coeur d’Alene Ecological Risk Assessment (CH2M-Hill and URS Corp.
2001). See further discussion in Chapter 7 of this report.

The main stem of the Coeur d’Alene River holds many species of fish,
including native salmonid species and several exotic (that is, introduced)
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species such as rainbow trout, chinook salmon, bass, tench, northern pike,
and tiger muskellunge, although apparently there is not enough informa-
tion to determine the status of the fish populations (URS Greiner, Inc. and
CH2M Hill 20011, p. 2-24) or the diversity and abundance of benthic
macroinvertebrates.

Numerous cold-water and warm-water fish species inhabit the lateral
lakes and the Idaho Department of Fish and Game actively manages a
warm-water fishery in several of these lakes. Populations of 19 nonnative
fish species, such as rainbow trout, chinook salmon, bass, tench, northern
pike, and tiger muskellunge, have been introduced into these lakes as well
as the main stem of the river. These introductions have substantially altered
the dynamics of the system (CH2M-Hill and URS Corp. 2001, p. 2-24) and
have complicated the effort to protect many native species such as cutthroat
trout (for example, through the introduction of predators).8

LAKE COEUR D’ALENE

Lake Coeur d’Alene is a large body of water approximately 25 miles
(40 km) long with a width of 1-2 miles (1.6-3.2 km) along most of its
length. The lake has a surface area of approximately 50 square miles (130
km?2) and 133 miles (215 km) of shoreline. The lake has become a heavily
used tourist and recreational facility—for both boating and fishing—for
residents throughout the Northwest.

Human Community

Most of the shoreline of Lake Coeur d’Alene is relatively unpopulated,
although residential development on the shoreline is increasing. There are a
few settlements at the south end of the lake, which lies within the reserva-
tion of the Coeur d’Alene tribe, but the only two communities included in
the U.S. census are Harrison (at the mouth of the Coeur d’Alene River) and
the city of Coeur d’Alene (at the north end of the lake). Table 3-3 summa-
rizes some of the demographic characteristics of these communities.

Harrison shows the same high poverty rates and older population as
the communities in the middle and upper basin, but the housing stock is
generally newer. It is experiencing a rapid influx of new residents, a greater
percentage of residents has graduated from college, and the median income
is substantially higher.

8The Natural Resources Damages Assessment found only 11 species of native fish in the
Coeur d’Alene basin compared with 19 species of nonnative fish found there (Stratus Consult-
ing, Inc. 2000).
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The city of Coeur d’Alene, however, is a relatively large community
that has been growing rapidly (a 73% increase from 1980 to 2000) (Idaho
Department of Commerce 2004). The median age of the population is
below the national average, although almost 15% of the residents are more
than 65 years old, suggesting that the community is becoming a retirement
community. The median household income is substantially higher than that
of other communities in the basin, although it is below the Idaho and
national averages. The poverty rate and the unemployment rate were lower
than those for basin communities, and, most dramatically, almost 30% of
the housing units were built after 1990, and almost 80% of the residents
had been living in their homes for 10 years or less in 2000. This rapid
growth and change has been fueled largely by growth in tourism and recre-
ational developments. This trend has been echoed in much of the area
around the northern end of the lake with the construction of vacation
homes.

The reservation for the Coeur d’Alene tribe encompasses the southern
part of the lake. The U.S. census found 4,465 people living on the reserva-
tion in 2000, and about 17% of those identified themselves as American
Indians (U.S. Census 2004).

Geology and Geochemistry

Lake Coeur d’Alene was created by the catastrophic glacial-outbreak
floods from the Pleistocene Lake Missoula. These floods filled the lower
Coeur d’Alene River Valley with coarse outwash forming a massive dam
blocking the river near the city of Coeur d’Alene. The lake filled behind this

TABLE 3-3 Demographic Characteristics of Lake Coeur d’Alene

Communities
Coeur
Demographic U.S. Idaho Harrison  d’Alene
Population 267 34,514
Median age (years) 35.3 33.2 46.1 34.8
Older than 65 (% of population) 12.4 11.3 19.5 14.8
Household income ($ thousands) 42.0 37.6 35.8 33.0
Unemployment rate (%) 5.8 5.8 7.3 7.9
Below poverty level (% individuals) 12.4 11.8 20.3 12.8
% with bachelor’s degree 24.4 21.7 29.4 19.5
Moved from out of state since 1995 (%) 8.4 15.3 251 21.8
% of owner occupied units occupied by 9.7 6.9 7.4 4.6
the same family for >30 years (%)

Vacant housing units (%) 9.0 11.0 21.0 6.3
Houses older than 40 years (%) 35.0 27.7 46.5 28.2

SOURCE: U.S. Census 2004.
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natural dam, flooding the valleys of the Coeur d’Alene River and the St. Joe
River (the lake’s other major tributary) to the south. Except near its outlet
and the mouths of its major tributary rivers, the banks of the lake are
formed by the rock of the ancient valley walls, rising to low hills.

The maximum depth of the lake exceeds 200 feet (61 m), and its
average depth is 70 feet (21 m). The Pleistocene lake was originally some-
what higher than it is now, extending up to about Kellogg (Box et al. 1999,
p. 5). The erosion of the channel through Missoula flood gravels by the
Spokane River gradually lowered the lake’s surface elevation to the bedrock
at Post Falls. The lake level was then raised slightly with the construction of
a dam at Post Falls in 1906.

The Coeur d’Alene River has carried immense amounts of sediment—
containing 300-400 thousand metric tons (350-440 thousand U.S. tons)
of lead—into the lake (Bookstrom et al. 2001, Table 15). Horowitz et al.
(1995a) estimated that 75 million metric tons (83 million U.S. tons) of
metals-contaminated sediments had been deposited on the bottom of Lake
Coeur d’Alene since the onset of mining. The coarser sediments tend to
settle near the point where the river enters the lake, forming 20-foot
(6-m)-thick delta-front deposits of metal-enriched sand that slope from
the river-mouth bar almost a kilometer (0.6 mile) from the delta front to
the bottom of the lake (Bookstrom et al. 2001). Finer sediments have been
carried farther into the lake, creating a metal-enriched sediment layer up
to 119 cm (3.9 feet) thick closest to the Coeur d’Alene River delta, thin-
ning to 10-14 cm (4-5.5 inches) near the city of Coeur d’Alene® (Horowitz
et al. 1995a).

Lake-bottom sediment samples (one sample per km?2) have a mean lead
concentration of 1,900 mg/kg but range up to 7,700 mg/kg (Horowitz et al.
1993, p. 410, 1995b). Nearshore areas show much lower levels. For in-
stance, seventeen beaches and common-use areas along Lake Coeur d’Alene
tested for lead contamination showed an average lead concentration of less
than 200 mg/kg for all sites except Harrison Beach, which averaged 1,250
mg/kg (URS Greiner, Inc. et al. 1999). Harrison is adjacent to the mouth of
the Coeur d’Alene River where, as indicated above, the deposition of sedi-
ment from the river continues to build a large delta out into the lake.

Some of the fine contaminated sediment is carried completely across
the lake and into the Spokane River. This process is particularly evident
during spring floods (see Chapter 4 of this report for further discussion).

9Very little contaminated sediment has been found in the far southern part of the lake.
However, some landowners in this area are concerned about possible contaminants leaching
out of the railroad embankment and causing serious localized contamination problems (Hardy
2004). The committee’s charge did not include evaluation of this issue, and the committee has
not evaluated it.
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EPA estimated that in water year 1999, approximately 50% of the
dissolved zinc input was converted into the particulate form within the lake
(URS Greiner, Inc. and CH2M Hill 2001k, p. 5-90), which presumably
settles to the lake bottom. Soluble zinc within the lake will interact with
biotic and abiotic components in the water column that are capable of
affecting the disposition and transport of the metal. For instance, soluble
zinc coming from the Coeur d’Alene River will associate with phytoplank-
ton (and become sorbed to the organic matrix of the cell or incorporated
into the silica in diatom frustules). Upon dying, the phytoplankton fall out
of the water column and become incorporated in sediments. Zinc also may
associate with dissolved or particulate organic matter or with inorganic
species, particularly ferric oxyhydroxides. Samples taken from the lake
bottom contain a ferric oxyhydroxide flocculent material that is enriched in
zinc (Woods 2004).

The fate of the zinc within the sediments is complex, related to the oxic
state of the sediments and the geochemical associations. The zinc can re-
main bound to organic or inorganic substrates, or it can become soluble
after oxidation. The oxidation of organic matter in the sediment requires a
terminal electron acceptor. Oxygen and nitrate, both electron receptors,
become depleted near the sediment-water interface. Below this, sulfate be-
comes reduced to sulfide. The sulfide reacts with iron and trace metals, such
as cadmium, copper, lead, and zinc (Di Toro 2001), which results in the
formation of amorphous metal monosulfide precipitates, such as FeS, PbS,
and ZnS, that will effectively sequester zinc.

The solubility of FeS is greater than that of CdS, CuS, PbS, and ZnS.
Consequently, FeS is a reservoir that provides sulfide to react with cad-
mium, copper, lead, and zinc. The solubility of metals from the metal
monosulfides is less than that of the metals associated with ferric oxyhy-
droxide or particulate organic matter. There are limited data for the lake
sediments in which this speciation has been determined. Tests that have
been conducted suggest that not all the zinc and lead are present as ZnS and
PbS, but that some metal is contained in other forms, likely associated with
ferric oxyhydroxide or particulate organic matter (Harrington et al. 1999;
Horowitz et al. 1995a; see Chapter 4 for further discussion).

The geochemistry of the lake bottom is of concern because the pro-
cesses occurring there determine the extent to which the metals in the
contaminated sediments will become biologically available and thus a risk
to the fish and benthic populations. If the metals remain in the insoluble
form, these risks are reduced. Maintaining a lake environment that will
keep these metals insoluble is a primary goal of a lake management plan
being developed (see Chapter 8 of this report).
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Hydrology

With the construction of Post Falls Dam in 1906, the control gates
allowed the lake level to be raised 6-7 feet (2 m). In 1940, the dam was
raised another foot (0.3 m). The dam gates are used to reduce outflow from
the lake and to control lake level at a fixed elevation from about June to
September. In September, the power company manipulates the gates to
increase the outflow rates for power generation and cause the lake level to
fall about 1.5 feet (0.5 m) per month until mid-November to provide stor-
age capacity for spring runoff. From mid-November to May or June, the
gates are fully open, and the lake seeks its natural low winter level. After
spring runoff, the gates are again used to control outflow and lake level.

Lake levels are also affected by flood flows entering the lake from the
Coeur d’Alene and Saint Joe Rivers (see Figure 3-10). These floods can raise
the water level 12-14 feet (about 4 m). The 1933 flood raised the lake level
19 feet (5.8 m) above the winter low (Kootenai County 1998).

In 1999, USGS investigators also observed the spring flood with its
suspended sediment load coursing across the surface of the lake to the Spo-
kane River (Woods 2004). They hypothesized that this occurs because the
river waters warm faster than the lake waters and, therefore, essentially float

FIGURE 3-10 Coeur d’Alene River delta and inflow plume adjacent to Harrison,
Idaho, on Lake Coeur d’Alene. SOURCE: Woods 2004.
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across the surface of the lake. They intend to do more research to document
this phenomenon. The existence of these flows would indicate that more
contaminated sediment is being delivered to the Spokane River than other-
wise might be expected (see Chapter 4 of this report for further discussion).

Ecologic Community

Lake Coeur d’Alene is home to a diverse mix of both cold-water and
warm-water species of fish. Several of these fish, however, are exotic species
that were artificially introduced there. The populations of at least some of
the native species (westslope cutthroat trout, bull trout, mountain white-
fish, yellow perch, northern pikeminnow) are probably being stressed by
the introduced species.

The richness and abundance of the benthic community is greatest in the
shallow waters and at the southern end of the lake, below the mouth of the
Coeur d’Alene River. However, EPA concludes that there is no good evi-
dence that these differences are caused by the deposition of contaminated
sediments (CH2M-Hill and URS Corp. 2001, pp. 2-26 to 2-27). Some of
the difference may result from the higher nutrient loads in the southern
portion of the lake. Nevertheless, the contaminated sediments provide at
least a potential threat to the benthic community and fish life. The extent of
this threat will, as discussed above, depend significantly on geochemical
reactions taking place on the lake’s bottom. The responses of benthic inver-
tebrates to the metal-contaminated Lake Coeur d’Alene sediments have
been studied only minimally (Hornig et al. 1988; CH2M-Hill and URS
Corp. 2001, p. 2-26) as has the relationship of benthic communities to the
presence of metals within sediments. Further, although the metal flux has
been investigated, there has been no study of the influence of invertebrates
on the bioavailability of metals in Lake Coeur d’Alene, a potentially impor-
tant factor in metals dynamics (Kennedy et al. 2003).

SPOKANE RIVER

The Spokane River drains Lake Coeur d’Alene at its northern end
through the Rathrum Prairie to Post Falls, where it spills over the Post Falls
Dam and cascades over a natural 40 foot (12 m) bedrock waterfall. From
Lake Coeur d’Alene, the Spokane River flows at a relatively flat gradient
through a 3- to 8-mile (4.8- to 12.8-km)-wide valley extending westward to
the junction with the Little Spokane River. Along this route, the river flows
over five more dams, four of which are within the city of Spokane (URS
Greiner, Inc. and CH2M Hill 20011, p. 2-7). At its lower end, the valley
narrows, and the river is largely contained in the reservoirs behind Long
Lake Dam and Grand Coulee Dam.
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Human Community

The city of Spokane, with a population close to 200,000 in the year
2000, is the largest community along the Spokane River. The unincorpo-
rated area of Opportunity, Washington, with a population of 25,000, and
Post Falls in Idaho, with a population of 17,000, are other large communi-
ties (Table 3-4). Post Falls demonstrates many of the same demographic
characteristics as the city of Coeur d’Alene—for instance, a very rapid
growth rate and a relatively young population. The population growth in
Spokane and Opportunity is much lower, although these communities have
also grown slightly faster than the national average.

All these communities use the Spokane aquifer as their primary source
of drinking water (URS Greiner, Inc. and CH2M Hill 20011, p. 2-6). This
aquifer covers the entire valley and extends from the bedrock below the
valley as much as several hundred feet up to the surface. Lake Coeur d’Alene
and the upper Spokane River are primary sources of recharge to this aquifer.

The reservation for the Spokane tribe lies along the lower part of the
Spokane River where it joins the Columbia River. According to the U.S.
census, approximately 2,000 people lived on the reservation in 2000.

The River and Its Contamination

When not contained in a reservoir, the Spokane River above the city of
Spokane is 200-400 feet (60-120 m) wide with a gravel bottom and many
of the characteristics of a braided stream (URS Greiner, Inc. and CH2M
Hill 20011, p. 3-3). Because of the substantial hydraulic buffering capacity

TABLE 3-4 Demographic Characteristics of Larger Communities Along
Spokane River

Demographic U.S. Idaho Post Falls Opportunity ~ Spokane

Population 17,247 25,065 195,629

Median age (years) 35.3 33.2 31.3 35.8 34.7

Older than 65 (%) 12.4 11.3 9.8 14.8 14.0

Household income 42.0 37.6 39.1 38.7 32.3
($1,000)

Below poverty level 12.4 11.8 9.4 9.0 15.9
(% individuals)

% with bachelor’s 24.4 21.7 15.9 20.3 25.4
degree

Moved from out of 8.4 15.3 26.1 9.8 10.1
state since 1995 (%)

Vacant housing 9.0 11.0 4.9 5.4 7.3
units (%)

SOURCE: U.S. Census 2004.
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of Lake Coeur d’Alene, the substantial variations in the flows experienced
in the Coeur d’Alene River are not reflected in the Spokane River. Indeed,
the Lake is managed by allowing the water level to fall during the winter so
that it can store the spring flood flows and reduce downstream flooding. As
a result, the flood with a 100-year recurrence interval is projected to carry
only slightly over a third more water than the 10-year flood (URS Greiner,
Inc. and CH2M Hill 20011, Table 2.3-1).

The RI states that the Spokane River water frequently exceeds water-
quality standards for zinc, lead, and cadmium (URS Greiner, Inc. and
CH2M Hill 20011, p 5-1). The major source of these metals is the outflow
from Lake Coeur d’Alene.

Some of the lead is contained in fine sediment that traverses Lake
Coeur d’Alene during the spring runoff. This sediment comes predomi-
nantly from the channel in the lower basin of the Coeur d’Alene River
(Clark 2003). The re-suspension of previously deposited sediments is an-
other major source (Grosbois et al. 2001; Box and Wallis 2002). The
sediment is largely deposited behind the upstream dams, along shoreline
beaches, and in backwaters behind channel obstructions. Concentrations of
lead exceeding 2,000 mg/kg have been measured in shoreline sediment
(EPA 2002, Table 7.1-21). Elevated arsenic levels, also a source of concern,
are generally associated with high lead levels. Polychlorinated biphenyls,
which are not derived from mining wastes, are also a contaminant problem
in the Spokane River (EPA 2002).

Approximately 70% of the dissolved zinc entering Lake Coeur d’Alene
flows out into the Spokane River, resulting in total annual dissolved zinc
loadings ranging from 225,000 kg (496,000 Ibs) to 767,000 kg (1,690,000
Ibs) per year (URS Greiner, Inc. and CH2M Hill, 2001k, p. 5-4; Clark
2003). The dissolved zinc concentrations exceed ambient water-quality stan-
dards throughout most of the year and remain relatively constant through
the upper part of the river down to the city of Spokane. Below Spokane,
they decrease to the point where water-quality standards are not exceeded
in Long Lake (URS Greiner, Inc. and CH2M Hill 20011, p. 5-7, 5-8). Unlike
the situation in Coeur d’Alene River, the zinc concentrations (as well as the
zinc loadings) increase with increased discharge (URS Greiner, Inc. and
CH2M Hill 20011, p. 5-8).

Ecologic Community

The several dams along the Spokane River provide artificial lacustrine
(lake) habitats with substantial fish populations but, at the same time,
interfere with the migration of salmonid species. Most of the river has

limited (narrow and sparsely vegetated) riparian habitat and very little
palustrine (wetland) habitat (CH2M-Hill and URS Corp. 2001, p. 2-20).
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However, the shorelines around some reservoirs such as Long Lake and
Nine Mile Reservoir do have substantial riparian vegetation (CH2M-Hill
and URS Corp. 2001, p. 2-29).

The diversity of benthic invertebrates is lower than normally would be
expected for a river like the Spokane (CH2M-Hill and URS Corp. 2001, p.
2-24), but the fish community is “diverse and moderately productive”
(CH2M-Hill and URS Corp. 2001, p. 2-25). More than 20 species of fish
have been identified, although many of these, like the rainbow trout, have
been artificially introduced into the river for recreational purposes.

LOOKING AHEAD

This chapter has focused primarily on the current conditions in the
basin and the historical events that have led up to them. However, particu-
larly for a project that will take decades, and perhaps even centuries, to
implement, it is important to consider how these systems might change in
the future.

If current trends were to continue, the basin would expect over a long
period, to experience three major changes in the conditions described above.
The first would be continued regeneration of the forests on the basin slopes
and the slow recovery of some of the riparian areas. This would result in
decreased runoff and erosion during precipitation events, would likely re-
duce the magnitude of the normal late spring floods by slowing the rate of
snow melt, and could reduce the floods resulting from rain-on-snow events
by partially insulating the snow from the warm air masses that accompany
these events.

The second change would result from the continuing erosion of the
mine tailings and other materials deposited in the upper valleys and the
deposition of these materials in the middle and lower segments as well as
Lake Coeur d’Alene and the upper Spokane River. Ultimately, the erosion
in the upper basin and sedimentation rates in the middle basin would
diminish, and channels would stabilize, particularly if the riparian areas are
allowed to recover and the stream reaches return to mostly transport reaches
as they were before mining.

The lower basin, however, is unlikely to return to its premining condi-
tion. Sedimentation will continue at lower rates in the lower basin flood-
plain and wetlands. Over millennia, the lateral lakes would become marshes,
and the marshes would become floodplain grass and brush areas used for
fields and pastures. Bookstrom et al. (2004a) indicate pre-mining deposi-
tional rates of about 1 mm/year in the open-water environment of Killarney
Lake. The post-1980 rates are about 4 mm/year. At Medicine Lake, pre-
1968 depositional rates exceeded 8 mm/year but have since declined to 4
mm/year (Bookstrom et al. 2004a). Some marsh areas with substantial
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accumulation of peat do not have high levels of lead, and the slow conver-
sion of lake to marsh ultimately may cover some of the contaminated areas.

The delta would continue to build lakeward, creating new lateral lakes
and marshes on the flanks of the leveed channel. The fate of the large
inventory of contaminated sediments in the channel of the main stem is
uncertain. The historic channel has not migrated, but it is subject to scour
and remobilization of bed material. This process would be substantially
influenced by the relative prevalence of serious rain-on-snow flooding events
compared with the normal flooding pattern resulting from late spring snow
melt. The latter results in more deposition, and the former is more likely to
carry its sediment into (and across) the lake.

The third trend would be declining loadings of zinc and other dissolved
metals in the downstream segment of the river as the available supplies of
soluble metals diminish in the upper and middle segments.

It is also unclear what will happen in Lake Coeur d’Alene. It will
continue to receive sediments, which will extend the delta of the Coeur
d’Alene River farther out into the lake and increase the depth of contami-
nated sediments on the lake bottom. The major question is whether the lake
will become more eutrophic, and, if so, what effects this will have on the
lake’s chemistry and biota. There is substantial concern that changes in the
lake’s chemistry could result, as indicated in the above description of Lake
Coeur d’Alene, in the release of contaminants currently bound in the sedi-
ments coating the lake bottom. These released contaminants could be toxic
to fish and other aquatic biota and, therefore, in conjunction with the other
effects of eutrophication, could cause significant changes in the lake’s bio-
logical systems.

The Spokane River would continue to receive some of the sediment
carried down the Coeur d’Alene River, necessitating continuing cleanup of
contaminated riparian recreation areas and resulting in a gradual filling in
of the reservoir behind Upriver Dam.

All these processes would continue over a period of centuries, and none of
the possible changes is likely to occur in the near term except, perhaps, those
that might occur in Lake Coeur d’Alene. There is no reason to expect any
natural perturbations that might significantly disrupt these processes, although
serious forest fires in the basin could temporarily disturb them, as would a
major volcanic ash fall from an eruption in the Cascades or Yellowstone.

The most significant possible perturbations are likely to result in the
future, as they have in the past, from human activities. Some could occur
within the project area; others are likely to occur more globally.

Local Human-Induced Perturbations

Within the basin, it is conceivable that substantial increases in metal prices
could stimulate increased interest in mining opportunities. As indicated earlier,
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some mines have continued to operate in the basin, and plans are currently in
place for expanded activities. Other mines probably could be brought back into
production under extremely favorable economic conditions (or as a result of
government demands such as occurred during World War II). Even if this were
to occur, however, it is unlikely that any future mining activities would have as
much impact on the basin as the historical mining activities did, primarily
because the mines are now prohibited from disposing of their mining wastes in
such an environmentally destructive manner.

One particularly remote possibility under the increased mining scenario
is that metal prices would rise so high as to support the remining of the old
tailings and other wastes containing low concentrations of metals. Such
remining is occurring in old gold mining areas in the West (see NRC 1999)
and is arguably reducing environmental risks at these sites. In the Coeur
d’Alene River basin such remining activities conceivably could result in the
removal of large amounts of contaminated materials from some of the
stream channels as well as the tailings piles and other terrestrial deposits.
This possibility, however, is diminished not only by the likely adverse eco-
nomic conditions but also by the fact that the basin has been designated a
Superfund site with all the liabilities associated with such a designation.

A much more likely development pattern in the basin is for it to become
a center for outdoor recreational activities and leisure home developments.
Lake Coeur d’Alene already has experienced substantial development of
this type, and the demand for these developments continually increases
with rising incomes in the United States. Both the natural beauty and the
historical significance of the Coeur d’Alene basin make it an attractive
location for such developments to occur.

Such recreational developments could significantly change socioeco-
nomic conditions in the basin, bringing higher-income residents and eco-
nomic stimulus for the basin’s merchants and labor force. If properly con-
trolled, such developments need not generate significant environmental
damage, and their residents may be highly sensitive to the quality of the
environment. There would undoubtedly be some erosion associated with
the new construction, and recreational demand could also result in the
construction of access roads and even the clearing of large areas for snow
sports. Both could result in increased runoff and erosion, with the concomi-
tant increase in downstream floods and sedimentation.

Although some valley residents fear that the potential for these recre-
ational developments will be diminished by the designation of the valley as
a Superfund site, the elimination of significant health risks as a result of the
Superfund cleanup might make the valley more attractive to these potential
residents. Support for this hypothesis is provided by the proposal announced
this year for building a major recreational facility near Kellogg within the
area that was designated a Superfund site in 1983 and that has since been
largely cleaned up under the Superfund program (Kramer 2004).
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Another economic change that could occur in the more distant future is
the relogging of the forests in the basin after they have regenerated. As
discussed earlier in this chapter, the intensive management of the forests in
the North Fork basin is already thought to be increasing erosion and runoff
there. And, considering the massive amounts of metal-contaminated sedi-
ments that can be remobilized during large floods (especially the scouring
of highly contaminated and deeply buried riverbed sediments), water reten-
tion and yield from the watershed is a significant issue. Ironically, the
increased transport of relatively clean sediment from the North Fork is

reducing the average concentration of lead in sediments below its confluence
with the South Fork.

Regional and Global Human-Induced Perturbations

One possible perturbation that could occur at the regional level is an
increase in acid rain resulting from electrical power generation, increased
vehicle traffic, or other sources. However, it is unlikely that this would
become a significant problem in the Coeur d’Alene River basin, and the
neutralizing effects of the basin’s soils would largely prevent any serious
effects.

At a global level, the most likely perturbations affecting the basin will
be those resulting from climate change. Most scientists agree on the likeli-
hood of climate change occurring, which is attributed directly or indirectly
to human activity, and many argue that some of its effects can already be
observed. Major characteristics of climate change are expected to be in-
creased average global temperatures and an increase in the frequency and
magnitude of storms (NAST 2000; Mote 2001; NRC 2001). It is very
difficult to predict the impact of climate change in a particular region such
as the Coeur d’Alene River basin. Some areas are likely to experience
increased storms and precipitation, others a warmer dryer climate.

Climate change models focusing on the Pacific Northwest generally
predict warmer temperatures and increased winter precipitation by the
mid-21st century (Climate Impacts Group 2004). The modelers predict that
the following changes would occur (Hamlet and Lettenmaier 1999; Mote et
al. 1999, 2003; Miles et al. 2000; Climate Impacts Group 2004; Palmer et
al. 2004):

e Increase the amount of winter precipitation falling as rain rather
than snow.

¢ Increase winter stream flow.

e Increase winter flood risks in transient (rain/snow mix) basins.

e Reduce the amounts of water stored as snow, particularly in mid-
elevation transient (rain/snow mix) basins.
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¢ Induce earlier snow melt and advance peak runoff earlier into the spring.
e Decrease late spring and summer stream flows.

Other studies have suggested that the increased winter flood flows will
produce greater channel scour and sediment load in rivers (Hamlet et al.
2004) and that the early snow melt and dry summers may increase the
number and size of forest fires, as well as lead to drought-stressed forests
subject to disease and insect infestation (Service 2004). Drier summers
could reduce the basin’s ability to support its current rich vegetation. One
result could be increased wind erosion of contaminated sediments, increas-
ing human health risks from their inhalation.

It is difficult, often impossible, to predict what perturbations will occur
and, if they do occur, what effects they might have on the Coeur d’Alene
River basin. Nevertheless, it is prudent to keep such possibilities in mind in
the process of evaluating and designing remedies that are expected to pro-
tect human health and the environment in the basin for the future.

REFERENCES

Abbott, A.M. 2000. Land Management and Flood Effects on the Distribution and Abundance
of Cutthroat Trout in the Coeur d‘Alene River Basin, Idaho. M.S. Thesis, University of
Idaho, Moscow, ID. 86 pp.

Balistrieri, L.S., A.A. Bookstrom, S.E. Box, and M. Ikramuddin. 1998. Drainage From Adits
and Tailings Piles in the Coeur d’Alene Mining District, Idaho: Sampling, Analytical
Methods, and Results. USGS Open-File Report 98-127. Menlo Park, CA: U.S. Depart-
ment of the Interior, U.S. Geological Survey. 19 pp.

Balistrieri, L.S., S.E. Box, A.A. Bookstrom, R.L. Hooper, and J.B. Mahoney. 2002a. Impacts
of historical mining in the Coeur d’Alene River Basin. Pp. 1-34 in Pathways of Metal
Transfer from Mineralized Sources to Bioreceptors: A Synthesis of the Mineral Re-
sources Program’s Past Environmental Studies in the Western United States and Future
Research Directions, L.S. Balistrieri, L.L. Stillings, R.P. Ashley, and L.P. Gough, eds.
U.S. Geological Survey Bulletin 2141. Reston, VA: U.S. Department of the Interior, U.S.
Geological Survey [online]. Available: http://geopubs.wr.usgs.gov/bulletin/b2191/ [ac-
cessed Dec. 1, 2004].

Balistrieri, L.S., S.E. Box, and A.A. Bookstrom. 2002b. A geoenvironmental model for poly-
metallic vein deposits: A case study in the Coeur d’Alene mining district and compari-
sons with drainage from mineralized deposits in the Colorado Mineral Belt and Hum-
boldt Basin, Nevada. Pp. 143-160 in Progress on Geoenvironmental Models for Selected
Mineral Deposit Types, R.R. Seal, and N.K. Foley, eds. U.S. Geological Survey Open-
File Report 02-195. Reston, VA: U.S. Department of the Interior, U.S. Geological Survey
[online]. Available: http:/pubs.usgs.gov/of/2002/0f02-195/ [accessed Dec. 1, 2004].

Barton, G.J. 2002. Dissolved Cadmium, Zinc, and Lead Loads from Ground-Water Seepage
Into the South Fork Coeur d’Alene River System, Northern Idaho, 1999. Water-Re-
sources Investigations Report 01-4274. Boise, ID: U.S. Department of the Interior, U.S.
Geological Survey. 130 pp [online]. Available: http://purl.access.gpo.gov/GPO/LPS39228
[accessed Dec. 1, 2004].

Baxter, G.T., and M.D. Stone. 1995. Fishes of Wyoming. Cheyenne, WY: Wyoming Game
and Fish Department. 290 pp.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

100 SUPERFUND AND MINING MEGASITES

Beckwith, M.A., C. Berenbrock, and R.L. Backsen. 1996. Magnitude of Floods in Northern
Idaho, February 1996. U.S. Geological Survey Fact Sheet FS-222-96. Reston, VA: U.S.
Department of the Interior, U.S. Geological Survey. 2 pp.

Bennett, E.H. 1994. A History of the Bunker Hill Superfund Site, Kellogg, Idaho. Prepared
for the Pacific Northwest Metals Conference, April 9, 1994, Spokane, WA. 31 pp.
Berenbrock, C. 2002. Estimating the Magnitude of Peak Flows at Selected Recurrence Inter-
vals for Streams in Idaho. U.S. Geological Survey Open-File Report 02-4170. Boise, ID:
U.S. Department of the Interior, U.S. Geological Survey. 52 pp [online]. Available: http://

purl.access.gpo.gov/GPO/LPS41703 [accessed Dec. 1, 2004].

Bookstrom, A.A., S.E. Box., B.L. Jackson, T.R. Brandt, P.D. Derkey, and S.R. Munts. 1999.
Digital Map of Surficial Geology, Wetlands, and Deepwater Habitats, Coeur d’Alene
Valley, Idaho. U. S. Geological Survey Open-File Report 99-548. Reston, VA: U.S.
Department of the Interior, U.S. Geological Survey [online]. Available: http://wrgis.wr.
usgs.gov/open-file/of99-548/ [accessed Dec. 1, 2004].

Bookstrom, A.A., S.E. Box, J.K. Campbell, K.I. Foster, and B.L. Jackson. 2001. Lead-Rich
Sediments, Coeur d’Alene River Valley, Idaho: Area, Volume, Tonnage, and Lead Con-
tent. U.S. Geological Survey Open-File report 01-140. Menlo Park, CA: U.S. Depart-
ment of the Interior, U.S. Geological Survey [online]. Available: http://geopubs.wr.usgs.
gov/open-file/of01-140/ [accessed Dec. 1, 2004].

Bookstrom, A.A., S.E. Box, R.S. Fousek, J.C. Wallis, H.Z. Kayser, and B.L. Jackson. 2004a.
Baseline and Historical Depositional Rates and Lead Concentrations, Floodplain Sedi-
ments: Lower Coeur d’Alene River, Idaho. U.S. Geological Survey Open-File Report
2004-1211. U.S. Department of the Interior, U.S. Geological Survey, Spokane, WA
[online]. Available: http:/pubs.usgs.gov/of/2004/1211/ [accessed June 23, 2005].

Bookstrom, A.A., S.E. Box, and R. Fousek. 2004b. Baseline Deposition Rates, Lead-Rich
Sediment, Coeur d’Alene (CdA) River Floodplain, Idaho. Geological Society of America
Abstracts with Programs 36(4):24 [online]. Available: http://gsa.confex.com/gsa/2004RM/
finalprogram/abstract_72984.htm [accessed Dec. 1, 2004].

Bornschein, R.L., P. Succop, K.N. Dietrich, C.S. Clark, S. Que Hee, and P.B. Hammond.
1985. The influence of social and environmental factors on dust lead, hand lead, and
blood lead levels in young children. Environ. Res. 38(1):108-118.

Borque, T. 2001. Engineering Remediation Actions Under Superfund on the Smelterville Flats,
Shoshone County, Idaho (poster abstract). The Annual International Conference on Con-
taminated Soils, Sediments and Water, October 22, 2001, University of Massachusetts
[online]. Available: http://www.umasssoils.com/posters2001/ [accessed March 20, 2005].

Box, S.E. 2004. Metal Enriched Sediment in the Coeur d’Alene River Basin. Presentation at
the Third Meeting on Superfund Site Assessment and Remediation in the Coeur d’Alene
River Basin, June, 17-18, 2004, Coeur d’Alene, ID.

Box, S.E., and J.C. Wallis. 2002. Surficial Geology Along the Spokane River, Washington and
Its Relationship to the Metal Content of Sediments (Idaho-Washington Stateline to La-
tah Creek Confluence). Open File Report 02-126. Spokane, WA: U.S. Department of the
Interior, U.S. Geological Survey [online]. Available: http:/geopubs.wr.usgs.gov/open-
file/of02-126/ [accessed March 21, 2005].

Box, S.E., A.A. Bookstrom, L.S. Balistrieri, and M. Ikramuddin. 1997. Sources and processes
of dissolved metal loading, Coeur d’Alene River, Idaho [abstract]. Inland Northwest
Water Resources Conference, April 1997, Spokane, WA.

Box, S.E., A.A. Bookstrom, and W.N. Kelley. 1999. Surficial Geology of the Valley of the
South Fork of the Coeur d’Alene River, Idaho, Draft Version, U.S. Geological Survey,
Spokane, WA. October 4, 1999. (Document ID 1110378 in Bunker Hill Basin-Wide
Remedial Administrative Record, Data CD8. U.S. Environmental Protection Agency,
Region 10, September 2002.)

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 101

Box, S.E., J.C. Wallis, P.H. Briggs, and Z.A. Brown. 20035. Stream-Sediment Geochemistry in
Mining-Impacted Streams: Prichard, Eagle, and Beaver Creeks, Northern Coeur d’Alene
Mining District, Northern Idaho. U.S. Geological Survey Scientific Investigation Report
SIR 2004-5284 [online]. Available: http//pubs.usgs.gov/sir/2004/5284/ [accessed June
30, 2005].

Box, S.E., A.A. Bookstrom, and M. Ikramuddin. In press. Stream-Sediment Geochemistry in
Mining-Impacted Streams: Sediment Mobilized by Floods in the Coeur d’Alene-Spokane
River Drainage, Idaho and Washington. USGS Scientific Investigation Report SIR 2005-
5011. U.S. Department of the Interior, U.S. Geological Survey.

CBFWA (Columbia Basin Fish and Wildlife Authority). 2001. Coeur d’Alene Subbasin Sum-
mary (Including Coeur d’Alene Lake and All Tributaries). Prepared for the Northwest
Power Planning Council. March 16, 2001 [online]. Available: http://www.cbfwa.org/
files/province/mtncol/subsum/031601CoeurdAlene.pdf [accessed Dec. 3, 2004].

CH2M-Hill. 2004. Dissolved Metal Loading from Groundwater to the South Fork of the
Coeur d’Alene River, Bunker Hill Superfund Site, Idaho, Draft Final Report, June, 2004.
Work Assignment No. 015-TA-TA-10X9. CH2M Hill Project No. 152210.ET.23. Pre-
pared for U.S. Environmental Protection Agency, Region 10, Seattle, WA, by CH2M
Hill, Spokane, WA.

CH2M-Hill, and URS Corp. 2001. Final Ecological Risk Assessment: Coeur d’Alene Basin
Remedial Investigation/Feasibility Study. URS DCN: 4162500.06200.05.a2. CH2M Hill
DCN: WKP0041. Prepared for U.S. Environmental Protection Agency, Region 10, Se-
attle, WA, by CH2M Hill, Bellevue, WA, and URS Corp., White Shield, Inc., Seattle,
WA. May 18, 2001.

Clark, G.M. 2003. Occurrence and Transport of Cadmium, Lead, and Zinc in the Spokane
River Basin, Idaho and Washington, Water Years 1999-2001. Water-Resources Investi-
gations Report 02-4183. Boise, ID: U.S. Department of the Interior, U.S. Geological
Survey [online]. Available: http://id.water.usgs.gov/PDF/wri024183/index.html [accessed
Dec. 1, 2004].

Clark, G.M., and P.F. Woods. 2001. Transport of Suspended and Bedload Sediment at Eight
Stations in the Coeur d’Alene River Basin, Idaho. U. S. Geological Survey Open-File
Report 00-472. Boise, ID: U.S. Department of the Interior, U.S. Geological Survey
[online]. Available: http:/purl.access.gpo.gov/GPO/LPS46003 [accessed Dec. 1, 2004].

Climate Impacts Group. 2004. Overview of Climate Change Impacts in the U.S. Pacific North-
west. Background paper prepared for the West Coast Governors’ Climate Change Initia-
tive, by Climate Impacts Group, University of Washington, Seattle, WA. July 29, 2004.
13 pp [online]. Available: http://www.cses.washington.edu/db/pdf/cigoverview353.pdf
[accessed Dec. 17, 2004].

Coeur d’Alene Mines Corporation. 2004. Properties, Silver Valley, Idaho [online]. Available:
http://www.coeur.com/property_silvervalley.html [accessed Dec. 7, 2004].

Cummins, K.W., and M.]. Klug. 1979. Feeding ecology of stream invertebrates. Ann. Rev.
Ecol. Syst. 10:147-172 [online]. Available: http://www.usu.edu/buglab/agent5550/Read
ings/AnnReview %20Ecology %20Cummins %20and %20Klug%201979 %20Feeding. pdf
[accessed Dec. 1, 2004].

Dames and Moore. 1991. Bunker Hill RI/FS Report, Task 3, Revised Final Hydrogeologic
Assessment, Vol. 1. Prepared for U.S. Environmental Protection Agency, Region 10, by
Dames and Moore, Denver, CO. June 11, 1991.

Davies, P.H., J.P. Goetl Jr., J.R. Sinley, and N.F. Smith. 1976. Acute and chronic toxicity of
lead to rainbow trout Salmo gairdneri, in hard and soft water. Water Res. 10(3):199-
206.

Dawson, K. 1998. Clarification of CIA Seeps Memo. Memorandum to Don Heinle, CH2M-
Hill, from Karen Dawson, SEA. July 20, 1998.

Di Toro, D.M. 2001. Sediment Flux Modeling. New York: Wiley.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

102 SUPERFUND AND MINING MEGASITES

Dillon, F.S., and C.A. Mebane. 2002. Development of Site-Specific Water Quality Criteria for
the South Fork Coeur d’Alene River, Idaho: Application of Site-Specific Water Quality
Criteria Developed in the Headwater Reaches to Downstream Waters. Prepared for the
Idaho Department of Environmental Quality, Boise, ID, by WindWard Environmental,
Seattle, WA. December 13, 2002. 95 pp.

EPA (U.S. Environmental Protection Agency). 2000. First Five-Year Review of the Non-
Populated Area Operable Unit, Bunker Hill Mining and Metallurgical Complex, Sho-
shone Country, Idaho [online]. Available: http://www.epa.gov/r10earth/offices/oec/
First%205-Year%20Review %20Non-Pop.pdf [accessed Nov. 29, 2004].

EPA (U.S. Environmental Protection Agency). 2001. The U.S. Environmental Protection
Agency Proposes to Reissue a Wastewater Discharge Permit to Coeur Silver Valley, Inc,
and Coeur and Galena Mines and Mills, Wallace, ID, and the State of Idaho Proposes to
Certify the Permit. Fact Sheet for Revised Draft Permit. U.S. Environmental Protection
Agency, Region 10 [online]. Available: http://yosemite.epa.gov/R10/water.nsf/0/94fadb4
dc7bd125588256a1d004adb40?OpenDocument [accessed March 16, 2005].

EPA (U.S. Environmental Protection Agency). 2002. The Bunker Hill Mining and Metallurgi-
cal Complex: Operable Unit 3, Record of Decision. U.S. Environmental Protection
Agency, Region 10. September 2002 [online]. Available: http://yosemite.epa.gov/.../cbc
45a44fal1ede3988256ce9005623b1/$FILE/ATTBRN4D/Part%201%20Declaration.pdf
[accessed Dec. 1, 2004].

EPA (U.S. Environmental Protection Agency). 2003. Review of Metals Action Plan; An EPA
Science Advisory Board Report. EPA-SAB-EC-LTR-03-001. Science Advisory Board,
U.S. Environmental Protection Agency, Washington, DC [online]. Available: http://
www.epa.gov/sab/pdf/ecl03001.pdf [accessed Dec. 1, 2004].

EPA (U.S. Environmental Protection Agency). 2004a. Framework for Metals Risk Assessment.
EPA/630/P-04/068a. Risk Assessment Forum, U.S. Environmental Protection Agency,
Washington, DC. July 2004 [online]. Available: http://cfpub2.epa.gov/ncea/raf/recordisplay.
cfm?deid=56752 [accessed Dec. 1, 2004].

EPA (U.S. Environmental Protection Agency). 2004b. EPA Responses to NAS Questions (dif-
ferent dates).

EPA (U.S. Environmental Protection Agency). 2004¢. Basin Bulletin, A Quarterly Review of
Cleanup in the Coeur d’Alene River Basin. Issue No. 5, Spring 2004.

Farag, A.M., D.F. Woodward, J.N. Goldstein, W. Brumbaugh, and J.S. Meyer. 1998. Con-
centrations of metals associated with mining waste in sediments, biofilm, benthic
macroinvertebrates, and fish from the Coeur d’Alene River basin, Idaho. Arch. Environ.
Contam. Toxicol. 34(2):119-127.

Farag, A.M., D.F. Woodward, W. Brumbaugh, J.N. Goldstein, E. McConnell, C. Hogstrand,
and F. Barrows. 1999. Dietary effects of metals-contaminated invertebrates from the
Coeur d’Alene River, Idaho, on cutthroat trout. Trans. Am. Fish. Soc. 128(4):578-592.

Gillerman, V.S., and E.H. Bennett. 2004. Annual mining review 2003: State activities—Idaho.
Min. Eng. 56(5):64-68.

Grosbois, C.A., A.J. Horowitz, J.J. Smith, and K.A. Elrick. 2001. The effect of mining and
related activities on the sediment-trace element geochemistry of Lake Coeur d’Alene,
Idaho, U.S.A. Part IIl. Downstream effects: The Spokane River basin. Hydrol. Process.
15(5):855-875.

Hamlet, A.F., and D.P. Lettenmaier. 1999. Effects of climate change on hydrology and water
resources in the Columbia River Basin. J. Am. Water Resour. Assoc. 35(6):1597-1623.

Hamlet, A.F., P.W. Mote, and D. P. Lettenmaier. 2004. Effects of Climate Variability and
Change on Natural Streamflows and Water Resources Management in the Columbia
River Basin. Presentation to Climate Impacts Group Workshop; Climate Impacts on
Salmon Management and Recovery in the Columbia River Basin, September 21, 2004,
Portland, OR [online]. Available: http://www.hydro.washington.edu/Lettenmaier/Presen
tations/2004/hamlet_salmon_workshop_sept_2004.ppt [accessed Dec. 17, 2004].

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 103

Hardy, R. 2004. Union Pacific Railroad Wallace-Mullan Branch Cercla Response Action
Coeur d’Alene Basin, Idaho. Presentation at the Second Meeting on Superfund Site
Assessment and Remediation in the Coeur d’Alene River Basin, April 15, 2004, Coeur
d’Alene, ID.

Harrington, J.M., S.E. Fendorf, B.W. Wielinga, and R.F. Rosenzweig. 1999. Response to
Comment on “Phase Associations and Mobilization of Iron and Trace Elements in Coeur
d’Alene Lake, Idaho.” Environ. Sci. Technol. 33(1):203-204.

Hart, P., and I. Nelson. 1984. Mining Town. Seattle, WA: University of Washington Press.

Harvey, G.W. 2000. Monitoring Results on the Effectiveness of Trace (Heavy) Metals Re-
moval Projects at the Interstate Mill and Canyon Creek Sites. Idaho Department of
Environmental Quality, Coeur d’Alene Regional Office, Coeur d’Alene, ID. 17 pp.

Harvey, G.W. 2002. South Fork Coeur d’Alene River Sediment Subbasin Assessment and
Total Maximum Daily Load. Coeur d’Alene Regional Office, Idaho Department of Envi-
ronmental Quality, Coeur d’Alene, ID. May 17, 2002. 98 pp.

Hecla (Hecla Mining Company). 2004. Lucky Friday. Properties, Hecla Mining Company,
Coeur d’Alene, ID [online]. Available: http://www.hecla-mining.com/propLucky.html
[accessed Dec. 6, 2004].

Hobbs, S.W., and V.C. Fryklund, Jr. 1968. The Coeur d’Alene District, Idaho. Pp. 1417-1435
in Ore Deposits of the United States, 1933-1967; The Graton-Sales Volume, Vol. 2, 1st
Ed, J.D. Ridge, ed. New York: American Institute of Mining, Metallurgical, and Petro-
leum Engineers.

Hobbs, S.W., A.B. Griggs, R.E. Wallace, and A.B. Campbell. 1965. Geology of the Coeur
d’Alene District, Shoshone County, Idaho. U.S. Geological Survey Professional Paper
478. Washington, DC: U.S. Government Printing Office. 139 pp.

Hornig, C.E., D.A. Terpening, and M.W. Bogue. 1988. Coeur d’Alene Basin EPA Water
Quality Monitoring (1972-1986). EPA 910/9-88-216. PB89-217962. U.S. Environmen-
tal Protection Agency, Region 10, Seattle, WA. September.

Horowitz, A.J., K.A. Elrick, and R.B. Cook. 1993. Effects of mining and related activities on
the sediment trace element geochemistry of Lake Coeur d’Alene, Idaho, USA. Part I:
Surface sediments. Hydrol. Process. 7:403-423.

Horowitz, A.J., K.A. Elrick, J.A. Robbins, and R.B. Cook. 1995a. Effect of mining and
related activities on the sediment trace element geochemistry of Lake Coeur d’Alene,
Idaho, USA. Part II: Subsurface sediments. Hydrol. Process. 9:35-54.

Horowitz, A.]., K.A. Elrick, J.A. Robbins, and R.B. Cook. 1995b. A summary of the effects
of mining and related activities on the sediment-trace element geochemistry of Lake
Coeur d’Alene, Idaho, USA. J. Geochem. Explor. 52:135-144.

Houck, J.C., and L.L. Mink. 1994. Characterization of a Shallow Canyon Aquifer Contami-
nated by Mine Tailings and Suggestions for Constructed Wetlands Treatment. Prepared
for the Trustees for the Idaho Natural Resources Damage Trust Fund. March 1994. 20 pp.

Hynes, H. 1970. The Ecology of Running Waters. Toronto: University of Toronto Press.

Idaho Department of Commerce. 2004. County and Community Profiles of Idaho [online].
Available: http://www.idoc.state.id.us/idcomm/profiles/ [accessed Dec. 2, 2004].

Idaho Panhandle National Forests. 1987. Idaho Panhandle National Forests Forest Plan For-
est Service Northern Region, U.S. Department of Agriculture [online]. Available: http://
www.fs.fed.us/ipnf/eco/manage/forestplan [accessed Jan. 29, 2005].

Idaho Panhandle National Forests. 1998. Toward an Ecosystem Approach: An Assessment of the
Coeur d’Alene River Basin, 1998. Ecosystem Paper No. 4. Idaho Panhandle National Forests.

Idaho Panhandle National Forests. 2002. Forest Plan, Monitoring and Evaluation Report.
[online]. Available: http://www.fs.fed.us/ipnf/eco/manage/monitoring/fp2002monrpt.pdf
[accessed Dec. 2, 2004].

Isaacson, A. 2004. Presentation at the Third Meeting on Superfund Site Assessment and
Remediation in the Coeur d’Alene River Basin, June 17, 2004, Coeur d’Alene, ID.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

104 SUPERFUND AND MINING MEGASITES

Kennedy, J.H., T.W. La Point, P. Balci, J. Stanley, and Z.B. Johnson. 2003. Model aquatic
ecosystems in ecotoxicological research: Considerations of design, implementation, and
analysis. Pp. 45-74 in Handbook of Ecotoxicology, 2nd Ed, D.]J. Hoffman, B.A. Rattner,
G.A. Burton, Jr., and J. Cairns, Jr., eds. Boca Raton, FL: Lewis.

Koller, K., T. Brown, A. Spurgeon, and L. Levy. 2004. Recent developments in low-lead expo-
sure and intellectual impairment in children. Environ. Health Perspect. 112(9):987-994.

Kootenai County. 1998. Kootenai County Flood Mitigation Plan, 1998. Office of Emergency
Management, Kootenai County, ID [online]. Available: http://www.co.kootenai.id.us/
departments/ disaster/KCFloodMitigationPlan.pdf [accessed Dec. 2, 2004].

Kramer, B. 2004. Going up in Kellogg; Real estate prices rise along with gondola as Silver
Mountain gains exposure.” Spokane Spokesman Review (Spokane, WA). February 28,
2004 Saturday Idaho Ed, Section: Main News; P. A1.

La Point, T.W., S. Melancon, and M. Morris. 1984. Relationships among observed metal
concentrations, criteria values, and benthic community structural responses in 15 streams.
J. Water Pollut. Control Fed. 56:1030-1038.

Long, K.R. 1998. Production and Disposal of Mill Tailings in the Coeur d’Alene Mining
Region, Shoshone County, Idaho: Preliminary Estimates. U.S. Geological Survey Open-
File Report 98-595. Tucson, AZ: U.S. Department of the Interior, U.S. Geological Sur-
vey. 14 pp.

Maret, T.R., and D.E. MacCoy. 2002. Fish assemblages and environmental variables associ-
ated with hard-rock mining in the Coeur d’Alene River Basin, Idaho. Trans. Am. Fish.
Soc. 131(5):865-884.

Miles, E.L., A.K. Snover, A.F. Hamlet, B.M. Callahan, and D.L. Fluharty. 2000. Pacific
Northwest regional assessment: The impacts of climate variability and climate change
on the water resources of the Columbia River Basin. J. Am. Water Resour. Assoc.
36(2):399-420.

Minshall, G.W., R. Peterson, T. Bott, C. Cushing, K. Cummins, R. Vannote, and J. Sedell.
1992. Stream ecosystem dynamics of the Salmon River, Idaho: An 8th-order system.
J- N. Am. Benthol. Soc. 11(2):111-137.

Montgomery, D.R., and J.M. Buffington. 1997. Channel-reach morphology in mountain
drainage basins. Geol. Soc. Am. 109(5):596-611.

Mote, P.W. 2001. Scientific Assessment of Climate Change: Global and Regional Scales.
Preparatory White Paper for Climate and Water Policy Meeting, Skamania, Washing-
ton, July 2001. Climate Impacts Group, University of Washington. 10 pp [online]. Avail-
able: http://www.cses.washington.edu/db/pdf/Mote_Scientific_Assess98.pdf [accessed
Dec. 3, 2004].

Mote, P.W., D.J. Canning, D.L. Fluharty, R.C. Francis, J.F. Franklin, A.F. Hamlet, M.
Hershman, M. Holmberg, K.N. Ideker, W.S. Keeton, D.P. Lettenmaier, L.R. Leung, N.J.
Mantua, E.L. Miles, B. Noble, H. Parandvash, D.W. Peterson, A.K. Snover, and S.R.
Willard. 1999. Impacts of Climate Variability and Change, Pacific Northwest. National
Atmospheric and Oceanic Administration, Office of Global Programs, and JISAO/SMA
Climate Impacts Group, Seattle, WA. 110 pp.

Mote, P.W., E.A. Parson, A.F. Hamlet, W.S. Keeton, D. Lettenmaier, N. Mantua, E.L.,Miles,
D.W. Peterson, D.L. Peterson, R. Slaughter, and A.K. Snover. 2003. Preparing for cli-
mate change: The water, salmon, and forests of the Pacific Northwest. Climatic Change
61(1-2):45-88.

NAST (National Assessment Synthesis Team). 2000. Climate Change Impacts on the United
States: The Potential Consequences of Climate Variability and Change. Cambridge: Cam-
bridge University Press [online]. Available: http://www.gcrio.org/National Assessment/
foundation.html [accessed Dec. 3, 2004].

NRC (National Research Council). 1999. Hardrock Mining on Federal Lands. Washington,
DC: National Academy Press.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 105

NRC (National Research Council). 2001. Climate Change Science: An Analysis of Some Key
Questions. Washington, DC: National Academy Press. 29 pp.

NRC (National Research Council). 2003. Bioavailability of Contaminants in Soils and Sedi-
ments: Processes, Tools, and Applications. Washington, DC: The National Academies
Press. 420 pp.

NRCS (Natural Resources Conservation Service). 2003. ID606 Soil Survey of Kootenai
County Area, Idaho. Natural Resources Conservation Service, U.S. Department of Agri-
culture [online]. Available: http://www.or.nrcs.usda.gov/pnw_soil/idaho/id606.html [ac-
cessed Dec. 3, 2004].

Palmer, R.N., E. Clancy, N.T. VanRheenen, and M.W. Wiley. 2004. The Impacts of Climate
Change on the Tualatin River Basin Water Supply: An Investigation into Projected Hy-
drologic and Management Impacts. Department of Civil and Environmental Engineer-
ing, University of Washington, Seattle, WA. 91 pp.

Pyne, S.J. 2001. Year of the Fires: The Story of the Great Fires of 1910. New York, NY:
Viking. 322 pp.

Ransome, F.L., and F.C. Calkins. 1908. The Geology and Ore Deposits of the Coeur d’Alene
District, Idaho. U.S. Geological Survey Professional Paper 62. Washington, DC: U.S.
Government Printing Office. 203 pp.

Rouse, J.V. 1977. Geohydrologic Conditions in the Vicinity of Bunker Hill Company Waste-
Disposal Facilities: Kellogg, Shoshone County Idaho—1976. EPA-330/2-77-006. EPA
National Enforcement Investigation Center, Denver CO. March 1977.

Rust, W.C. 2004. Response to the Statement in the Basin Bulletin’s Frequently Asked Ques-
tion Section. Letter to Sheila M. Eckman, Team Leader, Coeur d’Alene Basin Team, U.S.
EPA Region 10, Seattle, WA, from W.C. Rust, Consulting Metallurgist, Wallace, ID.
May 23, 2004.

Service, R.F. 2004. As the west goes dry. Science 303(5661):1124-1127.

Sheldrake, S., and M. Stifelman. 2003. A case study of lead contamination cleanup effective-
ness at Bunker Hill. Sci. Total Environ. 303(1):105-123.

Sterling Mining Company. 2004. Sterling Mining Commences Surface Exploration on Sun-
shine Silver Mine. News Release, September 16, 2004 [online|. Available: http:/www.
sterlingmining.com/printables/release91604.html [accessed Dec. 7, 2004].

Stratus Consulting, Inc. 2000. Report of Injury Assessment and Injury Determination: Coeur
d’Alene Basin Natural Resource Damage Assessment. Prepared for U.S. Department of
the Interior, Fish and Wildlife Service, U.S. Department of Agriculture, Forest Service,
Coeur d’Alene Tribe, by Stratus Consulting Inc., Boulder, CO. September 2000.

TerraGraphics. 1990. Risk Assessment Data Evaluation Report (RADER) for the Populated
Areas of the Bunker Hill Superfund Site. Prepared by TerraGraphics Environmental
Engineering, Inc., Moscow, ID, for U.S. Environmental Protection Agency, Region 10,
Seattle, WA. October 18, 1990.

TerraGraphics. 1996. Draft Groundwater Loading Study, Vol. 1. Prepared for the Idaho
Department of Health and Welfare, Division of Environmental Quality, Boise, ID, by
TerraGraphics Environmental Engineering, Inc., Moscow, ID. March 1996.

TerraGraphics. 2000. Final 1999 Five Year Review Report Bunker Hill Site. Prepared for
Idaho Department of Health and Welfare Division of Environmental Quality, Boise, ID,
by TerraGraphics Environmental Engineering, Inc., Moscow, ID. April 2000.

TerraGraphics. 2001. Draft 2000 Trend Analysis Of Site-Wide Monitoring Program Bunker
Hill Superfund Site, Prepared for the Idaho Department of Health and Welfare, Division
of Environmental Quality, Boise, ID by TerraGraphics Environmental Engineering, Inc.,
Moscow, ID. June 2001 [online]. Available: http://www.tgenviro.com/WaterQuality/
SWMON-TrendAnalysis_Draft2.pdf [accessed March 31, 2005].

TerraGraphics. 2005. Bunker Hill Water Quality Data-Current Well Data (1997-2003),
Query by Map. TerraGraphics Environmental Engineering, Inc. [online]. Available: http://
www.tgenviro.com/WaterQuality/map/index.html [accessed March 30, 2005].

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

106 SUPERFUND AND MINING MEGASITES

URS Greiner, Inc., and CH2M Hill. 2001a. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 1. Part 7. Summary. URSG DCN 4162500.6659.05a. Prepared
for U.S. Environmental Protection Agency, Region 10, Seattle, WA, by URS Greiner,
Inc., Seattle, WA, and CH2M Hill, Bellevue, WA. September 2001.

URS Greiner, Inc., and CH2M Hill. 2001b. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investiga-
tion/Feasibility Study, Vol. 1. Part 1. Setting and Methodology. URSG DCN
4162500.6659.05a. Prepared for U.S. Environmental Protection Agency, Region 10,
Seattle, WA, by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA. Septem-
ber 2001.

URS Greiner, Inc., and CH2M Hill. 2001c. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 2. Part 2. CSM Unit 1, Upper Watersheds Canyon Creek. URSG
DCN 4162500.6659.05a. Prepared for U.S. Environmental Protection Agency, Region
10, Seattle, WA, by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA.
September 2001.

URS Greiner, Inc., and CH2M Hill. 2001d. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 3. Part 2. CSM Unit 1, Upper Watersheds Ninemile Creek. URSG
DCN 4162500.6659.05a. Prepared for U.S. Environmental Protection Agency, Region
10, Seattle, WA, by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA.
September 2001.

URS Greiner, Inc., and CH2M Hill. 2001e. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 10. URSG DCN 4162500.6659.05a. Prepared for U.S. Environ-
mental Protection Agency, Region 10, Seattle, WA, by URS Greiner, Inc., Seattle, WA,
and CH2M Hill, Bellevue, WA. September 2001.

URS Greiner, Inc., and CH2M Hill. 2001f. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 4. Part 3. CSM Unit 2, Midgradient Watersheds, South Fork
Coeur d’Alene River. URSG DCN 4162500.6659.05a. Prepared for U.S. Environmental
Protection Agency, Region 10, Seattle, WA, by URS Greiner, Inc., Seattle, WA, and
CH2M Hill, Bellevue, WA. September 2001.

URS Greiner, Inc., and CH2M Hill. 2001g. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 3. Part 2. CSM Unit 1, Upper Watersheds Pine Creek. URSG
DCN 4162500.6659.05a. Prepared for U.S. Environmental Protection Agency, Region
10, Seattle, WA, by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA.
September 2001.

URS Greiner, Inc., and CH2M Hill. 2001h. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 4. Part 3. CSM Unit 2, Midgradient Watersheds, North Fork
Coeur d’Alene River. URSG DCN 4162500.6659.05a. Prepared for U.S. Environmental
Protection Agency, Region 10, Seattle, WA, by URS Greiner, Inc., Seattle, WA, and
CH2M Hill, Bellevue, WA. September 2001.

URS Greiner, Inc., and CH2M Hill. 2001i. Probabilistic Analysis of Post-Remediation Metal
Loading Technical Memorandum (Revision 1). URSG DCN 4162500.06778.05.a. Pre-
pared for U.S. Environmental Protection Agency, Region 10, Seattle, WA, By URS
Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA. September 20, 2001.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

THE COEUR D’ALENE SYSTEM 107

URS Greiner, Inc., and CH2M Hill. 2001j. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 4. Part 4. CSM Unit 3, Lower Coeur d’Alene River. URSG DCN
4162500.6659.05a. Prepared for U.S. Environmental Protection Agency, Region 10, Seattle,
WA, by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA. September 2001.

URS Greiner, Inc., and CH2M Hill. 2001k. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 4. Part 5. CSM Unit 4, Coeur d’Alene Lake. URSG DCN 4162500.
6659.05a. Prepared for U.S. Environmental Protection Agency, Region 10, Seattle, WA,
by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA. September 2001.

URS Greiner, Inc., and CH2M Hill. 20011. Final (Revision 2) Remedial Investigation Report,
Remedial Investigation Report for the Coeur d’Alene Basin Remedial Investigation/
Feasibility Study, Vol. 4. Part 6. CSM Unit 5, Spokane River. URSG DCN 4162500.
6659.05a. Prepared for U.S. Environmental Protection Agency, Region 10, Seattle, WA,
by URS Greiner, Inc., Seattle, WA, and CH2M Hill, Bellevue, WA. September 2001.

URS Greiner/CH2M Hill/Syracuse Research Corporation. 1999. Draft Final Coeur d’Alene
Basin RI/FS Expedited Screening Level Risk Assessment for Common Use Areas, Coeur
d’Alene River Basin, Idaho. URSG DCN 4162500.4658.04.0. Prepared for U.S. Envi-
ronmental Protection Agency, Region 10, Seattle, WA, by URS Greiner, Inc., Seattle,
WA, CH2M Hill, Bellevue, WA, and Syracuse Research Corporation, North Syracuse,
NY. October 18, 1999.

USACE (U.S. Army Corps of Engineers). 2001. Revised Flood Insurance Study for the Coeur
d’Alene River at Cataldo, Idaho. U.S. Army Corps of Engineers, Seattle District, Seattle,
WA. April 10, 2001. 13 pp.

U.S. Census 2004. Data Set: 2000. American FactFinder, U.S. Census Bureau [online]. Avail-
able: http:/factfinder.census.gov/home/saff/main.html?_lang=en [accessed Nov. 1, 2004].

USGS (U.S. Geological Survey). 2004. Monthly Streamflow Statistics for Idaho. USGS
12413500 Couer d’Alene River near Cataldo, ID. NWISWeb Data for Idaho, U.S. Geo-
logical Survey [online]. Available: http:/nwis.waterdata.usgs.gov/id/nwis/monthly [ac-
cessed Dec. 6, 2004].

USMRA (U.S. Mine Rescue Association). 2004. Sunshine Mining Company, Sunshine Mine
Kellogg, Shoshone County, Idaho, May 2, 1972-91 Killed [online]. Available: http://
www.usmra.com/saxsewell/sunshine.htm [accessed Dec. 7, 2004].

Vannote, R.L., G.W. Minshall, J.R. Cummins, J.R. Sedell, and C.E. Cushing. 1980. The river
continuum concept. Can. J. Fish. Aquat. Sci. 37:130-137.

White, B.G. 1998. Diverse tectonism in the Coeur d’Alene Mining District, Idaho. Pp. 254-
265 in Belt Symposium IIT 1993, R.B. Berg, ed. Montana Bureau of Mines and Geology
Special Publication 112. Butte, MT: Montana Bureau of Mines and Geology.

Winston, D. 2000. Belt Supergroup stratigraphy, sedimentology, and structure in the vicinity
of the Coeur d’Alene Mining District. Pp. 85-94 in Geologic Field Trips, Western Mon-
tana and Adjacent Areas. S.M. Roberts, and D. Winston, eds. Prepared for Rocky Moun-
tain Section Meeting, Geological Society of America, Missoula, MT, April 15-20, 2000,
by University of Montana, Missoula, MT.

Woods, P.F. 2004. Interaction of Lake Productivity with Trace-Element Contamination: Coeur
d’Alene, Idaho. Presentation at the Third Meeting on Superfund Site Assessment and
Remediation in the Coeur d’Alene River Basin, June 17, 2004, Coeur d’Alene, ID.

Woodward, D.F., J.A. Hansen, H. Bergman, E. Little, and A.J. DeLonay. 1995. Brown trout
avoidance of metals in water characteristic of the Clark Fork River, Montana. Can. J.
Fish. Aquat. Sci. 52(9):2031-2037.

Woodward, D.F., J.N. Goldstein, A.M. Farag, and W.G. Brumbaugh. 1997. Cutthroat trout
avoidance of metals and conditions characteristic of a mining waste site: Coeur d’Alene
River, Idaho. Trans. Am. Fish. Soc. 126(4):699-706.

Copyright © National Academy of Sciences. All rights reserved.



Superfund and Mining Megasites: Lessons from the Coeur d'Alene River Basin

4

Remedial Investigation Assessment

INTRODUCTION

Superfund activities began in the Coeur d’Alene River basin in 1983
with the listing of the Bunker Hill Mining and Metallurgical Complex on
the National Priorities List (NPL). This site, commonly referred to as the
Bunker Hill “box,” encompasses a 21-square-mile area including the his-
toric smelter and ore-processing operations in the heart of the Coeur d’Alene
River basin. The site was divided into two operable units (OUs) for which
records of decision (RODs) were issued in 1991 and 1992.1

In 1998, the U.S. Environmental Protection Agency (EPA) extended
Superfund activities and undertook a remedial investigation/feasibility study
(RI/FS) of mining-related contamination in the Coeur d’Alene River basin
outside the box. This is the third operable unit of the site (OU-3, commonly
termed the “basin”). The geographic area includes the Coeur d’Alene River,
associated tributaries, Lake Coeur d’Alene, and the Spokane River that
drains from Lake Coeur d’Alene and crosses from Idaho into Washington.
Within this geographic scope are residential communities; recreational ar-
eas; active and inactive mining facilities; parts of the Coeur d’Alene Indian
Reservation; the Spokane Indian Reservation; parts of Kootenai, Benewah,
and Shoshone counties of northern Idaho; and parts of Stevens, Lincoln,

1Operable unit 1 (OU-1), the “populated areas” of the box, includes the communities of
Kellogg, Smelterville, and Pinehurst. Operable unit 2 (OU-2), the “non-populated areas,”
includes the site of the Bunker Hill smelter, ore-processing complex, and mine.
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and Spokane counties in eastern Washington (see Figure 3-1 in Chapter 3 of
this report).

The RI report (URS Greiner, Inc. and CH2M Hill 2001a) was prepared
by contractors for EPA Region 10 based on EPA’s guidance document for
conducting RI/FS studies (EPA 1988) through the RI process set forth in the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP,
40 CFR Part 300) (URS Greiner, Inc. and CH2M Hill 2001b, p. 1-2). The
information in the RI report is used to evaluate risks to human health and
the environment and potential remedial alternatives.

In this chapter, the RI of the Coeur d’Alene River basin (URS Greiner,
Inc. and CH2M Hill 2001a) is assessed with respect to the following;:

¢ Adequacy and application of EPA’s own Superfund guidance for RIs
e Consistency with best scientific practices
e Validity of conclusions

Additionally, this chapter evaluates the scientific and technical aspects
of the following:

e EPA’s determination of the geographic extent of areas contaminated
by waste-site sources

e Types of data and analyses used to assess the extent of contamination

e Approaches used to collect and analyze the data that resulted in
conclusions

e Considerations of contaminant chemical speciation and transport

Human health aspects of the RI are primarily evaluated in Chapter 3,
“Human Health Risk Assessment in the Coeur d’Alene Basin.” The Human
Health Risk Assessment (HHRA), undertaken concurrent with the RI, charac-
terizes heavy-metal contamination in relation to potential human health risks.

EPA’S RECOGNITION OF THE BASIN SYSTEMS
AND THEIR INTERACTIONS

The Coeur d’Alene River basin is a large-scale, complex system with
extensive anthropogenic overprints that have increased the multiple com-
plexities and interacting processes at work throughout the basin. This vast,
mountainous river system has a long history of mining, logging, fishing,
trading, and tourism (see Chapters 2 and 3). The high precipitation and
high-flow events, which are characteristic of the Coeur d’Alene basin, have
distributed mining wastes over many miles. The size and complexity of the
basin combined with the highly variable nature of the mine wastes render
site characterization a formidable task.
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Systems Approach and the Conceptual Site Model

One way of characterizing the Coeur d’Alene basin for the purpose of
remedial planning is to use a “systems approach” (see Box 4-1). This “sys-
tem” is logically defined by watershed? boundaries. Within the Coeur
d’Alene system, relevant aspects are considered, including the geology, hy-
drology, ecologic communities, climate, human factors, and mining-related
wastes. Under the systems approach, subwatershed boundaries are used for
looking at smaller, more-manageable units while maintaining an awareness
of interconnectedness between those units and the entire system.

EPA’s process for investigating a Superfund site calls for the creation of
a “conceptual site model” (CSM) at the beginning of the RI. This model is
intended to guide the way the RI is conducted and establishes a conceptual
framework for the rest of the Superfund cleanup process. The CSM devel-
oped for the basin is largely based on geographic characteristics of the
stream valleys and hydrologic characteristics of water bodies and is tanta-
mount to looking at the overall Coeur d’Alene system in terms of more
manageable subwatersheds. The basin was subdivided into five CSM units
that correspond with Chapter 3’s description of the basin’s topography.?
The description of each CSM unit in the RI is accompanied by a complex
“process model” diagram, characterizing the multifarious interactions that
may take place in each unit. Figure 4-1 shows the process model for the
Canyon Creek watershed.

One aspect of a systems approach only nominally considered in the
development of these models is the amount of variability that exists in the
basin—particularly with respect to the climatic and hydrologic systems. As
evidenced by the large floods experienced in the basin and their tremendous
impact on contaminant transport, these events are a critical element in the
basin’s hydrologic system. The conceptual models, and therefore the defini-
tion of possible remedies, seemingly are based primarily on average condi-
tions, and the committee believes that variations in the basin’s systems,
particularly flood events, may have a significant impact on the effectiveness
of the proposed remedies.

In addition, in carrying out assessments of the individual geographical
components of the basin, the RI appears to have lost sight of the broader
interactions within this complex system. Based on a systems approach, the
RI should look at the watershed boundaries defining the basin system and
then develop a flux-reservoir model of where each metal of importance

2The watershed is also referred to as a catchment or drainage basin.

3These units include: CSM Unit 1, upper watersheds; CSM Unit 2, midgradient watersheds;
CSM Unit 3, Lower Coeur d’Alene River; CSM Unit 4, Coeur d’Alene Lake; CSM Unit 3,
Spokane River.
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BOX 4-1 Systems Approach
“In the context of water resources the essential function of a systems ap-
proach is to provide an organized framework that supports a balanced evalua-
tion of all relevant issues (e.g., hydrologic, geomorphic, ecologic, social, eco-
nomic) at appropriate scales of space and time. Within a systems framework,
multiple stressors can be identified and quantified, multiple goals can be inves-
tigated, trade-offs among competing objectives can be evaluated, potential unin-
tended consequences can be identified, and the true costs and benefits of a
project can be examined in a context that incorporates the interest of all those
with any substantial stake. . . . The merits of a systems approach are broadly
endorsed . . . throughout the water resources community, and in several NRC
reports (NRC 1999a,b, 2000, 2001). . . . A systems framework supports a bal-
anced consideration of all relevant aspects of water resources problems at all
relevant time and space scales.”
Source: NRC 2004.
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resides and where that metal is transported at the established flux. The RI
should consider the roles that geology, hydrology, geomorphology, geo-
chemistry, forest management practices, infrastructure, etc. all play as com-
ponents of the system. In fact, a similar approach was recommended in an
EPA report (Hornig et al. 1988) that looked at the water quality monitoring
in the Coeur d’Alene River basin:

A whole basin environmental management approach to the Coeur d’Alene
system should also address the relative importance of habitat degradation
and other factors (for example, nonpoint impacts from agricultural or
forestry practices) in the prevention of full potential of aquatic resources.
The dynamics of cadmium and lead in the ecosystem also needs to be
further addressed, including the relative importance of the contribution of
present South Fork loadings of these metals to the downstream sediments
and biota.

EPA made preliminary steps toward looking at the Canyon Creek wa-
tershed using a systems approach. However, this approach appeared to be
less in evidence in other parts of the basin, particularly regarding the box
which is excised from consideration in the basin’s RI and subsequent docu-
ments. A systems approach would consider the contaminant sources and
pathways within the box along with those stemming from upstream por-
tions of the South Fork of the Coeur d’Alene River and also consider their
potential to serve as contaminants in downstream areas.

Operable Unit Designation

Operable Units 1 and 2

As mentioned, OUs 1 and 2 are the populated and nonpopulated areas,
respectively, of the 21-square-mile box. OU-3, the subject of this review,
includes all the rest of the basin from the headwaters west into eastern
Washington. In some cases, defining separate OUs may facilitate an earlier
start on cleanup of a more-contaminated area. This was the situation for
OU-1 and OU-2 because cleanup of these units began well before the RI for
OU-3 was initiated. While this segmentation may have been appropriate at
the time based on the severity of contamination in the box, it currently
creates technical issues regarding implementation of remedies for protect-
ing ecologic health downstream of the box.

These technical difficulties arise, for instance, in efforts to protect fish
downstream of the box. In this stretch of the river, the major source of
dissolved zinc comes from groundwater discharges to the river that occur
within the box but apparently cannot be addressed in remedies considered
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for OU-3.4 It is not clear whether there are cost-effective remedies for
controlling these sources, but it makes no technical sense to ignore this
possibility entirely. The manner in which the Superfund site was seg-
mented has also created public perception problems. For example, pri-
vately-owned properties on different sides of the dividing line could have
similar levels of contamination, but properties outside the box had to wait
a decade before becoming part of the Superfund site and be considered for
remediation.’

Operable Unit 3

EPA has substantial flexibility under the NCP in establishing what
areas or actions will constitute an OU at a site.® However, the guidance
does state that “sites should generally be remediated in operable units
when ... phased analysis and response is necessary or appropriate given the
size or complexity of the site, or to expedite the completion of total site
cleanup.” Certainly, the Coeur d’Alene River basin is such a site though the
entire basin (minus the box) was considered a single OU. The committee’s
evaluation suggests that a different segmentation approach to OU-3 might
have been preferable. There is a remarkable independence between protect-
ing human health and protecting the environment. None of the remedies
undertaken for human health protection will have any discernable impact
on the protection of fish and wildlife (see Chapter 8). Similarly, EPA iden-
tifies only limited human health benefits that would result from the rem-
edies being considered for protecting environmental resources (EPA 2002,

4EPA states that they intend to integrate actions selected in the ROD with those imple-
mented in the box (EPA 2002, p. 4-6). However, exactly what EPA intends to do is not yet
clear. The agency has postponed implementing any efforts to cleanup groundwater seeping
through the CIA until it sees how successful the cap on this facility will be in reducing
groundwater contamination. The following is provided in the S-year review for OU-2: “For
groundwater, the cleanup levels specified in the ROD for site-wide groundwater were maxi-
mum contaminant levels (MCLs) and MCL goals for arsenic, copper, lead, mercury, PCBs
[polychlorinated biphenyls], selenium, silver, zinc, and nitrate as identified under the Safe
Drinking Water Act. The ROD further defined contingency measures to be implemented if
these cleanup goals were not capable of being met” (EPA 2000, p. 5-2).

SPublic perception problems also stem from the fact that the agency seems to have reversed
its original position, which was to deal with the environmental problems outside of the box
using programs other than Superfund (see Chapters 1 and 2 for further discussion).

6The NCP states that “Operable units may address geographical portions of a site, specific
site problems, or initial phases of an action, or may consist of any set of actions performed
over time or any actions that are concurrent but located in different parts of a site” (40 CFR
§ 300.5[2004]).
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Table 12.2-1). These remedies include limiting exposures associated with
recreational activities at mine-waste sites or riverbanks.”

A more rational segmentation might have been to make one OU the
protection of human health (or even several OUs based on subwatersheds
of the basin, or addressing, for example, residential properties, public use
areas, and other human health risks), and the second OU the protection of
environmental resources (or perhaps several OUs based on the subwater-
sheds of the basin).? This approach would have had some clear technical
advantages in allowing the agency to analyze risks more systematically and
in considering remedial alternatives more effectively, because of the more
manageable size and differing characteristics of the smaller OUs.

In addition, such an approach probably would reduce the pall that so
many residents believe will shadow the basin for decades to come, for the
human health protection remedies in the basin will be completed relatively
quickly. When this occurs, the basin could be declared to be cleaned up
with respect to human health, although further work would be required to
protect the environmental resources. To the extent that the designation of
the basin as a Superfund site affects its economic prospects, such a distinc-
tion might well have reduced these negative effects.

It is probably too late to make such a change, but the agency might
consider such an approach at other large sites where some of the cleanup
activities will take long periods to complete.

SAMPLING AND ANALYSIS

Samples Collected

Some 7,000 samples had been collected in the Coeur d’Alene River
basin between 1991 and 1999 by the Idaho Department of Environmental
Quality, the U.S. Geological Survey (USGS), mining companies, and EPA
under other regulatory programs (URS Greiner, Inc. and CH2M Hill 2001b,

7In addition, the environmental remedies, because they should reduce the transfer of con-
taminants to Lake Coeur d’Alene and the Spokane River, could have some health benefits for
tribal members pursuing traditional lifestyles and to recreational users along the Spokane
River.

8t appears that this was considered by EPA. As provided by Villa (2003): “At one time,
consistent with the operable unit concept, Region 10 considered dividing the Basin cleanup
plan into two phases, with the human health component to be released before the ecologic
component. However, the proposal provoked a public outcry, led by the State of Idaho, and
EPA responded by agreeing to keep the human health and ecologic cleanup for the Basin
together in one plan.” Villa (2003) indicated that the “[c]oncerns by the State of Idaho
included presenting the public with one plan to comment upon and allowing consideration of
tradeoffs between human health and environmental protection.”
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p. 4-8). These historical samples, obtained from sediments, surface waters,
groundwater, and soils, had been collected to support investigations with
different objectives than those set forth for the RI. Nevertheless, a decision
was made by the EPA to rely on data from these 7,000 historical samples
already collected, although the quality assurance and quality control (QA/
QC) procedures varied among the various studies, and the results from the
several data sets were generated from multiple methods of analysis. Because
the levels of metal contamination from these studies were large in compari-
son to the levels considered problematic, the EPA was less concerned with
the uncertainties associated with the QA/QC and analytical methodologies
used. Based on review of the data from the 7,000 historical samples, EPA
made the decision to collect additional samples and developed a Draft
Technical Work Plan (URS Greiner, Inc. and CH2M Hill 1998a), which
considered the EPA’s Data Quality Objective (DQO) process (EPA 1994).
The Draft Technical Work Plan was used to develop field sampling plan
addenda (FSPAs) (URS Greiner, Inc. and CH2M Hill 2001b, pp. 4-10 to
4-29), each with a specific purpose and scope, for collection of an addi-
tional 10,000 samples to characterize source areas. These samples were
collected from sediments, sediment cores, adits, seeps, creek surface waters,
soils, drinking water (wells, residential, and school/daycare), indoor dust,
vacuum cleaner bags, lead-based paint, and groundwater. Two types of
sampling were conducted: judgmental and probabilistic. Judgmental sam-
pling (that is, nonprobabilistic) entailed sampling specific areas to confirm
the existence of contamination. The committee did not assess EPA’s DQO
process, Draft Technical Work Plan, FSPAs, or the methodology used by
EPA to review and incorporate data from the 7,000 historical samples.

The 17,000 samples, collected over the large basin area, perhaps repre-
sent less than a dozen samples per square mile (although a much higher
density of samples exists in the contaminated floodplain). The Bureau of
Land Management identified approximately 1,080 mining-related source
areas in the basin. Source areas were identified as either primary or second-
ary. Primary sources, mostly present in the upper basin (that is, the area
characterized by high-gradient tributaries to the South Fork Coeur d’Alene
River), include mine workings, waste rock, tailings, concentrates and other
process wastes, and artificial fill. Secondary sources, principally located in
the lower segments of u