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3.7 Cultural Resources

3.7 Cultural Resources
3.71 Regulatory Framework
3.7.11 National Historic Preservation Act

Section 106 of the National Historic Preservation Act (NHPA) of 1966 as amended and its
implementing regulations under 36 CFR 800 require all federal agencies to consider effects of
federal actions on cultural resources eligible for or listed in the National Register of Historic
Places (NRHP). Both listed and potentially eligible properties must be considered during Section
106 review. In the Section 106 review, the Forest Service considers effects on cultural resource
properties within the APE. The APE is defined as “the geographic area or areas within which an
undertaking may directly or indirectly cause changes in the character or use of historic properties,
if any such properties exist” (36 CFR 800.16).

Traditional cultural properties (TCPs) are protected under Section 106 of the NHPA; the
American Indian Religious Freedom Act; and the Native American Grave Protection and
Repatriation Act. A TCP may be eligible for listing in the NRHP because of its association with
cultural practices or beliefs of a living community that (a) are rooted in the history of the
community or tribe, and, (b) are important in maintaining the continuing cultural identity of the
community or tribe. Effects on American Indians are discussed in section 3.5, American Indian
Consultation.

Generally, any site of human activity older than 50 years is considered to be a potential cultural
resource. The NHPA requires federal agencies to identify any cultural resource properties that
might be affected by a federal undertaking. An undertaking refers to any federal action, such as
approval of a Plan of Operations for the Montanore Project. If the cultural resource is affiliated
with American Indian use, then consultation with any interested tribes begins. Once identified, a
cultural resource property is formally evaluated by the KNF in consultation with the SHPO, to
determine whether the property is eligible for listing on the NRHP.

After consultation, the SHPO provides a determination of eligibility for each cultural resource
affected by the project. If the property is found to be eligible, the KNF will determine whether the
property would be adversely affected by the undertaking. Cultural resources that are determined
eligible for listing in the NRHP and that cannot be avoided during project implementation would
be considered adversely affected. When adverse effects are anticipated, MMC may choose to
redesign the project to avoid the property. If avoidance is not feasible, actions will be taken to
mitigate any adverse effects on the property. A mitigation plan would be developed by MMC,
reviewed by the KNF, reviewed by culturally affiliated tribes, and approved by the SHPO and the
Advisory Council on Historic Preservation.

The location of cultural resource sites is exempt from public disclosure under Public Law 94-456.
The purpose of this exemption is to protect a site from potential vandalism and to retain
confidentiality of sites culturally significant to American Indian Tribes. Similar state laws
governing cultural resources are found in 22-3, MCA.
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3.71.2 Kootenai Forest Plan

The 2015 KFP direction considered in the analysis of cultural resources is:

FW-DC-CR-01. Cultural resources are inventoried, evaluated for inclusion on the
National Register of Historic Places, and managed according to their allocation category,
including preservation, enhancement-public use, or scientific investigation. National
Register ineligible cultural resources may be released from active management. Until
evaluated, cultural resources are treated as National Register eligible. Historically and
archaeologically important cultural resources and traditional cultural properties are
nominated to the National Register.

FW-DC-CR-02. Cultural resources are safeguarded from vandalism, looting, and
environmental damage through monitoring, condition assessment, protection, and law
enforcement measures. Interpretation and adaptive use of cultural resources provide
public benefits and enhance understanding and appreciation of KNF prehistory and
history. Cultural resource studies provide relevant knowledge and perspectives to KNF
land management. Artifacts and records are stored in appropriate curation facilities and
are available for academic research, interpretation, and public education.

FW-GDL-CR-01. Cultural resource protection provisions should be included in
applicable contracts, agreements, and special use permits for National Register-listed or
eligible properties.

FW-GDL-CR-02. Historic human remains should be left undisturbed unless there is an
urgent reason (e.g., human health and safety, natural event, etc.) for their disturbance.

3.7.2 Analysis Area and Methods

3.7.21 Analysis Area

The APE includes all mine-related facilities and four transmission line alternatives, each with a
500-foot buffer. The buffer areas are included in the analysis of direct, indirect, and cumulative
effects. Also included in the APE are locations where mitigation activities, such as culvert
removals proposed as stream mitigation, would occur. No formal consultation has occurred
between the KNF and the SHPO regarding definition of the APE, but consultation would take
place before the KNF allowed MMC to proceed with ground-disturbing activities.

3.7.2.2 Cultural Resource Inventories

Cultural resources were identified within the APE using three methods:

e A Class I file and literature review with the SHPO and the KNF by Historical
Resource Associates (Historical Research Associates 2006a, 2006b) to identify
previous cultural resource inventories and archaeological sites within the APE

o A CClass III intensive pedestrian cultural resource inventory was conducted within all

mine facility footprints, including portions of the APE that are on private land
(Historical Research Associates 1989a; 1989b; 1989¢; 1990; 2006a; 2006b)
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e Shovel testing areas identified by the KNF as medium to high probability areas for
cultural resources, in addition to pedestrian survey (Historical Research Associates
2006a; 2006b)

Mine facility areas proposed in Alternative 2 (Little Cherry Creek Tailings Impoundment Site,
LAD Areas 1 and 2, Ramsey Plant Site, and Libby Adit Site) were inventoried at an intensive
level, including shovel testing in areas of low ground visibility (Historical Research Associates
2006a, 2006b). Previous inventory conducted for NMC included portions of alternative mine
facility locations (Historical Research Associates 1990). Locations where ground disturbing
mitigation activities would occur, such as the Swamp Creek wetland and stream mitigation site or
fisheries mitigation sites, have not been inventoried. Locations used for mitigation of 404-
permitted effects would be inventoried before the Corps issued a 404 permit.

Of the transmission line alternatives, only segments of the North Miller Creek, Modified North
Miller Creek, and Miller Creek Alternatives were subject to intensive inventory (Historical
Research Associates 1990, 2006b). The Sedlak Park Substation also was inventoried at an
intensive level (Historical Research Associates 1990). It is not known if the substation loop line
was included in the inventory of the substation. Effects on cultural resources were evaluated
using GIS spatial analysis to compare the location of cultural resources in relation to proposed
project facilities. Because not all of the proposed transmission line alternatives were inventoried
for cultural resources, only those cultural resources identified through the file and literature
review were considered in the effects analysis.

After the agencies selected a transmission line alignment in a ROD, any remaining pedestrian
inventory and/or exploratory shovel testing would be conducted to comply with Section 106 of
the NHPA. If previously unknown cultural or historical resources were discovered during any
remaining inventory, MMC would either avoid disturbing the sites and their setting as
recommended after formal evaluation and consultation with SHPO and as allowed by the
landowner, or develop appropriate mitigation for all unavoidable impacts. The data available and
methods used are adequate to evaluate and disclose reasonably foreseeable significant adverse
effects on cultural resources in the analysis area and to enable the decision makers to make a
reasoned choice among alternatives. The agencies did not identify any incomplete or unavailable
information, as described in section 3.1.3, Incomplete and Unavailable Information.

3.7.2.3 Site Evaluation Criteria

Cultural resources are evaluated for their eligibility to be listed on the National Register of
Historic Places (NRHP). NRHP significance criteria are codified under 36 CFR 60.4 and are
specified below (National Register Bulletin No. 15, revised 1998):

The quality of significance in American history, architecture, archaeology, and culture is present
in districts, sites, buildings, structures, and objects that possess integrity of location, design,
setting, materials, workmanship, feeling, and association, and—

a) that are associated with events that have made a significant contribution to the
broad patterns of our history; or

b) that are associated with the lives of persons significant in the past; or
c) that embody the distinctive characteristics of a type, period, or method of

construction, or that represent the work of a master, or that possess high artistic
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value, or that represent a significant or distinguishable entity whose components
may lack individual distinction; or

d) that have yielded, or are likely to yield, information important in prehistory or
history.

Ordinarily, cemeteries, birthplaces, or graves of historical figures; property owned by religious
institutions or used for religious purposes; structures that have been removed from their original
location; reconstructed historic buildings; properties that are primarily commemorative in nature;
and properties that have achieved significance within the last 50 years shall not be considered
eligible for the National Register. Such properties will qualify if they are integral parts of districts
that do meet the criteria, or if they fall within the following categories:

a) a religious property deriving primary significance from architectural or artistic
distinction or historical importance; or

b) a building or structure removed from its original location but which is significant
primarily for its architecture, or which is the surviving structure most importantly
associated with an historic person or event; or

c) a birthplace or grave of an historical figure of outstanding importance if there is
no other appropriate site or building directly associated with his or her productive
life; or

d) a cemetery which derives its primary significance from graves of persons of
transcendent importance, from age, from distinctive design features, or from
association with historic events; or

e) a reconstructed building when accurately executed in a suitable environment and
presented in a dignified manner as part of a restoration master plan and when no
building or structure with the same association has survived; or

f) a property primarily commemorative in intent if design, age, tradition, or
symbolic value has invested it with its own historical significance; or

g) a property achieving significance within the past 50 years if it is of exceptional
importance.

In addition, sites evaluated as eligible must retain physical integrity. Eroded or otherwise heavily
disturbed sites are generally not considered eligible under Criterion d, although intact portions of
an otherwise degraded site may still qualify the site as eligible. Unevaluated sites are those that
may conform to the eligibility criteria, but require further work to determine NRHP significance.
In most cases, these sites are prehistoric or historic sites with suspected buried cultural material or
historic sites where additional archival research is necessary to determine historical context and
overall significance. Sites that are evaluated as not eligible do not meet any of the eligibility
criteria and/or have lost physical integrity. For purposes of the EIS, any unevaluated site is
considered potentially eligible for the NRHP.

If the project involves a ground disturbing action, all documented cultural resources must be
evaluated for potential adverse effects as codified under 36 CFR 800.5. Effects may be “no
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effect,” “no adverse effect,” or “adverse effect,” depending on the type of anticipated disturbance.
Determinations of effect must take into account the action involved and may be “beneficial” if the
action has the potential to further preserve the cultural resource.

3.7.3 Affected Environment

3.7.3.1 Cultural Resource Overview

The following cultural overview is summarized from a synthesis provided by Historical Research
Associates (1989a; 1989b; 1990; 2006a; 2006b). At the time of Euro-American contact, two
major ethnic groups occupied and used areas that include the current analysis area. The Kalispell
or Lower Pend d’Oreille occupied the Clark Fork River drainage from the area around Lake Pend
Oreille in Idaho to the vicinity of Plains, Montana. The Kootenai (also spelled Kutenai) occupied
the area drained by the Kootenai River in Montana and the Kootenay and upper Columbia rivers
in British Columbia. They occupied semi-permanent winter encampments and seasonally
exploited other sites. The Kootenai, who subsisted on a hunting-gathering economy based
primarily on fish, big game and camas, have used the analysis area for the last three to five
centuries.

The most salient prehistoric data come from the work conducted at the Libby Dam and Reservoir
area. Work from this area established clear continuity between prehistoric use of the area and the
historic Kutenai. The spatial extent of the Kutenai, and by extension most other groups in the
region, was considerable due to seasonal mobility between the mountains and plains as a means
of successful adaptation. It is likely that the Kutenai split into smaller groups early in the
Common Era, each relying more heavily on either plains or mountain-based resources, depending
on their location, while using extensive trade networks.

The first contact between Native Americans and Euro-Americans in the area was initiated by
explorers and fur traders. The first Euro-Americans to enter the analysis area were LeGasse and
LeBlanc, employees of the Northwest Company sent into the region in 1801. Jaco Finley crossed
the Rocky Mountains via Howse Pass in 1806 and David Thompson arrived in the Libby area in
May, 1808; his travels are described in journals dated 1808-1812. Several trading posts were
established in the region and travel routes such as the “Kootenai Road” became important links to
connect the Kootenai River region with the trading posts.

More permanent Euro-American settlements resulted from the influx of people during the gold
strikes of the 1860s and the construction of the transcontinental railroads through the Clark Fork
Valley in 1883 and the Kootenai Valley in 1892. There was placer mining and an established
mining camp along Libby Creek by 1867-1868. The initial rush to Libby Creek included 500 to
600 men, but the number quickly diminished to a handful by early 1868. The camp was referred
to as Libbysville. Little to no placer mining took place during 1876 to 1885 when a small rush
resumed after gold was once again discovered. Settlement along the Kootenai River was limited
to the town of Tobacco Plains until the late 1880s, when Old Town or Lake City was established
near with the mouth of Ramsey Creek on upper Libby Creek. The Thompson Falls to Libby
Creek Trail was extended to Old Town and a general store existed to supply goods. Old Town was
abandoned in 1889 with the establishment of Old Libby, which in turn was abandoned in 1891
when the Howards, among others, established ranches near the mouth of Libby Creek in
anticipation of the Great Northern Railroad route to be established closer to the Kootenai. Placer
mining in the Libby Creek drainage peaked in the early 1900s. Both railroads and mining
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contributed to the development of the timber industry, which became the economic base in both
Lincoln and Sanders counties.

A major change in the region resulted from the establishment of the Forest Reserves, later known
as National Forests. Lands within the reserves came under the administration and protection of
the Federal Government, and timber cutting became regulated. Portions of the land within the
analysis area were included in the Cabinet Forest Reserve, now part of the Libby and Cabinet
Districts of the KNF.

3.7.3.2 Archaeological Resource Potential

Based on sites recorded in the region, and a synthesis of expected cultural resources provided in
the KNF Heritage Guidelines (KNF 2002a), the following cultural resource types were consid-
ered most likely to occur in the analysis area: prehistoric campsites, scarred trees, historic cabins,
trading posts, mining and logging sites, homesteads, bridges, and trash dumps. Cultural resources
in upland areas are expected to be fewer than in lower elevation areas and along major water
courses. Upland areas were used seasonally by hunter-gatherer groups for specific economic pro-
curement tasks and, as such, the cultural imprints from these activities are expected to be less
visible than long-term habitation sites located at lower elevations (KNF 2002a). Identification of
specialized economic activity sites expected in upland areas is difficult because of the limited
material assemblage associated with this type of site and the extensive vegetation cover of the
analysis area. Subsurface testing was used in high probability areas to locate cultural resources.

3.7.3.3 Recorded Cultural Resources

3.7.3.3.1 Mine Facilities

The file and literature review and inventory of mine related facilities determined that 11 cultural
resources have been previously recorded within the APE (Table 81). Two potential resources are
known but have not been formally recorded (site leads FS D5-241SL and D5-363).

Known cultural resources in mine facility areas (Table 81) are six eligible sites, two recom-
mended not eligible sites, one recommended eligible site, and two sites that have not been
evaluated. The Libby Mining District (District) encompasses most of the mine facility areas and
the northwest terminus of the transmission line alternatives. This site is a NRHP eligible historic
district that embodies the physical features of mining from 1867 to the 1950s and a visual aspect
that conveys both setting and location criteria. Six of the sites are related to the District and are
considered contributing elements of the District. Sites 241.N320, known as the Comet Placer,
24LN1677 (Beager Cabin), and 24LN1678 (unnamed cabin) are eligible for the NRHP as
contributing elements to the District. Sites 241.N943 and 24LN980 are recommended not eligible
as contributing elements of the District, and site 24LN1209, the Old Libby Wagon Road, is
considered a contributing element to the District. Sites 24L.N320 and 24LN1209 are located
within the Little Cherry Creek Tailings Impoundment Site (Alternatives 2 and 4) and are eligible
for the NRHP. Site 241.LN943 is a historic logging camp originally recommended as not eligible
that has since been destroyed by previous construction associated with the Libby Adit (private
property). Site 24L.N1680 is believed to be a portion of a placer mine that extends about 100 feet
into the Libby Adit facility. It is currently unknown if any elements of this resource actually
extend into the APE.
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Table 81. Known Cultural Resources within Mine Facility Areas.

Smithsonian | Site Type NRHP Area of Potential Effect
Site # Eligibility
241.N320° Historic Eligible Little Cherry Creek Tailings Impoundment
Mining Alternatives 2 and 4
features -
Comet Placer
241.N943" Logging Recommended | Libby Adit (All Alternatives)
Camp Not Eligible
(destroyed)
241.N980° Dam Recommended | Alternative 2 — Proposed Mitigation Area
Not Eligible
24LN1209" Historic Eligible Little Cherry Creek Tailings Impoundment
road/trail — Alternatives 2 and 4
Libby Wagon
Road
24L.N1323 Libby Mining | Eligible All project components except Libby Adit
District
241LN1677" Beager Cabin | Eligible Alternative 2 — Proposed Mitigation Area
24LN1678" Cabin Eligible Alternative 2 — Proposed Mitigation Area
24L.N1680 Placer Mine Eligible Libby Adit (100 feet according to GIS)
Ditch All Alternatives
241.N2203 Prehistoric Recommended | Alternative 2 — Proposed Mitigation Area
Eligible
FS D5-241SL | Mining Not Evaluated | Alternative 2 — Proposed Mitigation Area
features and
cabin
FS D5-363 Mining Camp | Not Evaluated | Alternative 2 — Proposed Mitigation Area

TContributing cultural resources to the Libby Mining District (24LN1323).

The KNF has identified an additional four cultural resources and two unrecorded sites that may
be affected by proposed fishery mitigation work associated with Alternative 2. These include sites
24LN1677 and 24LN1678, which are contributing elements to the Libby Mining District
(24LN1323); site 241LN2203, a prehistoric site with an unknown eligibility status; an unrecorded
feature of 24LN980 (historic dam) recommended not eligible; and site leads D5-241SL and D5-
363 that require documentation and evaluation before project implementation.

3.7.3.3.2

Transmission Line Alignments

Known cultural resources located within the four transmission line corridor alternatives are listed
in Table 82. Cultural resources common to all transmission line alternatives include 24L.N208,
24L.N722, 241L.N963, 24L.N977, 24LN1323 (Libby Mining District), 24LN1679, and the Libby
Divide and Miller Creek Trails. Site 24LN208 (Trail #6) would be crossed by all alternatives
north of the Sedlak Substation where the alignment parallels US 2. Site 24L.N722 was recorded
within the area proposed for the Sedlak Substation, but could not be relocated by Historical
Research Associates during its inventory efforts. Historical Research Associates assumed the
scarred tree that comprised this resource had been logged and no longer exists. Site 241.N963 and
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the Libby Divide and North Fork of the Miller Creek Trail are a system of trails crossed by all
transmission line alternatives except the West Fisher Alternative (Historical Research Associates
2006a, 2006b). Site 24L.N977 is a historic school crossed by all alternatives. Sites crossed by all
alternatives are eligible except for sites 24L.N208 and 24LLN722 (undetermined eligibility). Site
24L.N1679 is the Libby Placer Mining Camp listed as officially eligible and a contributing
resource to the Libby Mining District (24LN1323).

Cultural resources solely located within the transmission line corridor of Alternative E-R include
24LN165, 24LN718, 241LLN719, and 24LN720. Site 24LN165 is a historic dump that requires
SHPO concurrence to be determined as not eligible and 24L.N719 is a large historic townsite
eligible for the NRHP. Site 24L.N718 is a historic log structure likely related to the mining
activity in the area and is eligible for the NRHP. Site 24LLN720 is a multi-component historic
mining and prehistoric campsite and is eligible for the NRHP.

Site 241.N962 is the Teeter Peak Trail that would be crossed by Alternatives D-R and E-R and is
recommended not eligible. Sites 24LN1584 and 24LN1585 include two and four culturally
modified trees, respectively, located within the buffer area of Alternative B. Both sites are
recommended eligible. Site 24L.N1818 is a portion of US 2 that would be crossed by Alternatives
B, C-R, and D-R. Because of the ongoing modification that the highway receives, the resource
has not been evaluated for the NRHP.
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Table 82. Cultural Resource Sites Located within the Transmission Line Alternatives.

Smithsontan Site Type NRHP Eligibility | A2 Of Potential
24L.N165 Unknown Unknown Alternative E-R
24L.N208 Trail #6 Recommended All Alternatives

Not Eligible
24LN718" Historic Log Structure Eligible Alternative E-R
24L.N719 Historic Townsite Eligible Alternative E-R
241LN720° Historic Mining and Eligible Alternative E-R
Prehistoric campsite
241.N722 Scarred Tree Undetermined All Alternatives (Sedlak
(destroyed) Park Substation area)
24LN756 Fisher River Bridge Undetermined Alternative B
(bridge removed)
241.N962 Teeter Peak Trail Recommended Alternatives D-R and E-R
Not Eligible
241.N963 Historic road/trail Recommended All Alternatives
Not Eligible
24LN977 Historic School Eligible All Alternatives
241LN1323 Libby Mining District Eligible All Alternatives
(no contributing elements
affected)
241.N1584 Two scarred trees Recommended Alternative B
Eligible
24L.N1585 Four scarred trees Recommended Alternative B
Eligible
24LN1677" Historic Mining Eligible Alternatives D-R and E-R
24LN1679" Libby Placer Mining Eligible All Alternatives
Camp
241.N1818 Portions of US 2 Not Evaluated All Alternatives
FS D5-122 North Fork Miller Creek | Avoidance per All Alternatives
Trail #505 1997 PMOA
FS D5-126 Libby Divide Trail #716 | Avoidance per All Alternatives
1997 PMOA

TContributing cultural resources to the Libby Mining District (24LN1323).

3.74

3.7.41

Alternative 1 — No Mine

Environmental Consequences

No direct, indirect, or cumulative effects would occur to cultural resources in Alternative 1.
Natural weathering, deterioration, and vandalism of cultural resources would continue. The

DEQ’s approval of the mine, as permitted by DEQ Operating Permit #00150, would remain in
effect. The DEQ’s approval of revisions to DEQ Operating Permit #00150 (revisions 06-001, 06-
002, and 08-001) also would remain in effect. MMC could continue with the permitted activities
on private land associated with the Libby Adit evaluation program that did not affect National
Forest System lands.
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3.7.4.2 Alternative 2 — MMC’s Proposed Mine

All eleven cultural resources identified within mine facilities would be affected by Alternative 2
(Table 81) and remain potentially eligible for listing in the NRHP. Six of these resources may be
affected by proposed fishery mitigation areas and are discussed separately below. Site 24L.N1323,
the Libby Mining District, would be affected by all Alternative 2 facility components except
construction of the Libby Adit site. The District includes an extensive area where placer mining
took place, including locations along drainages of Libby, Big Cherry, Midas, Bear, Poorman,
Ramsey, Little Cherry, and Howard creeks. Mitigation would be necessary for those areas of the
District that would be adversely affected by facility construction. A determination as to whether
individual contributing sites (such as mines and mine-related sites) should be included in the
mitigation plan for the Historic District would be the decision of the Forest Service. Mitigation
for the District could include formal documentation under the USDI National Park Service’s
Cultural Landscapes Program or updating the existing site form for the District, or could be
limited to mitigation for individually contributing historic properties. The type of data recovery
necessary for a mining historic district and contributing properties would be determined from a
data recovery plan developed in consultation with the KNF and the SHPO.

Site 24L.N320 is located on private land within the Little Cherry Creek Tailings Impoundment
Site and is individually eligible for the NRHP and a contributing element to the Historic District.
The KNF recommends that additional recording is necessary in addition to potential data
recovery efforts of known site components. Mitigation plans for sites 24L.N320 and 24LN1209,
also located within the Little Cherry Creek Tailings Impoundment Site, would need to be
developed in consultation with the SHPO and could include Level I HAER documentation for
24LN1209 and/or HABS documentation for site 24LN320 depending on the type of mining
features present. Review and consultation with SHPO is required for site 24LN943 in order to
receive a consensus determination of not eligible based on the loss of physical integrity of the
site. Assuming concurrence from the SHPO, no additional work would be required. GIS analysis
indicates that about 100 feet of an eligible mining ditch (site 24LN1680) extends into the
disturbance area of the Libby Adit Site; any portion of the eligible mining ditch that may have
once extended into the Libby Adit disturbance area would have been destroyed by previous
ground disturbing activity. Monitoring should be conducted in this area should any new
disturbance occur.

Alternative 2 also includes proposed fishery mitigation work around Howard Lake and Libby
Creek, which may have the potential to adversely affect six cultural resources. Trail paving
associated with mitigation activities around Howard Lake has the potential to adversely affect site
241.N2203. The Forest Service has recommended that mitigation be implemented before ground
disturbance, which could include either protective covering or data recovery. Rehabilitation
efforts associated with Libby Creek have the potential to adversely affect three cultural resource
sites (24L.N980, 24LN1677, and 24L.N1678) and two unrecorded sites (D5-241SL and D5-363).
An unrecorded feature of 24L.N980 would require documentation and evaluation as a potential
contributing element of the District (24LLN1323). The eligible historic cabins (24LN1677 and
241L.N1678) would require HABS documentation if adversely affected by fishery mitigation
activities. Review and consultation also would be required for site 241.N980 in order to receive a
consensus determination of not eligible. This site also would need to be evaluated as to whether it
contributes to the District. If the site were not eligible either individually or as a contributing
element to the District, no additional work would be required. If the site were a contributing
element to the District a data recovery plan would need to be developed and could include HAER
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documentation. The two unrecorded sites (D5-241SL and D5-363) would need to be formally
documented and evaluated for effects from the proposed mitigation activities. The KNF has
recommended that the sites 241LN980, 24L.N1677, 24LLN1678, and the two unrecorded sites be
considered for interpretation to benefit the public.

For those sites with unresolved eligibility status (24LN943, 24LN980, 24L.N2203, D5-363, and
D5-241SL), review and consultation with SHPO would be necessary before ground disturbing
activities. For those cultural resources found to be eligible for listing in the NRHP following
consultation, the project proponent would develop a data recovery plan that would require
approval by the Forest Service, SHPO, and the Tribes, if necessary. Finally, for those sites with
consensus eligible determinations (24LN320, 24LN1209, 24L.N1323, 24L.N1677, and
24L.N1678), data recovery plans would need to be developed in consultation between the Forest
Service and the SHPO, and the Tribes, if necessary.

3.74.3 Alternative 3 — Agency Mitigated Poorman Impoundment Alternative

Effects on cultural resource sites 241.N943, 241.N1323, and 24L.N1680 are the same as described
under Alternative 2. Alternative 3 would not directly affect any other cultural resources. Cultural
resources in the analysis area may see increased vandalism, artifact collecting, and inadvertent
physical disturbance as a result of increased human activity and accessibility to the sites over the
life of the mine.

3.744 Alternative 4 — Agency Mitigated Little Cherry Creek Impoundment
Alternative

Effects on cultural resource sites 241.LN320, 241.N943, 24L.LN1209, 241.N1323, and 24LN1680 are
the same as described under Alternative 2. Alternative 4 would not directly affect any other
cultural resources. Cultural resources in the analysis area may see increased vandalism, artifact
collecting, and inadvertent physical disturbance as a result of increased human activity and
accessibility to the sites over the life of the mine.

3.7.4.5 Alternative A — No Transmission Line

No direct, indirect, or cumulative effects in the transmission line corridors would occur to cultural
resources in Alternative A. Natural weathering, deterioration, and vandalism of cultural resources
would continue.

3.7.4.6 Alternative B — MMC’s Proposed Transmission Line (North Miller
Creek Alternative)

Twelve cultural resources are located within the North Miller Creek Transmission Line
(Alternative B) alignment and 500-foot buffer area (Table 82). Affected sites would be 24L.N208,
241.N722, 241.N756, 241.N963, 241.LN977, 241.N1323, 24L.N1584, 241.N1585, 24LLN1679,
241.N1818, and Forest Trails 505 and 716. Effects on site 24L.N1323 and potential mitigation
efforts are discussed under Alternative 2.

Site 24L.N722 was once located within the proposed Sedlak Substation facility. Fieldwork
determined that logging operations have removed the tree (Historical Research Associates 2006a).
Site 24LN756 is the former location of the Fisher River Bridge. Since the bridge was removed
from this location, no further work is necessary except for a formal eligibility review by SHPO.
The North Miller Creek Alternative would cross site 24L.N208 north of the Sedlak Substation

Final Environmental Impact Statement for the Montanore Project 501



Chapter 3 Affected Environment and Environmental Consequences

location and an unnamed historic road/trail (24LN963). Both of these sites require SHPO
consultation in order to receive consensus determinations of not eligible for the NRHP. Sites
24L.N977 and 24LN1679 are both eligible for the NRHP. Site 24L.N977 is located south of the
Sedlak Substation and site 24LN1679 is a contributing resource to the Libby Mining District.
Both sites would not be directly affected by this alternative.

Sites 24LN1584 and 24LN1585 are both culturally scarred tree locations within the 500-foot
buffer area of the alignment; both have an eligibility status of recommended eligible. If the sites
were determined eligible, they would be either avoided or a data recovery plan would be
developed. Preliminary field review indicates they could be avoided by flagging and appropriate
pole placement. Other trees would be preserved in the general location, if possible, to maintain
integrity of setting and location. Site 24L.N1818 remains unevaluated for the NRHP due to the
ongoing modifications that the highway receives.

Although considered significant under the 1997 PMOA, Forest Trails 505 and 716 (the North
Fork of the Miller Creek Trail and Libby Divide Trail, respectively) would be formally recorded
and evaluated for the NRHP. If determined eligible, a plan would be necessary to mitigate adverse
effects. If feasible, vegetation clearing for the transmission line would be conducted in a manner
that maintains integrity of setting and location. Pole placement would also be designed to avoid or
minimize visual effects on the trails.

Review and consultation with the SHPO would be necessary for sites 24L.N208, 24L.N722,
241LN756, 241.LN963, 241.N1584, and 241LN1585 in order to receive consensus determinations and
to develop a plan of action for site 24LN1818. Additional fieldwork may be necessary to
complete evaluation before SHPO consultation. Because effects would entail crossing of an
overhead transmission line with no direct effects, a determination of no adverse effect may be
achieved through consultation for eligible sites 24LLN977 and 24LN1679. For those cultural
resources determined to be ineligible for the NRHP, no additional work would be necessary.

3.74.7 Alternative C-R — Modified North Miller Creek Transmission Line
Alternative

Effects on cultural resource sites 24L.N208, 241L.N722, 241.N963, 24LLN977, 241.N1323,
241L.N1677, 24LN1679, 24L.N1818, and Forest Trails 505 and 716 and proposed mitigation would
be the same as described in Alternative B.

3.7.4.8 Alternative D-R — Miller Creek Transmission Line Alternative

Effects on cultural resource sites 24L.N208, 24L.N722, 241.LN963, 241.N977, 24L.N1323,
24LN1677, 24LN1679, 24LN1818, and Forest Trails 505 and 716 and proposed mitigation would
be the same as described in Alternative B. Alternative D-R would cross the Teeter Peak Trail
(24LN962), which has an unresolved eligibility status of not eligible. Review and consultation
with the SHPO to receive a consensus determination for 241LN962 and an effects determination
for 24L.LN1677 would be necessary before project implementation.

3.74.9 Alternative E-R — West Fisher Creek Transmission Line Alternative

Effects on cultural resource sites 241.N208, 241.N722, 24L.N963, 241LN977, and 241LN1323,
241LN1677, 24LN1679, 24L.N1818, and Forest Trails 505 and 716 and proposed mitigation would
be the same as described in Alternative B. Alternative E-R would cross the Teeter Peak Trail
(24LN962) described in Alternative D-R. Sites 24L.N718 is also located within the buffer zone for
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Alternative E-R. 24L.N718 is officially eligible and requires a determination of effect from SHPO.
Site 24LN720 is multi-component historic mining and prehistoric campsite that is officially
eligible for the NRHP. It was not included in Historical Research Associates’ file and literature
review because it was not under consideration as an alternative at the time of Historical Research
Associates’ review. Direct effects on this site may be avoided by proper pole placement and a
protective cover of vegetation to maintain integrity of setting. Site 24LN719 is a historic townsite
that is largely buried. The site covers an extensive area (about 2 acres). It remains unknown as to
whether Alternative E-R could avoid this site given the site’s spatial area.

3.7.410 Summary of Effects

Table 83 and Table 84 provide a summary of cultural resource effects for the mine and
transmission line alternatives. The Sedlak Park Substation and loop line are included in the
transmission line alternatives. The number of cultural resources affected under each alternative is:

e Alternative 2—11 cultural resources

e Alternative 3—3 cultural resources

e Alternative 4—5 cultural resources

e Alternative B—12 cultural resources

e Alternative C-R—9 cultural resources
e Alternative D-R—11 cultural resources
e Alternative E-R—15 cultural resources

3.7.4.11 Indirect Effects Common to All Alternatives

Indirect effects on cultural resources are possible from the increased access to the KNF that
would result from the improvement and new construction of access roads. Effects would be more
pronounced to visible historic properties such as mining or homesteading related cultural
resources. Access would increase during mine operation and potential effects on cultural
resources may result from recreational activities. Access to cultural resources would be similar to
pre-mine levels following mine closure and decommissioning of all mine-related access roads.
Specific effects on cultural resources could include the illegal collection of artifacts and
vandalism to standing structures or features.

3.7.412 Mitigation

All mine and transmission line alternatives, including the loop line at the Sedlak Park Substation
site, would require additional cultural resource inventory and SHPO consultation to satisfy
requirements of Section 106 under the NHPA. The number of cultural resources that would
require mitigation may increase pending the results of these additional inventory efforts. The
appropriate type of mitigation would depend on the nature of the cultural resource involved and
would be determined during consultation among MMC, the KNF, and the SHPO.

Mitigation could include data recovery (excavation) of prehistoric archaeological sites, a HABS
for standing structures, or HAER for engineered resources such as mines, roads, and trails. For
landscape-level resources such as the Libby Mining District, the USDI National Park Service’s
(NPS) Cultural Landscapes Program may be implemented as an appropriate mitigation tool (see
below). Mitigation would also include monitoring during ground disturbing activities when the
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subsurface spatial extent of the resource is unknown or because of the fragility of the resource
and its proximity to the activity.

Any mitigation plan would be developed by MMC and approved by both the KNF and the SHPO
under a Programmatic Agreement, and would include consulting American Indian Tribes if
affected cultural resources were of cultural significance. A Programmatic Agreement been
developed that addresses remaining Section 106 compliance, the mitigation of unavoidable
historic properties, and inadvertent cultural resource discoveries.

Mitigation effectiveness is evaluated by assessing whether unavoidable impacts on historic
properties would be mitigated appropriately and whether all available data contained within those
properties would be fully captured. All historic properties except the Libby Mining District would
be avoided through proper pole placement and minor shifts in the overall alignment. Effects on
properties within mine disturbance areas would be unavoidable, but would be fully mitigated
using four different approaches: HABS/HAER, archaeological excavation, and completion of a
cultural landscapes report or site form update. Any of the four approaches would capture all
available data contained within the affected properties. The KNF and the SHPO would review
and approve MMC'’s final mitigation plan. The agencies anticipate that the cultural resources
mitigation would have high effectiveness.
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Table 83. Summary of Effects of Mine Alternatives on Cultural Resources within the APE and Potential Mitigation Efforts.

SHPO Consultation

Site Type NRHP Status N Potential Mitigation
ecessary
Alternative 2
241.N320° Historic Mining features - | Eligible No HABS/HAER
Comet Placer
24LN943" Logging Camp Recommended Not Eligible Yes — eligibility No Further Work
(destroyed)
241.N980° Dam Recommended Not Eligible Yes — eligibility Pending Consultation HAER
24LN1209 Historic road/trail —Libby Eligible No HAER
Wagon Road

241LN1323 Libby Mining District Eligible No NPS Cultural Landscapes
Program

24LN1677" Beager Cabin Eligible No HABS

24LN1678" Cabin Eligible No HABS

24L.N1680 Placer Mine Ditch Eligible No HAER (if necessary)

241.N2203 Prehistoric Recommended Eligible Yes Protective Covering or Data
Recovery (excavation)

FS D5-241SL | Mining features and cabin | Not Evaluated Yes— eligibility Pending Consultation

following evaluation HABS/HAER
FS D5-363 Mining Camp Not Evaluated Yes— eligibility Pending Consultation
following evaluation HABS/HAER
Alternative 3
24LN943" Logging Camp Recommended Not Eligible Yes — eligibility No Further Work
(destroyed)

241LN1323 Libby Mining District Eligible No NPS Cultural Landscapes
Program

24LN1680 Placer Mine Ditch Eligible No HAER (if necessary)
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SHPO Consultation

Site Type NRHP Status N Potential Mitigation
ecessary
Alternative 4
24LN320" Historic Mining features - | Eligible No HABS/HAER
Comet Placer
241.N943" Logging Camp Recommended Not Eligible Yes — eligibility No Further Work
(destroyed)
24LN1209 Historic road/trail —Libby Eligible No HAER
Wagon Road
241LN1323 Libby Mining District Eligible No NPS Cultural Landscapes
Program
24LN1680 Placer Mine Ditch Eligible No HAER (if necessary)
All Mine Action Alternatives
24LN943" Logging Camp Recommended Not Eligible Yes — eligibility No Further Work
(destroyed)
241LN1323 Libby Mining District Eligible No NPS Cultural Landscapes
Program
24LN1680 Placer Mine Ditch Eligible No HAER (if necessary)

TAssociated with the Libby Mining District.
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Table 84. Summary of Effects of Transmission Line Alternatives on Cultural Resources within the APE and Potential Mitigation

Efforts.
Site Type NRHP Status SHPg Consultation Potential Mitigation
ecessary
Alternative B
24LN756 Fisher River Bridge Undetermined Yes — eligibility No Further Work (Pending
(removed) Consultation)
24LN1584 Two scarred trees Recommended Eligible Yes — eligibility and Avoidance and monitoring
effects
24LN1585 Four scarred trees Recommended Eligible Yes — eligibility and Avoidance and monitoring
effects
Alternative C-R
241L.N208 Trail #6 Recommended Not Eligible Yes — eligibility No Further Work
241L.N722 Scarred Tree (destroyed) Undetermined Yes — eligibility No Further Work (Pending
Consultation)
241.N963 Historic road/trail Recommended Not Eligible Yes — eligibility No Further Work (Pending
Consultation)
241L.N977 Historic School Eligible Yes — effects Avoidance
241.N1323 Libby Mining District Eligible No — eligibility NPS Cultural Landscapes
Yes — mitigation plan Program
24LN1679 Libby Placer Mining Camp | Eligible Yes — effects Avoidance
FS D5-122 North Fork Miller Creek Avoidance per 1997 PMOA Yes — eligibility and Pending Consultation
Trail #505 effect
FS D5-126 Libby Divide Trail #716 Avoidance per 1997 PMOA Yes — eligibility and Pending Consultation
effect
24LN1818 Portions of US 2 Not Evaluated Yes — eligibility and Pending Consultation
effects
Alternative D-R
241L.N962 Teeter Peak Trail Recommended Not Eligible Yes — eligibility No Further Work (Pending
Consultation)
24LN1677 Historic Mining Eligible Yes — effects Avoidance
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SHPO Consultation

Site Type NRHP Status N Potential Mitigation
ecessary
Alternative E-R
24LN165 Historic Dump Recommended Not Eligible Yes — eligibility No further work
24LN718 Historic Log Structure Eligible No — eligibility Avoidance
Yes — effects
24L.N719 Historic Townsite Eligible Yes — effects Avoidance or Data Recovery
24LN720 Historic Mining and Eligible No — eligibility Avoidance
Prehistoric campsite Yes — effects
241L.N962 Teeter Peak Trail Recommended Not Eligible Yes — eligibility No Further Work (Pending
Consultation)
24LN1677" | Historic Mining Eligible Yes — effects Avoidance
All Alternatives
241L.N208 Trail #6 Recommended Not Eligible Yes — eligibility No Further Work
241L.N722 Scarred Tree (destroyed) Undetermined Yes — eligibility No Further Work (Pending
Consultation)
241.N963 Historic road/trail Recommended Not Eligible Yes — eligibility No Further Work (Pending
Consultation)
241L.N977 Historic school Eligible Yes — effects Avoidance
241.N1323 Libby Mining District Eligible No — eligibility NPS Cultural Landscapes
Yes — mitigation plan Program
24LN1679 Libby Placer Mining Camp | Eligible Yes — effects Avoidance
FS D5-122 North Fork Miller Creek Avoidance per 1997 PMOA Yes — eligibility and Pending Consultation
Trail #505 effect
FS D5-126 Libby Divide Trail #716 Avoidance per 1997 PMOA Yes — eligibility and Pending Consultation
effect
24LN1818 Portions of US 2 Not Evaluated Yes — eligibility and Pending Consultation
effects
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3.7.4.12.1 Mine Alternatives

Alternative 2 — MMC’s Proposed Mine

In Alternative 2, nine cultural resources would require mitigation. The largest of these is the
Libby Mining District (24LN1323), a historic vernacular landscape that encompasses a large
geographic area. Six other cultural resources contribute to the District. These include the Comet
Placer (24LN320), an unnamed logging camp (24LN943), a dam (24LN980), the Libby Wagon
Road (24LN1209), the Beager Cabin (24LN1677), an unnamed cabin (24LN1678), and a
prehistoric archaeological site (SLN2203). Although site 24L.N980 is recommended not eligible,
the site may contribute to the overall significance of the District.

The most appropriate mitigation would be to complete a Cultural Landscape Report developed by
the USDI National Park Service for the treatment of landscape-level cultural resources. This
report would document the history, significance, and treatment of the Libby Mining District,
including any changes to its geographical context, features, and use (NPS Preservation Brief 36).
Specific topics addressed under a Cultural Landscape Report include detailed history, existing
conditions, analysis and evaluation, a visual history that documents its past and current setting,
and management recommendations. Although developed by the NPS, a Cultural Landscape
Report is not restricted to NPS lands and the documentation method can be applied to any
landscape that reflects the cultural character of a people — specifically in this case, the mining
character of the mid to late 1800s gold rush within the Libby Mining District. Individually, the
remaining historic sites would require either HABS or HAER documentation (24LN320,
241.N1209, 24L.N1677, and 24L.N1678), including one site that has not been related to the
District (24LN1680), but would probably be found to be contributing through additional archival
research. Two known but unrecorded sites require formal documentation and evaluation (D5-241
and D5-363). If either site is found to be eligible for the NRHP, mitigation would require HAER
documentation and may be included within the Libby Mining District and the Cultural Landscape
Report.

Site 24L.N2203 would require either protective covering or data recovery (excavation) if covering
is not found to be an appropriate mitigation tool. An excavation plan would be developed by the
project proponent in consultation with the KNF, SHPO, and any interested Tribes.

Alternative 3 — Agency Mitigated Poorman Impoundment Alternative

In Alternative 3, two cultural resources would require mitigation. These sites are the Libby
Mining District (24LN1323) and the Placer Mine (24LN1680). Mitigation efforts are described in
Alternative 2.

Alternative 3 would require the KNF to contact the Confederated Salish and Kootenai Tribes and
Kootenai Tribe of Idaho. The Tribes would be afforded the opportunity to monitor construction
activities associated with the mine. Section C.3, Cultural Resources of Appendix C discusses
monitoring requirements.

Alternative 4 — Agency Mitigated Little Cherry Creek Impoundment Alternative

In Alternative 4, four cultural resources would require mitigation. All four of the sites, are
discussed above in Alternative 2.

Tribal monitoring requirements would be the same as described under Alternative 3.
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3.7.4.12.2 Transmission Line Alternatives

Alternative B— MMC’s Proposed Transmission Line (North Miller Creek Alternative)

In Alternative B, 10 cultural resources may require mitigation depending on the outcome of
eligibility determinations between the KNF and SHPO. Segments of US 2 (24LN1818) affected
by the alternative have not been evaluated for the NRHP. If found to be eligible for the NRHP,
mitigation for US 2 would entail HAER documentation. It is unlikely that mitigation would be
required given the on-going use and maintenance of the road and the no effect, other than visual,
for the resource. Mitigation for the Libby Mining District (24LN1323) is discussed above in
Alternative 2. Two of the sites, 24LN1584 and 24LN1585, can be avoided during pole placement
and vegetation clearing and would not require mitigation. In the event that they could not be
avoided, mitigation would include extensive photographic documentation. The two trails located
within this alternative (D5-122 and D5-126) could also be avoided during pole placement. Visual
effects on the trails could not be avoided under this alternative and therefore Level | HAER
documentation would be necessary. The historic school (24L.N977), located south of the Sedlak
Substation and within the 500-foot corridor, is avoidable and no further work should be
necessary. The Libby Placer Mining Camp (24LN1679) is also avoidable during pole placement
and vegetation clearing. In the event that the sites are unavoidable, mitigation would include a
combination of HABS/HAER and data recovery (excavation). Consultation is required with both
the KNF and the SHPO to determine potential effects and mitigation efforts for significant
cultural resources and to provide consensus determinations for 24L.N208, 24L.N722, 24L.N756,
24L.N963 (all recommended not eligible), and 24LN1818. Should any of the recommended not
eligible or unevaluated sites become eligible, a mitigation plan would be developed. Two sites,
241L.N722 and 24L.N756, no longer exist and no mitigation is recommended, pending SHPO
consultation.

Alternative C-R — Modified North Miller Creek Transmission Line Alternative

In Alternative C-R eight cultural resources may require mitigation depending on the outcome of
eligibility determinations between the KNF and SHPO. All nine sites under Alternative C-R are
discussed above under Alternative B.

All agency-mitigated transmission line alternatives (C-R, D-R, and E-R) would require the KNF
to contact the Confederated Salish and Kootenai Tribes and Kootenai Tribe of Idaho. The Tribes
would be afforded the opportunity to monitor any ground disturbing activities (construction and
reclamation) associated with the transmission line on state and federal lands. Section C.3,
Cultural Resources of Appendix C discusses monitoring requirements.

Alternative D-R — Miller Creek Transmission Line Alternative

In Alternative D-R, six to seven cultural resources may require mitigation depending on the
outcome of eligibility determination. All sites except for 24L.N962 and 24L.LN1677 are discussed
under Alternative B. Site 24L.N962 requires an eligibility consensus from the SHPO; should the
site become eligible following review, the resource would require pole placement avoidance and
mitigation of adverse visual effects through Level 1 HAER documentation. If site 24LN1677 is
unavoidable, mitigation would include HABS/HAER documentation.

Tribal monitoring requirements would be the same as described under Alternative C-R.
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Alternative E-R — West Fisher Creek Transmission Line Alternative

In Alternative E-R, 16 cultural resources may require mitigation depending on the outcome of
eligibility determinations between the KNF and SHPO. Sites common to all alternatives are
discussed above in Alternative B. Potential mitigation for sites 24LN962 and 24LN1677 is
discussed above in Alternative D-R.

The alternative would affect a multi-component historic mining and prehistoric site (24LN720). If
unavoidable, the mining portion of the site would require either HAER and/or HABS treatment
(depending on the type of features present) and the prehistoric component would require data
recovery (excavation). Site 24L.N718 is a historic log structure that would require HABS
documentation if found to be adversely effected by this alternative. Site 24LN719 is a very large
(2-acre) buried historic townsite that, if unavoidable, would require extensive data recovery
(excavation). Finally, site 24LN165 is a historic dump recommended not eligible and would
require a consensus determination from the SHPO.

Tribal monitoring requirements would be the same as described under Alternative C-R.

3.7.4.13 Cumulative Effects

Past action, such as road building and timber harvest, may have affected cultural resources.
Cultural resources affected by past actions after the passage of the NHPA in 1966 were mitigated
in accordance with approved mitigation plans. The Miller-West Fisher Vegetation Management
Project would avoid or protect eligible cultural resources and there would be no cumulative effect
with the Montanore Project. No other reasonably foreseeable actions would have a cumulative
effect with the Montanore Project.

3.7.414 Regulatory/Forest Plan Consistency

Following the identification of cultural resources, mitigation, and consultation, all alternatives
would make progress toward the cultural resources desired conditions (FW-DC-CR-01 and 02),
would be designed and implemented in accordance with cultural resource guidelines (FW-GDL-
CR-01 and 02), and would comply with all applicable federal regulations concerning cultural
resources.

3.7.4.15 Irreversible and Irretrievable Commitments

Regardless of mine facility alternative or transmission line alternative, project implementation
would require the irreversible commitment of portions of the Libby Mining District (24LN1323)
and possibly a portion of 24L.N1680. Additionally, five and possibly seven potentially NRHP
eligible cultural resources would require irreversible commitments in Alternative 2: 24LN320,
241.N1209, 24LN1677, 24LN1678, 241.LN2203, and possibly unrecorded sites D5-241SL and FS
D5-363. Evaluation of potential irreversible effect was determined using GIS analysis. Each of
these sites would be destroyed following mitigation by the construction of mining related
facilities. Their loss would be irreversible. Mitigation would serve to preserve these cultural
resources in perpetuity through documentation. Pending consultation, an additional non-
significant cultural resource would require irreversible commitments (24LN980). Aside from
241.N1323 and 24LN1680, no additional cultural resources would require an irreversible
commitment. Alternative 4 would require irreversible commitments to sites 24LN320 and
241.N1209, in addition to sites 241.N1323 and 24L.N1680. All transmission line alternatives could
avoid significant cultural resources except for the Libby Mining District (24LN1323).
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3.7.4.16 Short-term Uses and Long-term Productivity

Since cultural resources are non-renewable, the short-term use of the area for project
implementation has the potential for permanent impacts as discussed above in Alternative 2.
3.7.417 Unavoidable Adverse Environmental Effects

Unavoidable effects on cultural resources would be mitigated through the development of
mitigation plans approved by KNF, in consultation with the SHPO. When Tribally-affiliated sites
were affected, consultation with Native American Tribes would also be initiated.
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3.8 Hydrologic and Geochemical Approach to Water
Quality Assessment

3.8.1 Generalized Approach to Water Resources Impact Analysis

The agencies revised the approach to the water resources impact analysis in response to
comments on the Draft EIS. In their comments on the Draft EIS analysis, the EPA requested more
information on water management and the project water balance, better integration of geology
and geochemistry with the water quality assessment, and a discussion of mitigation measures or
contingency plans for potential water quality impacts.

The lead agencies met with the EPA and other interested agencies in 2009 to discuss EPA’s
comments. Following the 2009 interagency meeting, the agencies formed interagency
workgroups to address EPA’s concerns with the water resources impact analysis. The five
workgroups addressed geochemistry, groundwater hydrology, water quality and quantity,
monitoring and compliance, and regulatory issues. Most workgroups held a series of conference
calls to discuss possible resolution of EPA’s comments. To ensure integration between
workgroups, a meeting was held in 2010 to discuss workgroup progress and the interrelationship
between the workgroups. The outcome of the workgroups was twofold: a more integrated
approach to the water resources impact analysis, and a revised monitoring section that better
defines monitoring objectives and implementation (Appendix C), both of which were presented in
the Supplemental Draft EIS.

The results of the agencies’ 2-dimensional (2D) model were provided in the Draft EIS (USDA
Forest Service and DEQ 2009). Subsequently, MMC prepared a more complex and
comprehensive 3D model of the same analysis area. The results of the 2D and the 3D models
were used to evaluate the site hydrogeology and analyze potential impacts due to mining.
Although the results of the two models were similar, the 3D model provides a more detailed
analysis by incorporating the influence of known or suspected faults on groundwater hydrology,
recent underground hydraulic testing results from the Libby Adit, a more comprehensive
calibration process, and better simulation of vertical hydraulic characteristics of the geologic
formations that would be encountered during the mining process.

A more thorough integration of geochemistry with groundwater hydrology and surface water
hydrology recognizes the interdependent nature of effects on water quality. For example, the
relative saturation or rate of water flow through mined rock influences drainage quality, and the
inflow of groundwater into mine workings potentially affects streamflow.

3.8.2 Project Water Balance, Potential Discharges, and Impact
Assessment Locations

The project water balances presented in the Water Use and Management section of each mine
alternative in Chapter 2 are estimates of inflows and outflows for various project components that
are used for the analysis of alternatives. Actual volumes for water balance variables (e.g., mine
and adit inflows, precipitation and evaporation, dust suppression) would vary seasonally and
annually from the volumes estimated. The agencies developed graphical representations of the
estimated water balance for Alternative 3 throughout the Evaluation, Construction, Operations,
Closure, and Post-Closure phases (Figure 56 through Figure 60). The water balance for
Alternatives 2 and 4 is very similar and varies only slightly from those shown for Alternative 3.
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Alternative 2 would include discharge of some water during all phases except Operations to the
LAD Areas. The following sections briefly discuss the water balance for each phase, locations
where discharges during each phase may occur, and the location where the agencies are assessing
effects, or “impact assessment locations.” The subsequent sections on Groundwater Hydrology
(section 3.10), Surface Water Hydrology (section 3.11), and Water Quality (section 3.13) provide
a more detailed discussion of impact analysis methods and an analysis of effects.

3.8.2.1 Evaluation Phase

During the Evaluation Phase, MMC would dewater the full extent of the existing Libby Adit,
extend the adit 3,300 feet to beneath the ore zones, and develop an additional 7,100 feet of drifts
and 16 drill stations. Groundwater in the vicinity of the adit and drifts would flow toward the adit
and drift void. An estimated 256,000 tons (174,000 cubic yards) of waste rock would be
generated and stored on private land at the Libby Adit site. The waste rock storage areas would be
lined to collect runoff from the area and seepage through the waste rock. Based on the 3D model
results (Geomatrix 2011a), the agencies estimate average mine and adit inflows over the 2-year
phase would be 230 gpm of water flowing into the adit and drifts, and 30 gpm of water from
mineralized zones, or mine water (Figure 56). A small amount of water (3 gpm) from
precipitation is expected to be collected from the waste rock stockpiles.

Adit, mine, and waste rock water would be collected and piped to a Water Treatment Plant at the

Libby Adit Site. Following treatment, treated water would be discharged to a percolation pond or
drainfield at the Libby Adit Site or to Libby Creek. Water discharged to the pond would percolate
to groundwater, which would then flow to Libby Creek adjacent to the adit site (Figure 56).

In the impact analysis in the subsequent sections, the agencies assess the effects of mine inflows
on groundwater levels and streamflow. The streams to be assessed are those potentially affected
by dewatering in the Libby Creek, East Fork Rock Creek, and East Fork Bull River watersheds.
The impact assessment locations for the effects of discharged water on streamflow and surface
water quality are streams downstream of any discharge location. Groundwater quality is assessed
adjacent to any discharge location. Impact assessment locations are shown on Figure 76.

Certain monitoring and mitigation would be required before MMC started the Evaluation Phase.
Such activities are described as occurring in the Pre-Evaluation Phase.

3.8.2.2 Construction Phase

The Construction Phase would begin after MMC analyzed the data from the Evaluation Phase,
collected the necessary data for final design, submitted final design plans to the agencies, and
received agency approval to implement the Construction Phase. Two new adits would be
constructed in the Ramsey Creek drainage in Alternative 2 and in the Libby Creek drainage in
Alternatives 3 and 4. In addition to the new adits, limited development would occur in the ore
zones. Waste rock generated during the Construction Phase would be sampled to address
uncertainty about spatial geochemical variation within the deposit identified at the end of the
Evaluation Phase (see Appendix C). Rock would be stockpiled on a liner, either at the LAD Areas
in Alternative 2, or at the impoundment area in Alternatives 3 and 4. Waste rock that met
suitability criteria established following the Evaluation Phase would be used in the construction
of impoundment dams in all alternatives. Groundwater would flow toward the mine and adits. In
MMC’s model, the Construction Phase was combined with the first two years of mining. The
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modeled period had estimated average inflows of 450 gpm of adit water and 30 gpm of mine
water (Figure 57).

In Alternative 2, mine and adit inflows would be piped to the LAD Areas for discharge to
groundwater. The Water Treatment Plant would be used, if necessary, to meet BHES Order limits
or applicable nondegradation criteria. Groundwater from the LAD Areas would flow to Ramsey,
Poorman, and Libby creeks. The agencies assumed 130 gpm would be sent to the LAD Areas for
discharge and 370 gpm to the Water Treatment Plant for discharge in the Construction, Closure
and Post-Closure phases in Alternative 2. MMC did not propose in Alternative 2 to discharge
water to Libby Creek from the Water Treatment Plant to prevent adverse effects on senior water
rights.

Water management in Alternatives 3 and 4 would be substantially different from Alternative 2 in
the Construction, Operations, Closure, and Post-closure Phases to accommodate the Forest
Service’s instream flow water right of 40 cfs in Libby Creek at the confluence of Bear Creek with
a 2007 priority date. Mine and adit water would not be used beneficially in any phase, and would
be treated and discharged from the Water Treatment Plant during all phases. MMC would divert
groundwater from Libby Creek during high flows (April through July) and store it in the tailings
impoundment, Seepage Collection Pond, or mine water pond at the Libby Plant Site. No
appropriation would be made whenever flow at LB-2000 was less than 40 cfs. Storage of diverted
water would occur during the late Construction Phase after the Starter Dam was lined and MMC
began storing water for mill startup, during the Operations Phase, and during the Closure Phase
until the impoundment was dewatered for reclamation. In Alternatives 3 and 4, MMC would
increase the Water Treatment Plant capacity before mill startup. The impact assessment locations
are the same as for the Evaluation Phase.

Certain monitoring and mitigation would be required before MMC started the Construction
Phase. Such activities are described as occurring in the Pre-Construction Phase.

3.8.2.3 Operations Phase

The Operations Phase would begin with mill operations. Waste rock generated during the
Operations Phase that met the suitability criteria would be used in the construction of
impoundment dams for all alternatives or returned underground. Annual average inflows are
estimate to be 370 to 380 gpm throughout operations. The amount of mine water is anticipated to
be the greatest in the last years of operations, reaching 200 gpm of adit water and 170 gpm of
mine water in Operations Phase Years 11-19 (Figure 58). Groundwater over the mine area would
continue to flow toward the mine and adits.

Sometime after the first 5 years of mill operations in Alternative 2, additional water, or make-up
water, would be needed at the mill. Make-up water requirements are expected to average 159 gpm
over Project Years 16 to 24 (Table 14). MMC would not withdraw any surface water for
operational use whenever flow at the point of withdrawal was less than the average annual low
flow. MMC did not propose in Alternative 2 to discharge water to Libby Creek from the Water
Treatment Plant to prevent adverse effects on senior water rights.

In Alternative 3, groundwater tributary to Libby Creek would be appropriated from Libby Creek
alluvium between April 1 and July 31 at an average flow rate of 765 gpm and a maximum flow
rate of 1,125 gpm (410 acre-feet/year maximum volume) in an average precipitation year. Water
would be diverted using a subsurface infiltration gallery installed in the gravels along the west
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side of the Libby Creek channel at the proposed point-of-diversion (Figure 25). The gallery
would be connected to a pumping station that would pump water in a single pipe to the Poorman
tailings impoundment. Groundwater tributary to Libby Creek also would be appropriated year-
round at an average and maximum flow rate of 250 gpm (403 acre-feet/year maximum volume)
from the pumpback wells. Precipitation captured by the impoundment would be appropriated
year-round at an average flow rate of 625 gpm and a maximum flow rate of 1,950 gpm (1,038
acre-feet/year maximum volume). (The values shown in Table 25 are what MMC requested and
may be different from those in any beneficial water use permit issued.) Diverted water would be
stored in the impoundment water pond and would be pumped to the plant/mill for ore-processing
make-up water. Whenever flow in Libby Creek at LB-2000 was less than 40 cfs, stored water
would be treated at the Libby Adit Water Treatment Plant, and discharged at a rate equal to all
Libby Creek appropriations. The rates would vary, depending on actual precipitation and the total
pumping rate of the pumpback wells. Similar appropriations and discharges would occur in
Alternative 4.

In all alternatives, an estimated 25 gpm of tailings seepage not intercepted by the seepage
collection system beneath the impoundment would flow to groundwater beneath the gravel drains
of the Seepage Collection System. A pumpback well system in the impoundment area would
intercept groundwater containing tailings seepage that was not collected by the gravel drains.
Water intercepted by the pumpback wells would be routed to the tailings impoundment and then
to the mill for re-use (Figure 58).

In the subsequent effects analysis, the agencies assess effects on groundwater quality beneath the

tailings impoundment. Effects of inflows and appropriations on streamflow are assessed in Libby

Creek, Ramsey Creek, Poorman Creek, Little Cherry Creek, East Fork Rock Creek, and East Fork
Bull River. Impact assessment locations are shown on Figure 76.

3.8.24 Closure Phase

The Closure Phase would begin when mill operations ceased. Closure activities would include the
removal of surface facilities, decommissioning of the underground workings, adit plugging, and
reclamation of surface disturbances in accordance with the approved closure plan. The tailings
impoundment would be dewatered to facilitate capping. The agencies estimate that the
dewatering of the tailings impoundment may last from 5 to 20 years. The seepage collection
system would continue to operate until BHES Order limits or applicable nondegradation criteria
were met in receiving waters. Water would be pumped from the impoundment to the LAD Areas
or Water Treatment Plant, if necessary, in Alternative 2, and to the Water Treatment Plant in
Alternatives 3 and 4.

In Alternative 2, MMC would plug the adits near the adit portal after the workings are
decommissioned. Mine and adit inflows would flow toward the mine void and would begin filling
it. In Alternatives 3 and 4, MMC would place two or more plugs in each adit. The plugs would be
located to isolate the adits hydraulically from the mine void and to ensure any groundwater
tributary to Libby and Ramsey creeks would flow into the adits, and remain within the Libby
Creek watershed. Following adit plugging, water flowing into the adits would begin to refill the
adits. As long as MMC appropriated or diverted water from Libby Creek whenever flow at LB-
2000 was less than 40 cfs, MMC would treat stored and adit water, if necessary to meet MPDES
permitted effluent limits, and discharge it to Libby Creek at a rate equal to all of MMC’s Libby
Creek appropriations or diversions occurring at that time. Discharges of water to Ramsey Creek
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also may be required to avoid adversely affecting senior water rights. After facilities were
reclaimed, appropriations or diversions from the Libby Creek watershed would be limited to adit
inflows and pumping from the pumpback well system.

The agencies estimate the adits would take one to two decades to fill after the initial plugs in each
adit were in place. Filling would be reduced to a few years if MMC used groundwater diverted
from Libby Creek alluvium using the infiltration gallery during high flows to fill the adits during
the Closure Phase. Before the water level in the adits reached the bedrock-colluvium interface
(about 800 feet from the adit portal), MMC would place an additional plug in bedrock at the
bedrock-colluvium interface and allow the adits to reach steady state hydrologic conditions. A
third plug would be placed at the opening of each adit. The third plug to be placed at the adit
opening would be coarse rock fill intended to prevent access to the tunnel and also to prevent
subsidence in the near-surface portion of the tunnel. The adit portals then would be reclaimed.
Treatment and discharge of water would cease after the portal plug in each adit was installed.

Water appropriated by the pumpback well system during the Closure and Post-Closure Phases
would be treated and discharged at the Water Treatment Plant. After the second plug was placed
in each adit in Alternatives 3 and 4, no further discharges to Libby Creek other than from the
pumpback well system would be required to avoid adversely affecting senior water rights.

The impact assessment locations for effects on groundwater quality are beneath the tailings
impoundment and LAD Areas in Alternative 2, and beneath the tailings impoundment and
adjacent to the Libby Adit Site in Alternatives 3 and 4. The effect of mine void flooding on
streamflow are assessed in areas potentially affected by dewatering in Libby Creek, Ramsey
Creek, Poorman Creek, East Fork Rock Creek, East Fork Bull River, and downstream of any
discharge location. Impact assessment locations are shown on Figure 76.

3.8.25 Post-Closure Phase

The Post-Closure Phase would consist of long-term operations, maintenance, and associated
monitoring of the Water Treatment Plant and the seepage pumpback well facilities at the tailings
impoundment. MMC would maintain, operate, and monitor these facilities until BHES Order
limits or applicable nondegradation criteria were met in all receiving waters. After BHES Order
limits or nonsignificance criteria were met, seepage from the impoundment would flow to Libby
Creek. The length of time that treatment would be required is unknown. Hydrologic and
geochemical data would be collected throughout Post-Closure in the same locations as the
Closure Phase.

In Alternative 2, mine and adit water would continue to fill the mine void and discharge of water
from the Seepage Collection System after treatment at the Water Treatment Plant as discussed in
the Closure Phase would continue in the Post-Closure Phase. In Alternatives 3 and 4, the adits and
the mine void would be isolated hydrologically. In all mine alternatives, the Water Treatment
Plant would continue to operate until all water that came from project facilities could flow to area
streams without treatment. MMC also would continue water monitoring as long as the MPDES
permit was in effect. As long as post-closure water treatment operated, the agencies would require
a bond for the operation and maintenance of the Water Treatment Plant. The length of time that
these closure activities would occur is not known, but may be decades or more.

The 3D groundwater model developed for the project (see section 3.10, Groundwater Hydrology)
predicts that the mine void would fill in about 490 years and water levels overlying the mine void
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would reach steady state conditions in 1,150 to 1,300 years. The actual time to recover to steady
state may be shorter or longer and would be re-evaluated using the 3D model after additional data
were collected during the Evaluation Phase. At steady state conditions, groundwater levels would
not reach pre-mining levels, but flow paths would be similar to pre-mining conditions (Figure
60).

3.8.3 Streamflow, Baseflow, and 7Q, and 7Q,o Flow Definitions and
Uses in EIS Analyses

The agencies used the Region 1 Water Yield and Sediment Model (WATSED) and ECAC model
to predict streamflow changes and used estimated 3D model-derived streamflow to analyze the
effects of the mine alternatives on streamflow and water quality (see section 3.11.2, Analysis Area
and Methods for a discussion of the models). Available streamflow data are presented in section
3.11.3. Because none of the analysis area streams have been continuously gaged and hydrographs
have not been developed except at LB-200, baseflow, average low flow and peak values cannot
be determined. Certain low flows, as defined in the next section, have been estimated or
simulated for specific locations. The uncertainties associated with the use of these estimated low
flows in the hydrology and water quality analyses are discussed in section 3.13.4.5, Uncertainties
Associated with the Water Quality Assessment.

3.8.3.1 Definitions and Comparisons of Peak Flow, Annual Flow, Baseflow,
and 7Q,and 7Q, Flows

Snowmelt, rainfall, and groundwater discharge are the main sources of water supplied to streams
in the analysis area. Precipitation ranges from 100 inches per year at higher elevations in the
Cabinet Mountains to about 30 inches per year at the proposed tailings impoundment site
(Geomatrix 2006b). The period of highest precipitation generally occurs in November through
February and the lowest in July through October.

Peak flow is that portion of the annual water cycle that contains the highest 30 continuous days of
streamflow in the watershed. It is during this time period when the greatest potential impacts on
stream channels usually occur. Peak flows are affected by weather events and management
activities in the watershed. Changes in peak flows were estimated using the WATSED and ECAC
models.

Annual flow is the total output of the watershed on a yearly basis. Changes in annual flow occur
due to climatic variability, such as drought, which can decrease the total amount of streamflow
over a yearly cycle. Natural and management activities such as forest fires, timber harvest, and
road building can also impact the amount of water leaving the watershed. The removal of
vegetation allows more of the natural precipitation to leave the watershed because it is not used
by the plants for transpiration. About 15 percent of the annual flow occurs during the time period
when streams are in the baseflow condition. Changes in annual flows were estimated using the
WATSED and ECAC models.

Baseflow is the contribution of near-channel alluvial groundwater and deeper bedrock
groundwater to a stream channel. Baseflow does not include any direct runoff from rainfall or
snowmelt into the stream. During the driest portions of the year, the only flow into the stream
channel is baseflow. Streamflow may not reduce to baseflow in years when higher than normal
precipitation occurs in later summer/early fall or when the residual snow pack continues to melt
through late summer/early fall. In the analysis area, streamflow is generally reduced to only the
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baseflow component from mid-August to mid-October, and may occur during November through
March. Baseflow was simulated using a 3D numerical groundwater model (Geomatrix 2011a).
Above an elevation of between about 5,000 to 5,600 feet, the only source of water to drainages is
surface water from snowmelt and storm runoff, so there is no baseflow and surface flow is
ephemeral.

The 7Qy, flow is defined as the lowest streamflow averaged over 7 consecutive days that occurs,
on average, once every 10 years. The 7Q;, flow has a 10 percent probability of occurring in any
given year (10-year recurrence interval) and is commonly used when setting MPDES permit
effluent limits and allowable pollutant loads for streams. The 7Q, flow is the lowest streamflow
averaged over 7 consecutive days that occurs, on average, once every 2 years. The 7Q, flow has a
50 percent probability of being exceeded in any one year (2-year recurrence interval). Because
streamflow in analysis area streams has not been continuously gaged for an extended period, 7Q1
and 7Q, flows cannot be estimated directly. The agencies used an alternative method to estimate
flow. The two most commonly used methods for estimating streamflow statistics at ungaged sites
are the drainage-area ratio method and the regression equations method (Ries and Friesz 2000).
The drainage-area ratio method is best used when the ungaged site is located near a gaging station
on the same stream and the ratio between the drainage areas of the index site and the ungaged site
is between 0.5 and 1.5 (Hortness 2006). Because no such index sites are available for the analysis
area streams, the agencies estimated 7Qyo and 7Q, flows for analysis area streams using a
regression equations method developed by the USGS (Hortness 2006). The agencies considered
the USGS method to be the best available information on 7Q,, and 7Q, flows of analysis area
streams. The USGS used multiple linear regression analyses to develop equations for estimating
7Q10 and 7Q, flows at ungaged, unregulated streams in northeast Idaho and northwest Montana.
Based on the regression analysis, the USGS developed specific equations using different
variables for eight regions of the study area, one of which (Region 2) encompassed the
Montanore Project analysis area (Hortness 2006). Data from 41 gaging stations within the region,
with at least 10 years of flow records, were used to develop the equations. Streamflow data from
gaging stations were statistically related to various watershed basin physical and climatic
characteristics to develop the equations. The Montanore Project analysis area is similar to the
USGS study area, which was composed mainly of rugged mountainous terrain where most
precipitation results from storms moving inland from the Pacific Ocean. The most significant
amounts of precipitation are a direct result of orographic effects (mountainous terrain-induced
precipitation) and occur primarily in the winter months. The lowest streamflow typically occurs
in August through March, but large rain-on-snow events may occur occasionally.

Drainage area and mean annual precipitation were the location-specific variables in the final
equations for Region 2 developed by the USGS to estimate both 7Q, and 7Q,, flows (Hortness
2006). The agencies calculated drainage area from KNF watershed mapping, with small
adjustments at specific locations based on USGS topographic maps. Mean annual precipitation
was estimated using a weighted area average within the drainage area.

There are many methods of interpolating precipitation from monitoring stations to specific areas,
but few have been able to adequately explain the complex variations in precipitation that occur in
mountainous regions. The PRISM (Parameter-elevation Regressions on Independent Slopes
Model) climate data have been developed to provide such information. PRISM is an analytical
model that uses point data and a digital elevation model to generate gridded estimates of monthly
and annual precipitation. PRISM is well suited to mountainous terrain because it incorporates a
conceptual framework that addresses the spatial scale and pattern of orographic precipitation. The
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PRISM gridded climate maps are considered the most detailed, highest-quality spatial climate
datasets currently available (National Weather Service 2011). The agencies used the 1971-2000 in
the analysis (Oregon State University 2006). The 1981-2010 dataset became available in July
2012. The agencies’ comparison of precipitation values from the 1971-2000 and 1981-2010
datasets for a sample of four watersheds in the analysis area showed fairly small differences
ranging from 7 percent lower to 3 percent higher using the 1981-2010 dataset (ERO Resources
Corp. 2012a). Due to the small difference using the newer dataset, precipitation values from the
1971-2000 dataset were used, and assumed to be representative of precipitation occurring in the
analysis area during recent decades.

The drainage area of the USGS study Region 2 ranged from 3 to 2,443 square miles, and the
mean annual precipitation ranged from 24.8 to 69.4 inches. The mean annual precipitation for the
monitoring sites in the analysis area is greater than 69 inches at higher elevations, such as within
the CMW and in the upper half of the Poorman Creek watershed. Three of the drainage areas at
the CMW boundary (Ramsey Creek, Poorman Creek, and East Fork Rock Creek) are less than 3
square miles and one is near the minimum of 3 square miles (Table 85). All of the drainage areas
listed in Table 85 have estimated annual precipitation that exceeds 69 inches.

At the highest elevations, the source of water is only surface water runoff, and flow is ephemeral.
In the upper perennial reaches of the analysis area streams (below about 5,000 to 5,600 feet), the
estimated 7Qoand 7Q, flows may not be reliable and are higher than the modeled baseflows
(Table 85). The upper reaches of each drainage (mostly within the CMW) are characteristically
steep, with exposed bedrock and little, if any, surficial deposits. Runoff from precipitation
generally is rapid and there is little porous material for seasonal groundwater storage. In these
areas, below about 5,000 to 5,600 feet, baseflow is maintained primarily by discharge from
fractured bedrock. The lower reaches of each stream, including the East Fork Bull River at the
CMW boundary, contain thick deposits of alluvium and glacial deposits sufficiently porous to
store large volumes of groundwater that continue to provide water to streams even during dry
years (although in some years, sections of lower reaches appear dry because the baseflow is
below the channel surface within the alluvium).

Table 86 provides the modeled baseflow and estimated 7Qqoand 7Q, flows for the lower reaches
of the nine analysis area streams. At six of the nine locations listed in Table 86, the estimated 7Q1,
values are less than the modeled baseflow values. The drainage areas of the watersheds in Table
86 are between 5.9 and 28.2 square miles, and the average annual precipitation values range from
47.8 to 64.1 inches, well within the ranges to provide reliable 7Q, and 7Q;, values. The exception
is EFBR-500, which has an estimated annual average precipitation of 69.5 inches, above the
maximum precipitation range for the equations. Therefore, the estimated 7Q, and 7Q,, values for
this location may not be reliable.

The USGS developed standard error of prediction ranges for each 7Q, and 7Q,o equation. The
standard error of prediction includes the model error as well as an estimate of the sample error
and is a better indicator of the model’s overall predictive ability (Hortness 2006). In Region 2, the
standard error of prediction for the 7Q equation was +113 percent to -53.1 percent. For the 7Q,
equation, the standard error of prediction was +78.9 percent to -44.1 percent (Hortness 2006). The
estimated range of 7Q, values and 7Q,, values for locations in the analysis area are provided in
Table 87; the locations are shown on Figure 76. The equations may not yield reliable results for
sites with characteristics outside the range of or near the minimums and maximums of the
equation variables.
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Table 85. Simulated Baseflow and Estimated 7Q,and 7Q, Flow in Upper Analysis Area

Streams.
Drainage Average Modeled | Estimated | Estimated
Monitoring Site Area Water§h_ed Area Baseflow | 7Q, Flow | 7 Flow
g Q2 Q1o
(square Precipitation (cfs)! (cfs) (cfs)
miles) (inches)®
Libby Creek at 3.3 79.4 0.54 2.35 1.49
CMW boundary
(~LB-100)"
Libby Creek LB- 7.8 71.7 1.22 4.73 3.03
300
Poorman Creek at 1.0 84.7 0.12 0.76 0.47
CMW boundary'
Ramsey Creek at 2.3 83.3 0.38 1.76 1.11
CMW boundary'
East Fork Bull 7.1 74.3 2.92 457 2.93
River at Isabella
Creek (EFBR-2)
East Fork Rock 14 77.6 0.29 0.92 0.57
Creek at CMW
boundary (EFRC-
200)"

SEstimated using 1971-2000 PRISM data (Oregon State University 2006); all values exceed the maximum value of 69
inches for the USGS equation variable.

"Watershed area is near or less than 3 square miles.

'Modeled baseflows are the best currently available estimates that can be obtained using the 3D groundwater models.
The baseflow estimates would be refined after baseflow measurements were collected during the Evaluation Phase and
incorporated into the model.

Source: Geomatrix 2011a; Appendix G.

3.8.3.2

The adits and mine workings would intercept and drain groundwater from water-bearing fractures
in bedrock during all mining phases. This would reduce the amount of groundwater available to
discharge to streams, springs, and lakes. The 3D numerical groundwater model simulated the
changes in baseflow for each mine phase. Discharges of treated mine water would meet effluent
limitations prescribed by an MPDES permit. The effluent limitations would normally be
calculated using the estimated 7Qy, flow of the receiving water. The agencies used the estimated
7Q1o flows to analyze the effects of the project on streamflow, with the exception of LB-100, LB-
300 and EFRC-200. Although the drainage area at LB-100 and LB-300 is greater than 3 square
miles, the location fits the characteristics of upper drainages, where the estimated 7Q;, values are
greater than the modeled baseflow values. The Libby Creek channel is narrow and contains
limited surficial deposits above LB-300. Some avalanche chutes in the upper Libby Creek
watershed contain surficial deposits that may store and transmit shallow groundwater through
much of the summer depending on remaining snow pack at the head of each chute. In addition,
the average annual precipitation at LB-100 and LB-300 is outside the range of the values used to
develop the USGS equation. Flow rates measured during late summer/early fall in upper Libby
Creek are similar to the 3D model predicted baseflows, indicating that there may be little if any
contribution from surficial deposits during late summer/early fall during years with little or no

Uses of Baseflow, and 7Q, and 7Qi, Flows in EIS Analyses

Final Environmental Impact Statement for the Montanore Project 521




Chapter 3 Affected Environment and Environmental Consequences

late season snow pack or precipitation. The primary source of baseflow to streams in the upper
reaches of the analysis area is fractured bedrock up to an elevation of between 5,000 and 5,600
feet. The drainage area and the average annual precipitation at EFRC-200 are outside the range of
the values used to develop the USGS equation. The discussion and summary tables in section
3.11.4.4 use modeled baseflow at LB-100, LB-300, and EFRC-200, and estimated 7Q;, flow at
other locations, to provide the total estimated streamflow change as a result of project activities
during a an especially dry year.

Table 86. Modeled Baseflow and Estimated 7Q, and 7Qy, Flow in Lower Analysis Area
Streams.

Drainage Average
Monitorin Areag Watershed Modeled Estimated Estimated
Site 9 (square Area Baseflow 7Q, Flow 7Q1 Flow
rr?”es) Precipitation (cfs)* (cfs) (cfs)
(inches)®
Libby Creek
LB-800 21.2 59.2 5.90 9.27 5.99
LB-1000 34.9 54.4 9.80 13.23 8.59
LB-2 35.7 53.8 10.55 13.27 8.62
LB-2000 40.8 51.2 12.20 13.85 8.99
AtUS 2 67.4 47.8 19.83 20.46 13.36
Ramsey Creek
RA-600 | 67 | 641 | 150 | 326 | 2.07
Poorman Creek
PM-1200 | 65 | 563 | 180 | 246 | 1.55
Rock Creek
RC-3 14.9 69.7 3.08 8.80 5.70
RC-2000 324 57.3 7.70 13.53 8.80
East Fork Bull River

EFBR-500" 10.0 69.5 4.36 5.77 3.71
At mouth (Lower 28.2 58.7 11.34 12.27 7.97
East Fork Bull
River)

Estimated using 1971-2000 PRISM data (Oregon State University 2006); all values exceed the maximum value of 69
inches for the USGS equation variable.

TAverage annual precipitation for EFBR-500 watershed is 69.5 inches, and at RC-3 is 69.7 inches, just above the
maximum range for the 7Q, and 7Q,, equations; therefore, 7Q, and 7Q,, values shown in table may not be reliable.
*Modeled baseflows are the best currently available estimates that can be obtained using the 3D groundwater models
The baseflow estimates would be refined after baseflow measurements were collected during the Evaluation Phase and
incorporated into the model.

Monitoring sites are shown on Figure 76.

Source: Geomatrix 2011a; Appendix G.
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Table 87. Estimated 7Q, and 7Q;o Ranges for Streams in the Analysis Area.

Low . High Low . High
L?)tc:z?irc?n Estimate Escgll;n(itfi? Estimate | Estimate %S(gznzgfg)d Estimate
7Qqo(cfs) 7Qqo (cfs) | 7Q2 (cfs) 7Q2 (cfs)
Libby Creek
LB-50 0.41 0.86 1.84 0.77 1.38 2.47
LB at CMW 0.70 1.49 3.18 1.32 2.35 421
boundary
(~LB-100)"
LB-300" 1.42 3.03 6.46 2.65 4.73 8.47
LB-800 2.81 5.99 12.75 5.18 9.27 16.58
LB-1000 4.03 8.59 18.30 7.40 13.23 23.67
LB-2 4.04 8.62 18.36 7.42 13.27 23.75
LB-2000 4.22 8.99 19.15 7.74 13.85 24.78
Libby Creek 6.27 13.36 28.45 11.44 20.46 36.61
at US 2
Poorman Creek
Poorman 0.22 0.48 1.02 0.43 0.77 1.38
Creek at
CMW
boundary'
PM-1000 0.71 1,51 3.23 1.34 2.40 4.30
PM-1200 0.73 1.55 3.30 1.38 2.46 4.40
Ramsey Creek
Ramsey Creek 0.52 1.12 2.38 0.99 1.77 3.17
at CMW
boundary’
RA-400 0.97 2.06 4.39 1.81 3.24 5.80
RA-600 0.97 2.07 4.40 1.82 3.26 5.83
Little Cherry Creek
L.C-800" | 011 | 022 | 0.48 | 021 | 037 | 0.67
East Fork Rock Creek and Rock Creek
EFRC-200" 0.27 0.57 1.22 0.52 0.92 1.65
RC-3' 2.67 5.70 12.14 4.92 8.80 15.74
RC-2000 4.13 8.80 18.74 7.56 13.53 24.21
East Fork Bull River
EFBR-2' 1.37 2.93 6.24 2.56 4.57 8.18
EFBR-500" 1.74 3.71 7.90 3.23 5.77 10.33
EFBR at 3.74 7.97 16.97 6.86 12.27 21.95
mouth

Locations have drainage areas and/or precipitation values outside the range of values used to develop the equations, or
are near the maximum and minimum values used in the equations, so results may be unreliable (Hortness 2006).
Locations are shown on Figure 76.

The water balances developed for average annual precipitation and evaporation rates are provided
in Chapter 2 in the Water Use and Management section of each mine alternative. The summary
tables in section 3.11.4.4 use estimated 7Q, flows to provide the total estimated change in annual
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low streamflow in the analysis area as a result of all mine-related activities (mine inflows,
discharges, appropriations, diversions and evaporative loss). In this analysis, the agencies used
7Q; flows to assess effects because the USGS method did not provide an equation to calculate
7Q; flows, which are annual 7-day low flow. Although the 7Q, flow would be lower than the 7-
day annual low flow, it would occur with sufficient frequency (probable 2-year recurrence
interval) to use in the analysis. Assuming that 15 percent of annual streamflow occurs in the
baseflow period during late summer/early fall (see Appendix H), the predicted increase in annual
streamflow from the existing land management activities in all the basins was proportionally
estimated for the baseflow period.

3.84 Uncertainty, Monitoring, and Mitigation

The best available information was used to analyze the effects on water resources. While some
uncertainty is inherent in all predictions, the uncertainties specific to these analyses are discussed
in each of the following sections on geochemistry, hydrology, and water quality. To address these
specific elements, monitoring plans have been developed and are described in Appendix C for the
agencies’ alternatives (Mine Alternatives 3 and 4, and Transmission Line Alternatives C-R, D-R,
and E-R). A water resources monitoring plan is not needed for the Sedlak Park Substation and the
loop line.

For water resources, the objective of the monitoring is to provide long-term assessment of the
water resources and groundwater-dependent ecosystems that could be affected by the mine, as a
basis for informing evidence-based management strategies throughout the life-of-mine. The
agencies also developed mitigation designed to minimize the predicted effects. These mitigation
measures are discussed in Chapter 2 in the agencies’ alternatives. The following sections on
geochemistry, hydrology, and water quality include a discussion on the anticipated effectiveness
of the agencies’ monitoring and mitigation measures.

524 Final Environmental Impact Statement for the Montanore Project



3.9 Geology and Geochemistry

3.9 Geology and Geochemistry

Geology is the primary framework for this environmental assessment, influencing the location of
mineralization, proposed mining methods, environmental geochemistry, groundwater distribution
and movement, and discharge to surface water. Together with hydrology, geology and
geochemistry determine the potential impact of mining on ground and surface water resources.
Geologic hazards, such as avalanches and landslides, are discussed in section 3.14, Geotechnical
Engineering.

3.9.1 Analysis Area and Methods

The geochemical analysis area encompasses the underground zones from which ore and waste
rock would be mined, and the surface locations on which waste rock or tailings would be placed.
The agencies reviewed published studies of regional and local geological structure, stratigraphy,
and mineralization and combined it with exploration data collected by NMC and MMC for the
assessment. Much of the analysis and description of the geology of the proposed mine, tailings
impoundment areas, and transmission line corridor alternatives presented in this section is based
on the 1992 Montanore Project Final EIS (USDA Forest Service et al. 1992) and subsequent
descriptions provided by MMC. These have been updated with recent literature (e.g., Boleneus et
al. 2005) and recent test results, where appropriate, but the fundamental geological description of
the area and understanding of the mineral deposits has not changed since 1992. Elements of the
geology that directly affect environmental geochemistry are emphasized within this description.

The following sections summarize the baseline information collected on environmental
geochemistry and geology, and describe the approaches used by the lead agencies in analyzing
potential effects. The subsequent sections on the Troy Mine, which has mined similar deposits for
several decades, as a geochemical analog for the Montanore sub-deposit and on the geochemistry
of Revett-style copper and silver deposits in Northwestern Montana describe the best available
information regarding environmental geochemistry in the analysis area. The KNF and the DEQ
determined that the baseline data and methods used are adequate to evaluate and disclose
reasonably foreseeable significant adverse effects on resources potentially affected by
environmental geochemistry, and to enable the decision makers to make a reasoned choice among
alternatives. Appendix C describes the additional environmental geochemistry and geologic data
that would be collected during all phases of the project, including the Evaluation Phase and for
final design. The agencies did not identify any incomplete or unavailable information, as
described in section 3.1.3, Incomplete and Unavailable Information.

3.9.2 Affected Environment

3.9.21 Geologic Setting

39211 Physiography

The Cabinet Mountains are bounded on the south by the Clark Fork River, on the east by Libby
Creek, on the north by the Kootenai River, and on the west by the Purcell Trench in Idaho. The
Bull River/Lake Creek valley separates the mountain range into east and west segments. The
analysis area is in the southeast portion of the Cabinet Mountains and the part of the Fisher River
watershed that lies between the Cabinet Mountains and Salish Mountains east of Libby. The
Cabinet Mountains are a rugged northwest-trending mountain range of high relief. The maximum
relief in the analysis area is about 5,000 feet. The highest elevation in the vicinity is Elephant
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Peak at an elevation of 7,938 feet. The lowest elevations are 3,200 feet along Libby Creek and
2,900 feet along the Fisher River. The proposed plant site in Ramsey Creek is at an elevation of
4,400 feet; the elevation of the proposed tailings impoundment in Little Cherry Creek is at about
3,500 feet; and the elevation of the proposed Sedlak Park Substation is at 3,000 feet.

Avrea topography (Figure 44) is a function of the underlying rock types, structure (faults and
folds), and geologic history. Slopes are generally steep (more than 30 percent) except along the
axis of streams and rivers. Rocks in the area are relatively competent and not easily erodible.
Most rock types weather into small fragments that form a colluvial (transported by gravity)
mantle overlying bedrock.

Large faults bound the Cabinet Mountains on the east, south, and west. These faults are in part
responsible for the location of valleys surrounding the Cabinet Mountains. The Clark Fork River,
Libby Creek, Bull River-upper East Fork Bull River, and the East Fork Rock Creek valleys are all
located along faults. A number of smaller streams in the analysis area also may be located along
fault and fracture structures. The major land-forming features were created by the Rocky
Mountain uplift and subsequent faulting. Topography in the analysis area has been influenced by
Pleistocene-age glaciation (from 2 million to 10,000 years ago). In the northern part of the
analysis area, Pleistocene alpine glaciers carved the landscape into a series of glacial features
characterized by nearly vertical cliffs, ledges, steep colluvial slopes, and talus fields. The high
peaks of the area (St. Paul, Rock, and Elephant peaks) are glacial horns formed by glaciers.
Small- to moderate-sized lakes (tarns), such as Copper and Cliff lakes, have formed in the glacial
cirque basins.

Pleistocene-age glaciation sculpted the mountain peaks, scoured some lower elevation areas, and
deposited a veneer of glacial deposits. Glacial lakebed deposits (silt and clay accumulations 100
or more feet thick) were deposited in low-elevation drainages. Melt-waters from glaciers in the
upper part of the analysis area carried large amounts of excavated rock debris into creeks draining
the higher topographic areas, filling portions of the valley bottom. Older terraces of the former
valley bottoms are exposed as higher-level benches along lower portions of many of the creeks.
In many areas, the creek has since down-cut into the valley fill.

Higher elevation creeks generally flow through relatively narrow canyons and then spill into
wider valleys at the periphery of the wilderness area. The wider valleys have flat to rolling
bottoms, with lakebed and stream deposits capping and surrounding shallow to exposed bedrock.

3.9.21.2 Regional Geology

The Cabinet Mountains and surrounding areas are composed of a thick series of metasedimentary
rocks referred to as the Belt Supergroup. These Belt rocks were deposited in a subsiding basin
about 1,450 to 850 million years ago (Harrison 1972). Originally deposited as a series of muds,
silts, and sands, the deposits were metamorphosed to argillites, siltites, and quartzites,
respectively.

The Belt Supergroup can be divided into four major groups. In ascending order, these are the
Lower Belt, Ravalli Group, Middle Belt carbonate (Table 88), and the Missoula Group (not
shown in Table 88). Regionally, the Lower Belt is represented by the Prichard Formation. The
Prichard Formation consists mostly of argillites, with some interbedded siltite and quartzite units.
It is the lowest formation within the Belt Supergroup in this area and is mapped as the thickest at
25,000 feet.
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Table 88. Stratigraphy of Montanore Analysis Area.

Supergroup Group Formation Member
. Upper
Middle Belt Wallace Mipdpdle
Carbonate
Lower
Empire
St. Regis
. Upper (See detail below
Belt Ravalli Revett e e :
Lower (ore zone)
Burke —
Transition
Lower Belt Prichard Upper
Lower
Formation Member Bed Deposit
Upper quartzite
Upper siltite Troy
Upper Middle quartzite
Lower siltite
Lower quartzite Troy
Middle
A
Revett B Rock Creek-Montanore
C
D
Lower E
F
G
H Troy
[

Source: Boleneus et al. 2005.
Shaded areas with bolded text represent ore deposits.

The Ravalli Group in this part of the Belt Supergroup basin consists of, from oldest to youngest,
the Burke, Revett, and St. Regis Formations. The Burke Formation is composed primarily of
siltites and its contact with the underlying Prichard Formation is gradational. The Revett
Formation is a north- and east-thinning wedge of quartzite, siltite, and argillite. In the Cabinet
Mountains area, the Revett is informally divided into lower, middle, and upper members on the
basis of the proportions of quartzite, siltite, and argillite. The lower and upper members are
dominated by quartzites with interbedded siltite and argillite; the middle member is mostly siltite
with interbedded argillite and quartzite. The St. Regis Formation is dominantly silty argillite and
argillitic siltite.

The Middle Belt carbonate is separated into a western and eastern facies. The western facies
Wallace Formation contains a conspicuous clastic component (but still contains a considerable
proportion of carbonate material) and was deposited from a southern source terrain; the eastern
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facies Helena Formation is largely a carbonate bank (Grotzinger 1986). The two Formations
interfinger or overlap along a broad zone that extends from Missoula northwest toward the
Canadian border just east of Libby, Montana (Harrison 1972).

Regionally, Paleozoic sediments are represented by an occasional north-northwest trending
exposure of shale, sandy shale, dolomite, magnesium-rich limestone, and sandstone, some of
which are fossiliferous. The exposures are along US 2, south of Libby, MT, along MT 200 near
the Montana-Idaho border, and in several other localities. These sediments are mapped as narrow
fault-bound blocks that were caught between eastwardly thrusted Belt strata (Johns 1970).
Because of their age and diagenesis, rocks in the analysis area are unlikely to be a source of
significant paleontological resources.

The mine area bedrock has been extensively folded and faulted along generally north to northwest
trends. Most of this structural activity was related to complex plate interactions that occurred
between 24 and 200 million years ago, and resulted in the rocks being thrust eastward along
shallow dipping faults over distances of up to 100 miles (Harrison et al. 1992). One of several
prominent structures is the Hope Fault within the Clark Fork drainage.

Quaternary age deposits are reflected in Pleistocene glacial erosion and deposition of stratified
and unstratified sediments. Large areas are covered by glaciofluvial and glaciolacustrine
sediments to depths up to several hundred feet. Near Libby, Montana, bluffs of glaciolacustrine
silts stand up to 200 feet above the recent floodplain. Glaciolacustrine silts and clays prone to
sloughing from road cuts are found at elevations between 2,900 and 4,000 feet in the two tailings
impoundment areas, along the Fisher River, and along lower Miller and West Fisher creeks.
During recent times, this and older materials have been eroded and reworked by stream activity.

The western Montana copper belt, first named by Harrison in 1972, hosts several large strata-
bound Revett-style copper-silver deposits in permeable quartzite beds of the Revett Formation
(Boleneus et al. 2005). Several Revett-style deposits, which occur in the upper and lower
members of the Revett Formation, have been intensively studied by numerous investigators
(Clark 1971; Harrison 1972; Hayes 1983; Lange and Sherry 1983; Bennett 1984; Hayes and
Einaudi 1986; Hayes 1990). The Rock Creek-Montanore deposit, currently under permitting
review as two separate mining operations, and the Troy Mine (Spar Lake deposit) are each hosted
in the Revett Formation. The Rock Creek portion of the deposit is separated from the Montanore
(Rock Lake) portion by the Rock Lake Fault. This document follows the USGS nomenclature,
which distinguishes the Rock Creek-Montanore deposit from the Troy deposit, as described by
Boleneus et al. (2005). In cases where data have been collected solely from the Rock Creek or the
Montanore portion of the Rock Creek-Montanore deposit, the term sub-deposit has been used.
The USGS used the term “world class deposit” to describe the relationship of the Rock Creek and
Montanore deposits to other known stratabound copper-silver deposits in North America. World-
class deposits are significant because production from any of them would affect the world’s
supply-demand relation for the metal. World-class deposits are those that exceed the 90"
percentile of discovered metal, and contain more than 2.2 million tons of copper. Only three
world-class stratabound copper-silver deposits are found in North America: the Rock Creek and
Montanore deposit; the Kona deposit and the White Pine deposit in Michigan (Boleneus et al.
2005).
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3.9.2.1.3 Mineralization

There appear to have been three mineralizing events in the Belt rocks of the analysis area. Most
recently, Cretaceous to early Tertiary age granodiorite and quartz monzonite plutons intruded the
highly folded and faulted Belt rocks in the central and northern portions of the Cabinet
Mountains. This produced the mineralization of the prospects found along the eastern and
southern flanks of the Cabinet Mountains. An older event involved the Precambrian age
intrusions of igneous rock high in iron and magnesium that intruded the Wallace, Burke, and
Prichard Formations. The Purcell Lava is an example of such an event, which created the vein-
hosted deposits found in the Ten Lakes area northeast of the Cabinet Mountains. The oldest
mineralizing event is the Precambrian age migration of metal-bearing solutions through select
permeable zones within the Belt Supergroup, especially the Revett Formation, before or during
lithification (Clark 1971; Hayes 1983; Lange and Sherry 1983).

Ore-grade stratabound copper-silver deposits in the Revett Formation (the Spar Lake deposit of
the Troy Mine and the Rock Creek-Montanore deposit) exhibit the same mineral zonation
patterns, with about the same volume percent sulfides in each of the mineral zones (Figure 61).
The two deposits were formed at about the same time, a billion years ago, by the same geological
processes, and in the same geological host rock, sandstone. Through geological processes,
sandstone is now a quartzite and finer grained interbedded siltstones and claystones are now
siltites and argillites. The deposits are concentrated along a pre-mineralization pyrite-hematite
interface, in relatively coarse-grained quartzite that acted as a paleoaquifer for ore-forming fluids.
The pre-mineralization pyrite and hematite quartzite is of regional extent, extending from the
Vermillion river to north of the Troy Mine. The gradational mineralized zones of chalcocite,
bornite, and chlorite, which are the ore zones, are between a chalcopyrite-galena-sphalerite zone
and a chalcopyrite zone (Figure 61). The chalcopyrite-galena-sphalerite and chalcopyrite zones
do not contain copper mineralization of economic grade nor do they contain silver. Following
mineralization, the mineralized rock was subsequently cemented with calcite containing iron and
magnesium. Mineralization is consistent throughout the Belt basin, with minor variations between
defined deposits resulting from subtle variations in the stratigraphy of the interbedded quartzite,
siltite, and argillites that comprise the Revett Formation. Boleneus et al. (2005) provide a
comprehensive summary of regional stratigraphy, lithologic characteristics, and alteration
patterns of the Revett Formation.

3.9.2.2 Site Geology

Site geology is described for the locations that are evaluated for potential water quality impacts,
including the mine area (underground workings and surface faculties constructed using waste
rock), the tailings impoundment, and the LAD Areas.

39.221 Mine Area - Underground Workings and Surface Facilities

The Cabinet Mountain region was subject to folding and faulting during mountain building.
Structural features trend to the northwest or north, including primary faults, which tend to parallel
fold axes. The mine area is bounded on the east by the Libby thrust belt and on the west by the
Moyie thrust, two major east-directed north-northwest trending structural features. The Libby
thrust belt is about 9 miles east of the Cabinet Mountains and the Moyie thrust is about 12 miles
west. Intervening between the two thrust systems is the west-directed Snowshoe thrust, formerly
known as the Snowshoe Fault. The main Snowshoe thrust can be traced from Rock Lake to the
Montana border (Fillipone and Yin 1994). The Rock Lake Fault is a north-northwest striking
fault, with a highly variable but generally steep dip, with younger Belt rocks on the east against

Final Environmental Impact Statement for the Montanore Project 529



Chapter 3 Affected Environment and Environmental Consequences

older Belt rocks on the west. The fault crosscuts west-directed structures related to the Snowshoe
thrust, making the Rock Lake Fault a younger feature. The Rock Lake Fault separates the Rock
Creek-Montanore deposit into two portions that are proposed to be operated as the Rock Creek
and Montanore Projects, respectively. Section 3.10, Groundwater Hydrology discusses how
faulting was incorporated into the 3D groundwater model.

Table 88 presents general stratigraphy for the analysis area, and Figure 62 is a bedrock geology
map for the portion of the CMW area that overlies the sub-deposit at Montanore. The Prichard
Formation is the oldest unit at Montanore and consists primarily of quartzite, with argillite, siltite,
and mudstone. The Burke, St. Regis, and Empire Formations of the Ravalli Group are
predominantly siltite, argillite, and quartzite. The Revett Formation, also of the Ravalli Group, is
subdivided into three members based on the amount of quartzite, silty quartzite, and siltite. The
Rock Creek-Montanore, stratabound copper and silver deposit is found in the A-C quartzite beds
in the uppermost portion of the lower member of the Revett Formation, which consists primarily
of quartzite and layers of siltite and silty quartzite. The Wallace Formation is the younger Middle
Belt Carbonate group of rocks in the analysis area.

Mine Development Associates (2005) report that Montanore sub-deposit mineralization occurs in
the lower limb of a north-northwest plunging, breached overturned syncline. The syncline axis
trends north 45° east and opens to the northwest (Figure 63 and Figure 64). This creates a
progressively wider flat-lying lower limb. The lower limb is not folded but dips about 15 degrees
to the northwest. Mineralization in the Montanore sub-deposit is observable in the outcrop where
the Revett Formation was discovered, located on the north shore of Rock Lake.

The west-southwest boundary of mineralization is the northwest trending, near-vertical Rock
Lake Fault that produced at least 2,500 feet of vertical displacement (Figure 63). The fault trends
N35° W for about 12 miles with the down-dropped side to the northeast. The USGS (1981)
reports three periods of movement can be distinguished for the Rock Lake Fault. The syncline is
bound on the east by several splays of the Libby Lake Fault (Figure 63).

The Rock Creek-Montanore deposit occurs in the Revett Formation, which is subdivided into the
upper, middle, and lower Revett, based upon the amount of quartzite, silty quartzite, and siltite.
The majority of the silver and copper mineralization occurs in the A-C quartzite beds within the
upper portion of the lower Revett. The mineralization is predominantly copper and copper-iron
sulfides, including bornite, chalcocite, and chalcopyrite. Silver occurs as native silver, and in
copper minerals. Localized concentrations of ore minerals reflect faults and increased
permeability in the quartzite beds (Boleneus et al. 2005). Lead sulfides (galena) and iron sulfides
(pyrite and pyrrhotite) occur around the ore zone, but do not occur in any significant quantities
within the ore.

The silver and copper ore zones are separated by a low-grade barren zone of disseminated and
vein-hosted galena. The barren zone varies in thickness from more than 200 feet toward the west
to 18 feet in the eastern portions of the mine area. The barren zone may be absent to the northeast.

Mineral zones, defined by the appearance, disappearance, and abundance of sulfide and gangue
(the commercially worthless mineral matter associated with economically valuable metallic
minerals in a deposit) minerals, are developed that crosscut the stratigraphic units in the Revett
Formation. This zonation is consistent with similar alteration mineralogy and crosscutting
relationships observed in stratabound copper and silver deposits worldwide, and define the ore
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zone as well as key zones of environmental significance within the Revett Formation. The
distribution and extent of mineral zonation in the Revett Formation is controlled by the migration
paths of mineralizing fluids, which change in response to differences in porosity between the
quartzite, siltite, and argillites that are variably interbedded across the basin. These zones are
important, not only for the identification of ore, but also for identification of zones enriched in
sulfides that are potentially acid generating when oxidized, such as pyrite and chalcopyrite, and
those that are acid consuming, such as bornite, chalcocite, and digenite.

Mineralization within the Revett Formation is consistent throughout the depositional basin. As
discussed by Maxim Technologies (2003) and Enviromin (2013b), the Rock Creek-Montanore
deposit was deposited within the Proterozoic Revett basin under the same conditions as the Troy
deposit, which is located in a mineralogically comparable setting, but in different stratigraphic
zones within the Revett Formation. The Troy deposit has been mined over the past 30 years, and a
substantial amount of geological, mineralogical, and water quality data are available for this
deposit that provide full-scale estimates of environmental geochemistry behavior. Analyses of
drill samples from the Rock Creek-Montanore deposit have generated laboratory-based sets of
mineralogical and geochemical information for comparison with the larger set of data available
from the Troy Mine. Comparison of data from the Rock Creek-Montanore and Troy deposits
provides useful information regarding the potential geochemical effects of development of the
Montanore sub-deposit.

Mineral zonation was studied in the Troy deposit, where alteration zones were described in detail
based on the dominant sulfide and distinct non-sulfide minerals present, along with color. These
alteration styles include the pyrite-calcite, galena-calcite, chalcopyrite-calcite, bornite-calcite,
chalcocite-chlorite, chalcopyrite-ankerite, hematite-calcite, and albite zones (Hayes and Einaudi
1986). The pyrite-calcite and chalcopyrite-ankerite boundary represents the boundary between
reduced and oxidized rocks, along which ore-grade minerals, bornite-calcite and chalcocite-
chlorite zones were deposited. The chalcopyrite-calcite and galena-calcite zones lie between the
ore and the pyrite-calcite zone. In the Montanore sub-deposit, the barren “lead” zone associated
with the ore hosts galena as a primary mineral. The location and relative magnitude of the mineral
zones is generally controlled by grain-size characteristics of individual stratigraphic units,
although the alteration crosscuts stratigraphic units. A broad belt of pyrite-calcite occurs in the A-
D beds of the lower Revett at both Troy and Rock Creek-Montanore deposits, with some variation
in zone thickness related to local changes in sediment porosity (argillite vs. quartzite), as well as
displacement by more recent structural activity. Because these zones host sulfide and carbonate
minerals that could affect acid generation and neutralization potential, it is important to
understand their occurrence within the Montanore sub-deposit.

In the Montanore sub-deposit, rock exposed in the workings and adits would include both ore and
the barren lead zone of galena-calcite alteration zone within the Revett Formation. MMC’s mine
plan would minimize disturbance of the barren lead zone to the extent possible. In the adits, lesser
amounts of chalcopyrite-calcite and pyrite-calcite altered waste zones also may also be exposed
within the lower Revett Formation, along with the Prichard and Burke formations in the Ramsey
Adits. It is possible that a small amount of rock from Wallace Formation would be intercepted in
the Ramsey Adits as well. Six distinct rock units would be exposed underground or mined as
waste rock at the proposed mine.
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MMC collected 11 representative samples from five drill holes and analyzed them for asbestos by
Polarizing Light Microscopy. No asbestos fibers were detected in any sample (Jasper
Geographics 2005).

3.9.2.2.2 Tailings Impoundments and LAD Areas Geology

Surficial geology at both the Little Cherry Creek and Poorman tailings impoundment sites is
similar and dominated by Quaternary glacial deposits (Figure 65). Detailed geology and cross
sections of the two tailings impoundment sites are provided in Figure 66. As much as 300 feet of
unconsolidated silt, sand, and gravel overlie the Wallace Formation in both tailings impoundment
areas. Fine-grained glacial lake (glaciolacustrine) materials dominate the center and eastern
portion of tailings impoundment sites and interfinger with intermixed silt, sand, and gravel
glaciofluvial materials on the western portion of the site. Based on borehole data, a buried
glaciofluvial channel greater than 370 feet thick in some locations trends west to east through the
center of the Little Cherry Creek Tailings Impoundment Site (Figure 66) (Klohn Crippen 2005).

Bedrock exposures are limited in the Little Cherry Creek Tailings Impoundment Site. Most of
Little Cherry Creek is 50 feet or more above bedrock. Near the Little Cherry Creek Seepage
Collection Pond proposed in Alternatives 2 and 4, the creek has eroded the surficial material and
exposed less weathered bedrock. Weathered bedrock also was observed on the ridge where the
tailings thickener plant proposed in Alternative 3. Most bedrock fractures appear to be related to
sedimentary bedding planes, but drill samples also show occasional near-vertical joints and
irregular fractures. The thickness of surficial sediments at the Little Cherry Creek Tailings
Impoundment Site ranged from 10 feet at the South Saddle Dam to over 360 feet in a buried
channel beneath the proposed Main Dam (Klohn Crippen 2005).

The surficial geology of the Poorman Tailings Impoundment Site is similar to that of the Little
Cherry Creek Tailings Impoundment Site (Figure 65). Depth to bedrock is not well defined with
the Poorman site. Based on a resistivity survey and available borehole data, the thickness of the
unconsolidated deposits is generally 100 to 200 feet within the impoundment footprint
(NewFields 2014a). The survey identified an apparent subsurface bedrock ridge that separates the
two impoundment areas (Figure 66) (Chen-Northern 1989). The investigation did not identify a
buried channel like those identified at the Little Cherry Creek site (Figure 66). Section 2.5.2.6.3,
Final Tailings Impoundment Design Process discusses the site investigations that MMC would
conduct at the Poorman Tailings Impoundment Site during the final design process.

The two LAD Areas are located on a low, flat ridge between lower Ramsey Creek and Poorman
Creek. Geology at these locations is mapped as Quaternary glacial deposits, similar to those
found in the tailings impoundment sites (Figure 65). These glacial deposits begin as a thin veneer
at an elevation of about 4,000 feet on the flank of the Cabinet Mountains and thicken eastward to
200 feet in thickness (USDA Forest Service et al. 1992). Ravalli Group bedrock is present west of
the LAD Areas and rocks of the Wallace Formation lie to the east.

3.9.3 Mining History

Mineral activity in this area dates back to the 1860s with the discovery of placer gold (gold in
alluvial deposits) along Libby Creek on the east side of the Cabinet Mountains (Johns 1970).
Subsequent exploration in the 1880s and 1890s led to the discovery of numerous small hard-rock
mineral deposits (minerals found in hard consolidated rock). Many of these hard rock mineral
deposits were discovered along the east side of the Cabinet Mountains. Production from these

532 Final Environmental Impact Statement for the Montanore Project



3.9 Geology and Geochemistry

veined deposits and the area’s placer deposits was sporadic and short-lived. None of these mineral
deposits is currently in production.

In the late 1890s and then in the 1920s and 1930s, several small prospects were worked west of
the Cabinet Mountains divide in and around the analysis area. The Heidelberg Mine is about 1
mile south of the proposed Montanore Mine, just south of Rock Lake. Most of these old workings
were driven on gold-bearing quartz veins in what is probably the southern end of the Snowshoe
thrust near its junction with the Rock Lake Fault. Numerous other diggings (generally shallow)
occur along the northwest-trending faults that cut the area. All of these prospects were short-lived
and very little, if any, production occurred (Gibson 1948).

In the 1960s through the 1980s, three major deposits and numerous smaller deposits containing
stratabound copper and silver mineralization were discovered. These discoveries were confined to
the Revett Formation and situated within a narrow belt extending from the Coeur d’Alene Mining
District north to about the Kootenai River. ASARCO brought the 64-million-ton Spar Lake
deposit into production in late 1981, producing about 4.2 million ounces of silver and 18,000 tons
of copper per year from the Troy Mine. The 145-million-ton Rock Creek sub-deposit in the CMW
is the second deposit. The Rock Creek Project proposes to mine this sub-deposit. The Montanore
sub-deposit, proposed for mining by the Montanore Project, is the third deposit.

3.94 Environmental Geochemistry

The mineralogy and geochemistry of the Montanore deposit determines the potential for acid rock
drainage (ARD) and trace metal release. Facility-specific geochemistry of underground mine
workings, backfilled mine waste, or surface deposits of mined rock (including tailings)
determines the extent of mineral oxidation, dissolution, or nutrient release. Affected groundwater
would potentially mix with ambient groundwater and undergo further reaction with downgradient
minerals until it discharges to surface water. The relative volume and quality of discharge from
proposed facilities would change with the water balance throughout the life- of-mine cycle.

3.94.1 Geochemical Assessment Methods and Criteria

An environmental geochemical assessment of the waste rock and ore that would be exposed in
underground workings, surface facilities, and the tailings impoundment was completed to evalu-
ate the potential impact on downgradient surface water and groundwater quality. The specific
geochemical issues are acid generation and the potential release of metals and metalloids,
regardless of acidity. The leaching of nitrate from blasting residues on ore, waste rock, and
tailings is also a concern. Factors of importance in predicting long-term environmental chemistry
are therefore the occurrence and relative concentrations of metal and sulfide-bearing minerals
(including non-acid generating sulfides), as well as their mode of occurrence (i.e., in veins, on
fractures, or encapsulated within quartzite) and proposed management practices (i.e., blasting, ore
processing, and material placement) in terms of potential exposure to water and air.

Following a review of the mechanisms of acid production and trace element release, and a
discussion of the use of the Troy deposit as a geochemical analog for the Rock Creek-Montanore
deposit, the environmental geochemistry of rock likely encountered during mining is described.
Data are used from the Montanore and Rock Creek sub-deposits, as well as the Troy deposit, and
include static whole rock metal concentrations, acid generation potential, and metal mobility test
data, as well as kinetic test and in situ monitoring data. Release of nitrate associated with blasting
residues from mining is also discussed. The extent of sampling and methods of analysis are
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described. Data are summarized by project (Montanore, Rock Creek, and Troy) for ore, tailings,
and waste rock.

39411 Acid Rock Drainage

ARD results from weathering of chemically unstable iron-sulfide minerals in oxidizing air- and
water-rich environments. Iron sulfides, particularly pyrite (FeS,), chalcopyrite (CuFeS;), and
pyrrhotite (Fe;..S), are the most common acid-producing minerals (Price and Errington 1998;
International Network for Acid Prevention 2008). Some types of sulfides, such as bornite
(CusFeS,), chalcocite (Cu,S), and digenite (CusSs), actually inhibit or decrease acidity because
they either do not produce acid or consume it during oxidation (Bevilagua et al. 2010; Brunesteyn
et al. 1989).

Acid generation begins with the oxidation of sulfide to sulfuric acid (H,SO,) and release of
ferrous iron (Fe 11 or Fe*?). At near-neutral pH, acidity results from the primary chemical
oxidation of sulfide, with biological oxidation playing only a minor role in sulfide oxidation. At
low pH, ferric iron (Fe 111 or Fe*®) produced by acid-loving, iron-oxidizing bacteria speeds up
sulfide oxidation, so that the amount of acid produced increases as pH declines. Thus, if the
neutralizing potential of a rock material is exhausted and pH drops below 4, iron-oxidizing
bacteria will rapidly oxidize ferrous iron (Fe Il) to ferric iron (Fe I11), which can directly oxidize
the sulfide minerals independent of oxygen. Acidiothiobacillus ferrooxidans is a common
bacterium that makes energy by oxidizing both iron and sulfide from minerals in acid
environments (below pH 4) (Schippers et al. 2000).

Mineralogic texture and chemistry are important factors when testing for acid generation and
metal release potential. For example, decreased contact with oxygen and water due to
cementation and encapsulation of reactive minerals limits oxidation. Temperature, pH, and
availability of water and oxygen also affect rock-water interactions. Impurities in a sulfide crystal
structure, or differences between iron sulfides and copper, zinc or lead sulfides also will affect
oxidation rates and resulting changes in water quality.

The potential for ARD formation depends on the balance between the rates of acid-generating and
acid-consuming reactions, which are studied using static (fixed, single point in time) or kinetic
(rate measured over time) methods. ARD potential is estimated using a static acid base
accounting test, which calculates the difference in total concentration of acid neutralizing and
acid generating minerals, i.e., acid base potential = neutralization potential - acid potential (ABP
= NP - AP), in units of tons as CaCOas/thousand tons of rock (TCaCOs/kT). The calculated ABP is
then compared to guidelines, wherein values less than -20 are considered acid producing, greater
than 20 are considered non-acid generating, and values between -20 and 20 are considered to
have uncertain acid generation potential. An alternative approach, comparing the ratio of NP/AP,
uses criteria of less than 1 as acid producing, greater than 3 as non-acid generating, and between 1
and 3 as having an uncertain potential for acid production (EPA 1994b, International Network for
Acid Prevention 2008).

The net generation of acid from a rock or waste rock facility is related more to the reactivity of
sulfide and neutralizing minerals than the total concentrations, so that static tests of finely ground
samples may over-predict potential for acid generation. This is especially true when sulfide
minerals are encapsulated in non-reactive minerals, such as silica, as is the case in the quartzites
of the Revett Formation. The pH decrease associated with ARD occurs if acidity is produced at a
faster rate than alkalinity or when neutralizing minerals, such as the carbonate minerals calcite
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and dolomite, and some silicates, are consumed by excess acid. The development of acid drainage
is time-dependent and, at some sites, may form after many years of slow depletion in available
alkalinity or slowly increasing sulfide oxidation (Price and Errington 1998). Kinetic test methods
are used to evaluate rates of reaction when static methods suggest uncertain potential for ARD.
Monitoring of long-term environmental chemistry in analogous geochemical settings also
provides excellent predictive information. Microbial processes can speed up sulfide oxidation and
significantly increase acid production, but also influence the attenuation of dissolved metals.

If acidity generated through these processes at the mineral surface is neutralized by buffering
minerals (such as calcium carbonate), or water is not available to transport oxidation products
away from the mineral surface, ARD is unlikely to develop. Where water is available, and there is
insufficient neutralizing capacity (buffering) of the solution, ARD will occur.

3.94.1.2 Trace Element Release— Metals and Nutrients

The potential release of trace elements from mined rock is a concern regardless of the potential
for acid generation because dissolved metals can remain soluble depending upon their individual
sensitivity to pH and oxidation. Base metals, such as iron, lead, and copper, are most soluble at
low pH and will be sorbed or precipitated from solutions with neutral to alkaline pH. Although
acidic drainage presents the greatest potential for metal release, some metals (such as manganese
and arsenic) can have enhanced solubility under neutral or alkaline conditions. Elevated
concentrations of metals can also result from dissolution of metal-bearing salt minerals under
neutral conditions.

Elevated concentrations of nutrients (nitrate and ammonia) can also occur in mine drainage, as a
result of using explosives during mining. As the concentration of nitrate is determined by blasting
practice and surface deposits of unconsumed agents on the surface of blasted rock, rather than the
inherent characteristics of the rock itself, nitrate concentrations can only be measured empirically
in blasted deposits.

The potential mobility of trace elements, both metals and nutrients, is determined by multiple
variables, including dilution, potential for sorption, redox conditions, and biological activity. Due
to the potential complexity of reactive transport, in situ monitoring data from geochemical
analogs and full scale facilities provide an important “real world” basis for comparison. All data
for metals or nutrients, determined in laboratory tests or in situ monitoring, are compared with
relevant surface water and groundwater quality standards for the purposes of assessing potential
risk. For potential releases from ore, tailings, or waste rock, groundwater quality standards apply
to groundwater, and surface water standards apply to surface water such as streams, at the point
of discharge, or at the edge of a mixing zone, if authorized by the DEQ.

3.94.2 Troy Mine as a Geochemical Analog for the Montanore Sub-Deposit

The Troy Mine, developed within the upper quartzites of the Revett Formation, is an excellent
depositional and mineralogical analog for the zone of quartzite to be mined within the uppermost
part of the lower Revett Formation of the Montanore and Rock Creek deposit. Geological analogs
provide valuable models for predicting acid generation potential and/or water quality from a
proposed mine site (Price and Errington 1998). This type of comparison is based on the geologic
evidence that mineralization formed under comparable conditions within the same geological
formation, which has undergone similar geological alteration and deformation, will have similar
mineralogy and texture and, thus, similar potential for oxidation and leaching under comparable
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weathering conditions. Further, the ability to study environmental geochemical processes in the
same rocks at full scale and under real-time weathering conditions provides a valuable basis for
evaluation of laboratory test results.

Hayes (1983) and Hayes and Einaudi (1986) conducted detailed mineral studies of the Revett-
style mineralization, and concluded that the geochemistry and risk for ARD from the Troy and
Rock Creek-Montanore deposits are the same, as defined by the observed mineral zonation
(Hayes 1995). Hayes found that the ore zones of both deposits contain no detectable amounts of
pyrite. In another study, Maxim Technologies (2003) showed that the three Revett-style copper
and silver deposits in northwest Montana cannot be statistically distinguished from one another
based on copper or silver assay values.

Hayes reported that pyrite in the Revett Formation characteristically occurs in disseminated and
encapsulated grains within the quartzite, where it is isolated from weathering, rather than on
fracture surfaces. He also found that the post-sulfide cementation of quartz overgrowths on all
grains resulted in an impermeable rock with little porosity. These conclusions were confirmed in
independent studies of Rock Creek ore in a validation study conducted for the Forest Service in
2003 (Maxim Technologies 2003).

Four altered waste zones surrounding the ore zones in both the Troy and Rock Creek-Montanore
deposits have potential to be mined as waste rock to varying degrees depending upon the
geometry of underground workings at each mine. The amount of pyrite also varies within these
four altered zones; therefore, potential for acid generation and trace element release varies more
between the three projects for waste rock than it would for ore due to differences in the mass and
type of waste rock to be mined. Other metal-bearing minerals, such as tetrahedrite(copper-
antimony sulfide) and tennantite (copper-arsenic sulfide), occur in varying trace quantities,
particularly at the outer periphery of the ore deposit and in surrounding altered waste zones.
These minerals are potential hosts of arsenic and antimony, which have been measured in mine-
affected water at the Troy Mine and the Libby Adit. The geometry of the Rock Creek subdeposit
suggests the volume of waste rock to be mined from altered waste zones would be low. The
consistent Revett-style Cu-Ag deposit mineralization throughout the Western Montana copper
belt supports the use of the Troy deposit as a geochemical analog for the Rock Creek-Montanore
deposit. This is especially true for the ore zones, which are essentially indistinguishable from one
another, and for tailings. Waste rock is also similar, but shows some trace element variation
within altered waste zones, particularly in arsenic, antimony, and lead. Differences among Troy,
Montanore, and Rock Creek may occur due to the volumes mined from each zone due to geologic
structure and mine design.

3.9.4.3 Geochemistry of Revett-style Copper and Silver Deposits in
Northwestern Montana

Geochemical analyses of ore and waste rock sampled during exploration drilling at Rock Creek-
Montanore (pre-2001) and during operations at Troy Mine, together with characterization of
waste rock from the Montanore Libby Adit, tailings from Rock Creek metallurgical tests and Troy
operations, and in situ water quality data from the Libby Adit and the Troy Mine comprise the
environmental geochemistry baseline data for the impact analysis. These data, which address
guestions of acid generation and trace element and nutrient release potential, are described in part
by Enviromin (2009, 2010, 2012, and 2013b) and Geomatrix (2007a), and discussed in detail in
the following section. They are also organized within a database that includes all known,
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validated environmental geochemistry data for Revett Cu-Ag deposits. The database is in the
project record.

MMC presented a comprehensive summary of the available static geochemistry data
characterizing rock for the proposed Montanore and Rock Creek mines by test method in tables
appended to their waste rock management plan (Geomatrix 2007a), as well as in their review of
waste rock characterization (MMC 2009a). Average values for acid base potential, whole rock
chemistry, and assays described in a summary report by Enviromin (2013b) for this project
include data reported by Balla (2002), DEQ (1996), Maxim Technologies (2003), Golder (1996),
USDA Forest Service et al. (1992), USDA Forest Service and DEQ (2001), and Schafer and
Associates (1992, 1997); these data are presented for ore and tailings in Table 89 and for waste
rock in Table 90. The number and type of metal mobility and kinetic humidity cell tests is also
shown. Additional data presented in this section, which were not included in the Supplemental
Draft EIS, Enviromin (2013b) or Geomatrix (2007a), include Rock Creek tailings metal mobility
and kinetic test results (Enviromin 2013a), and Troy I- and C-bed ore static and kinetic test results
(Enviromin 2009, 2010, and 2012).

These data have been collected over time by various investigators and reflect differences in style
and methods of sampling for each of the three Revett-style copper and silver deposits. For
example, considerably more waste rock data were collected for the Montanore sub-deposit where
it was exposed in the Libby Adit (Table 90), while tailings characterization is more
comprehensive for the Rock Creek sub-deposit (Table 89). The most detailed studies of Revett-
style copper and silver ore mineralization have been conducted underground at the Troy Mine,
where exposures could be studied in mine workings, and the environmental geochemistry of the
C and I ore zones have been thoroughly evaluated. Together, the mineralogy and chemistry of ore,
tailings, and waste rock from the Rock Creek-Montanore and Troy deposits provide a fairly
comprehensive baseline assessment of the rock to be mined. For these reasons, the following
discussion focuses on data collected specifically for the proposed Montanore Project, but also
includes information for the Rock Creek sub-deposit and Troy Mine.

39431 Mine Area — Ore in Underground Workings

As discussed above, ore in the Rock Creek-Montanore deposit contains the copper sulfide
minerals bornite, chalcocite, and digenite. These minerals are not acid-generating and based on
delineation criteria, no pyrite occurs in the ore zone. Minor chalcopyrite and galena, with trace
tennantite and tetrahedrite, occur as interbeds and in zones with calcite at the periphery of the
deposit. Fewer guantitative mineralogy analyses are available for the Montanore sub-deposit than
have been collected for the Rock Creek and Troy deposits, but extensive hand specimen
descriptions (for thousands of described intervals, as shown in Table 89) are available in drill logs
for all of the deposits, as described in Table 89. Detailed mineralogy studies indicate that 90
percent of all sulfide is encapsulated in the silica matrix of the quartzite in the Revett Formation
at the Troy Mine (Enviromin 2013b). Formation of quartz overgrowths were documented for both
the Troy (Hayes 1983) and Rock Creek deposits (Maxim Technologies 2003). A summary of the
average sulfur and acid generation potential data characterizing ore and tailings for the Rock
Creek-Montanore and Troy deposits is presented in Table 89. Further detail on the range and
distribution of data is presented by Enviromin (2013b).
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Table 89. Geochemical Data for Ore and Tailings from Northwestern Montana Revett-Style Copper and Silver Deposits.

Ore Tailings
Test Montanore Rock Creek Troy Montanore Rock Creek Troy
n Mean n Mean n Mean n Mean n Mean n Mean

Static Acid Generation Potential

ABP, T CaCOy/KT rock (NP:AP ratio) 36 -4 (0.9) 34 1(3) 28 5(3) | Nodata 2 10 (10) 3 1.5(1.5)

Total sulfur, weight % 35 0.3 34* 0.2 28* 0.2 No data 1 0.01 2 0.08

Total sulfur, weight % adjusted** No data 34 0.08 16 0.02 | No data No data No data
Whole Rock/Metals

Copper, ppm 1 7,880 36 6,623 29 5,180 | No data 31 348 2 682

Silver, ppm 1 66 36 31 29 33 No data 31 9.8 2 55
Assay Claim Validation

Copper, % 213 0.55 347 0.67 282 0.71

Silver, oz/ton 213 1.4 345 1.6 282 1.4

Sulfur, weight %, calculated from Cu 213 0.23 347 0.17 282 0.30
Mineralogical Analysis

Quantitative/analytical 10 >100 No data 1+ 1++

Feet drilled 1,500 3,000 11,429

Mineralogy descriptions+ 1,000 1,500 4,798

Assays 1,500 7,255 3,799
Metal Mobility Tests

EP toxicity (EPA Method 1310) No data No data No data No data No data 1

TCLP (EPA Method 1311) 1 No data No data No data No data 2

SPLP (EPA Method 1312) No data No data 12 No data 1 1
Humidity Cell Tests, final pH, s.u. 1 6.92 1 6.83 2 7.90+++ 1 8.94 1 7.87 | No data

n =number of samples; ABP = Acid Base Potential; NP = Neutralization Potential; AP = Acid Potential; T CaCO3KkT = tons equivalent calcium carbonate per 1,000 tons rock
TCLP = Toxicity Characteristics Leaching Procedure (EPA Method 1311); SPLP = Synthetic Precipitation Leachability Procedure (EPA Method 1312); s.u. = standard units.
Detection limit used for samples that contain below detection limit values.

*CAMP 2011; ** Landefeld 2011.

*** Mean of the pH from the final week of the I-Bed (7.92) and C-Bed (7.88) humidity cell test tests.

* = includes samples reported as “reported non-sulfate S” as total sulfur based on the mineralogy of the deposit which lacks significant sulfate.

** = adjustment based on DEQ (1996) to remove the mass of sulfide represented by non-acid generating copper-sulfide minerals.

Data summarized includes duplicate and primary results, where known, due to differences observed between results.

Source: Balla 2000, 2002; DEQ 1996; Geomatrix 2007a; Golder 1996 (summary of two non-cement samples [RCOA and RCOB]); Maxim 2003; Schafer and Associates 1992,
1996; USDA Forest Service et al. 1992; USDA Forest Service and DEQ 2001.
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Table 90. Geochemical Data for Waste Rock from Northwestern Montana Revett-Style
Copper and Silver Deposits.

Montanore Rock Creek Troy
Test
n Mean n Mean n Mean
Static Acid Generation Potential
ABP, T CaCO4/KT (NP:AP ratio) 24* 4 (5) 2 17 (8)
Prichard Formation 70 7(4) 6 24 No data | No data
Burke Formation and Burke-
Prichard Transition 19 15 (12) Nodata | Nodata | Nodata | No data
Lower Revett Formation 72 4 (3) 10 4 (3) 2 17 (8)
Total Sulfur, weight % No data | No data 24** 0.11 2 0.05
Whole Rock/Metals
Copper, ppm 3 40 27 29 2 126
Silver, ppm 3 8 27 2 2 0.99
Mineralogical Analysis
Quantitative/analytical 2 >100
Feet drilled 2,375 4,000 45,000
Mineralogy descriptions 2,000 3,000 22,500
Assays 2,375 No data No data
Metal Mobility Tests
EP toxicity (EPA Method 1310) | No data 3 No data
TCLP (EPA Method 1311) 3 14 No data
SPLP (EPA Method 1312) No data 14 2

n = Number of samples; ABP = Acid Base Potential; NP = Neutralization Potential; AP = Acid Potential; T CaCO5/kT
= tons equivalent calcium carbonate per 1,000 tons rock; TCLP = Toxicity Characteristics Leaching Procedure (EPA
Method 1311); SPLP = Synthetic Precipitation Leachability Procedure (EPA Method 1312).

Detection limit used for samples that contain below detection limit values.

* = data for the “Rock Ck Waste Rock” sample (ABP = 82 T CaCO4/KT) was assumed to be an outlier and was not
included in the mean calculation.

** = includes the 10 samples reported by DEQ 1996 as “non-sulfate S” as total sulfur based on the mineralogy of the
deposit which lacks significant sulfate.

Source: Balla 2000, 2002; DEQ 1996; Geomatrix 2007a; Golder 1996 (summary of two non-cement samples [RCOA
and RCOB]); Maxim 2003; Schafer and Associates 1992, 1996; USDA Forest Service et al. 1992; USDA Forest
Service and DEQ 2001.

Acid Base Potential. Results of whole rock analyses of ore from Montanore sub-deposit are
summarized in Table 89 along with results for ore samples from the Rock Creek sub-deposit and
the Troy Mine. Total sulfur ranged from <0.01 to 0.78 percent (averaging 0.2 percent) at the Rock
Creek sub-deposit (number of samples [n]=34), and was quite similar to Montanore, where total
sulfur ranged from 0.01 to 0.95 percent and averaged 0.3 percent (n=35). Total sulfur ranged from
0.06 to 0.34 percent (averaging 0.2 percent) at the Troy Mine (n=28).

Thirty-six ABP (n= 36) tests have been provided for samples of ore from Montanore drill core.
Another 34 Rock Creek and 28 Troy Mine ore samples were analyzed for acid base potential, as
summarized in Table 89. The Montanore sub-deposit static test data suggest that the ore has
uncertain potential to generate acid, with an average acid base potential (ABP) of -4 T CaCO/KT
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and an NP:AP ratio of 0.9. The Rock Creek and Troy samples both have NP/AP ratios of 3 and
average ABP of 1 T CaCOs/kT and 5 T CaCOs/KT, respectively, despite having total sulfur
contents less than 0.3 weight %. Average ore sample ABP values were significantly lower at Rock
Creek (1 T CaCO4/kT) and Montanore (-4 T CaCO,/KT) than at Troy (5 t CaCOgy/kT) due to
differences in both the average AP and NP at each deposit. The ABP values for Rock Creek and
Montanore were not statistically different. Statistical differences, which were based on a t-test,
may be due to small geochemical differences between the deposits or could be a remnant of
sampling error or changes in ore/waste classification because of use of different cutoff grades.

Static tests of acid generation potential are based on nitric acid digestion of all available sulfide
from a finely ground rock flour, which as noted previously, conservatively estimates the potential
for oxidation of encapsulated sulfides, as well as the potential for sulfides to generate acid
because all sulfide is assumed to be acid-generating pyrite. The use of an acid base account
without adjustment thus overstates the potential for acid generation by the copper sulfide minerals
and ignores the effects of encapsulation. For this reason, in its study of the Rock Creek sub-
deposit, the DEQ appropriately reduced the total sulfide by the amount of sulfur that would
correspond to the measured copper concentration (based on the assumption that all sulfide is
chalcocite, Cu,S, so that there is one atom of sulfide for every 2 atoms of copper) to account for
non-acid generating copper sulfides (DEQ 1996). The DEQ therefore adjusted the total reactive
sulfur using the copper assays, reducing the estimated sulfide content for the Rock Creek sub-
deposit from an average of 0.2 weight percent to 0.08 weight percent, as shown Table 89. The
average sulfide for the Troy Mine was similarly reduced from 0.2 to 0.02 percent. Because copper
concentrations were not reported for the Montanore sub-deposit samples, this correction cannot
be made, although the principle is equally valid for the Montanore portion of the Rock Creek-
Montanore deposit and would result in a predicted average value around 0.1 percent. The
difference in inferred acid generation risk with and without this important mineralogical
correction to account for non-acid generating copper sulfides is evident when comparing Chart 1
and Chart 2.

The neutralization and acid generation potential of ore from the various Revett Cu-Ag deposits
are compared to the regulatory NP:AP ratio guidelines (acid <1; 1:3 uncertain; >3 non-acid) in
Chart 1. These data, which are based on the conservative assumptions that sulfide is equal to total
sulfur less sulfate sulfur and all sulfide is acid-generating pyrite, suggest that most samples of
Revett ore have potential to generate acid or are uncertain in terms of ARD risk. These
calculations overestimate the acid generation potential of the Montanore sub-deposit, which
would more closely resemble the trends shown in Chart 2 for the Rock Creek sub-deposit and
Troy deposit when corrected to remove non-acid generating copper sulfide minerals from the acid
generation potential.
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Chart 1. Acid Generation Potential of Ore using non-sulfate sulfur to calculate AP.
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Chart 2. Acid Generation Potential of Ore using non-sulfate sulfur adjusted to remove
copper sulfide from calculated AP.
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Note: Montanore acid base accounting data did not include sulfur data and therefore, adjustment to remove
copper sulfide data could not be performed on the Montanore dataset.
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Additional important data characterizing sulfide content are the thousands of ore intercepts that
were assayed for copper and silver, operationally at the Troy Mine and for validation of the
Montanore, Rock Creek, and Troy claims. Given the very consistent copper sulfide mineralogy of
the ore, it is possible to calculate the range of sulfide content based on the assumption that the
copper to sulfur ratio of 2:1 for chalcocite represents the ore-grade chalcocite mineralization.
Maxim compiled assay data for 213 samples of ore from Forest Service claim validation studies
for the Montanore Project, along with 347 samples from the Rock Creek claims, and 282 samples
from the Troy claims, as shown in Chart 3 (Maxim Technologies 2003). Very few samples have a
calculated sulfide concentration more than 0.4 percent in any one of the deposits, and the average
sulfide concentration is less than 0.2 percent in all of the deposits. This distribution agrees with
the results reported by the DEQ (1996). Also, 88 percent, 91 percent, and 89 percent of samples
(for the Troy, Montanore, and Rock Creek, respectively) have total sulfide concentrations less
than 0.3 percent, which is a commonly accepted cutoff value below which potential acidification
is typically not of concern (Jambor et al. 2000, Price ef al. 1997). In other words, although
concentrations above this commonly accepted threshold of 0.3 percent do occur, they represent a
consistently small fraction of the samples from both the Troy and Rock Creek-Montanore
deposits.

Acid Generation Rates. The rate of potential acid generation from the Montanore sub-deposit
was tested for an ore composite in a standard humidity cell test (Schafer and Associates 1992).
This ore composite, which had an uncertain acid generating potential with an ABP of -14.5 T
CaCO3/KT, showed a low amount of oxidation with a final pH of 7 and low concentrations of
sulfate and acidity. In the composite leachate analyzed in week 6, a low copper concentration was
detected; both copper and manganese were detected in week 12. Results of this analysis support
the conclusion that Montanore ore would not be acid-generating but may release small amounts
of trace elements at a near-neutral pH.

The rate of potential acid generation for the proposed Rock Creek Project was also tested for an
ore composite in a standard humidity cell test (Schafer and Associates 1997). The sample, which
had an uncertain static acid generating potential with an ABP of 4 T CaCO;/kT, showed a low
amount of oxidation with a final pH of 6.83 and low concentrations of sulfate and acidity. In the
composite leachate analyzed in week 20, only manganese was detected at 0.05 mg/L. All other
metals, including antimony, arsenic, barium, cadmium, chromium, copper, iron, lead, mercury,
selenium, silver, thallium, and zinc, were below detection. The humidity cell data for two samples
from the Rock Creek-Montanore deposit therefore agree with empirical water quality data from
ore exposed in the Troy Mine, which show no ARD, near-neutral pH, and low concentrations of
copper and manganese.

Metal Content. Whole rock analyses were completed for 12 Rock Creek ore samples (Maxim
Technologies 2003), with copper, lead, silver and zinc concentrations reported for an additional
22 ore samples from Rock Creek (Table 91). Twelve whole rock analyses were also completed for
samples from the C-bed (n=4) and I-bed (n=8) ore zones in the lower Revett that are mined at
Troy, together with another 16 copper, lead, silver and zinc analyses. These data indicate that ore
from these deposits is enriched in copper, silver, and lead, with some variation in antimony,
arsenic, cadmium, nickel, and zinc, consistent with the style of mineralization. One additional
whole rock analysis was conducted for ore from the Montanore sub-deposit (Enviromin 2013b),
which generally agreed with the results for Troy and Rock Creek as shown in Table 91.
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Table 91. Average Whole Rock Geochemistry for Rock Creek/Montanore Subdeposits and Troy, for Ore, Tailings, and Waste Rock.

3.9 Geology and Geochemistry

Whole Rock Tailings
Type Ore Tailings Paste Waste Rock
Project Rock Creek Troy Montanore | Rock Creek Troy Rock Creek Troy Montanore
Maxim DEQ
Maxim and various various Enviromin MMI
Source Maxim DEQRC Enviromin | ASARCO NMC Balla Golder lithotypes | lithotypes Revett Fm Revett Fm
EPA alkali 6010A/

Method MEMS 61 | EPA 3050A | MEMS 61 3050A fusion MEMS 61 7131/7041 | MEMS 41 | EPA 3050A MEMS 61 alkali fusion
Metal Ave. n [ Ave. | n Ave. n | Ave. [ n Ave. n | Ave. n Ave. n|Ave [ n [Ave. | n Ave. n Ave. n
Aluminum 4.2 12 | No data 3.61| 12| Nodata 3.53 1{ 3.14% 30[ 736 2(0.8 14 | No data 5.48 2 4.23 3
Antimony 0.9 12 | No data 19 12 | No data 2.5 1 73 31 0.4 210.2 14| No data 1.3 2 <5 2
Arsenic 1.9 12 | No data 11 12 | No data 7 1| 200 31 2.7 2118 14 | No data 1.7 2 8 3
Barium 574 12 | No data 672 12 | No data 520 1{ 442 31(1,830 2{91.8 14 [ No data 750 2 633 3
Cadmium 0.1 12 | No data 0.05] 12[No data 2.5 1 0.2 31 0.02 210.07 14 | No data 0.07 2 <5 3
Copper 4,760 12 {7,600 22(3,330 12| 6,500 167,880 1{ 348 31 819 2(38 14 21| 10| 126 2 40 3
Lead 23* 11| 19* 21| 32 12 17 16 50 1 82 31| 444 2(61 14 93] 10 98.0 2 120 3
Manganese 351 12 | No data 437 12 | No data 310 1 5,3801r 31] 226 21276 14 | No data 650 2| 452 3
Nickel 5 12 | No data 4.0 | 12|No data 36 1 21 31 [No data 0f14 14 [ No data 10 2 40 3
Silver 44 12 23 22| 413 12 26| 16| 66 1 9.8 31 285 2{0.1 14 <5| 10 0.99 2 8.3 3
Zinc 29 12| 21 22| 30 12 70 16| 22 1 54 31 3.8 2(47 14 391 10 91 2 77 2

n = number of samples; ave.= average; <= all values used in average calculation are below detection limit.
All units are mg/kg, except for aluminum, which is percent for all data except Troy Tailings Paste data.

*Single outlier concentration of 9,040 ppm removed from the Maxim lead average; an outlier concentration of 9,200 ppm removed from the DEQ lead average; an outlier concentration of 421 ppm
removed from the Maxim aluminum average.
*Sixteen values above range of method detection (>10,000 ppm).
Detection limit used for samples with concentrations above or below the detection limit when calculating averages.

Analytical Method: MEMS 41—ALS Chemex aqua regia digestion; MEMS 61—ALS chemex 4-acid digestion with ICP; EPA 3050—Total metal content extraction, comparable to MEMS-41.

Source: Balla 2002; DEQ 1996; Enviromin 2009, 2012; Geomatrix 2007a; Golder 1996 (summary of two non-cement samples [RCOA and RCOB]); Maxim 2003; Mines Management 2005.
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Table 92. Metal Mobility Data for Revett Cu-Ag Deposits, for Ore, Tailings, and Waste Rock Compared to Montana Water Quality

Standards.

Metal Ore Tailings Waste Rock Montana Water Quality

Method—> SPLP Ave. SPLP Ave. SPLP SPLP SPLP SPLP SPLP Ave. Standards’

Project—> Troy Troy Rock Creek Troy Troy Troy Rock Creek
Revett, St.
Regis and

Material—> C-bed ore I-bed ore Tailings Tailings paste [ C-bed waste I bed waste Prichard Surface
# of samples—> 4 8 1 1* 1 1 14 Groundwater Water
Aluminum 291 2.56 No Data No Data 4.2 31 No Data none 0.087
Antimony 0.008 0.0045 <0.003 <0.001 <0.003 <0.003 <1 0.006 0.0056
Arsenic 0.006 <0.003 <0.001 0.005 <0.003 <0.003 <1 0.01 0.01
Barium 0.080 0.11 No Data 0.362 0.183 0.117 <3 1 1
Cadmium <0.00008 0.00009 0.0004 <0.0001 <0.00008 <0.00008 <0.05 0.005 0.000097
Chromium 0.009 0.004 No Data <0.002 0.019 0.003 <0.3 0.1 0.1
Copper 0.257 0.16 0.134 0.09 0.026 0.01 <0.05 13 0.00285
Fluoride 0.3 <0.1 No Data No Data 0.2 <0.1 No Data 4 4
Iron 1.1 1.0 No Data 0.202 1.84 1.63 0.2 none 1
Lead 0.025 0.005 0.025 0.005 0.0028 0.0253 <0.3 0.015 0.000545
Manganese 0.080 0.082 0.070 <0.011 0.074 0.104 No Data none none
Mercury <0.02 0.00002 <0.0006 <0.0002 <0.02 <0.00001 <0.001 0.002 0.00005
Nickel <0.01 <0.01 No Data No Data <0.01 <0.01 <0.3 0.1 0.0161
Phosphorus 0.03 0.009 No Data No Data 0.04 <0.006 No Data none none
Selenium <0.001 <0.001 <0.001 <0.005J <0.001 <0.001 <1 0.05 0.005
Silver 0.0060 0.003 <0.003 <0.003 <0.0005 <0.0005 <0.3 0.1 0.000374
Thallium <0.0004 <0.0006 No Data No Data <0.0002 <0.0005 <1 0.002 0.00024
Uranium 0.00037 0.00033 No Data No Data 0.00025 0.00022 No Data 0.03 0.03
Zinc <0.1 <0.1 0.02 <0.0147] <0.1 <0.1 <0.5 2 0.037

See next page for footnotes
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Table 92. Metal Mobility Data for Revett Cu-Ag Deposits, for Ore, Tailings, and Waste Rock Compared to Montana Water Quality
Standards. (cont’d)

Metal Ore Tailings Waste Rock MT Water Quality
Standards’
Method—> TCLP TCLP TCLP Ave. TCLP TCLP TCLP
Project—> Montanore Troy Rock Creek Montanore Montanore Montanore
Revett Hanging Lower Revett

Material—> Raw Ore Tailings Paste Revett Revett Footwall Wall Waste Zone Groundwater | Surface Water
# of samples—> 1 2% 14 1 1 1
Aluminum No Data No Data No Data No Data No Data No Data none 0.087
Antimony No Data 0.002 <1 No Data No Data No Data 0.006 0.0056
Arsenic <0.004 <0.002 <1 <0.004 <0.004 <0.004 0.01 0.01
Barium 0.1 3.33 <3 0.4 0.3 <0.1 1 1
Cadmium <0.01 0.0001 <0.05 <0.01 <0.01 <0.01 0.005 0.000097
Chromium <0.02 0.003 <0.3 <0.02 <0.02 <0.02 0.1 0.1
Copper 1.4 20.2 0.08 0.04 0.06 0.05 1.3 0.00285
Fluoride No Data No Data No Data No Data No Data No Data 4 4
Iron No Data 5.00 6.9 No Data No Data No Data none 1
Lead 0.26 0.521 0.37 0.05 0.09 0.64 0.015 0.000545
Manganese No Data 4.91 No Data No Data No Data No Data none none
Mercury <0.01 <0.0002 No Data <0.01 <0.01 <0.01 0.002 0.00005
Nickel No Data No Data <0.3 No Data No Data No Data 0.1 0.0161
Phosphorus No Data No Data No Data No Data No Data No Data none none
Selenium <0.025 <0.005 <1 <0.025 <0.025 <0.025 0.05 0.005
Silver <0.01 <0.003 <0.3 <0.01 <0.01 <0.01 0.1 0.000374
Thallium No Data No Data <1 No Data No Data No Data 0.002 0.00024
Uranium No Data No Data No Data No Data No Data No Data 0.03 0.03
Zinc No Data 0.125 <0.5 No Data No Data No Data 2 0.037
All units are mg/L

Ave.=average; < = all values used in average calculation are below detection limit; J = estimated value
Detection limit used for samples with concentrations below the detection limit when calculating averages

Surface water values are the lower of the human health standards and acute and chronic aquatic life standards

*summary of non-cement samples (RCOA and RCOB)
Bolded values are those detected concentrations that exceeded a Montana water quality standard. For potential releases from ore, tailings, or waste rock, standards apply to the receiving water at
the point of discharge, or, if authorized by the DEQ, at the edge of a mixing zone.
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Chart 3. Distribution of Sulfide Calculated Based on Copper Assays for Montanore, Rock
Creek, and Troy Deposits.
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Source: Enviromin 2013b.

546 Final Environmental Impact Statement for the Montanore Project



3.9 Geology and Geochemistry

Metal Release Potential. Two additional sources of metal mobility data for ore are from the
proposed Montanore Project. The sample tested in a humidity cell (described above) indicated
copper concentrations between 0.02 and 0.04 mg/L and manganese concentrations of 0.03 mg/L
(Schafer and Associates 1992). In another test of Revett ore from the Montanore deposit using the
EPA Method 1311 (Toxicity Characteristic Leaching Procedure, TCLP) analysis, copper and lead
were detected in the leachate at concentrations greater than the groundwater standard. The TCLP
analysis is a conservative test designed more for landfill waste classification than for prediction of
meteoric water leachate from mined rock, which is expected to yield higher metal concentrations
due to the acidic (fixed pH 5) conditions created in the test. Because of differences in acidity,
reactive surface area, and different rock:water ratios in the TCLP and SPLP methods, these results
are better suited to identify the list of metals that may be mobile than they are to providing
quantitative predictions of future field chemistry.

Composites of ore from the Troy C-bed and I-bed zones were also tested in kinetic humidity cell
tests (Enviromin 2010, 2012). Both tests showed no potential for acid production, with final pH
values of 7.88 (C-bed) and 7.92 (I-bed), low sulfate, and available alkalinity throughout the tests.
The four composited C-bed ore samples have a range in total sulfur concentration from 0.15 to
0.34 weight percent with a positive average ABP of 3 T CaCO;/kT and an average NP/AP ratio of
1.6 The eight composited I-bed samples have a range in total S content from 0.06 to 0.12 weight
percent, with an ABP of 10 T CaCO;,/kT and an average NP/AP ratio of 5. In spite of the lack of
acid generation potential, both composites of ore released concentrations of antimony and copper
above aquatic standards. Antimony exceeded the relevant groundwater standard as well. The C-
bed also released cadmium, lead, and silver at concentrations that exceeded aquatic standards in
some weeks, but that did not exceed groundwater standards. The trends in metal concentrations
for the C-bed and I-bed humidity cell tests are shown in Chart 4 through Chart 7.

In-Situ Water Quality Data. None of the Revett ore zone has been exposed in the Libby Adit at
Montanore, but in situ water monitoring in the Troy workings provides a useful measure of
potential trace metal release from ore and waste rock exposed together in underground workings.
Comparison of dissolved and total metal concentrations in water from the Troy workings (where
ore was exposed underground) shows that low concentrations of some dissolved metals (copper,
manganese, lead, and silver) are detected in mine water, but the majority of detected total metals
(aluminum, arsenic, barium, copper, lead, manganese, silver, and zinc) are associated with
suspended sediment and thus detected only in total recoverable analyses (Enviromin 2013b).

At Troy, the use of explosives underground has influenced nutrient concentrations in mine water,
with detectable nitrate in all samples and measurable ammonia present in eighty-seven percent of
monitoring samples (Table 93). As measured in the adit pipe and ditch samples collected during
restart of mining activities (Service Adit P and Service Adit D), nitrate plus nitrite ranged from
0.70 to 20 mg/L, while ammonia was detected at concentrations ranging from 0.070 to 10.7 mg/L.

Ore Summary. Collectively, the geochemical data characterizing ore from the Montanore
subdeposit as well as the Rock Creek subdeposit and Troy Mine indicate uncertain potential for
acid generation based on static test results, which is not supported by mineralogy, kinetic leach
testing, or in situ monitoring at Troy Mine or the Libby Adit. The presence of silica encapsulated,
nonacid-producing copper sulfide minerals in the ore zone, and the neutral to alkaline pH
conditions observed in leach tests and water monitoring data indicate a very low risk of acid
production in spite of uncertain static test results. Metal mobility tests from Troy, together with in
situ monitoring, indicate potential for a release of low levels of aluminum, antimony, copper, iron,
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lead, manganese, silver, and thallium from the ore zone where it would be exposed underground,
in spite of the negligible risk of acid production. Remaining uncertainties, including specifics of
metal mobility at relevant detection limits for samples of ore from Montanore, are addressed in
the Geochemistry Sampling and Analysis Plan for the evaluation adit program in Appendix C.

Table 93. Nutrient Concentrations Measured in Troy Mine Water.

Ammonia Nitrate+Nitrite
Troy Service Adit Pipe and Ditch (mg/L) (mg/L)
# of samples 16 16
Detections 14 16
Minimum Detected 0.070 0.70
Maximum Detected 10.7 20
Representative Concentration <1.6 3.1

Additional data discussion provided in Appendix K-7.
Source: Hydrometrics 2013.

Chart 4. Metal Concentrations in Humidity Cell Effluent from the Troy C-bed Ore Zone.
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Chart 5. Metal Concentrations in Humidity Cell Effluent from the Troy C-bed Ore Zone.
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Chart 6. Metal Concentrations in Humidity Cell Effluent from the Troy I-bed Ore Zone.
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Chart 7. Metal Concentrations in Humidity Cell Effluent from the Troy I-bed Ore Zone.
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3.9.4.3.2 Mine Area — Tailings

Tailings chemistry is dominated more by the metallurgical process of sulfide and metal removal
than by minor differences in the sulfide mineral content of ore, particularly within the very
narrow range of sulfide content observed in Revett-style deposits. The process MMC proposes to
use at the Montanore mill would involve conventional flotation of rock ground to a range of
particle sizes comparable to that in use at the Troy mill and proposed for the Rock Creek Project
(MMI 2005a, MMC 2008). The ore would be finely ground, so that surface area available for
interaction between the ground ore and water is greater than in the intact quartzite matrix, to
optimize sulfide recovery during flotation.

Acid Base Potential. Total sulfur measured in 15 samples from Rock Creek averaged 0.02 weight
percent sulfur. A total sulfur value of 0.01 weight percent was reported for a tailings composite
tested in a humidity cell test for the Montanore Project, which had an ABP of 8T CaCO;/kT with
a NP/AP ratio of 25.8 (Schafer and Associates 1992). Values reported by Golder (1996) for Troy
mill tailings had a lower average ABP value of 1.5 T CaCO3/kT. Both the tailings effluent for the
Montanore ore sample and water from the Troy tailings pond show neutral pH values and
comparable (generally low) concentrations of major cations and anions, with excess alkalinity
(ERO Resources Corp. 2011c¢). These results agree with those obtained during humidity cell tests,
which show near-neutral pH and low level metal release. Metal release humidity cell test data for
tailings composite samples from Rock Creek are shown in Chart 8 and Chart 9.

The measured total sulfur values reported for tailings in Table 89 range from 0.01 to 0.08 percent.
Additional testing of tailings generated through metallurgical testing of ore from archived Rock
Creek core indicated copper recovery ranging from 75 to 99 percent with an average of 91
percent and sulfide recovery ranging from 80 to 99.2 percent, with an average of 94 percent
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(Maxim Technologies 2003). Whole rock analysis of sulfur in the Rock Creek tailings subsamples
was at or below detection at 0.01 percent in 13 of 14 samples; the 14" sample had a sulfur content
of 0.02 percent. Although sulfide recovery was not measured for the Montanore ore metallurgical
test, the copper recovery reported for the Montanore ore ranged from 86 to 97.5 percent and
averaged 93 percent, implying good agreement with the results reported for Rock Creek.
Removal of 90 percent of the sulfur shown for the Montanore ore in Chart 3 (Table 89) suggests
that less than 0.03 percent sulfur (average) would remain in the tailings. The total sulfide content
of rock in the ore zone ranges from below detection to 1.4 percent with the majority of samples
below 0.4 percent. Removal of 90 percent of the sulfide during processing yields a limited range
of sulfide values between 0.002 and 0.15 percent, values which would have essentially no acid
generation potential (Jambor et al. 2000). Similarly, the copper and silver content of the ore also
would be reduced to one-tenth of the original concentrations, similar to the reduction in whole
rock concentrations described for Rock Creek and Troy in Table 89. The overall risk of ARD
formation by tailings from Montanore is therefore estimated to be low (Klohn Crippen 2005).

Although the NP/AP ratios for the Troy tailings ranged from <0.2 to 3.33, with an average value
of 2.0, which suggests potential for ARD formation, the sulfur concentration measured in tailings
was less than 0.1 percent. Such a low concentration of sulfide is unlikely to generate acid. The
reported ratio values therefore reflect the sensitivity of ratios calculated for low NP and AP
values, which can vary when values in the numerator or denominator are small, and do not
necessarily indicate acid generation potential. Further, water from the Troy tailings impoundment
is not acidic after nearly 20 years of monitoring (ERO Resources Corp. 2011c).

Acid Generation Rates. The similar mineralogy and range of silver and copper assay values for
the Rock Creek-Montanore and Troy deposits, as well as the use of the same flotation method for
all three mills, implies that tailings chemistry would be comparably alkaline at the three mines.
This is confirmed by results of humidity cell tests of ore (prior to removal of sulfide by flotation)
from the Montanore and Rock Creek ore, which were not acid generating and released little to no
trace metal (Schafer and Associates 1992, 1997).

Similar results were observed in a humidity cell test of bulk tailings that was produced by Hazen
in a 2003 metallurgical test of Rock Creek ore (Table 89). This composite is the same rock that
was tested in the SPLP analysis described for Rock Creek tailings in Table 92, which had a total
Sulfur content of 0.01 weight percent with an ABP of 9 T CaCOs/kT and a NP/AP ratio of more
than 30. The humidity cell test was conducted over a 96-week period with effluent pH being
alkaline during the duration of the test, an oxidizing redox potential, minimal iron, and sulfate
release, and acidity not detected in any weekly extract. During the first 2 weeks of the test,
cadmium, copper, lead, manganese, mercury, and silver were detected above their respective
surface water standard. Between weeks 3 and 20, copper, lead, and manganese were detected
above their respective surface water standard. At week 24, copper and manganese were detected
above their respective surface water standard and arsenic was detected above both the
groundwater and surface water standard. Based on the arsenic concentration of 0.013 mg/L
detected at week 24, the test was resumed after having been stopped at week 20. Arsenic varied
cyclically, with modest increases to concentrations below the surface water and groundwater
standard of 0.010 mg/L followed by drops to concentrations at or near detection (0.001 mg/L).
Following week 52, the arsenic concentration stabilized between 0.001 and 0.003 mg/L up to the
termination of the test at week 96. Between week 24 and 46, except for arsenic, no metals were
analyzed in the effluent. From week 46 to week 96, aluminum was the only metal detected above
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its respective surface water standard. Enviromin (2013a) details the Rock Creek tailings humidity
cell test.

To better understand the arsenic detections, a mineral liberation analysis using electron
microscopy/energy dispersive spectroscopy of non-weathered Rock Creek tailings and the
weathered tailings sample from week 53 of the humidity cell test (Enviromin 2013a). The
arsenic-bearing minerals arsenopyrite, tennantite, and scorodite were identified in the non-
weathered samples at concentrations less than 0.01 weight percent but were not found in the
weathered sample. Although the arsenic-bearing minerals are relatively low in abundance, they
are sufficient enough to produce measureable changes in effluent arsenic concentrations.

Metal Content. Tailings have significantly reduced copper, silver, and sulfide concentrations
(Table 89), but otherwise comparable to that reported for ore. Multi-element analyses of the
tailings were reported in detail by Maxim Technologies (2003) for Rock Creek.

Metal Release Potential. No metal mobility tests of Montanore tailings were conducted. SPLP
testing of tailings from Troy indicates that tailings seepage would not yield highly elevated metal-
enriched leachate, although the metals arsenic, barium, copper, iron, and lead were detected at
low concentrations (Golder 1996; Table 92). TCLP analyses of Troy tailings from the Golder
study of paste technology indicated potential for higher concentrations of barium, copper, and
lead to exceed groundwater standards, and for zinc to exceed aquatic standards, presumably due
to the more strongly acidic character of the test. Analysis of tailings liquids obtained in bench
scale flotation tests of Rock Creek ore indicated a similar suite of detectable total recoverable
aluminum, cadmium, copper, iron, lead, manganese, and silver (ASARCO 1992).

In situ Monitoring. Nutrient loading has been associated historically with the tailings
impoundment at Troy. In the Troy decant pond, nitrate plus nitrite and ammonia were detected in
the majority of samples collected. Following the restart of mining activities in the late 2005,
nitrate plus nitrite concentrations ranged from 5.7 to 37.5 mg/L and ammonia concentrations
ranged from 0.39 to 10.4 mg/L (Table 94).

Summary. A comparison of the various laboratory test results with the chemistry of water
measured in the Troy tailings decant pond supports the conclusion that any water affected by
tailings during operations would have neutral pH, with low but detectable concentrations of
metals. The suite of metals detected in metal mobility and kinetic humidity cell leach tests of
tailings agree well with those observed in the Troy impoundment.

The potential for changes in metal concentration, as observed in tailings water and monitored
groundwater below the Troy impoundment, would be the same for the Montanore tailings
impoundment. MMC would collect tailings seepage using pumpback wells, returning it to the
impoundment followed by treatment, during operations and at closure, until it met BHES Order
limits or applicable nondegradation criteria in receiving waters.

As additional ore samples became available for metallurgical testing during final exploration and
early operations, a more representative tailings sample would be tested. Additional testing of acid
generation and metal release potential would be required to supplement available test data and
long-term monitoring data from the Troy tailings impoundment. In particular, future analysis
would address any preferential concentration of reactive minerals (such as pyrite) due to use of a
cyclone to separate coarse and fine fractions. This would allow any necessary modification of
planned treatment for tailings decant water before the start of processing. Any analyses based on
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pilot scale metallurgical tests would be more consistent than is expected under processing plant
conditions, where variations in efficiency and recovery are not only anticipated but documented
daily. Such operational monitoring can be used to check for changes in sulfide content of tailings

as well.

Table 94. Troy Decant Pond Water Quality 2006-2010.

n- Minimum Maximum Representative

Parameter N BDL Detected Detected Concentration
pH, s.u. 17 0 7.1 8 7.8
Ammonia, mg/L 18 0 0.39 10.4 4.4
Nitrate/Nitrite, mg/L 17 0 5.71 37.5 13
Aluminum, mg/L 6 4 0.12 0.18 <0.13
Antimony, mg/L 8 0 0.0080 0.062 0.023
Arsenic, mg/L 8 4 0.0013 0.0020 <0.0017
Cadmium, mg/L 7 4 0.00091 0.00126 <0.00097
Copper, mg/L 8 0 0.006 0.043 0.026
Iron, mg/L 8 0 0.010 0.38 0.050
Lead, mg/L 7 5 0.0026 0.010 <0.0030
Manganese, mg/L 8 0 0.101 0.791 0.51
Silver, mg/L 8 8 - - <0.0018
Zinc, mg/L 8 6 0.006 0.02 <0.010

n = Number of samples; n-BDL = Number of samples with concentrations below the detection limit; s.u. = standard

units; mg/L = milligrams per liter.

<= one or more below detection values were included in the representative concentration determination

Metals data based on dissolved sample fraction.

Additional data discussion provided in Appendix K-7.

Source: Hydrometrics 2013.
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Chart 8. Metal Concentrations, Rock Creek Tailings Composite Humidity Cell Test.
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Chart 9. Metal Concentrations, Rock Creek Tailings Composite Humidity Cell Test.
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3.9.4.3.3 Mine Area — Waste Rock in Surface Facilities and Backfill

According to MMC, 3.9 million tons (MT) of waste rock would be generated by the Montanore
Project throughout mine life (Geomatrix 2007a; Table 21 in Chapter 2). MMC estimates that, in
addition to the 0.42 MT of Prichard and Burke already on the pad at the Libby Adit, 0.54 MT of
combined Revett waste rock would be produced during the Evaluation Phase. Another 2.25 MT
of waste rock would be produced during construction, from the Prichard Formation (1.16 MT),
the Burke Formation (0.15 MT), and the lower Revett Formations (0.93 MT). Another 0.68 MT
of rock would be mined from the Revett Formation as waste rock during mining operations.
About 75 percent of this rock would be used for tailings impoundment dam construction, with the
remaining 25 percent used underground as backfill. Waste rock also would be used to construct
portal patios and the plant site in Alternative 2. Waste rock used for construction would be
stockpiled temporarily at LAD Area 1 in Alternative 2 (or within the footprint of the tailings
impoundment under Alternatives 3 and 4) along with ore produced during development work. A
detailed description of waste rock production, and MMC’s proposed handling, placement, and
management is provided in MMC’s waste rock management plan (Geomatrix 2007a) and
summarized in the Geochemistry Sampling and Analysis Plan provided in Appendix C.

The first waste rock (0.5 MT) to be produced would come from the Burke and lower Revett
Formations, where they would be exposed in the Libby Adit. Waste rock from the zones of the
lower Revett Formation in these workings would presumably include rock from the chalcopyrite-
calcite and pyrite-calcite altered waste zones, as well as the galena-calcite zone (barren lead
zone), although the proposed mining method would minimize production in the barren lead zone
operationally. The exact thickness of the altered waste zones has not yet been described and their
relative tonnage is unknown. About 1.2 MT of additional waste rock would be mined from the
Prichard, Burke, and Wallace Formations during construction of the Ramsey Adits, which may
have variable mineralogy and chemistry between the Rock Creek-Montanore and Troy deposits.
Six geologically distinct units would therefore be mined as waste rock, assuming three altered
waste zones within the Revett Formation and one each from the remaining formations, which are
listed above. An estimated 0.95 MT of lower Revett Formation waste rock would be generated
during preproduction development. Much of this rock would be used for constructing portions of
the tailings dam. Of this rock, 0.14 MT would be produced from the barren lead zone, which
would be placed on a lined facility or as backfill. Remaining waste rock would remain
underground in mined-out areas (Geomatrix 2007a).

Of the three Montana Revett-style mine projects, the majority of waste rock characterization was
completed for the Montanore Project. Most data for the Prichard and Burke Formations are from
data collected for the 1992 Montanore Project Final EIS from the Libby Adit (USDA Forest
Service et al. 1992). A total of 155 acid base account analyses have been reported as shown in
Table 90. A smaller number of waste rock samples (n=24) also were characterized for the Rock
Creek sub-deposit, which included 10 samples of lower Revett, 2 samples of upper/middle
Revett, and 6 samples each of the Prichard and St. Regis. Two composites of waste rock from the
Revett Formation, one from the C-bed and one from the H-bed, have been characterized for acid
generation potential, metal content, and SPLP at Troy (Enviromin 2009 and 2012).

Prichard and Burke Formations Waste Rock. ABP data comparing Prichard and Burke waste

samples from Montanore Libby Adit are shown in Chart 10. The ABP reported for the Prichard at
Rock Creek (n=6) is 2 T CaCOs/kT with a NP/AP ratio of 4.0. Acid generation and neutralization
potential data for 89 samples of Prichard and Burke formations waste rock from the Libby Adit at
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Montanore (Chart 6) suggest these waste rock lithologies have variable potential to generate acid
and release trace elements at a near-neutral pH. The Prichard Formation ABP varies from -20 to
54 T CaCO3/kT (NP:AP 0.1 to 43), with an average of 7 T CaCO;/kT (NP/AP 3.7) for 70
samples. The Burke Formation (which in this summary includes the Burke-Prichard transition
zone) has an ABP that varies from -6 to 49 T CaCO;/kT (NP:AP 0 to 49), with an average ABP of
15 T CaCOs/KT (average NP/AP equals 12) for 19 samples. The Burke and the Prichard at Rock
Creek appear to have low potential for acid generation based on these data, while the more
extensive sample population from the Prichard at Montanore indicates a range of acid generation
potential, with the majority of samples having uncertain or potential to generate acid based on
static tests. More detailed analysis of these data is provided in a geochemistry technical summary
report (Enviromin 2013b).

Chart 10. Acid Generation Potential of Waste Rock, Libby Adit, Montanore.
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Two humidity cell tests of Prichard Formation waste rock from the Montanore sub-deposit were
reported by Schafer and Associates (1992) and are summarized by Geomatrix in Tables B-1, B-2,
and B-3 (Geomatrix 2007a). One sample of Prichard Formation waste rock had a moderately low
ABP value of -2 T CaCO5/kT, while the second had a higher ABP of 18 T CaCO5/kT. Although
pH of effluent started at about pH 7 for both cells, final pH was 6.9 with low conductivity and
sulfate concentrations for both cells. The humidity cell test with lower ABP produced more
sulfate over the life of the test, along with higher acidity which exceeded alkalinity late in the
week 20 of the 20-week test.

These kinetic test data, which do not indicate acid generation from the Prichard Formation, agree
with the monitoring data from the Libby Adit, where sulfide oxidation does not appear to be
occurring in the exposed portions of the Prichard and Burke Formations within the Libby Adit
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after 20 years of monitoring (ERO Resources Corp. 2011c¢). Sulfate concentrations reported in
1997, 1998, and 2007 were less than 23 mg/L, indicating that few reactive sulfides are oxidizing
to form sulfate. The average pH in the Libby Adit water has remained consistently neutral. In
1993, the reported pH was 7.7, while in 1997 pH ranged from 6.6 to 7.9 and averaged 7.4. In
1998, pH ranged from 7 to 8.6 and averaged 7.6. Elevated nitrate concentrations and two low
mercury concentrations in 1997 decreased to near background concentrations or were not
detected in 1998. Together with the humidity cell data, these in situ data suggest that static tests
may over-predict acid generation potential for the Prichard Formation.

Apart from the kinetic work, there are no metal mobility tests of waste rock samples from the
Prichard and Burke Formations for the Montanore sub-deposit. Metal concentrations in humidity
cell effluent for two tests of the Prichard Formation waste rock from Montanore showed low, but
detectable concentrations of arsenic, iron, manganese, and zinc (Schafer and Associates, 1992).
Occasional low concentrations of iron, manganese, and zinc were detected in Libby Adit water
during 1997 and 1998 (ERO Resources Corp. 2011c). Low dissolved metal concentrations were
also measured in Libby Adit water collected in 2007.

Prichard and Burke waste rock was stockpiled on the portal pad outside the Libby Adit, and
MMC has monitored the quality of water collected in the sump at that location. Elevated
concentrations of nitrate and ammonia were detected immediately following placement of this
rock, and the concentrations dropped substantially since that time (Table 95). Metals were also
detected in water collected from the waste rock sump include aluminum, antimony, arsenic,
copper, lead, and manganese, a portion of which exceeded relevant surface water standards (ERO
Resources Corp. 2011c).

Due to the moderate acid generation potential in some static tests of acid base potential, as well as
the need for more complete analysis of metal release potential, the agencies would require
additional sampling and analysis during the Evaluation and Construction Phases. This sampling
and analysis would support kinetic testing of the Prichard to confirm previous results and updated
metal mobility characterization of both the Prichard and Burke formations, as discussed in
Appendix C. Samples of the silty carbonate-rich Wallace Formation, which has not been
characterized in terms of acid generation or trace metal release potential, would be obtained for
testing during adit construction.

Lower Revett Formation Waste Rock. Whole rock data for three representative samples from the
lower Revett Formation waste rock and an average for three samples collected from the Rock
Creek waste rock (analysis by previous unknown method) are summarized by Geomatrix (2007a).
Whole rock data are presented for 14 additional samples of Revett Formation waste rock from the
Rock Creek sub-deposit by Maxim Technologies (2003). These samples are variably enriched in
copper, iron, lead, and zinc, depending upon style of alteration.

ABP data comparing Lower Revett waste samples from Montanore, Rock Creek, and Troy are
shown in Chart 11. At Montanore, average acid base potential for waste rock in the lower Revett
Formation ranges from 3 to 60 T CaCOs/kT with NP/AP values ranging from 2.2 to 4.6 (Chart
11). The average ABP for the lower Revett Formation waste rock at Montanore was 4, with an
NP/AP ratio of 3 for 72 samples. Because of the silica encapsulation of sulfide minerals within
the Revett quartzite, static numbers are most likely conservative in estimating the true acid
generation potential of the rock. Additional ABP analyses of composites of lower Revett
Formation waste rock are described by Geomatrix (2007a).
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Chart 11. Acid Generation Potential of Revett Waste Rock.
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Metal mobility for samples of Revett Formation waste rock was evaluated using multiple test
methods. The DEQ collected and analyzed 10 additional samples of waste rock from the Rock
Creek sub-deposit (DEQ 1996). Half of these samples fall into the uncertain range based on
NP/AP criteria ((acid <I; 1:3 uncertain; >3 non-acid), and all of the samples fall into that
category based on ABP (acid < - 20; -20 to 20 uncertain; > + 20 non-acid) criteria. The non-
sulfate sulfur concentration (which, effectively, represents the total concentration of sulfur in this
very low sulfate rock) is low, ranging from 0.01 to 0.20 weight percent and averaging less than
0.1 percent in the 10 samples collected by DEQ.

During a third-party geochemical review of the Rock Creek Project funded by the Forest Service,
analyses of acid generation potential, whole rock metal content, and metal release potential were
conducted to supplement the analyses originally provided for samples of waste rock from the
Revett Formation (Maxim Technologies 2003). As shown in Table 90; these samples have an
average ABP of 4 T CaCO5/kT, with an NP/AP ratio of 5. A summary table comparing waste rock
from the Rock Creek and Montanore sub-deposits is provided as Table A-7 by Geomatrix
(2007a). The data illustrate the strong similarity in acid base potential and NP/AP ratios for waste
rock to be mined from the two projects proposed for development within the Rock Creek-
Montanore deposit. A portion of the rock to be mined from the lower Revett has potential to
generate acid, based on static tests, which would be further evaluated during the Evaluation Phase
of the project.

Humidity cell tests of two samples of Revett Formation waste rock from Montanore also were
reported by Schafer and Associates (1992). These represent the hanging wall (with an ABP of -15
T CaCOy/kT) and the barren lead zone (with an ABP of -1 T CaCO;/kT). The hanging wall
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sample showed low sulfate release with an ending pH over 8, while the barren lead zone was
consistently lower at pH 6. Both tests showed rates of acid production that exceeded alkalinity
throughout the test and data indicate that these rocks, particularly the barren lead zone, have
potential to generate acid. These samples had low but detectable concentrations of copper and
manganese. The lead-rich barren zone also produced elevated concentrations of lead and zinc.
Portions of the barren zone have elevated concentrations of lead, and soluble copper and lead also
were detected in weak-acid extracted samples of the lower Revett Formation. The suite of trace
elements run for these samples would be expanded during operational validation, by testing for a
more complete suite of regulated trace elements.

Composites of lower Revett waste rock from the C and H beds at Troy contained 0.04 and 0.05

weight percent sulfur, respectively. These samples had an average ABP of 17 T CaCOs/kT and an
NP/AP ratio of 8. SPLP tests of these samples indicated potential for release of copper, iron, lead,
and manganese (Table 92) at concentrations exceeding groundwater and surface water standards.

Three TCLP analyses of Revett waste composited from samples of footwall, hanging wall, and
barren lead zone waste rock were reported by ASARCO in the 1992 Montanore Project Final EIS.
Results shown in Table 92 indicate potential release of copper, iron, and lead from Revett waste
rock. These results are similar to results reported for the SPLP (EPA method 1312), and TCLP
(EPA method 1311) metal mobility tests that were completed for the 14 Rock Creek waste rock
samples described above (as reported by Maxim Technologies 2003 in Enviromin 2013b) (Table
90 and Table 92). Apart from calcium and magnesium, no metals were detected in SPLP extracts
of the waste rock.

Concentrations of copper and lead in the waste rock were detected in the more strongly acidic
TCLP extractions, although at considerably lower concentrations than reported for the ore zone.
Iron was also detected at a relatively high concentration (up to 29 mg/L) in the TCLP extraction
(buffered pH 5 organic acid). In contrast, of the unbuffered SPLP analyses of the same waste
rock, only one had a detectable iron concentration of 0.2 mg/L, well below the applicable
standard. This indicates that the TCLP, a test designed for the identification of hazardous wastes
rather than measurement of metal mobility, overestimates potential metal mobility.

In the Troy Mine, the overlying galena zone and the pyrite zone were not mined and are therefore
not exposed in the workings, due to site-specific geological factors influencing mine facility
design. Undisturbed, these zones are not creating acid rock conditions, as samples of the
underground mine water following seepage through these zones consistently show neutral to
slightly alkaline pH values between 7.2 to 7.4. The Troy Mine has modestly elevated levels of
metals and nutrients at near-neutral pH. None of the lower Revett rock was exposed in the Libby
Adit, so it is not possible to evaluate its weathering chemistry using those monitoring data.

In situ measurements of the nutrients ammonia, nitrate, and nitrite illustrate how nutrient release
has been associated with prior mining of waste rock. At Montanore, in the Libby Adit, waste rock
has been exposed following blasting for almost 20 years. In water quality data reported following
blasting for sumps in 2008, concentrations were highest immediately after blasting and declined
significantly during the following year to concentrations near background concentrations. A
summary of ammonia, nitrate, and nitrite data from samples collected in the Libby Adit Water
Treatment Plant inflow, Libby Adit Waste Rock Sump, and groundwater beneath the Libby Adit is
shown in Table 95. The highest nutrient data were collected from Libby Adit Waste Rock Sump
located outside the Libby Adit where waste rock was stockpiled on a liner while nutrient
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concentrations were low in groundwater beneath the Libby Adit, as a result of the containment
provided by the lined pad (Table 95). The waste rock sump samples represent a small volume of
waste rock excavated from the existing Libby Adit when MMC began dewatering the adit. Water
samples from the waste rock sump were collected from 2008 through 2012. After initially high
ammonia and nitrate plus nitrite concentrations were measured, water samples from the waste

rock sump were collected at an increased frequency, with 6 nitrate plus nitrite samples and 10

ammonia samples collected during the month of October 2008. During that time, ammonia and
nitrate plus nitrite concentrations were at their peak, ranging from 1.47 to 12.1 mg/L for ammonia

and from 118 to 419 mg/L for nitrate plus nitrite. Sampling was decreased in frequency the

following month to only three sample events, and the ammonia decreased to a low of 0.64 mg/L

and nitrate plus nitrite concentration decreased to a low of 21.7 mg/L. From 2009 to 2012,

ammonia concentrations averaged about 0.05 mg/L and nitrate plus nitrite concentrations
averaged about 0.9 mg/L and sample frequency was reduced to about monthly. Emulsions were
not used by MMC during the blasting that created the waste rock.

Table 95. Nutrients Measured in Water Samples from Libby Adit and Associated Waste Rock

Sump.
Facility Variable Ammonia Nitrate Nitrite er‘ltirtar:te;
(mglt) | (mgl) | (mgh) | oo
# of Samples 69 58 57 60
Libby Adit # of Detections 17 50 14 60
Untreated Minimum Detected 0.010 0.015 0.00080 0.017
Water' Maximum Detected 0.566 2.73 1.6 2.73
Representative Concentration <0.050 <0.12 <0.010 0.045
# of Samples 50 48 48 40
Libby Adit # of Detections 32 39 24 39
Waste Rock Minimum Detected 0.010 0.0096 0.0026 0.010
Sump’ Maximum Detected 219 687 40 419
Representative Concentration <1.8 <87 <2.5 <54
# of Samples 120 120 122 101
) ) # of Detections 26 102 13 99
éﬁi{ﬁﬁ;ﬁef Minimum Detected 0.010 0.020 0.00050 0.020
Maximum Detected 0.549 1.6 0.444 1.6
Representative Concentration <0.040 <0.16 <0.010 <0.17

'Additional data discussion provided in Appendix K-6.
Additional data discussion provided in Appendix K-10.
3Additional data discussion provided in Appendix K-4.
Source: MMC 2008, 2009b, 2010, 2011b, 2012¢g, 2013.

Waste Rock Summary. The majority of waste rock would be produced from the Prichard and
Revett formations, portions of which have an uncertain potential to generate acid, as well as

potential to release metals including arsenic. For this reason, these rocks require further
characterization during the Evaluation Phase, as described in Appendix C. The Burke Formation
has low potential to generate acid, but little is known about its potential to release metals. The
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Burke Formation would be evaluated during the Evaluation Phase of the project, as discussed in
Appendix C.

3.9.4.3.4 Geochemistry Summary

The risk of acid generation for rock exposed in underground workings or tailings at Montanore
would be low, with some potential for release of select metals under near-neutral pH and release
of nitrate due to blasting. Low acid generation potential exists for some of the waste rock from
the Prichard Formation, with moderate potential suggested by static tests for a portion of this
rock. In situ monitoring of Prichard Formation, where it is exposed underground in the Libby
Adit, does not support acid drainage risk. Moderate potential for ARD exists within the altered
waste zones of the Revett Formation (particularly of the barren lead zone), which MMC proposes
to mitigate through selective handling and backfilling of underground workings. It is likely that
the volume of rock to be produced from the Revett altered waste zones would be very small.
Further sampling and analysis of weathering characteristics for Prichard and Revett waste rock
would allow refinement of the waste rock management plan, and additional detail on trace metal
release potential of tailings would guide water treatment design. Results of Evaluation and
Operations Phase testing would be used for long-term predictions of water quality for closure
design. Criteria to be used for evaluation of individual sample results include comparison of
whole rock analyses with standard crustal abundance for elements of concern and comparison of
metal mobility results with water quality standards.

3944 Irreversible and Irretrievable Commitments

Up to 120 million tons of ore would be removed by the Montanore Project, with the remainder of
the ore body left for structural support of the mine workings. The future recovery of the
remaining metals left for structural support would be unlikely.
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3.10 Groundwater Hydrology

Groundwater occurs in fractures of the bedrock formations beneath the analysis area and in
unconsolidated glacial and alluvial sediments along and adjacent to drainages throughout the
analysis area. Although hydraulically connected in many areas, the two water-bearing geologic
materials behave differently because of their respective hydraulic characteristics. Conceptual and
numerical models (as defined in section 3.10.3.1.2, Conceptual Hydrogeological Model of the
Montanore Mine Area) of the mine area hydrogeology have been developed to understand the
characteristics of the groundwater flow system and evaluate potential impacts of the proposed
project on the environment.

3.10.1 Regulatory Framework

The Organic Administration Act authorizes the Forest Service to regulate the occupancy and use
of National Forest System lands. The Forest Service’s locatable minerals regulations are
promulgated at 36 CFR 228, Subpart A. The regulations apply to operations conducted under the
U.S. mining laws as they affect surface resources on National Forest System lands under the
jurisdiction of the Secretary of Agriculture. One of the mineral regulations (36 CFR 228.8)
requires that mining activity be conducted, where feasible, to minimize adverse environmental
impacts on National Forest surface resources. All waters within the boundaries of National
Forests may be used for domestic, mining, or irrigation purposes, under applicable state laws. 36
CFR 228.8(h) states that “certification or other approval issued by state agencies or other federal
agencies of compliance with laws and regulations relating to mining operations will be accepted
as compliance with similar or parallel requirements of these regulations.”

The Wilderness Act allows mineral exploration and development under the General Mining Law
to occur in wilderness to the same extent as before the Wilderness Act until December 31, 1983,
when the Wilderness Act withdrew the CMW from mineral entry, subject to valid and existing
rights. 36 CFR 228.15 provides direction for operations within the National Forest Wilderness.
Holders of validly existing mining claims within the National Forest Wilderness are accorded the
rights provided by the U.S. mining laws and must comply with the Forest Service Locatable
Minerals Regulations (36 CFR 228, Subpart A). Mineral operations in the National Forest
Wilderness are to be conducted to protect the surface resources in accordance with the general
purpose of maintaining the wilderness unimpaired for future use and enjoyment as wilderness and
to preserve the wilderness character consistent with the use of the land for mineral development
and production.

The DEQ is responsible for administering several water quality statutes, including the Public
Water Supply Act, Montana Water Quality Act, and the Montana Water Use Act. Water quality is
discussed in detail in section 3.13, Water Quality.

3.10.2 Analysis Area and Methods

3.10.21 Analysis Area

The groundwater analysis area for direct, indirect, and cumulative effects consists of all areas
around the proposed mine facilities: mine, adits, LAD Areas, and tailings impoundment sites. The
Libby Loadout, the transmission line, the proposed Sedlak Park Substation, and the loop line area
would not affect groundwater and is not discussed further in this section. The groundwater
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analysis area includes a large area around the facilities, bounded by US 2 to the east, Bull River
and Clark Fork River on the west and southwest, Big Cherry Creek to the north, and Silver Butte
Fisher River to the southeast. The analysis area is depicted in Figure 67.

3.10.2.2 Baseline Data Collection

Bedrock groundwater observations were noted in the area overlying the ore body during an
exploration drilling program in the 1980s. Exploration data included observations of groundwater
and depth to water in several core holes that encountered groundwater. NMC collected additional
bedrock groundwater data between 1990 and 1998, before sealing the Libby Adit. The adit data
included water discharge records, detailed descriptions of fractures and faults intersecting the
adit, and groundwater quality (Geomatrix 2011a; MMC 2008, 2009b, 2010, 2011d, 2012g, 2013).
In December 2008, MMC dewatered the Libby Adit to the 7200-foot level and began collecting
periodic adit groundwater inflow data. The “7200 foot level” is defined as 7,200 feet along the
adit from the portal. MMC completed seven hydraulic tests in the Libby Adit between September
and November of 2009 to characterize the hydraulic properties of underground fracture systems
(Geomatrix 2011a). In late 2010, MMC began to continuously record hydraulic head data in one
of the piezometers located at the 5200 foot level, and reported the data for 1 year. MMC
completed Groundwater Dependent Ecosystem (GDE) surveys in the mine area between 2009
and 2013 and continued monitoring of the GDEs in 2010 through 2014 (Geomatrix 2009a, 2010b,
2011d; NewFields 2013a, MMC 2014d, Klepfer Mining Services 2015a). Monitoring in the
CMW overlying the mine area is described in Appendix C under Water Resources. Water samples
for isotope analyses were collected by MMC and DEQ since 2010, and by Gurrieri (2001) in
1999; Gurrieri (2015) summarized isotope data collected by MMC.

Considerable groundwater data were collected at the Little Cherry Creek Tailings Impoundment
site, including distribution of groundwater heads, aquifer characteristics of the various hydro-
stratigraphic units, and water quality (Geomatrix 2006c¢). Eight monitoring wells, and several test
pits were installed in the area of the proposed Poorman Tailings Impoundment in 1988 (Chen-
Northern 1989). The data were used to define groundwater flow direction and subsurface
geology; four wells were tested to determine hydraulic conductivity. This information was
supplemented with a resistivity survey to determine depth to bedrock beneath the surficial
deposits.

The basic hydrogeology data are representative of current conditions, based on comparison of
pre-2003 and 2005 data to the current conditions. Although depth to groundwater may have
changed slightly due to seasonality or changing climate cycles, the fundamental direction of
groundwater flow has not changed. The aquifer characteristics measured in the 1980s and 1990s
are not expected to change within the timeframe of the project.

3.10.2.3 Baseline Data Adequacy

The preceding section summarizes the baseline information collected for groundwater and the
affected environment and the following sections describe the approaches used by the lead
agencies in analyzing potential effects. The mine related data include among other things
subsurface geology, water levels in existing exploration bore holes over the ore body, spring and
seep inventories, subsurface geologic and hydrologic data from the Libby Adit, and USGS
mapping that shows perennial and intermittent streamflow. The tailings groundwater data
summarized in the previous section include subsurface geology, water levels from monitoring
wells, test pits, resistivity surveys, and groundwater levels. The subsequent section on the affected
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environment describes the best available information regarding groundwater resources in the
analysis area.

The KNF has determined that these baseline data and methods used are adequate to evaluate and
disclose reasonably foreseeable significant adverse effects on groundwater and groundwater-
dependent ecosystems in the mine and tailings impoundment areas and enable the decision
makers to make a reasoned choice among alternatives. The agencies did not identify any
incomplete or unavailable information, as described in section 3.1.3, Incomplete and Unavailable
Information.

3.10.2.4 Additional Data Collection

3.10.2.4.1  Mine Area Information

Underground mine development occurs in rock formations that are hundreds to thousands of feet
in the subsurface, hidden from view, and inaccessible other than through mine development or
drillholes. The inaccessibility limits the amount of data initially available and means a degree of
uncertainty is inherent in evaluating the specific environmental impacts related to groundwater
prior to actual mine development. Models and estimates of groundwater conditions can be
developed based on the best available information to provide a scientifically accepted basis to
determine the reasonably foreseeable significant adverse effects. However, actual knowledge of
underground conditions may not be fully known, or knowable, until underground operations are
underway and additional data can be collected.

Some of the specific additional geologic and hydrologic characteristics of the ore body that would
be available and gathered in the future as underground operations were underway include
information such as the precise underground location and attributes of geologic structures and
discontinuities; the location, orientation, and density of faults and fractures; the exact nature of
hydraulic conductivity and storativity of faults, fractures, and unfractured rock; and the specific
groundwater potentiometric surface overlying the ore body. Much of this information would be
collected and evaluated through underground drilling operations that would be conducted in
advance of the underground mining (see Appendix C).

Some data regarding the hydrologic characteristics of the streams, seeps and springs and GDEs
above the mine area are incomplete or unavailable. These include the precise location where
subsurface bedrock groundwater overlying the mine area discharges to surface water, the specific
relationship between the rate of bedrock groundwater discharged to surface water and the rate of
total surface flow, and the precise nature and timing when bedrock groundwater overlying the
mine area discharging to surface water is the dominant component of streamflow. Some of the
additional information, such as the precise relationship between the rate of bedrock groundwater
discharged to surface water and the rate of total streamflow, could only be obtained with decades
of data collection and the overall cost would be exorbitant.

The KNF carefully considered the adequacy of the existing baseline information to meet NEPA
requirements in evaluating reasonably foreseeable significant adverse effects on groundwater and
groundwater-dependent ecosystems overlying the mine area. The KNF concludes that it has
sufficient data to make a reasoned choice among alternatives and to evaluate the reasonably
foreseeable significant adverse effects on groundwater and groundwater dependent ecosystems.

The KNF concludes that the additional information is not essential to make a reasoned choice
among alternatives and is not necessary to evaluate the reasonably foreseeable significant adverse
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effects on groundwater, groundwater-dependent ecosystems, and surface water for the following
reasons:

1. The location and distribution of mineable mineral resources would be the same in all mine
alternatives. Consequently, the mine void, the pumping necessary to dewater the mine void and
the effect on baseflow of streams in the area would be relatively similar in all mine alternatives.
These effects on groundwater and groundwater-dependent ecosystems were estimated using a 3D
groundwater model used and widely accepted in the scientific community.

2. The agencies developed mitigation to protect groundwater and related resources (surface water
and aquatic resources) and to address the uncertainty in the model predictions because of
incomplete or unavailable information. More information would not change the mitigation
measures that were implemented to minimize impacts. The agencies’ mitigation includes
maintaining a mining buffer (“no mining zone”) 300 feet from the known Rock Lake Fault and
1,000 feet from Rock Lake, restricting mining activities within 100 feet of other faults, leaving
barrier pillars across the entire width of the deposit at strategic locations to divide the deposit into
discrete compartments to minimize changes in pre-mining groundwater conditions, and placing
multiple adit plugs in each adit at closure. These adit plugs would be evaluated technically and
hydrologically, and designed based on site-specific conditions of each adit. Additional
groundwater information is not needed to know that such mitigations would reduce effects on
groundwater and groundwater-dependent ecosystems and effects on stream flows overlying the
mine void nor would additional information change the type of mitigation. The analysis provided
by the 3D groundwater model along with the required mitigation measures provided the basis for
making a reasoned choice among alternatives.

3. Surface water in the CMW overlying the ore body, such as the headwaters of the East Fork
Rock Creek, Rock Lake, and East Fork Bull River, are considered outstanding resource waters
under the Montana Water Quality Act. Section 3.13.1 discusses that the DEQ cannot authorize
degradation of outstanding resource waters. Degradation does not include changes that the DEQ
determine to be nonsignificant. Current nondegradation rules provide that if an activity increases
or decreases the mean monthly flow of a stream by less than 15 percent or the 7-day, 10-year
(7Q10) low flow of a stream by less than 10 percent such changes are nonsignificant for purposes
of the statute prohibiting degradation of state waters (ARM 17.30.715(1)(a)). The DEQ is a joint
lead agency for the Montanore Project EIS. In consultation with the DEQ, the KNF concludes
that changes in streamflow that are not degradation also would not be significant under NEPA, as
defined in 40 CFR 1508.27.

4. The Forest Service’s locatable mineral regulations require operators to comply with applicable
Federal and State water quality standards, including Clean Water Act regulations (36 CFR
228.8(b)). Forest Service mineral regulation 36 CFR 228.8(h) states that “certification or other
approval issued by state agencies or other federal agencies of compliance with laws and
regulations relating to mining operations will be accepted as compliance with similar or parallel
requirements of these regulations.” The KNF will rely on the DEQ decision regarding
nondegradation and will not allow MMC to proceed with mining until DEQ’s decision is made.
The KNF concludes the effects on groundwater and groundwater-dependent ecosystems in the
CMW would not be significant because MMC must first obtain DEQ approval and DEQ could
only approve the mine if it determines streamflow changes are nonsignificant.
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5. Additional subsurface geologic and hydrologic data would be collected during the completion
of the evaluation adit with its associated underground drilling (see section 2.5.2.6.5, Final
Groundwater Model Development.

6. Although the current 3D groundwater model has been developed and run using the best
available information, the 3D model would be refined and rerun after data that can only be
obtained during mining operations were incorporated into the model (see section C.10.4,
Evaluation Phase in Appendix C). Following additional data collection and modeling, the
predicted impacts on surface water resources in the analysis area, including effectiveness of
mitigation measures, would be refined and the model uncertainty would decrease.

7. The agencies would use adaptive mitigation to modify the mitigation plans described in section
2.5.7, Mitigation Plans, if necessary to incorporate the revised model results. The additional data
would be used to assess if substantial changes in the selected alternatives that are relevant to
environmental concerns are necessary. The KNF would conduct additional NEPA analysis if
monitoring data require substantial changes in the selected alternatives that are relevant to
environmental concerns or identify significant new circumstances or information relevant to
environmental concerns and bearing on the proposed action, as required by 40 CFR 1502.9(c)(1).
If monitoring data caused MMC to require mining plans materially different from the selected
alternatives, the DEQ would require MMC to submit an application to modify its operating
permit. The DEQ would conduct the appropriate level of MEPA review on the application.

3.10.2.4.2  Tailings Impoundment Area Information

Considerable geologic and hydrologic information has been collected as part of the baseline data
for the alternative tailings impoundment areas, as summarized in section 3.10.2.2, Baseline Data
Collection and described in section 3.10.3.2, Tailings Impoundment Areas and LAD Areas.
Additional information that would be collected in the future as part of a final design of the
Poorman Tailings Impoundment Site prior to construction approval include specific information
on the depth to bedrock, particularly between the footprint of the proposed Poorman
Impoundment and wetlands south of Little Cherry Creek; the specific areal extent, thickness, and
hydraulic conductivity of glaciolacustrine deposits; the specific areal extent, thickness, and
hydraulic conductivity of other subsurface materials that may provide a preferential pathway for
tailings seepage; and the existence of artesian pore water pressure conditions and the soil units
that are affected by such artesian conditions.

This information would be necessary for final detailed design of the tailings impoundment to
ensure the impoundment would be designed, constructed, operated, and reclaimed in accordance
with applicable regulations. Although such data would be needed for final design, the KNF
concludes that the additional information is not essential to making a reasoned choice among
alternatives and is not necessary to evaluate the reasonably foreseeable significant adverse effects
on groundwater, groundwater-dependent ecosystems, and surface water for the following reasons:

1. The primary groundwater effect in the tailings impoundment sites would be the dewatering
effect of the pumpback well system on groundwater-supported wetlands and adjacent streams,
specifically Little Cherry Creek, Poorman Creek, Ramsey Creek, and Libby Creek. The effect on
groundwater-supported wetlands was adequately estimated using a 3D groundwater model widely
used and accepted in the scientific community.
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2. Section 3.24, Wetlands and Other Waters of the U.S. discussed that the Montanore Project
must comply with the 404(b)(1) Guidelines for discharge of dredged and fill material into
wetlands and other waters of the U.S. (40 CFR 230). The tailings impoundment would be the
site where most of the discharge of fill material would occur. The 404(b)(1) Guidelines specify
“no discharge of dredged or fill material shall be permitted if there is a practicable alternative
to the proposed discharge which would have less adverse effect on the aquatic ecosystem, so
long as the alternative does not have other significant adverse environmental consequences.”
The Poorman Impoundment would have less adverse effect on the aquatic ecosystem than the
Little Cherry Creek Impoundment, even assuming all wetlands in the Poorman Impoundment
and Little Cherry Creek were adversely affected, and would not have other significant adverse
environmental consequences.

3. The Corps will make a determination regarding MMC’s compliance with the 404(b)(1)
Guidelines. The KNF will rely on the Corps to make the decision regarding effects on aquatic
resources from the discharge of fill and will not allow MMC to proceed with construction and
operations of the mine until Corps’ decision was made. The Forest Service’s locatable mineral
regulations require operators to comply with applicable Federal and State water quality standards,
including Clean Water Act regulations (36 CFR 228.8(b)). Forest Service mineral regulation 36
CFR 228.8(h) states that “certification or other approval issued by state agencies or other federal
agencies of compliance with laws and regulations relating to mining operations will be accepted
as compliance with similar or parallel requirements of these regulations.

4. Additional subsurface data from the Poorman Impoundment Site would be collected during the
final design process of the Poorman Impoundment (see section 2.5.2.6.3, Final Tailings
Impoundment Design Process in Chapter 2 and Appendix C). Site data to be collected include an
assessment of a subsurface bedrock ridge adjacent to Little Cherry Creek and the effect it may
have on pumpback well performance, aquifer pumping tests to refine the impoundment
groundwater model and update the pumpback well design, and site geology to identify conditions
such as preferential pathways that may influence the seepage collection system, the pumpback
well system, or impoundment stability.

5. MMC also would be required to complete aquifer testing at the Poorman Impoundment Site
and finalize the design of the pumpback well system. The 3D model would be refined and rerun
after data from the Evaluation Phase were incorporated into the model (see section C.10.4,
Evaluation Phase in Appendix C). MMC would update the pumpback well design and analysis
using the additional data, with a focus on minimizing drawdown north of the impoundment.

6. Following additional data collection and modeling, the predicted impacts on surface water
resources in the analysis area, including effectiveness of mitigation measures, may change and
the model uncertainty would decrease. The agencies would use adaptive mitigation to modify the
mitigation plans described in section 2.5.7, Mitigation Plans, if necessary to incorporate the
revised model results. The KNF would conduct additional NEPA analysis if monitoring data
require substantial changes in the selected alternatives that are relevant to environmental concerns
or identify significant new circumstances or information relevant to environmental concerns and
bearing on the proposed action, as required by 40 CFR 1502.9(c)(1). If monitoring data caused
MMC to require mining plans materially different from the selected alternatives, the DEQ would
require MMC to submit an application to modify its operating permit. The DEQ would conduct
the appropriate level of MEPA review on the application.

Final Environmental Impact Statement for the Montanore Project 567



Chapter 3 Affected Environment and Environmental Consequences

3.10.2.4.3  Summary

Based on the preceding, the KNF concludes 1) additional baseline groundwater or surface water
information is not essential to making a reasoned choice among alternatives; 2) additional
baseline information is not needed to evaluate the reasonably foreseeable significant adverse
effects; and 3) therefore the requirements of 40 CFR 1502.22(b) have been met.

3.10.2.5 Impact Analysis

For each alternative, an impact analysis was conducted for groundwater hydrology during five
phases of mine life—evaluation, construction, operations, closure, and post-closure, as defined in
section 3.8.2, Project Water Balance, Potential Discharges, and Impact Assessment Locations.

3.10.2.5.1  Mine Area Groundwater Hydrologic Models

The agencies relied on two separate numerical groundwater models widely accepted in the
scientific community to evaluate and refine the site conceptual model and to evaluate potential
hydrology impacts. A hydrogeology committee consisting of representatives from the KNF, DEQ,
MMC, and ERO Resources Corp., the agencies’ EIS contractor, was established to guide the
development of the agencies’ 2-dimensional (2D) numerical model. The results of the agencies’
2D model were provided in the Draft EIS (USDA Forest Service and DEQ 2009). Subsequently,
MMC prepared a more complex and comprehensive 3D model of the same analysis area. The
results of both models were used to evaluate the site hydrogeology and analyze potential impacts
due to mining. Although the results of the two models were similar, the 3D model provides a
more detailed analysis, by incorporating known or suspected fault behavior with respect to
hydrology; more recent underground hydraulic testing results; a more comprehensive calibration
process, and better simulation of vertical hydraulic characteristics of the geologic formations to
be encountered during the mining process. A complete description of the agencies’ 2D model,
including assumptions, results, and calibration is provided in a Final Hydrogeology Technical
Report (ERO Resources Corp. 2009). A complete description of the 3D model is provided in
Geomatrix (2011a). A second, site-specific, 3D model was used by MMC to analyze potential
pumping rates and tailings seepage capture for the pumpback well system that would be located
below the Poorman Tailings Impoundment.

For the purpose of analyzing the effects of possible mitigations, MMC simulated two options:
grouting, during Operations Phase, of the sides of the three uppermost mine blocks and corre-
sponding access ramps, as well as installing two bulkheads in two mining blocks in the mine at
Closure. Geomatrix (2011a) describes the specific assumptions regarding how the mitigations
were simulated. The agencies considered the modeling of the bulkheads to be an equivalent
simulation of the agencies’ mitigation of leaving a barrier, if necessary, during the Operations
Phase and constructing bulkheads at the access openings at closure. The effectiveness of MMC’s
modeled mitigation is discussed in section 3.10.4.3.6, Effectiveness of Agencies’ Proposed
Monitoring and Mitigation. The following discussion describes the predicted baseflow reductions
for each of the drainages with and without MMC’s modeled mitigation. MMC also completed
two additional model runs to simulate grouting along the ceilings of the mine workings and along
the ceilings and walls of the adits. The agencies did not use these additional model runs because
of concerns about technical feasibility, long-term effectiveness of extensive grouting of a room-
and-pillar mine, and the nature of the model simulation. Effects presented with MMC’s modeled
mitigation do not include mitigation measures not provided in MMC’s 3D model report such as
increasing buffer zones or using multiple plugs in the adits during closure. Such mitigation would
be evaluated after additional data were collected during the Evaluation Phase.
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3.10.2.5.2 Tailings Impoundment Areas Groundwater Hydrology

MMC developed a groundwater model of the Little Cherry Creek watershed using a 2D finite
element program, SEEP/W (Klohn Crippen 2005). The SEEP/W program models mounding of
the groundwater beneath water retention structures such as tailings impoundments and changes in
pore-water conditions within earth slopes due to infiltration from the structures. The agencies
independently performed a SEEP/W analysis, using the geologic and hydrologic model developed
by MMC with various inputs (USDA Forest Service 2008). The agencies used the same estimates
for the Poorman Impoundment Site because of the similarity in the geologic conditions observed
from the drill log data collected from the Little Cherry Creek Impoundment Site and the Poorman
Impoundment Site (Morrison-Knudsen Engineers, Inc. 1989a, Morrison-Knudsen Engineers, Inc.
1989b). In addition, the proposed underdrain system at both sites would be similar. The rate of
seepage not collected by the underdrain seepage collection system is likely more influenced by
the effectiveness of the underdrain seepage collection system than the underlying geologic
materials. A SEEP/W analysis of the Poorman site would be completed during final design.

In addition to the seepage analysis, MMC evaluated a pumpback well system designed to capture
all seepage from the tailings impoundment that would not otherwise be collected by the under-
drain system (Geomatrix 2010c). The Poorman Impoundment in Alternative 3 was modeled. The
analysis consisted of developing a 3D groundwater model that incorporated the known
hydrogeologic characteristics of the Poorman Impoundment Site to provide a preliminary well
field design capable of capturing all groundwater from beneath the impoundment site.

3.10.3 Affected Environment

3.10.3.1 Mine Area

3.10.3.1.1  Site Hydrogeology

Bedrock in the mine area consists of metamorphosed sediments known as the Belt Supergroup.
The sediments were originally deposited as a series of muds, silts, and sands which were
subsequently metamorphosed to argillites, siltites, and quartzites, respectively. The primary
porosity and permeability (intergranular porosity and permeability) of the bedrock is very low.
The primary hydraulic conductivity may be as low as 10" cm/sec (2.8 x 10 ft/day) with the
primary effective porosity approaching zero (Stober and Bucher 2000). All bedrock units are
fractured and faulted to various degrees, depending on proximity to large fault structures and
depth. Fractures and faults result in secondary hydraulic conductivity and secondary porosity
values that are much higher than primary hydraulic conductivity values. Secondary hydraulic
conductivity may range from 10™ to 10 cm/sec (0.0028 to 0.28 ft/day) (Gurrieri 2001). Various
estimates of the bulk hydraulic conductivity (which considers both the primary and secondary
hydraulic conductivities) have been made (Gurrieri 2001; Klohn Crippen 2005; Geomatrix
2006c¢).

The agencies’ 2D numerical model of the site hydrogeology was calibrated using a bulk or
average hydraulic conductivity of the bedrock in the mine area of 1 x 107 cm/sec (ERO
Resources Corp. 2009). The 3D model domain was divided into seven vertical layers, each with
decreasing hydraulic conductivity. For the layers above and below the ore body, the 3D model
used bulk hydraulic conductivities of 2 x 107 to 6 x 10™®* cm/sec. The 3D model assigned
hydraulic conductivities to specific formations and structures (Geomatrix 2011a). Within the area
of the Libby Adit, the MMC model used specific hydraulic conductivity values for the fractured
and unfractured rock, based on the hydraulic testing results from within the adit.
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The Rock Lake Fault bounds the western side of the mine area and extends northwest and
southeast through the mine area. The fault is a major structure with as much as 2,500 feet of
vertical displacement (USGS 1981). The fault zone is 7 to 16 feet wide where exposed and
contains strongly striated fine-grained breccia and clay gouge. The abundance of veins and
fragmented wall rocks in the fault zone indicates the brittle nature of the fault. Filled extension
gashes indicative of dilation across the fault zone are present as much as 165 feet from the main
fault trace (Fillipone and Yin 1994). North of St. Paul Pass, 7 to 8 miles of the Rock Lake Fault is
generally coincident with the drainage of the East Fork Bull River.

The two numerical groundwater models were used to explore the fault’s role in the mine area
hydrogeology. Various hydraulic conductivity values were assigned to the fault zone, as reported
in ERO Resources Corp. (2009) and Geomatrix (2011a). The fault zone may contain areas of
higher or lower hydraulic conductivities along its length. The 3D model was able to more
definitively explore the conductance of groundwater along its length than the 2D model,
specifically in the Rock Creek and East Fork Bull River drainages. The 3D model also included
several other faults mapped within the Libby Adit (Figure 63). Both models used hydraulic
conductivities for the faults higher than the surrounding rock and decreased hydraulic
conductivity with depth. The hydraulic conductivity of fractures and joints tends to decrease with
depth, due to confining pressures of the rock reducing the fracture apertures (Snow 1968). In
brittle crystalline rock such as the Belt Supergroup, fracture apertures can be maintained to
considerable depths. This was evidenced by inflows during the construction of the Libby Adit and
also by reports of groundwater inflows from numerous deep hardrock mines around the world.
This phenomenon is particularly true when the fractures are associated with large structures
(Galloway 1977), such as the Rock Lake Fault.

As is typical for mountainous areas, the potentiometric surface generally follows topography. A
water level contour map for the mine area cannot be constructed because water level data are
lacking. Available data and observations suggest a potentiometric surface exists within much of
the mine area. For example, the depth to water was measured in a few of the exploration
boreholes (HR-19 and HR-26) with a consistent water surface elevation of about 5,000 to 5,600
feet (Chen-Northern 1989). The depth to water in exploration boreholes adjacent to Rock Lake
(HR-7, 8, 9, and 10) and St. Paul Lake (HR-29) was the same elevation as the lake (Chen-
Northern 1989). Several borehole logs did not report a depth to groundwater or that groundwater
was encountered.

NMC began Libby adit construction in February 1990 and ceased construction in November
1991. The adit is nearly 14,000 feet long; the first 700 feet were excavated in colluvium and the
remainder in fractured bedrock, primarily the Prichard Formation. The initial 700 feet is nearly
horizontal and the remainder of the adit declines at a 6 percent slope. NMC extensively grouted in
advance of the face in portions of the adit, primarily in the first 5,000 feet of the Libby Adit.
Between December 27, 1991 and January 4, 1992, NMC drilled ten boreholes into water-bearing
zones in bedrock between PR3590 and PR12800, 3,590 and 12,800 feet from the portal,
respectively (Table 96). The objectives of the borings were to characterize water-bearing zones
and to identify a source of water for adit/mine construction. The two boreholes with highest flow
rates were flow-tested for a minimum of 1 hour. Beyond about PR8000, the drilling did not
identify any sources of water at distances of 84 to 168 feet from the adit. The water producing
structures encountered in the first three boreholes listed in Table 96 were either not encountered
by the adit or if encountered, the structures had different hydraulic characteristics so that less
water was produced to the adit than measured in the piezometers. NMC also measured water
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pressure in the piezometers that produced water. The reported pressure readings do not include a
narrative as to when the measurements were taken with respect to the flow testing.

MMC recorded some hydraulic pressures in piezometers at six locations in the Libby Adit
between PR3110 and PR5220 in 2009 and 2010 (MMC 2012¢). Pressures ranged from 123 feet at
PR3110 to 427 feet at PR5220. MMC began recording hydraulic pressure in piezometer PR5220
on September 10, 2010, about 2 years after MMC began dewatering the Libby Adit. MMC
reported pressure data through October 3, 2011. Although the pressure data represent pressure
heads after the local potentiometric surface had been drawn down for about 2 years, and the data
were reported for 1 year, the data provide information regarding the seasonal nature of the
potentiometric surface and minimum pressure head elevations under dewatering conditions.

Table 96. Summary of NMC’s Post-Construction Boreholes in Libby Adit.

Approximate
Location pl:I;ate of Date of Test Total Depth Target Inflow

Construction (feet) (gpm)
PR3590 6/90 12/91 to 1/92 92 Fault/fracture 60
MB5300 11/90 12/91 to 1/92 132 Fault 120
PR7945 3/91 12/91 to 1/92 104 Fault 8
PR8005 3/91 12/91 to 1/92 168 Fault 0
PR8953 4/91 12/91 to 1/92 108 Fault 0
PR9300 5/91 12/91 to 1/92 84 Fault 0
PR9343 5/91 12/91 to 1/92 108 Fault/fracture 0
PR9520 6/91 12/91 to 1/92 96 Fault 8
PR10843 7/91 12/91 to 1/92 156 Fractures 0
PR12800 10/91 12/91 to 1/92 118 Fault/fracture 0

Source: Adkins 1992 in Geomatrix 2011a, Appendix B.

The recorded pressure data exhibit a seasonal trend with the lowest pressure occurring during the
winter months, increasing during the spring and summer, and reaching a peak pressure during late
summer/early fall (Chart 12). The total pressure variation was about 10 feet during the 2010-2011
recording period. Because only 1 year of data has been reported, it is not possible to conclude
whether the observed pressure range is typical or whether the apparent seasonal cycle represents
recharge and discharge for the same time period. Based solely on the available data, groundwater
in bedrock fractures at the depth of the piezometer at PR5220 (1,330 feet below ground surface)
appears to respond relatively quickly to seasonal trends in precipitation and runoff at the surface.
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Piezometer PR5220 is located at an elevation of about 3,771 feet, which is about 1,330 feet
vertically below ground surface. As of October 2011, the elevation of the water surface above this
piezometer was 4,207 feet, or about 890 feet below the ground surface. Because pre-dewatering
water level data do not exist, it is not possible to determine how much drawdown above the adit
has occurred as a result of dewatering. The potentiometric surface elevation, as measured in
PR5220 as of October 2011, appears to be at essentially the same elevation as Libby Creek,
located south of the trace of the Libby Adit. This geometry is likely the result of Libby Creek and
its alluvium providing recharge to the ongoing dewatering of the Libby Adit. As a result, Libby
Creek appears to be behaving as a hydrologic boundary or area of fixed head, which maintains
local water level elevations, despite the ongoing dewatering. This observation, as well as the
apparent seasonal variation in head (similar to the seasonal variation in Libby Creek flows),
implies that sufficient hydraulic conductivity exists between Libby Creek and Libby Adit to move
water from the Libby Creek drainage to the adit. Section 3.10.4.3 provides a comparison of model
predicted drawdown and Libby Adit water level data. Chart 12 provides a comparison between
groundwater pressure measured from within the Libby Adit and flow in Libby Creek. Small
duration fluctuations in creek flow are dampened out in the relatively low permeability bedrock
and there appears to be a 2-month delay between peaks of the two data sets. Otherwise, both data
sets show a similar seasonal response.

Specific isotopes of oxygen and hydrogen can be used to evaluate the relationship between
surface water and groundwater. Water samples from the analysis area were collected since 1999
by various entities, including MMC and the DEQ), for isotope analysis (Gurrieri 2013). The
oxygen and hydrogen isotope results were plotted along with the 70 sample results from Gurrieri
and Furniss (2004). The oxygen and hydrogen isotope results for two water samples collected
from the Libby Adit near the portal and down to PR1920 (which is about 500 feet below the
ground surface) are similar to recent snow and surface water samples. This indicates that inflow
into the adit down to at least the 1920 level is from recent snowmelt. Water samples collected
from deeper in the adit plot along with results from other groundwater sources.

Chart 12. Hydrograph of Libby Adit 5220-Piezometer and LB-200 Streamflow.
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In addition to the oxygen and hydrogen isotopes, the water samples were analyzed for tritium.
Because the only source of tritium to the atmosphere is from nuclear explosions, primarily during
the 1950s and 60s, tritium can be used as an indicator of the water’s age, relative to the those
events. Gurrieri (2013) concluded that water collected in the adit near the portal is modern (post -
1952) water, as are samples from snow and surface water sources. Water collected from deeper in
the adit appear to be a combination of modern water and pre-1952 water. Of the deeper samples,
the deepest sample from the 5220 level contains the highest proportion of modern water to pre-
1952 water. This result indicates that groundwater does not necessarily become older the deeper
the fracture, but rather that the source of water at depth is dependent on the hydraulic conductiv-
ity and continuity of the individual fractures. This observation is consistent with the pressure
response from the same level and apparent connection to the Libby Creek drainage, as described
previously.

Chart 13 provides a cumulative flow record of adit inflows measured during construction of the
adit. The inflow data indicate that most of the total inflow was observed in the first 10,000 feet of
the adit, with a stretch between 10,500 and 13,000 feet that produced little inflow, and a slight
increase in inflow between 13,000 and 14,000 feet. Between 2009 and 2013, the average annual
adit inflow rate ranged decreased from 125 gpm in 2009 to 53 gpm in 2013, based on the volume
of water delivered to the Water Treatment Plant. The total annual adit inflow ranged from
27,659,419 to 65,621,930 gallons during the same time period (MMC 2009b, 2010, 2011b,
2012g, 2013, 2014b).

Chart 13. Cumulative Water Inflow Rates in Field Sections Reported During Adit
Construction.
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Based on observation, springs and perennial portions of streams in the mine area generally start at
elevations of 5,000 to 5,600 feet (USGS 1983; Wegner, pers. comm. 2006b). The depth to water
measurements and site observations indicate that a water table or potentiometric surface exists at
a depth of about 500 feet below land surface in the higher areas, and near or at the surface in
areas below an elevation of about 5,000 to 5,600 feet. A September 2007 field review by the
agencies located a perennial bedrock spring (SP-41, renumbered from SP-31 in the Draft EIS and
Supplement Draft EIS to avoid conflict with springs in the Poorman Impoundment Site) in the
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East Fork Rock Creek drainage (Figure 68) at an elevation of 5,625 feet, slightly above the
estimated range of 5,000 to 5,600 feet. MMC completed an initial survey of East Fork Rock
Creek and found perennial flow started at an elevation of about 5,600 feet (NewFields 2013a).
Based on the geology and characteristics of this spring, its elevation is considered to be within the
estimated range for intersection of the potentiometric surface with the ground surface.

The source of water to springs in the analysis area is groundwater from either fractured bedrock
or from unconsolidated deposits. Based on the conceptual model (see section 3.10.3.1.2,
Conceptual Hydrogeological Model of the Montanore Mine Area) and the results of the numerical
models, springs that overlie the ore body at elevations greater than about 5,600 feet (or greater
than 5,625 feet) are most likely associated with a shallow groundwater flow path in weathered
bedrock, glacial or alluvial deposits, or shallow fractures or bedding planes. While observations,
such as discharge during the dry season, indicate that springs could issue from bedrock fractures
connected to a deeper groundwater flow path, but there are no data to support this possibility.
Springs located below an elevation of about 5,600 feet are likely the result of discharge from
shallow weathered bedrock or glacial/alluvial deposits. At lower elevations the shallow and
deeper flow paths are most likely hydraulically connected, and some component of the total
spring flow may be from the deeper flow path. The ratio of deep and shallow groundwater issuing
as springs probably varies between springs and may vary seasonally. Numerous springs were
identified in the analysis area by MMC (Geomatrix 2006b, 2006d, 2009a, 2009b, 2010b, 2011¢;
NewFields 2013a; MMC 2014d; Klepfer Mining Services 2015a). Nine identified springs are
within the CMW, with estimated discharge ranging from less than 5 gpm to 50 gpm (Figure 68,

Table 97).

Table 97. Flow Measurements and Elevations for Identified Springs in the CMW.

Spring ID Elevation Flow Rate (gpm) Number of Date Range of
(feet) Measurements | Measurements
SP-1R 4,900 <0.01-20 10 10/98 — 10/13
SP-2R 4,850 4 1 10/98
SP-4R 6,490 5 1 9/05
SP-05/3R 4,200 5,22 2 8/98 —10/98
SP-16 4,600 40-50 (estimated) 1 Unknown
SP-41 5,625 27 4 9/07 -9/13
SP-42 5,400 22 1 8/21/13
Spring 8 4,360 22 3 9/10 —9/12
Spring 13 4,520 1-2 1 Unknown
GDE-1 6,588-6,708 No measurable flow 1 8/13
(four seeps)
GDE-2 6,747-6,825 <2 1 8/13
(five seeps)
GDE-3 5,703 <10 1 8/13

gpm = gallons per minute.
Source: Geomatrix 2006b, 2006d, 2009a, 2010b, 201 1¢; NewFields 2013a; MMC 2014d; Klepfer Mining
Services 2015a; McKay, pers. comm. 2007; September 2007 agencies’ field review of Rock Lake area.

One of the objectives of the GDE surveys and ongoing monitoring is to determine the source of
water to each spring. The agencies’ September 2007 field review identified that spring SP-05/3R
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(Figure 68), uphill from the Heidleberg Adit in the East Fork Rock Creek drainage, discharges
from the Rock Lake Fault. The agencies considered the observed thickness of surficial material
above the spring to be insufficient to support an estimated discharge rate of 30 to 40 gpm during a
period of little to no precipitation. This spring was reported to have had a flow rate of 5 and 22
gpm during the late 1990s (Table 97). A previously unidentified spring (SP-41) or a series of
springs along East Fork Rock Creek above Rock Lake at an elevation of up to 5,625 feet
produced a total flow of about 40 to 50 gpm from the fracture zone associated with the Rock Lake
Fault. Also, the stream bed above the spring consisted of exposed bedrock (no alluvium),
indicating that there was no surface water or shallow groundwater contribution to the springs
from higher elevations in the drainage upstream of SP-41.

Springs SP-41 and SP-42 are located along the Rock Lake Fault in the upper East Fork Rock
Creek and East Fork Bull River drainages, respectively (Figure 68). Springs SP-41 and SP-42
were re-numbered in the Draft EIS and Supplement Draft EIS to avoid conflict with springs in the
Poorman Impoundment Site. Spring SP-41 discharges groundwater directly from the fault or
fractures associated with the fault. During the late summer and early fall of typical precipitation
years, SP-41 may be the only source of water to Rock Lake (other than direct discharge of
groundwater to the lake). Spring SP-42 discharges groundwater from along the Rock Lake Fault
at a similar elevation as SP-41, but on the north side of St. Paul Pass.

During normal to dry years when winter snows have completely melted, deeper groundwater
discharge from the Rock Lake Fault may be the only source of water to St. Paul Lake during late
summer to early fall. Because St. Paul Lake is on a relatively permeable glacial moraine, the lake
is reported to be dry during extended periods of low or no precipitation. This indicates that the
lake drains at a faster rate than input from groundwater.

The 700-foot long Heidelberg Adit, located in the East Fork Rock Creek drainage below Rock
Lake, discharges water to East Fork Rock Creek. During a geotechnical evaluation of the
Heidelberg Adit (Morrison-Knudsen Engineers, Inc. 1989b), groundwater flow in the adit was
estimated to be 80 gpm and during a hydrologic investigation, Chen-Northern (1989) reported a
flow of 40 to 50 gpm. Gurrieri (2001) reports adit flows ranging from 49 to 128 gpm. Discharge
from the adit appears to vary seasonally, suggesting the flow may be a combination of shallow
and deep groundwater. The shallow groundwater contribution to the adit is more responsive to
seasonal changes in precipitation. During the agencies’ September 2007 field review, the
estimated flow from the adit was between 40 and 50 gpm. NewFields (2013) reported measured
flows from the adit ranging from 84 to 164 gpm between 1999 and 2012. The two measured
flows in July and October 2012 are consistent with the concept that flows from the Heidelberg
adit vary seasonally.

Recent observations inside the Heidelberg Adit in 2011 by MMC show that the first section of
adit (450 feet) closest to East Fork Rock Creek was dry. At 450 and 685 feet, the adit intersected
narrow fracture or shear zones that strike north-south, with minor dripping at 450 feet, and about
15 gpm flowing at 685 feet. A drill hole just beyond 685 feet was producing about 50 gpm flow;
length of the drill hole is unknown. The adit was dry from the drill hole to the face at 705 feet,
except for another smaller drill hole in the middle of the face that was producing about 5 gpm.
Therefore, about 75 percent of water discharging from the Heidelberg adit is coming from two
drill holes that appear to intersect north-south trending fracture/shear zones related to the Rock
lake Fault. The remaining 25 percent of flow was coming directly from exposed fractures. Rock
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between the fracture/shear zones was completely dry, similar to what has been observed in the
Libby Adit.

3.10.3.1.2  Conceptual Hydrogeological Model of the Montanore Mine Area

A conceptual hydrogeological model is a commonly used tool for extending knowledge beyond
what is specifically known about a hydrogeologic system. With the conceptual model approach,
the response of the hydrogeologic system to changes that may occur due to proposed mining
activities can be predicted or estimated. Specifically, the conceptual model can be the basis for a
numerical model that can integrate known hydrologic data to determine potential impacts on
groundwater levels and groundwater contributions to surface water flow. The conceptual
hydrogeological model for Montanore is based on the following key components:

e Metasedimentary rocks in the mine area have very low primary permeability
(hydraulic conductivity)

e Fractures and other structures provide pathways for groundwater movement
e Fracture or secondary permeability is greater than primary permeability

Unfractured bedrock within the metasediments of the Belt Supergroup has minimal primary
porosity and is relatively impermeable. Therefore, groundwater flow in bedrock is primarily
through interconnected fractures. Where the fractures are sparse and interconnection is poorly
developed, the hydraulic conductivity approaches the rock matrix conductivity (very low, but not
zero). Conversely, areas with a higher degree of interconnected fractures, the fractures
dominantly control the hydraulic conductivity and the rock matrix permeability provides a
relatively small contribution to the bulk hydraulic conductivity. If fracture zones are intercepted
by voids, water would initially drain from storage, but because they are not connected with other
fractures that transmit water, the long-term water yield would be low. Site-specific data indicate
that near-surface bedrock, which is subject to freeze/thaw and may be experiencing unloading or
decompression (as evidenced by the presence of talus slopes at the base of exposed bedrock), is
more densely fractured than the deeper bedrock. The weathered and fractured near-surface
bedrock is expected to transmit water more rapidly via secondary permeability (fracture flow).

Geologic structure may play a significant role in groundwater flow in bedrock. Faults can act as
conduits for flow, barriers to flow, or both. The hydraulic characteristics of major structures, such
as the Rock Lake Fault, have not been investigated. NMC obtained some information regarding
the hydraulic behavior of the fractured rock during advancement of the Libby Adit, and MMC
obtained additional information by performing hydraulic tests in discrete fractures in the Libby
Adit. The data indicate that the hydraulic conductivity of the fractured rock decreases with depth
and that the hydraulic conductivity of the relatively unfractured rock between fractures is very
low.

The 3D model incorporated the assumption that mapped faults near the mine area have greater
hydraulic conductivity than the surrounding bedrock. Faults incorporated into the model include
the Moyie Thrust System (including Rock Lake Fault), Hope Fault, Snowshoe Fault and primary
splay, Libby Lakes Fault and primary splay, Copper Lake Fault, and Moran Fault. Each fault was
assigned decreasing permeability values with depth. The fault widths vary somewhat based on
element size, but in general were between 150 and 330 feet (~50 and 100 meters) in width. The
widths represented the fault core and adjacent damage zone based on geologic mapping of the
surface and within the Libby Adit. Where information was available, faults were simulated in the
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3D model with a plunging angle; otherwise, the faults were simulated as vertical and extending
through all layers. Approximate plunge angles were taken from a cross-section along the Libby
Adit for the Snowshoe Fault (53°) and Libby Lakes Fault (45°) (Geomatrix 2011a). Minor faults
and fracture zones were represented by the bulk permeability used in the model.

The source of all water (surface water and groundwater) in the Cabinet Mountains is precipitation
that falls within the mountain range. There are no regional aquifers beneath the range that derive
their water from outside the range. Groundwater in the area is recharged by precipitation and
snow melt that infiltrates to the subsurface through unconsolidated colluvial, glacial and alluvial
deposits, and through open fractures and joints in exposed bedrock. Due to the topographic relief,
the occurrence of more permeable surficial geologic deposits, and the low overall hydraulic
conductivity of the bedrock, a significant component of the recharge migrates laterally through
more permeable shallow flow systems that discharge to adjacent drainages. A small percentage of
the total recharge percolates vertically to the deeper groundwater-bedrock system. It is likely that
the more fractured rock associated with the prominent northwest trending regional fault zones
provide preferential pathways for groundwater recharge to the deeper bedrock.

Recharge rates vary seasonally in response to snow melt and wetter and drier periods. The
seasonal nature of recharge would result in variable flow rates in the higher permeability shallow
fracture systems and surficial materials. Flow in deeper fractures would be less affected by
variable recharge. At elevations higher than about 5,000 to 5,500 feet, the surficial deposits are
nonexistent or relatively thin and discontinuous, but they may store and discharge infiltrated
precipitation over the course of a year. In typical or dry precipitation years, it is likely that all
groundwater drains from the deposits by the end of the summer season. In wetter years,
groundwater may not fully drain by the end of the season.

In the upper Libby and Ramsey creek drainages, there are surficial deposits within some of the
avalanche chutes that may store and transmit shallow groundwater through much of the summer,
depending on residual snow pack at the head of each chute. Flow rates measured late in the
season from upper Libby Creek are similar to the model predicted baseflow, indicating that there
may be little if any contribution from surficial deposits late in the season of some years. This
condition would vary from year to year, depending on snow pack and late season precipitation.

Two groundwater flow paths with different characteristics are assumed to be present in the
analysis area: a deep path and a shallow path. The two paths likely result from the contrast
between the very low hydraulic conductivity of the deeper fractured bedrock and the higher
hydraulic conductivity of the shallow weathered bedrock and/or surficial deposits, and the
difference between the infiltration rates of the deeper bedrock and shallow surficial material. The
shallow and deeper flow paths do not appear to be hydraulically connected via a saturated zone
above an elevation of about 5,000 to 5,600 feet. Groundwater may leak at low rates from the
shallow more conductive deposits through vertically-oriented fractures that extend downward into
fractured bedrock and eventually enter the deep groundwater flow path.

The observation that analysis area streams become perennial and bedrock springs occur consist-
ently at an elevation of about 5,000 to 5,600 feet in the mine area indicates that a potentiometric
surface has developed within interconnected fractures and the potentiometric surface appears to
intersect the ground surface at an elevation of about 5,000 to 5,600 feet. The potentiometric
surface most likely slopes upward beneath areas above 5,600 feet, subparallel to topography and
may be 500 feet or more deep beneath the highest areas in the range (Figure 69). Springs exist
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above and below 5,000 to 5,600 feet elevation range. Those springs above this elevation range are
assumed to be part of the shallow flow path and those below this elevation range are assumed to
be connected to both flow systems. Below an elevation of between 5,000 and 5,600 feet, there are
two distinct groundwater flow paths due to very different hydraulic conductivities, but the two
flow paths are hydraulically connected. Shallow groundwater flows through shallow weathered
and fractured bedrock and surficial material where present, and deeper groundwater flows
through fractures in unweathered bedrock. In general, the deep, unweathered fractured bedrock
has a much lower hydraulic conductivity than the shallow materials (Freeze and Cherry 1979).
Figure 69 provides a 3D view of the mine area with typical groundwater flow directions.

Baseflow is defined as the volume of flow in a stream channel that is not derived from surface
runoff but rather from groundwater seepage into the channel. Streams in the area may be at
baseflow for about 1 to 2 months between mid-July to early October; periods of baseflow may
also occur during November through March. Baseflow is maintained during the driest part of
each year in the upper perennial reaches of each drainage by groundwater flowing from bedrock
fractures. In the lower, flatter areas, groundwater also flows from thicker surficial deposits to
stream channels. In the flatter areas, groundwater flowing from surficial deposits accounts for a
much higher contribution to baseflow than that from bedrock fractures in the upper reaches.
During the year, the ratio of the contribution of shallow groundwater to deeper bedrock ground-
water to any one stream varies. When higher than normal precipitation occurs in later
summer/early fall and/or when residual snow pack continues to melt through late summer/early
fall, streamflow in the analysis area would contain surface runoff in addition to baseflow. Without
continuous flow measurements, it may not be possible to know whether streamflow is reduced to
only the baseflow contribution in any given year.

The agencies’ field review of the East Fork Rock Creek drainage during the driest portion of 2007
(September) indicated that stream flow in East Fork Rock Creek above Rock Lake was the result
of groundwater from bedrock springs. During the review, there was no surface water runoff or
evidence that shallow springs maintained by snowmelt and/or recent rainfall had contributed any
water directly to the drainage. At least one small spring was observed flowing down a bedrock
wall near St. Paul Pass; the source of the spring’s water was likely a small snowfield high on
Rock Peak. It appeared that water from the spring did not enter the East Fork Rock Creek
drainage as surface water, indicating that the spring water was either consumed by evapotranspi-
ration and never reached the Rock Creek drainage or infiltrated via fractures into the bedrock, or
some combination of both. Precipitation records from the SNOTEL site near Bear Mountain,
Idaho, which is the site most representative of the upper Cabinet Mountains, indicate that the
summer of 2007 had the second longest period (51 days) without precipitation since continuous
precipitation data collection began in 1983. A bedrock spring from the Rock Lake Fault zone
along the East Fork Rock Creek drainage above Rock Lake accounted for 100 percent of the flow
in the stream, which was estimated at 30 to 40 gpm. No flow was observed in the drainage above
this spring. Groundwater discharge to the stream started at an elevation of about 5,625 feet. At the
time of the field review, bedrock groundwater appeared to be the sole source of water to Rock
Lake. Streamflow gradually increased downstream from an estimated 40 to 50 gpm below Rock
Lake to an estimated 1 cfs (450 gpm) within 0.5 miles and 2 cfs before the stream enters Rock
Creek Meadows. Between Rock Lake and upstream from Rock Creek Meadows along the
channel, there are few if any surficial material deposits. Other sources of water to Rock Creek
Meadows include a tributary than joins East Fork Rock Creek from the southeast and possibly
surficial deposits on the south side of the channel. These observations are consistent with the
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conceptual model of the mine area that deeper bedrock groundwater is connected to shallow
groundwater and surface water at elevations below about 5,600 feet.

3.10.3.2 Tailings Impoundment Areas and LAD Areas

3.10.3.2.1  Site Hydrogeology

Groundwater occurs within the valley-fill deposits of the narrow mountain valleys. The deposits
contain colluvial, alluvial, and glacial materials in a heterogeneous mixture of clay, silt, sand, and
larger-sized particles. Valley-fill deposits follow the valley bottoms, are not extensive, and are
discontinuous because bedrock crops out along the stream channel bottoms. Geophysical surveys
indicate that the valley-fill deposits are 30 to 70 feet thick at the Libby Adit Site, and 24 to 70 feet
thick at the Ramsey Plant Site. Groundwater was encountered within the valley-fill deposits
during drilling, at depths of 12 to 16 feet at the Libby Adit Site and at 22 feet at the Ramsey Plant
Site.

The valley-fill systems are recharged by precipitation, streamflow, and subsurface discharge from
bedrock groundwater systems. Groundwater flow follows the topography along the valley
bottoms. The valley-fill discharges to surface water, or to more extensive glaciofluvial and
glaciolacustrine deposits, along the mountain front.

At the tailings impoundment sites, the Libby Plant Site, and the LAD Areas, groundwater occurs
as saturated zones in the surficial deposits, and as a regional water table in the underlying
bedrock. The saturated zones in the unconsolidated glaciofluvial and glaciolacustrine deposits are
subject to varying degrees of confinement. Perched saturated zones are the result of interfingering
of relatively impervious clayey silt within more pervious sediments (Morrison Knudsen
Engineers 1990). The thickness of surficial sediments at the Little Cherry Creek Tailings
Impoundment Site ranged from 10 feet at the South Saddle Dam to over 360 feet in a buried
channel beneath the proposed Main Dam (Klohn Crippen 2005). Depth to bedrock is not well
defined with the Poorman site. Based on a resistivity survey and available borehole data, the
thickness of the unconsolidated deposits generally is 100 to 200 feet within the Poorman
Impoundment footprint (NewFields 2014a). The glacial deposits form a wedge along the eastern
flank of the Cabinet Mountains, beginning at an elevation of about 4,000 feet and increasing in
depth away from the mountains. The glaciofluvial and glaciolacustrine deposits are interfingered
(having a boundary that forms distinctive wedges, fingers, or tongues between two different rock
types) and, at many locations, glaciolacustrine deposits overlie glaciofluvial deposits. The
glaciolacustrine deposits are finer-grained than glaciofluvial deposits and act as a barrier to
groundwater flow, and therefore behave locally as a confining layer. In the Little Cherry Creek
Tailings Impoundment Site, a buried preglacial valley underlies the glaciolacustrine deposits. This
valley is filled with over 370 feet of fluvial sediments similar to the glaciofluvial deposits.

The glaciofluvial/glaciolacustrine groundwater system at both impoundment sites is recharged by
precipitation, discharge from fractured bedrock, and streamflow along the flank of the mountains.
Groundwater flow at both potential impoundment sites is generally easterly following the surface
topography (Figure 70). Surface topography appears to be controlled by a subsurface bedrock
surface, which according to geophysical surveys performed in the two impoundment areas (Chen
Northern 1989), is very similar to the surface topography. As a result, the low permeability
bedrock influences groundwater flow direction, such as the apparent subsurface bedrock ridge
that separates the two impoundment areas (Chen Northern 1989). Corresponding to the
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subsurface bedrock ridge, there appears to be a groundwater divide that separates groundwater
flow to the north and south of the ridge.

The water table or potentiometric surface gradient (hydraulic gradient) is low in both the Little
Cherry Creek and Poorman Tailings Impoundment sites (0.05 and 0.07, respectively). Ground-
water flow in the impoundment sites is to the east, following the surface topography. Ground-
water at the Little Cherry Creek Tailings Impoundment Site discharges to Little Cherry Creek and
eventually to the alluvium of Libby Creek. Some flow may discharge to Libby Creek via the deep
buried alluvial channel. Groundwater beneath the Poorman Tailings Impoundment Site also flows
to the east along topography and discharges to the alluvium of either Libby or Poorman creeks.
Both sites have areas of potential artesian flow in the lower portions of the impoundment
footprints due to low permeability clay layers. Some of the water flowing beneath the Little
Cherry Creek Impoundment Site discharges as springs in the proposed site and downstream along
Little Cherry Creek. Springs also are found at the Poorman Impoundment Site, upgradient of the
Main Dam crest.

In addition to those along the Little Cherry Creek channel, groundwater discharge from the
glacial deposits in the lower portion of the valley supports large areas of wetland vegetation.
Groundwater discharges as discrete springs, many of which have been identified, and as diffuse
flow over larger areas where the water table intersects the ground surface. The groundwater
supported wetland areas are the result of discharge from both shallow perched groundwater and
deeper confined water-bearing zones where the confining layer is thin or missing due to erosion.
Similar springs are in the Poorman Impoundment Site, but they are less numerous and do not
appear to support extensive wetland areas, as observed in the Little Cherry Creek drainage. The
difference may be the result of steeper topography and less seasonally reliable groundwater
discharge to the surface.

Groundwater in the LAD Areas discharges to Ramsey, Poorman, or Libby creeks. Of the wells
established in the LAD Areas, one exhibited artesian heads above the ground surface. Based on
the available groundwater data, the hydraulic gradient in the LAD Areas is about 0.06.

Aquifer tests were conducted in the glaciofluvial deposits and in the filled channel in the tailings
impoundment sites. The hydraulic conductivity of the glaciofluvial deposits in the Little Cherry
Creek watershed ranges from 1 x 10 to 1.9 x 107 cm/sec (0.0028 to 5.3 ft/day) (Geomatrix
2006c¢). Estimates of the hydraulic conductivity of channel fill (alluvium along Libby Creek)
range from 0.053 to 0.18 cm/sec (150 to 500 ft/day) (Geomatrix 2006c). In the Poorman Tailings
Impoundment Site, the hydraulic conductivity of the glaciofluvial deposits ranges from 1.3 x10™
to 6.8 x 10~ cm/sec (0.37 to 19.4 ft/day) and averages 2.6 x 10~ cm/sec (7.35 ft/day), based on
six aquifer tests reported by Chen-Northern (1989).

The glaciofluvial deposits are capped by relatively impermeable glaciolacustrine units. The
deposits allow hydraulic pressures to build and create the confined or artesian flow conditions
observed at the Poorman and Little Cherry Creek Tailings Impoundment sites. The water levels
observed in monitoring wells at the tailings impoundment sites are quite variable, ranging from
beneath the bedrock-soil contact to above the ground surface, indicating artesian conditions along
the lower portions of the valleys. It is not known whether the low permeability fine-grained
material in the Poorman Tailings Impoundment Site is laterally connected to the glaciolacustrine
type deposits found in the Little Cherry Creek drainage, but the units appear to function in the
same manner.
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Hydraulic conductivities of the glaciolacustrine deposits in the Little Cherry Creek Tailings
Impoundment Site range from 1 x 10 to 2.6 x 10™ cm/sec (0.003 to 0.075 ft/day) (Geomatrix
2006c). Although saturated, the fine-grained glaciolacustrine deposits did not yield measurable
water in the boreholes. No aquifer tests were performed on the fine-grained deposits in the
Poorman Tailings Impoundment Site. Due to similarities in subsurface geology, the range of
hydraulic conductivity values in the Poorman area is probably similar to those measured in the
Little Cherry Creek drainage.

Most of the springs identified in the proposed facility areas occur in the Little Cherry Creek and
Bear Creek drainages, or the Poorman Tailings Impoundment Site between Little Cherry Creek
and Poorman Creek (Table 98 and Figure 69). All of the identified springs have measured flows
of less than 5 gpm, except for the spring near the Libby Adit that was measured at 9 gpm. Some
of the springs cease flowing in mid- to late-summer. Ten additional springs or seeps not shown in
Table 98 (SP-31 through SP-40 shown on Figure 69) were identified in the Poorman Tailings
Impoundment site in 2011 (Kline Environmental Research 2012). The flow rate of these springs
has not been measured and they are not included in Table 98. Additional springs may be identified
in the upper portions of the watershed during future GDE surveys (see Appendix C).

3.10.3.2.2  Conceptual Hydrogeological Model for the Proposed Tailings Impoundments
Areas

Groundwater that occurs in the proposed impoundment areas is the result of infiltration of
precipitation within each watershed and groundwater flow from the underlying fractured bedrock
into the surficial deposits. For pumpback well analysis, Geomatrix (2010c) used an infiltration
rate of 14 percent. The majority of the total precipitation either runs off as surface water or
percolates into the soil where it is either evaporated or transpired by vegetation. The portion of
the infiltrated water that continues to move downward eventually reaches the saturated zone
where groundwater moves downhill from the upper elevations to areas of lower elevation along
the drainages.

An unconfined saturated zone develops in the glaciofluvial gravels within the upper and middle
reaches of each impoundment area. As the groundwater flows beneath the younger glacio-
lacustrine silts, the groundwater system changes from an unconfined potentiometric surface to a
confined system, due to the low vertical hydraulic conductivity of the fine-grained silts. Due to
the confinement, artesian pressures develop, such that groundwater would flow vertically upward
to the surface via wells and springs. Springs probably occur where the glaciofluvial deposits are
thin or discontinuous due to erosion. Short-lived springs (those that only flow during high
precipitation periods or during periods of snowmelt) may be the result of groundwater perched
above the glaciolacustrine deposits. The finer grained deposits not only restrict upward vertical
groundwater flow but also downward vertical flow, and therefore may perch groundwater locally.

3.10.3.3 Groundwater Use

Private land immediately within the Little Cherry Creek Tailings Impoundment Site in Alter-
natives 2 and 4 is owned by MMC. Private land immediately downgradient of LAD Area 2 in
Alternatives 2 and 4 and downgradient of the Poorman Impoundment Site in Alternative 3 is not
owned by MMC. No groundwater users have been identified in the analysis area. Section 3.12,
Water Rights discusses analysis area water rights.
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Table 98. Flow Measurements and Elevations for Springs in the Proposed Facility Areas.

. . Number of | Date Range
Spring . Elevation | Flow Rate
Location Measure- | of Measure-
ID (feet) (gpm)
ments ments
North of Little Cherry .
SP-01 Creek Impoundment Site 3,500 2-3 (estimated) 1 6/88
sp.gy | Little Cherry Creck 3320 |12 (estimated) 1 6/88
Impoundment Site
SP-10 Little Cherry Crfaek 3,350 1 (estimated) 1 Unknown
Impoundment Site
SP-11 | Near Bear Creek 3,370 0.5 (estimated) 1 Unknown
sp-1p | Little Cherry Creck 3,390 Seep 1 Unknown
Impoundment Site
sp-13 | Little Cherry Creck 3,410 Unknown 1 Unknown
Impoundment Site
SP-14 | Near Libby Creek 3,350 0.2 (estimated) 1 Unknown
Little Cherry Creek 1.5-2
SP-15 Impoundment Site 3,420 (estimated) ! Unknown
sp-17 | Little Cherry Creck 3,560 | 0.5 (estimated) 1 Unknown
Impoundment Site
sp-1g | Little Cherry Creck 3,550 | 2 (estimated) 1 Unknown
Impoundment Site
SP-19 | North of Libby Plant Site 3,950 Dry to 9 2 1992 — 09/09
Near Ramsey Creek south
SP-20 of LAD Area 3,850 <1-4 1 Unknown
SP-21 |Between LAD Areas 3,800 1 1 8/07
SP-22 |Ramsey Adit Site 4,240 <3 1 Unknown
spp3 | Little Cherry Creck 3,680 <s 1 Unknown
Impoundment Site
spp4 | Little Cherry Creck 3,450 <3 1 Unknown
Impoundment Site
SP-25 | South of Libby Plant Site 3,840 3-5 2 8/07 — 9/09
SP-26 | Poorman Impoundment Site 3,320 0.5-10 2 8/07 and 10/12
SP-27 | Poorman Impoundment Site 3,840 2 1 8/07
SP-28 | Poorman Impoundment Site 3,500 4 1 8/07
SP-29 | Poorman Impoundment Site 10 1 10/12
SP-30 | Poorman Impoundment Site 3,420 5 1 8/07

gpm = gallons per minute.
Springs in the Little Cherry Creek or Poorman Impoundment Sites are shown on Figure 69.
Source: Geomatrix 2006b, 2006d, 2009b, 2010b; NewFields 2013a; McKay, pers. comm. 2007.

3.10.34 Climate Change

Climate models considered in the KIPZ Climate Change Report are unanimous in projecting
increasing average annual temperatures over the coming decades in the Pacific Northwest. The
KIPZ Climate Change Report indicated annual temperatures will increase 2.2° F by the 2020s and
3.5° F by the mid-21% century, compared to the average for 1970 to 1999. Temperature increases
are projected to occur during all seasons, with the greatest increases projected in summer. Beyond
mid-century, model projections diverged substantially, with increases in average annual temper-
ature ranging from 5.9°F to 9.7°F in the Pacific Northwest by the end of the 21* century.
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Projected changes in Pacific Northwest precipitation are more variable among models, but
generally suggest no substantial change in the average annual precipitation from the variability
experienced during the 20" century. Given the variability in results among models, projections of
precipitation are considered less certain than temperature projections. Most of the models project
decreases in summer precipitation, increases in winter, and little change in the annual mean
(USDA Forest Service 2010a).

Reclamation’s synthesis was similar; air temperatures throughout the Columbia River Basin may
increase steadily, with basin-average mean-annual temperature predicted to increase by 6 to 7°F
by the end of the 21* century (Chart 14). Variation in annual air temperatures also is projected to
increase slightly through time. Increased air temperatures may increase water temperatures
(Reclamation 2011c). Mean annual precipitation, averaged over the Columbia River basin, is not
expected to change significantly through the 21* century. Precipitation is projected to remain
relatively static during the early 21* century and then slightly increase during the last half of the
21* century (Chart 14). Variation in annual precipitation also is projected to increase slightly
through time (Reclamation 2011c).

Chart 14. Simulated Annual Climate Averaged over the Columbia River Basin.
Columbia River at the Dalles Columbia River at the Dalles
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Annual conditions represent spatially averaged results over the basin. Darker colored lines indicate the median-annual
condition through time, sampled from 112 climate simulations, and then smoothed using a 5-year running average.
Lighter-colored areas represent the time-series range of 10™ to 90" percentile annual values from simulated 1950
through simulated 2099.

Source: Bureau of Reclamation 201 1c.

For the Columbia River Basin in general, warming is expected to diminish the accumulation of
snow during the cool season (late autumn through early spring) and the availability of snowmelt
to sustain runoff during the warm season (late spring through early autumn). Increased rainfall in
December through March is expected to increase runoff during those months. Decreased snow-
pack volume could result in decreased groundwater infiltration, decreased spring/summer snow-
pack runoff, increased rain-on-snow events, and ultimately decreased contribution to baseflow in
streams (USDA Forest Service 2010a; Reclamation 2011c).

Decreases in snowpack are expected to be more substantial in the portions of the basin where
existing cool season temperatures are closer to freezing thresholds and more sensitive to projected
warming. Runoff effects would vary by location, depending on baseline climate and the predicted
temperature and precipitation changes (Reclamation 2011a). In the more northern subbasins,
increases in precipitation, either as rainfall or snowfall, may offset the effects of decreased warm
season runoff due to warming. The projected slight increase in precipitation in the last half of the
21* century may offset changes in baseflow in areas sufficiently cold to experience projected
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warming without loss of snowpack, such as the northern and higher elevation eastern portions of
the basin (Reclamation 2011¢).

3.10.4 Environmental Consequences

3.10.41 Alternative 1 — No Mine

The No Mine alternative would not change groundwater levels or baseflow. Disturbances on
private land at the Libby Adit Site and changes in baseflow and groundwater levels would remain
until the adits were plugged and the site reclaimed in accordance with existing permits and
approvals. The DEQ’s approval of the mine, as permitted by DEQ Operating Permit #00150,
would remain in effect. The DEQ’s approval of revisions to DEQ Operating Permit #00150
(revisions 06-001, 06-002, and 08-001) also would remain in effect. MMC could continue with
the permitted activities on private land that did not affect National Forest System lands.

3.10.4.2 Alternative 2 — MMC’s Proposed Mine
3.10.4.2.1  Evaluation through Operations Phases

Mine Area

In all action alternatives, the mine plan would include an underground mine and three adit
declines. The mine void would be the same in all action alternatives. In Alternative 2, two adits
would originate in the Ramsey Creek drainage, and the existing Libby Adit would be used for
ventilation. The mine and adits would intersect saturated fractures and faults in the bedrock and,
therefore, would produce groundwater at various rates. Mine and adit inflows would be pumped
from underground structures and used for processing ore.

Possible effects of Alternative 2 on groundwater hydrology are lowering of groundwater levels
and changes in baseflow in adjacent drainages. A detailed discussion of the effects of Alternative
2 on the hydrogeology was provided in the Draft EIS, based on the agencies’ 2D numerical
model. Subsequent analyses (the MMC 3D model) were based on facilities associated with
Alternative 3. With respect to the hydrogeology of the mine area, the only difference between
Alternatives 2 and 3 would be the location of the adits. In Alternative 3, all of the adits would be
constructed in the Libby Creek drainage, rather than locating two adits in the Ramsey Creek
drainage. A discussion of the effects of mining on the hydrogeology is provided in the discussion
of Alternative 3 (section 3.10.4.3). The effect of Alternative 3 would be very similar to the effects
of Alternative 2, with two exceptions. Alternative 2 would result in more drawdown in the
Ramsey Creek watershed and less drawdown in the Libby Creek watershed upstream of Ramsey
Creek compared to Alternatives 3 and 4. As a result, the predicted change in baseflow due to mine
dewatering would be slightly greater in Ramsey Creek and slightly less in Libby Creek upstream
of Ramsey Creek than predicted for Alternatives 3 and 4. Based on preliminary estimates of
hydraulic properties of the bedrock and Rock Lake Fault, Evaluation Phase mining activities in
Alternatives 3 and 4 would be limited to within 300 feet of the Rock Lake Fault and 1,000 feet of
Rock Lake to minimize the risk of high water inflow rates and resulting reduction in groundwater
levels.

584 Final Environmental Impact Statement for the Montanore Project



3.10 Groundwater Hydrology

Tailings Impoundment Area
Groundwater Drawdown and Changes in Baseflow

The Little Cherry Creek Tailings Impoundment is designed with an underdrain system to collect
seepage from the tailings and divert intercepted water to a Seepage Collection Pond downgradient
of the impoundment. After being discharged into the impoundment, the tailings would consol-
idate, and water would pool in a reclaim water pond within the tailings impoundment. Water from
the reclaim water pond would be pumped back to the mill, but some would percolate downward
and be captured by the underdrain system. Some of the percolating water would seep into the
underlying fractured bedrock aquifer. Geotechnical investigations near the Seepage Collection
Pond indicate that bedrock is fractured at the surface in the Little Cherry Creek channel beneath
the proposed Seepage Collection Dam and farther downstream (Morrison-Knudsen Engineers,
Inc. 1990). The Seepage Collection Pond may intercept some of the tailings seepage in the
fractured bedrock aquifer. Because bedrock crops out downstream of the proposed dam location,
tailings seepage in the fractured bedrock aquifer not intercepted by the Seepage Collection Pond
or captured by a pumpback well system, depending on its design, would likely flow into the
former Little Cherry Creek channel (USDA Forest Service 2008). Some of the seepage may flow
to Libby Creek via a buried channel beneath the impoundment site. Klohn Crippen (2005)
estimated 80 percent of the existing groundwater flows toward Little Cherry Creek and 20 percent
flows toward Libby Creek via the buried channel. Any tailings seepage is likely to follow existing
groundwater flow paths if not intercepted.

Tailings seepage not collected by the underdrain is expected to flow to groundwater at a rate of
about 25 gpm and, after the impoundment is reclaimed, slowly decrease to 5 gpm (Klohn Crippen
2005). The operational seepage estimate was verified by the lead agencies in their independent
analysis (USDA Forest Service 2008). The estimated groundwater flux (volume per unit time)
beneath the impoundment was estimated to be about 35 gpm (Geomatrix 2007b) using a DEQ
standard mixing zone thickness of 15 feet (ARM 17.30.517) and a hydraulic conductivity for the
impoundment area of 0.4 ft/day. A conductivity value of 0.4 ft/day is higher than the mean values
reported by Klohn Crippen (2005) to estimate tailings seepage for glacial till beneath the Little
Cherry Creek Impoundment Site (0.1 ft/day) and for fractured bedrock (0.3 ft/day). The saturated
zone beneath the impoundment would be able to accommodate the addition of about 25 gpm from
seepage and would respond with a rising water table (slightly increasing the hydraulic gradient) to
convey the additional water from beneath the impoundment. Little Cherry Creek appears to be a
gaining stream downgradient of the proposed impoundment based on streamflow measurements
and the occurrence of numerous springs.

MMC committed to implementing seepage control measures, such as pumpback recovery wells,
if required to comply with applicable standards. Seepage pumpback wells could be installed along
the downstream toe of the tailings dam. Given the heterogeneity of the foundation soils,
additional wells could be required to ensure that all flow paths were intercepted. The wells may
require active pumping, depending on the artesian pressures within the wells (Klohn Crippen
2005). The presence of a buried channel in the Little Cherry Creek site and the construction of
saddle dams adjacent to the Little Cherry Creek Diversion Channel would likely require a more
complex pumpback well system than required at the Poorman site. Drawdown resulting from a
pumpback well system would also reduce baseflow in adjacent streams, such as Bear Creek and
the diverted Little Cherry Creek. The estimated depletion to the Libby Creek drainage from the
pumpback wells, based on the estimated pumping rate for the Poorman Impoundment Site, would
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be 0.55 cfs. The actual depletion would be directly related to the actual pumping rate, which
would be determined after performing additional aquifer tests.

Springs and Seeps

Numerous springs and seeps were identified in the area surrounding the Little Cherry Creek
Impoundment Site (Figure 70) (Geomatrix 2006b, 2009b; Kline Environmental Research 2012).
Springs SP-15, 23, and 24 would be covered by the impoundment, and a fourth spring (SP-10)
would be covered by the Seepage Collection Pond. Three other springs would be in the disturb-
ance area. Seeps in Little Cherry Creek also would be covered by the impoundment. A pumpback
well system required to capture seepage not collected by the underdrain system would lower
groundwater levels and reduce groundwater discharge to springs, seeps, and wetlands
surrounding of the impoundment. Ten known springs outside of the disturbance area may be
affected by the pumpback well system. Operation of a pumpback well system, if installed, may
not affect water levels and five of the springs south of Little Cherry Creek because of an apparent
subsurface bedrock ridge that separates groundwater flow between the watershed of Little Cherry
Creek from those of Drainages 5 and 10 in the Poorman Impoundment Site (Chen Northern
1989).

LAD Areas

MMC anticipates the LAD Areas would be able to receive 558 gpm of water (Geomatrix 2007b).
There are several considerations for disposal of water on the LAD Areas to avoid runoff from the
LAD Areas and minimize the risk of developing springs and seeps downgradient of the LAD
Areas. The two basic issues are:

e The maximum application rate that would not result in runoff from the site given site
characteristics.

e The maximum application rate that could be conveyed away from the LAD Areas by
the existing groundwater system.

The EPA (2006b) and the Corps (1982) published guidelines for the design and operation of LAD
Areas that address the first issue. The guidelines provide recommended design percolation rates
that consider long-term issues such as wetting and drying cycles, clogging of the soil, etc. Using
the guidelines, the maximum application rate that would not result in surface runoff for the LAD
Areas is 344 gpm.

The existing groundwater flux beneath the LAD Areas was estimated to determine the capacity of
the underlying shallow aquifer to receive and transport additional water. The agencies initially
estimated a groundwater flux of 141 gpm, based on the following assumptions:

e Maximum saturated thickness of 56 feet (as reported in well logs), which is greater
than the 15 feet using the dispersion assumptions in ARM 17.30.517 for standard
mixing zones, but represents actual conditions to the maximum drilled depth

e Mixing zone width beneath the LAD Areas of 6,860 feet, which is increased to 8,060
feet using the dispersion assumptions in ARM 17.30.517 for standard mixing zones,
where the mixing zone width is equal to the width plus the distance determined by
the tangent of 5 degrees times the length of the LAD Area on both sides

o Existing hydraulic gradient of 0.06 (Geomatrix 2007b)
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e A hydraulic conductivity value of 1 ft/day reported by Geomatrix (2007b)

The estimated groundwater flux using the reported hydraulic conductivity value requires an
unrealistic net infiltration of precipitation rate of about 52 percent of annual precipitation to
maintain the groundwater flux of 141 gpm through the defined cross sectional area. It is likely
that the average hydraulic conductivity value used in the calculation is too high and does not
reflect site conditions. The groundwater flow direction is generally perpendicular to surface
topography contours or downslope and, therefore, groundwater recharge is local and discharge is
to the adjacent streams. A small fraction of the total net infiltration may travel along deeper flow
paths in the fractured bedrock.

The hydraulic conductivity of 1 ft/day is the only value in the flux calculation that was not
directly measured, but rather was selected by MMC as being more representative of the LAD
hydraulic conductivity than the value derived from pit tests. The agencies reduced the hydraulic
conductivity value slightly to achieve a groundwater flux that is consistent with a reasonable net
infiltration rate. The agencies considered 10 percent to be a reasonable net infiltration value to use
in the flux calculation for three reasons. In the tailings impoundment design report, Klohn
Crippen (2005) indicated “groundwater recharge from infiltration [at the Little Cherry Creek
Impoundment Site] was estimated to be 10 percent of yearly precipitation. Infiltration rates could
be as low as 5 percent and are not expected to be greater than 12 percent. The relatively low
precipitation and forest cover suggest that 10 percent should be the maximum infiltration.” MMC
also used a 10 percent infiltration rate in the SEEP/W analysis (Klohn Crippen 2005) to model
seepage from the Little Cherry Creek Tailings Impoundment; the agencies’ used the same rate in
their independent SEEP/W analysis (USDA Forest Service 2008). The LAD Areas are 2 miles
south of the Little Cherry Creek Tailings Impoundment and have similar geology. A 10 percent
infiltration rate in areas of less than 30 percent slope also was used in the agencies’ numerical
groundwater model (ERO Resources Corp. 2009).

An infiltration rate of 10 percent would support a groundwater flux of 31 gpm for the LAD Areas.
This is similar in magnitude to what was calculated by MMC for the groundwater flux through a
similar cross sectional area beneath the Little Cherry Creek Tailings Impoundment (35 gpm).
Using a groundwater flux of 31 gpm (rather than 141 gpm) requires the hydraulic conductivity to
be lower (0.22 ft/day) because the other variables in the equation are fixed (gradient and cross
sectional area). A conductivity value of 0.22 ft/day is slightly higher than the mean value for
glacial till beneath the Little Cherry Creek Impoundment Site (0.1 ft/day) reported by Klohn
Crippen (2005).

The agencies calculated the maximum amount of water that could be conveyed away from the
site using a hydraulic conductivity value of 0.22 ft/day, and assuming the water table could rise to
within about 10 feet of the surface beneath the LAD Areas. The agencies assumed the water table
should remain 10 feet below ground surface beneath the LAD Areas so there would be sufficient
unsaturated zone to receive the percolating applied water. Because the cross-sectional area and
aquifer characteristics would not change during LAD operation, the hydraulic gradient would
steepen to allow more water to flow away (downgradient) from the LAD Areas. The increased
gradient is estimated to be 0.122. The calculated gradient value of 0.122 is assumed to be the
maximum possible gradient with a depth to groundwater of 10 feet beneath the LAD Areas. The
agencies estimate the groundwater flux (preexisting groundwater flux plus infiltrated application
water) is about 63 gpm, or about 32 gpm of LAD applied water (the difference between maxi-
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mum possible flux (63 gpm) and the pre-application groundwater flux (31 gpm)). Factoring in
precipitation and evapotranspiration, the total maximum application rate to the LAD Areas would
be about 130 gpm for a LAD Area of 200 acres (Appendix G).

The estimated application rate of 130 gpm that could be conveyed from the LAD Areas is more
restrictive than 344 gpm, a rate the agencies calculated using the EPA and Corps guidelines to
avoid runoff (EPA 2006b; Corps 1982). To reduce the likelihood that springs and seeps would
develop downgradient of the LAD Areas or that the water table would come to the surface in the
LAD Areas, the agencies estimate the maximum application rate would be 130 gpm (for the 200
acres proposed by MMC for land application at LAD Areas 1 and 2). MMC'’s proposed
application rate of 558 gpm would likely result in surface water runoff and increased spring and
seep flow on the downhill flanks of the LAD Areas.

The agencies estimated a groundwater velocity and travel time between the LAD Areas and the
nearest surface water body to aid in planning downgradient groundwater monitoring. Using a
range of effective porosity values of 1 to 10 percent, ground velocity is calculated to range from
about 100 feet per year to 1,000 feet per year. Assuming the nearest stream is about 800 feet
downhill from the LAD Areas, the groundwater travel time is estimated to be between less than 1
year and 8 years. This calculation does not consider the existence of preferential flow paths that
would allow for higher groundwater velocities, and a possible shorter travel time.

MMC proposed an alternate set of values for hydraulic conductivity (0.3 ft/day) and cross-
sectional width (15,000 feet) in calculating the maximum application rate (Geomatrix 2008a).
Because of the subsurface data available for the LAD Areas, it is not possible to refine the
estimated application rate beyond what is presented in this EIS. Therefore, the analysis presented
in this EIS uses more conservative assumptions versus what was suggested by MMC. The
maximum application rate would depend on the site conditions, and would be determined on a
performance basis by monitoring both water quality and quantity changes to the existing
groundwater system. It is possible that monitoring would determine that the maximum appli-
cation rate would be higher or lower than estimated by this analysis. The LAD application rates
would be selected to ensure that groundwater did not discharge to the surface as springs between
the LAD Areas and downgradient streams.

The discharge rate of the existing spring (SP-21 shown on Figure 70) between the two LAD
Areas may increase as a result of land application of excess water. The proposed application rate
of 558 gpm would likely result in increased flow from springs and seeps located downhill of the
LAD Areas. The analysis described above indicates that the LAD Areas could not accept the
proposed application rate of 558 gpm without a risk of runoff from the site and increased spring
flow due to rising water levels. If the LAD Areas were operated at the maximum application rate
of 130 gpm, as indicated by this analysis, and the evaporation and precipitation rates assumed in
the calculation were representative of site conditions, the number of springs and/or seeps
downgradient of the LAD Areas should not increase. Springs or seeps could develop because of
unidentified geologic heterogeneities that would result in preferential flow paths to the surface.
An increase in groundwater levels beneath the LAD Areas as a result of applying a maximum of
130 gpm would have no adverse impacts, with the exception of possible preferential flow paths
that could result in increased spring activity.
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Make-up Water Wells

If total mine/adit inflow were not adequate to supply water for process purposes, MMC would
likely install groundwater wells for make-up water. MMC has not identified specific well
locations; the most likely location would be along a major drainage, such as Libby Creek. The
amount of make-up water required would depend primarily on mine inflows, water production
from tailings impoundment pumpback wells, and precipitation at the impoundment site. The
water balance for Alternative 2 indicates that up to 150 gpm of additional water on an annualized
basis would be required during the Operations Phase to meet mill needs (Table 14). MMC would
not be able to beneficially use any diversions from Libby Creek whenever flow was less than 40
cfs at LB-2000. Consequently, additional diversions for make-up water beyond that shown in
Table 14 would be needed to avoid adversely affecting senior water rights. Because MMC would
not withdraw any surface water (via groundwater pumping) for operational use whenever flows at
the point of withdrawal were less than the average annual low flow, groundwater pumping would
likely be restricted to the period between April and July, and would pump at rates up to 450 gpm.

Groundwater withdrawals from Libby Creek alluvium would decrease groundwater level near the
pumping wells while the wells were in operation. Because of the relatively high hydraulic
conductivity of the alluvium and the hydraulic connection with the active stream, groundwater
levels in the alluvium is expected to fully recover between periods of pumping. Groundwater
levels downgradient of the pumping wells would decrease while the wells were pumped.
Appropriately designed, located, and operated make-up wells providing up to 450 gpm would not
substantially reduce upgradient alluvial groundwater levels. If the well field were located in the
vicinity of the proposed pumpback well system, the make-up wells would increase the area and
magnitude of the predicted drawdown cone, when in operation.

3.10.4.2.2 Closure and Post-Closure Phases

Mine Area

A detailed discussion of drawdown during the Post-Closure Phase for Alternative 2 predicted by
the 2D model was provided in the Draft EIS. Because MMC’s 3D model analysis was developed
for Alternative 3, a detailed discussion of closure and post-closure drawdown is provided in the
Alternative 3 section (section 3.10.4.2.3). The predicted post-closure drawdown for Alternative 2
would be slightly greater than with the agencies’ mitigation incorporated into Alternatives 3 and
4. The time it would take for water levels to reach equilibrium or steady state conditions would be
shorter than Alternatives 3 and 4.

Tailings Impoundment Area

During the Closure and Post-Closure Phases, the seepage collection and pumpback well systems
would continue to operate until any ongoing seepage met BHES Order limits or applicable
nondegradation criteria in all receiving water. After seepage met BHES Order limits or
nonsignificance criteria of all receiving waters, operation of the pumpback wells would be
terminated and the wells plugged and abandoned. Groundwater levels would fully recover in a
relatively short period of time (on the order of weeks to a few months). After groundwater levels
recovered, springs that were buried by the impoundment, such as SP-23 and SP-24, may again
flow, but into the impoundment’s gravel underdrain system. Any springs outside of the
impoundment footprint affected by the pumpback wells would likely return to pre-mine
conditions and may contribute to baseflow to channels outside of the impoundment.
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LAD Areas

The LAD Areas would continue to be operated during the Closure Phase, if necessary, to dispose
of excess water in the impoundment. Operation of LAD Areas during the Closure Phase would be
consistent with guidelines and requirements developed during the Operations Phase. The length
of time that these activities would occur is not known, but may be decades or more. After disposal
of excess water was no longer necessary, the LAD Areas would be reclaimed and water levels
would return to pre-mine conditions.

3.10.4.2.3  Climate Change

The combined impacts of Alternative 3 and climate change were not quantified because of the
possible range in effects of climate change on groundwater resources. It is difficult to predict how
the hydrologic systems in the Montanore Project analysis area would respond to the forecasted
regional effects of climate change. The Bureau of Reclamation (2011c¢) states that “the projected
changes have geographic variation; they vary through time, and the progression of change
through time varies among climate projection ensemble members” and that “some geographic
complexities of climate change emerge over the Columbia River Basin when climate projections
are inspected location by location.” The KIPZ Climate Change Report (USDA Forest Service
2010a) described several key sources of uncertainty associated with estimating hydrologic
responses of individual sub-basins and watersheds to projected climate changes, including:

o “Hydrologic models often rely on output from global and regional climate models to
evaluate potential hydrologic effects. Global climate models have relatively poor skill
in simulating regional and local-scale precipitation, due in part to their coarse spatial
resolution and limited ability to account for local topographic influences on the
hydrologic processes of small to medium sized watersheds (e.g., 6™ and 5"
hydrologic unit codes).

e There is limited availability of locally-specific field data and analyses on the relative
influence of temperature, precipitation, elevation, dust, and black soot on observed
snowmelt and runoff trends in mountainous areas.

o We currently lack multiple, high-resolution regional climate models that can resolve
fine-scale circulation patterns, snow-albedo feedback, and other environmental
features that influence hydrologic processes.”

The following paragraph describes potential effects of Alternative 2 and climate change for a
range of trends.

Depending on the extent and location of reduced snowpack, groundwater infiltration could
decrease in some parts of the analysis area, which could lower the groundwater table and
potentially reduce groundwater flow to wilderness lakes. Decreased groundwater infiltration
could reduce the project’s mine and adit inflows. Because baseflow to streams may also decrease,
the percentage change to stream baseflow may remain the same. If mine and adit inflows
decreased, discharges to Libby Creek would be less and makeup water requirements would
increase. The Bureau of Reclamation (2011c¢) predicted that climate change would reduce the
accumulation of snow and increase runoff in the winter and reduce summer and fall runoff and
baseflow in the Columbia River Basin. If climate change did not reduce infiltration enough to
change mine and adit inflows from those projected without climate change, any increase in winter
flows due to climate change would moderate the effect of mine inflows during the winter low
flow periods, and any decrease in fall flows would magnify the effect of mine inflows during the
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fall low flow periods. As described in Appendix C, MMC would monitor mine inflows and
monitor changes in baseflow at potential impact area sites and benchmark sites (similar to project
area sites, but outside the area of potential mine impacts) to evaluate baseflow trends due to
mining compared to trends due to non-mining effects such as climate change.

3.10.4.3 Alternative 3 — Agency Mitigated Poorman Impoundment Alternative

The following discussion for Alternative 3 describes mining activities and their potential impacts
on the site groundwater hydrology through the five phases of mining and closure. In some cases,
phases are combined in the discussion because of the similarities in effects between sequential
phases. The 3-D hydrologic analysis was performed with and without two specific mitigations
(partial grouting and bulkheads). The effectiveness of grouting and leaving barrier pillars with
limited constructed bulkheads at access openings, and other possible mitigations, such as
increased buffer zones between Rock Lake and the Rock Lake Fault, are discussed in section
3.10.4.3.6, Effectiveness of Agencies’ Proposed Monitoring and Mitigation.

In general, the effects on the groundwater hydrology and related changes in stream baseflow
would gradually increase through the Construction, and Operations Phases, as mine inflow
increased due to increased mine void volume. Also, because of the low overall permeability of the
bedrock, the groundwater system would be somewhat slow to respond to dewatering. Impacts on
groundwater hydrology, as indicated by drawdown and related changes in stream baseflow are
predicted to reach a maximum after mining ceased (in the Post-Closure Phase) and then slowly
recover, reaching steady state conditions 1,150 to 1,300 years after mining ended.

3.10.4.3.1  Evaluation through Operations Phases

Mine Area

The two numerical models were used to approximate where and to what degree groundwater
drawdown could occur, and to estimate changes in baseflow for drainages flowing from the area
to be mined. The 3D model was configured to simulate the location of mine void and adits
proposed in Alternative 3.

Mine and Adit Inflows

As mining activity progressed through the Evaluation, Construction, and Operations Phases, the
average mine inflow would increase with predicted short-term spikes in flow as new adits and
mine areas were opened (Figure 71). At full build out, the 2D numerical groundwater model
predicted that the total steady state inflow to the mine and adits would be about 450 gpm (for the
fault scenario, as defined in the 2D model). The 3D model provides considerable detail
concerning predicted inflows during the various phases of mining, providing both average and
stabilized dewatering rates. The dewatering rate at full mine build out during the 22-year life of
mine (Evaluation through Operations Phases) is predicted by the 3D model to be about 370 gpm,
with possible short-term inflow peaks of nearly 800 gpm during the mine Construction Phase
(Figure 71). The short-term peak of 800 gpm assumes instantaneous development of two new
adits and therefore over-estimates peak inflows.

Blasting during development of the adits and mine void and the presence of a mine void may
result in stress redistribution that could affect local groundwater flow in fractures around the mine
and adits. The stress redistribution may open some fractures and close others, depending on the
actual stress regime. It is unlikely this would result in a change in the steady state inflows to the
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mine and adits. It is possible that changes to the fracture network resulting from the stress
redistribution could affect (increase or decrease) drawdown beneath local areas and alter inflow to
specific portions of the mine void and adits, but it is not possible to predict if or where this may
occur.

Groundwater Drawdown

Both the 2D and 3D models provided estimates of drawdown during various phases of mining
(ERO Resources Corp. 2009 and Geomatrix 2011a, respectively). The accuracy of the 2D model
drawdown prediction is limited by the various assumptions described in the Final Hydrogeology
Technical Report (ERO Resources Corp. 2009). Because the 3D model was able to include a
more representative simulation of the known geologic structure, the 3D model’s predicted extent
of drawdown is considered to be more accurate than that of the 2D model.

The 3D model predicted that groundwater drawdown would be greatest along the trend of the
adits, ranging between 10 and greater than 500 feet by the end of the Operations Phase. The
greatest drawdown would occur along fault and fracture trends (generally northwest-southeast)
that are intersected by the mine and adits. Near the mine void, the 3D model predicted that
without mitigation, drawdown would generally be between 10 and greater than 100 feet, with an
area between 100 and 500 feet in the upper portion of Rock Creek, upstream of Rock Lake.
Drawdown exceeding 10 feet and less than 100 feet would extend about 1 mile from the mine and
adits along the Rock Lake Fault, Libby Lakes fault, and Snowshoe fault (Geomatrix 2011a).

The pressure data collected from a piezometer at PR5220 in the Libby Adit provides some insight
as to how groundwater levels may respond to dewatering, in comparison to the 3D model-
predicted drawdown. As described in section 3.10.3.1.1, Site Hydrogeology, water pressure was
measured for 1 year in a piezometer located about 1,330 vertical feet from the surface. Because
pre-dewatering data are not available, the amount of drawdown due to dewatering of the Libby
Adit cannot specifically be determined. The 3D model predicted that the maximum drawdown in
the vicinity of the eastern (shallower) half of the Libby and adjacent adits would be between 100
and 500 feet. If the potentiometric surface was at or near the ground surface before dewatering,
then 440 feet of drawdown could have occurred as a result of the recent Libby Adit dewatering.
Libby Creek may be acting as a fixed head boundary, supplying water to the ongoing dewatering
of the Libby Adit, and preventing any additional drawdown. A fixed head boundary is one in
which the potentiometric head or water table is held constant by some external force (a source of
water) such as a river or lake. The calculated 440 feet of actual drawdown is a maximum possible
value, because the elevation of the potentiometric surface before dewatering is unknown, the
maximum possible drawdown value suggests that the 3D model predictions are a reasonable
estimate of possible drawdown in the Libby Adit area.

Applying this information to other areas, the apparent hydraulic connection between the Libby
Creek drainage and the adit via fractures 1,330 feet below the ground surface confirms that it is
possible for mine dewatering to intercept surface water where faults or fractures have sufficient
hydraulic conductivity and continuity. This observation supports the basic concepts developed in
the numerical models. The specific location and frequency of occurrence of these structures are
not currently known.
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Changes in Baseflow

The effects of groundwater drawdown due to dewatering of the mine and adits are best expressed
by estimating changes to baseflow (see section 3.8 for a discussion of baseflow). As part of the
2D and 3D numerical model calibration process, the model-predicted baseflow values were
compared to measured flows considered to be baseflow in streams in the analysis area. In general,
streamflow measurements were from gaging stations located on the periphery of the numerical
model domain (Figure 67). Flow data from the upper reaches of the various streams are
insufficient to quantify baseflow at these locations. Because the models were calibrated to flow
data at the periphery of the model domain and to several other direct observations, the baseflow
predictions at various locations along the streams are considered reasonable estimates of actual
baseflow. There is considerable uncertainty regarding the annual variability of baseflow in the
drainage reaches where baseflow has not been directly measured. The model results are also
based on the assumption that the predicted baseflow is representative of a typical precipitation
year. During a field review in September 2007, the agencies estimated that baseflow in the upper
reaches of East Fork Rock Creek (above and just below Rock Lake) was similar to that predicted
by the 2D and 3D numerical models. Precipitation records discussed in section 3.10.3.1.2,
Conceptual Hydrogeological Model of the Montanore Mine Area indicated that the summer-fall
period in 2007 was particularly dry.

Baseflow for the three periods (pre-mining, operations, and closure/post-closure) was modeled
for locations along five streams (Libby, Ramsey, East Fork Rock, and Rock creeks, and East Fork
Bull River) using the 2D numerical model (ERO Resources Corp. 2009). The same analysis was
performed using the MMC 3D model, except slightly different locations along the streams were
reported and the time periods used were also slightly different (Geomatrix 2011a). Geomatrix also
included a location on the Bull River in its cumulative effects analysis. For consistency, the
results of the baseflow analysis are reported for similar locations along three streams that
originate in the analysis area (East Fork Rock Creek, East Fork Bull River, and Libby Creek); at
or near the Forest Service gaging station, at the CMW boundary, and within the wilderness (Table
99). For two other creeks located farther from the mine and adits (Ramsey and Poorman), only
predicted changes at the CMW boundary are reported (Figure 67).

Baseflow is predicted to start changing during the Evaluation and Construction Phases
(Geomatrix 2011a). Because of the characteristics of the site groundwater hydrology, dewatering
of the mine and adits would decrease groundwater levels (or cone of depression) that would
slowly expand away from the mine openings, intercepting groundwater that would otherwise
discharge to area streams. At the end of the Evaluation Phase, the 3D model predicted small
reductions in baseflow of less than 3 percent in Libby Creek, East Fork Rock Creek, and East
Fork Bull River. At the end of the Construction Phase, the baseflow reductions in Libby Creek
increase to 12 percent at LB-300 and 9 percent at the CMW boundary, primarily due to adit
dewatering. Baseflow reductions in the other streams are predicted to remain low through the
Construction Phase. The Libby Adit was originally dewatered by NMC in late 1991 and allowed
to reflood starting in late 1997. Once reflooded, water within the adit exited the adit via colluvium
near the portal at an unknown flow rate until MMC reopened the adit and partially dewatered the
Libby Adit beginning in 2008. Based on the historical information for the adit, it is inferred that
the potentiometric head in the vicinity of the adit never fully recovered after the initial dewatering
in 1991 and was farther drawn down with the subsequent MMC dewatering.
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The 3D model used the calibrated heads as the initial head condition and apparently did not
consider the actual head conditions in the vicinity of the adit. This situation may affect the
predicted timing of impacts on the Libby Creek baseflow, but the magnitude of the changes
would likely be unaffected. For example, the current adit dewatering has likely resulted in a
reduction in Libby Creek baseflow upstream of the current point of discharge for the Water
Treatment Plant but the effect is not detected because either the reduction is very small and/or
there are insufficient pre-Libby Adit baseline data for comparison to current conditions.

Libby, Ramsey, and Poorman Creeks. The numerical model-predicted changes in baseflow in
Libby and Ramsey creeks at the end of the Operations Phase would increase from the previous
Phases (Table 99). The estimated baseflow reductions along Libby Creek would range from 14
percent in the wilderness to 22 percent at the CMW boundary. With MMC’s modeled mitigation,
the baseflow reductions would be slightly less (0.01 cfs) in the wilderness, but would otherwise
be the same. Ramsey and Poorman creeks would have slightly less baseflow reduction at the
CMW boundary with MMC’s modeled mitigation.

Rock Creek and East Fork Rock Creek. The 3D model-predicted baseflow for the upper reaches
of East Fork Rock Creek (above and below Rock Lake) is consistent with streamflow observed
by the agencies during a September 2007 field review. In September 2007, no surface runoff was
contributing to the stream. All of the observed flow was likely from deep bedrock groundwater
discharge to the drainage. The flow rate out of Rock Lake was similar to the flow from East Fork
Rock Creek above the lake. Additional monitoring proposed in Alternatives 3 and 4 (see
Appendix C) would assess the source of flow in upper East Fork Rock Creek.

The 3D model predicted that changes in baseflow at the end of mining due to mine dewatering
would reduce the deeper groundwater contribution to East Fork Rock Creek above the lake by
about 0.01 cfs or about 25 percent and 21 percent at the CMW boundary (Geomatrix 2011a)
(Table 99). With MMC’s modeled mitigation, the reduction would be slightly less at the CMW
boundary.

East Fork Bull River. The same effects predicted in the upper reaches of East Fork Rock Creek
are predicted by the two numerical models for the upper reaches of the East Fork Bull River
drainage. The DEQ reported spring (SP-42) discharge in a drainage above St. Paul Lake near the
trace of the Rock Lake Fault at about 200 feet lower in elevation than the spring (SP-41) observed
in the East Fork Rock Creek drainage (McKay, pers. comm. 2007). During normal to dry years
when winter snows have completely melted, deeper groundwater discharge may be the only
source of water to St. Paul Lake during late summer to early fall. Spring SP-42 has not been
confirmed to flow during the late summer baseflow period, so it is uncertain whether this spring
contributes water to St. Paul Lake during the late summer season. Because St. Paul Lake is
located on a relatively permeable glacial moraine, the lake is reported to be completely dry during
extended periods of low or no precipitation. This indicates that the lake drains at a faster rate than
input from groundwater during the late season, and the lake level is maintained by runoff from
snowmelt early in the season.

The 3D model predicted the baseflow at the end of mining in the upper reaches of East Fork Bull
River (below St. Paul Lake) would be reduced by about 0.05 cfs or by 17 percent (Geomatrix
2011a). The baseflow reductions would be the same with MMC’s modeled mitigation during this
phase.
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Table 99. Predicted Changes to Baseflow — End of Operations Phase.

Without MMC’s Modeled . s e o
Model- Mitigation With MMC’s Modeled Mitigation
Drainage and Pre:::-ted Predicted Predicted
Location mining Model- glial: z Percent Model- (;(:lal: Z Percent
(Figure 67) Predicted ang Change | Predicted ang Change
Baseflow in . in .
Baseflow in Baseflow in
(cfs) Baseflow Baseflow
(cfs) Baseflow (cfs) Baseflow
(cfs) (cfs)
Rock Creek and East Fork Rock Creek
At mouth (RC- 7.70 7.64 -0.06 -1% 7.64 -0.06 -1%
2000)
CMW Boundary 0.29 0.23 -0.06 21% 0.24 -0.05 -17%
(EFRC-200)
In CMW (EFRC- 0.04 0.03 -0.01 -25% 0.03 -0.01 -25%
50)
East Fork Bull River
At mouth (Lower 11.34 11.25 -0.09 -1% 11.27 -0.07 -1%
East Fork Bull
River)
CMW Boundary 4.36 4.29 -0.07 -2% 4.29 -0.07 -2%
(EFBR-500)
In CMW (EFBR- 0.29 0.24 -0.05 -17% 0.24 -0.05 -17%
300)
Libby Creek
Libby Creek at US 19.83 19.56 -0.27 -1% 19.57 -0.26 -1%
2
LB-300 1.22 1.02 -0.20 -16% 1.02 -0.20 -16%
CMW Boundary 0.54 0.43 -0.12 -22% 043 -0.11 -20%
(~LB-100)
In CMW (LB-50) 0.28 0.24 -0.04 -14% 0.25 -0.03 -11%
Ramsey Creek
CMW Boundary 0.38 0.34 -0.04 -11% 0.35 -0.03 -8%
(~RA-100)
Poorman Creek

CMW Boundary 0.12 0.11 -0.01 -8% 0.12 0.00 0%
(PM-100)

cfs = cubic feet per second (“cfs” is the accepted unit for reporting streamflow. Because it is a large unit (1 cfs =448.8
gpm), predicted changes in terms of cfs appear to be very precise (i.e., reported to 0.01 cfs). If the results were
converted to gallons per minute, they would be reported to the nearest 5 gpm. Section 3.11.4.4.6. Uncertainties
Associated with Detecting Streamflow Changes due to Mine Activities discusses streamflow variability and
measurability.

With the data currently available, the model results provide a potential range of dewatering rates and streamflow
impacts. They are the best currently available estimates of impacts and associated uncertainty that can be obtained
using currently available data in the groundwater models. Both 3D groundwater flow models would be refined and
rerun after data from the Evaluation Phase were incorporated into the models (see section C.10.4, Evaluation Phase in
Appendix C). Following additional data collection and modeling, the predicted impacts on surface water resources in
the analysis area, including simulation of mitigation measures, may change and the model uncertainty would decrease.
See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

Source: Geomatrix 2011a.
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Springs and Seeps

Based on the results of the numerical models, groundwater drawdown would occur around the
mine as a result of dewatering of the mine void and adits. Flow from springs hydraulically
connected to the deeper groundwater flow path would be reduced. Because springs located below
an elevation of about 5,000 to 5,600 feet may derive their water from both shallow and deep
groundwater flow paths at various ratios, it is not possible to predict the amount (if any) of flow
reduction for any one spring. Some springs and seeps in the mine area have been inventoried, but
the inventory has not yet identified the specific groundwater source for each spring or seep. The
GDE monitoring described in Appendix C would require that specific analyses be performed to
determine the source of water to specific springs.

Tailings Impoundment Area
Groundwater Drawdown and Changes in Baseflow

The Poorman Tailings Impoundment proposed in Alternative 3 would be between the Poorman
Creek and Little Cherry Creek drainages. The available hydrogeologic data from the
impoundment location indicate that the Poorman site is similar to the Little Cherry Creek site
with the exception of having generally higher hydraulic conductivity than the Little Cherry Creek
site. The effects of Alternative 3 would be similar to Alternative 2 (see section 3.10.4.2.1,
Evaluation through Operations Phases), with the following differences:

o Based on available data, the Poorman site does not appear to have a buried channel,
as does the Little Cherry Creek site, which reduces the concern of having a very
deep, high hydraulic conductivity conduit beneath an impoundment that could
become a preferential flow path for seepage from the impoundment.

e The Poorman Impoundment would be located directly upslope from Libby Creek.
Consequently, the predominant groundwater flow direction from beneath the
impoundment is to the east toward Libby Creek, rather than toward the much smaller
Poorman Creek.

A pumpback well system would be installed downgradient of the impoundment and designed to
capture all seepage from the impoundment that was not collected by the underdrain system. The
pumpback well system would consist of a series of groundwater extraction wells designed to
provide 100 percent capture of all groundwater moving from beneath the footprint of the
impoundment. A preliminary pumping well system has been designed, based on existing site data,
that has 16 extraction wells pumping at a combined rate of 247 gpm (Geomatrix 2010c).
Geomatrix constructed a 3D groundwater model of the Poorman Impoundment Site to assist in
design of the system. To establish full capture of the impoundment seepage, a drawdown cone
would be created by the 16 extraction wells. Water levels from north of Ramsey Creek to north of
Little Cherry Creek are predicted to be reduced (Figure 73). As a result of lower groundwater
levels, the model predicted that operation of the pumpback well system would reduce baseflow in
Poorman Creek by 0.18 cfs (81 gpm), Little Cherry Creek by 0.04 cfs (18 gpm), and in Libby
Creek downstream of the confluence of Little Cherry Creek by 0.55 cfs (247 gpm). During the
Operations Phase, water removed by the pumpback well system would be pumped to the
impoundment for use in the mill.

The 3D model for the pumpback well system included an apparent subsurface bedrock ridge
between the Little Cherry Creek and Poorman Creek watersheds. The low permeability bedrock
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ridge appears to separate groundwater flow between the watershed of Little Cherry Creek from
those of Drainages 5 and 10 in the Poorman Impoundment Site (Chen Northern 1989). The
bedrock ridge and resulting groundwater divide were interpreted from a resistivity survey
performed on behalf of NMC and from drill logs, as interpreted by Klohn Crippen (2005). All
available geologic and hydrogeologic data from the Little Cherry Creek and in the Poorman
Impoundment areas were reviewed and discussed in detail by NewFields (2014a). NewFields
concluded that the bedrock ridge would limit drawdown in the Little Cherry Creek watershed, but
drawdown could still extend between watersheds unless the bedrock ridge provided a complete
barrier to cross-boundary groundwater flow. According to NewFields (2014a), perched
groundwater conditions occur beneath most wetlands in the Little Cherry Creek and Poorman
Impoundment areas and the hydrologic support for the wetlands appears to be direct precipitation
and upgradient runoff water that infiltrates into the subsurface. NewFields concluded the
operation of the pumpback wells would have little or no effect on most wetlands in the Little
Cherry Creek watershed. If NewFields’ interpretation proved to be accurate, it is likely that
groundwater drawdown from pumping in the Poorman Impoundment Site would have limited
effect on surface resources in the Little Cherry Creek drainage. The pumping rate required to
capture all seepage would potentially be lower without recharge from the Little Cherry Creek
watershed. Because geologic and hydrologic data from the area between the Little Cherry Creek
and Poorman drainages are lacking, they are not sufficient to eliminate the possibility of the
pumpback well system adversely affecting surface resources, particularly groundwater-supported
wetlands.

Additional subsurface data, such as aquifer pumping tests, from this area would be collected
during the final design process of the Poorman Impoundment (see section 2.5.2.6.3, Final
Tailings Impoundment Design Process in Chapter 2 and Appendix C). Site data to be collected
would include an assessment of artesian pressures and their potential influence on impoundment
stability, an assessment of a subsurface bedrock ridge between Little Cherry Creek and the effect
it may have on pumpback well performance, aquifer pumping tests to refine the impoundment
groundwater model and update the pumpback well design, and site geology to identify conditions
such as preferential pathways that may influence seepage collection system, the pumpback well
system, or impoundment stability. MMC also would complete aquifer testing at the Poorman
Impoundment Site and finalize the design of the pumpback well system. After the system was
designed, at least seven groundwater monitoring wells would be installed downgradient of the
pumpback wells before construction of any of the impoundment facilities (see Figure C-7 in
Appendix C). At least four of these wells would be constructed as nested pairs to monitor both
shallow and deeper flow paths from the impoundment. The wells would be located so that the
cross-sectional area below the impoundment was adequately covered by the monitoring wells. If
any preferential flow paths were encountered during the construction of the impoundment or
installation of monitoring wells, they would be monitored independently. The installation of pairs
of nested wells is intended to monitor a reasonable vertical thickness of the saturated zone. These
data would be used to confirm the geophysical results and the MMC’s hydrogeologic interpreta-
tion. The 3D model would be rerun to evaluate the site conditions with the additional data. MMC
would update the pumpback well design and analysis using the additional data, with a focus on
minimizing drawdown north of impoundment.

In Alternative 2, MMC indicated make-up water may be necessary (see Table 14 in Chapter 2).
For analysis purposes, the agencies identified a possible location for alluvial groundwater wells to
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supply make-up water to the mine, should mine inflow and water from the pumpback well system
be inadequate for process purposes.

Section 2.5.4.3, Water Use and Management discusses a different water management approach
for Alternatives 3 and 4. To provide adequate water for ore processing when Libby Creek water
could not be used beneficially (whenever Libby Creek flow at LB-2000 was less than 40 cfs),
MMC would, under Alternative 3, install an infiltration gallery along Libby Creek and divert up
to 760 gpm of water during periods of high flow (April through July). The infiltration gallery
would be along Libby Creek northeast of the Poorman Tailings Impoundment (Figure 25). The
amount of make-up water required would depend on mine inflows, water production from tailings
impoundment pumpback wells, and precipitation at the impoundment site. MMC would not
withdraw any water for use whenever flows at the point of withdrawal were equal to or less than
40 cfs. Water rights are discussed in detail in section 2.5.4.3.2, Water Rights and section 3.12,
Water Rights.

Groundwater withdrawals from Libby Creek alluvium would decrease groundwater level near the
infiltration gallery while the gallery was in operation. Because of the relatively high hydraulic
conductivity of the alluvium and the hydraulic connection with the active stream, groundwater
levels in the alluvium is expected to fully recover between periods of pumping. Groundwater
levels downgradient of the infiltration gallery would decrease while diversions were made.
Appropriately designed, located and operated infiltration gallery providing up to 760 gpm would
not substantially reduce upgradient alluvial groundwater levels. If the infiltration gallery were
located in the vicinity of the proposed pumpback well system, the infiltration gallery may
increase the area and magnitude of the predicted drawdown cone, when in operation.

Springs and Seeps

Numerous springs were identified in the area surrounding the Poorman Impoundment Site (Figure
70). Thirteen known springs are within the Alternative 3 impoundment disturbance area; five
other springs would be outside of the disturbance area, but may be affected by the pumpback well
system. As in Alternative 2, it is possible that the increase in hydraulic head over the springs by
placement of saturated tailings would prevent future flow from the springs. Alternately, the
springs could discharge to the underdrain system beneath the impoundment and be collected by
the Seepage Collection System. The flow from springs located outside of the impoundment main
dam may be affected by the pumpback well system. The predicted area of groundwater drawdown
extended northward to Little Cherry Creek and beyond. Springs that could be affected by the
pumpback well system are SP-10, 14, 15, 24 and 38 (Figure 73). Four of the springs potentially
affected by the pumpback well system are north of a bedrock ridge that may limit drawdown
effects north of it. Effects on wetlands are discussed in section 3.23, Wetlands and Other Waters
of the U.S.

LAD Area

Alternative 3 does not include the use of LAD for disposal of mine wastewater and groundwater
in the LAD Areas would not be affected. The capacity of the Water Treatment Plant would be
expanded in Alternatives 3 and 4. If there was the need to dispose of water from the tailings
impoundment during the Operations Phase in excess of the water treatment system capacity,
MMC would use enhanced evaporation techniques within the footprint of the impoundment.
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3.10.4.3.2 Closure Phase

Mine Area

The Closure Phase would start at the end of mining (Year 22) and extend through completion of
site reclamation (Year 30). The years discussed in this and other sections are used for analysis
purposes, and may vary from actual mining phases. The modeling of MMC’s modeled mitigation
assumed the construction of bulkheads in the year mining ceased (Year 22) when mine closure
would actually take several years to implement. In addition, the following discussion is based on
the results of the 3D model that did not consider multiple plugs in the adit for water rights
mitigation. During the Closure Phase, dewatering of the mine void and adits would cease, the
adits would be plugged, and the voids would begin to fill with groundwater. Plugging of the adits
during the Closure Phase would result in recovery of baseflow in the Libby, Ramsey, and
Poorman watersheds, after reaching a maximum baseflow reduction soon after the adits were
plugged (between Years 22 and 25). Groundwater levels in the mine area are not expected to
recover during this phase because groundwater would continue to flow into the dewatered mine
void. Groundwater levels in the mine area would continue to decrease as water continued to flow
into the mine void. Changes to baseflow in the East Fork Rock Creek and East Fork Bull River
would continue to decrease, reaching a maximum during the early Post-Closure Phase, with the
exception of East Fork Rock Creek above Rock Lake that would reach a maximum reduction
during the Closure Phase (Table 100).

In addition to the grouting mitigation analyzed for the Operations Phase, a second mitigation
would be implemented during the Operations and Closure Phases. During the Operations Phase,
MMC would leave one or more low permeability barrier pillars at appropriate locations within the
mine void to compartmentalize the large void into smaller sections if necessary to minimize post-
mining changes in East Fork Rock Creek and East Fork Bull River streamflow and water quality.
If pillars were left in place, concrete bulkheads would be constructed at any access opening
through the barrier pillars. For the Closure and Post-Closure Phase analyses, the mitigated results
assumed both grouting during the Operations Phase and the barrier pillars were in place after
mining ceased. The process for determining the need for barrier pillars is discussed in Chapter 2
(see p. 139 for Evaluation Phase, p. 162 for Operations Phase, and p. 178 for Closure Phase).

Based on the 3D model simulation and not considering water rights mitigation, the portal area of
the adits would be plugged soon after the Operations Phase ended (Year 22). drawdown would
reach a maximum in the area above the adits between Years 22 and 25 and groundwater levels
would begin recovering as the adits filled with water. Maximum baseflow reductions in Libby,
Ramsey, and Poorman creeks are predicted to occur soon after the adits were plugged. As
groundwater levels rose, the impact on baseflow in the Libby Ramsey, and Poorman watersheds
would begin to decrease from the maximum soon after the adits were plugged. Table 99 provides
predicted baseflow changes for Year 22 (end of Operations Phase) and Table 100 provides
predicted baseflow changes for Year 25 (Closure Phase without multiple adit plugs). The trend of
increasing water levels is predicted to continue until groundwater levels reached steady state in
Year 1,172 without MMC’s modeled mitigation (Table 103). Mitigation implemented during the
Operations Phase (grouting and low permeability barriers) and at closure (bulkheads at access
openings in the barriers (unmined ore); multiple adit plugs), would reduce impacts on baseflow
slightly in all streams and may change the timing of maximum impact, as described in the
footnotes to Table 101.
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To avoid adversely affecting senior water rights in the Libby Creek and Ramsey Creek drainages,
MMC would install plugs at the base of each adit soon after mining operations ceased. Because
the adits would then be hydraulically isolated from the mine void, groundwater levels would
begin to recover. Steady state groundwater conditions would occur in the Libby Creek and
Ramsey Creek drainages within an estimated 10 to 20 years. The estimate is based on an inflow
rate to the adits of 100 to 200 gpm to all three adits, the assumption that during 8 months of the
year water would be pumped from the adit for water rights mitigation, and filling of the adits
from the mine void to the ground surface. Actual length of time would depend on location of the
initial plugs and adit inflow rate at Closure. The time to fill the adits could be reduced to a few
years if MMC used water diverted from Libby Creek during high flows to fill the adits during the
Closure Phase. Baseflow changes in Libby Creek and Ramsey Creek would be similar to those
shown in Table 100, but the effects would decline more rapidly with multiple adit plugs. Multiple
adit plugs would not affect predicted baseflow changes in the East Fork Rock Creek and East
Fork Bull River shown in Table 100.

Tailings Impoundment Area
The effects at the tailings impoundment area are discussed in the following Post-Closure Phase.
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Model- Without MMC’s Modeled Mitigation With MMC’s Modeled Mitigation
Predicted
Drainage and Location Pre- Model- Predicted p t Model- Predicted p t
(Figure 67) mining Predicted Change in Chercen. Predicted Change in Chercen.
Baseflow Baseflow Baseflow B angle in Baseflow Baseflow B angle in
(cfs) (cfs) (cfs) asetlow (cfs) (cfs) asetlow
Rock Creek and East Fork Rock Creek

At mouth (RC-2000) 7.70 7.51 -0.19 -8% 7.54 -0.16 -2%
CMW Boundary (EFRC-200) at outlet of 0.29 0.11 -0.18 -62% 0.14 -0.15 -51%
Rock Lake

In CMW (EFRC-50) 0.04 0.00 -0.04 -100% 0.00 -0.04 -100%

East Fork Bull River
At mouth (Lower East Fork Bull River) 11.34 11.22 -0.12 -1% 11.25 -0.09 -1%
CMW Boundary (EFBR-500) 4.36 4.20 -0.16 -4% 4.21 -0.15 -3%
In CMW (EFBR-300) 0.29 0.17 -0.12 -41% 0.18 -0.11 -37%
Libby Creek
Libby Creek at US 2 19.83 19.58 -0.25 -1% 19.58 -0.25 -1%
LB-300 1.22 1.03 -0.19 -16% 1.04 -0.18 -15%
CMW Boundary (~LB-100) 0.54 0.44 -0.10 -19% 0.44 -0.10 -19%
In CMW (LB-50) 0.28 0.24 -0.04 -14% 0.25 -0.03 -11%
Ramsey Creek
CMW Boundary (~RA-100) | 038 | 0.35 | -0.03 | -1% | 0.35 | -0.03 | -1%
Poorman Creek
CMW Boundary (PM-100) [ o012 | 0.12 | 0.00 | 0% | 0.12 | 0.00 | 0%

Effects shown do not include mitigation measures not provided in MMC’s 3D model report such as increasing buffer zones or using multiple plugs in the adits during closure.
Such mitigation would be evaluated after additional data were collected during the Evaluation Phase.

cfs = cubic feet per second (“cfs” is the accepted unit for reporting streamflow. Because it is a large unit (1 cfs = 448.8 gpm), predicted changes in terms of cfs appear to be
very precise (i.e., reported to 0.01 cfs). If the results were converted to gallons per minute, they would be reported to the nearest 5 gpm. Section 3.11.4.4.6. Uncertainties
Associated with Detecting Streamflow Changes due to Mine Activities discusses streamflow variability and measurability.

Baseflow changes reported for Year 25 for all locations.

With the data currently available, the model results provide a potential range of dewatering rates and streamflow impacts. They are the best currently available estimates of
impacts and associated uncertainty that can be obtained using currently available data in the groundwater models. Both 3D groundwater flow models would be refined and
rerun after data from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in Appendix C). Following additional data collection and
modeling, the predicted impacts on surface water resources in the analysis area, including simulation of mitigation measures, may change and the model uncertainty would
decrease. See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

Source: Geomatrix 2011a.
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Table 101. Predicted Changes to Baseflow — Post-Closure Phase (Maximum Baseflow Change).

Model Without MMC’s Modeled Mitigation With MMC’s Modeled Mitigation
Drainage and Location poedicted Model- Predicted Model- Predicted
: re-mining . . Percent X . Percent
(Figure 67) Baseflow Predicted Change in ch : Predicted Change in .
Baseflow Baseflow ange in Baseflow Baseflow Change in
(cfs) Baseflow Baseflow
(cfs) (cfs) (cfs) (cfs)
Rock Creek and East Fork Rock Creek

At mouth (RC-2000) 7.70 7.05 -0.65 -8% 7.55 -0.15 -2%
CMW Boundary (EFRC-200) at outlet of 0.29 0.00 -0.29 -100% 0.12 -0.17 -59%
Rock Lake (-0.15)° (-0.44)°

In CMW (EFRC-50) 0.04 0.00 -0.04 -100% 0.00 -0.04 -100%

East Fork Bull River
At mouth (Lower East Fork Bull River) 11.34 11.01 -0.33 -3% 11.02 -0.32 -3%
CMW Boundary (EFBR-500) 4.36 3.96 -0.40 -9% 3.97 -0.39 -9%
In CMW (EFBR-300) 0.29 0.00 -0.29 -100% 0.01 -0.28 -97%
Libby Creek
Libby Creek at US 2 19.83 19.72 -0.11 -1% 19.73 -0.10 -1%
LB-300 1.22 1.10 -0.12 -10% 1.10 -0.12 -10%
CMW Boundary (~LB-100) 0.54 0.47 -0.07 -12% 0.48 -0.06 -11%
In CMW (LB-50) 0.28 0.24 -0.04 -14% 0.25 -0.03 -11%
Ramsey Creek
CMW Boundary (~RA-100) | 038 | 0.36 | -0.02 | -4% | 0.36 | -0.02 | -4%
Poorman Creek
CMW Boundary (PM-100) | 012 | 0.12 | 0.00 | 0% | 0.12 | 0.00 | 0%

SNegative value represents reduction of baseflow to zero and loss of water from storage in Rock Lake without MMC’s modeled mitigation. The baseflow change of -0.44 cfs
would result from a change in baseflow of 0.29 cfs plus a reduction in lake storage at the rate of 0.15 cfs.
cfs = cubic feet per second (“cfs” is the accepted unit for reporting streamflow. Because it is a large unit (1 cfs = 448.8 gpm), predicted changes in terms of cfs appear to be very
precise (i.e., reported to 0.01 cfs). If the results were converted to gallons per minute, they would be reported to the nearest 5 gpm. Section 3.11.4.4.6. Uncertainties Associated
with Detecting Streamflow Changes due to Mine Activities discusses streamflow variability and measurability.
With and Without MMC’s modeled mitigation - maximum model predicted baseflow reductions occur at Year 38 for the Rock Creek drainage and Year 52 for the East Fork Bull
River drainage. East of the divide, the maximum model predicted baseflow reductions in the Libby Creek watershed would occur between Year 22 (as reported in Table 99) and
Year 25 (as reported in Table 100). Baseflow changes for east slope watersheds in this table are for Year 38. Effects shown do not include mitigation measures not provided in
MMC’s 3D model report such as increasing buffer zones or using multiple plugs in the adits during closure. Such mitigation would be evaluated after additional data were

collected during the Evaluation Phase.

With the data currently available, the model results provide a potential range of dewatering rates and streamflow impacts. They are the best currently available estimates of impacts
and associated uncertainty that can be obtained using currently available data in the groundwater models. Both 3D groundwater flow models would be refined and rerun after data
from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in Appendix C). Following additional data collection and modeling, the
predicted impacts on surface water resources in the analysis area, including simulation of mitigation measures, may change and the model uncertainty would decrease. See section
3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

Source: Geomatrix 2011a; East Fork Bull River results from Geomatrix, pers. comm. 2011c.
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3.10.4.3.3 Post-Closure Phase

The 3D model predicted the effect of the agencies’ mitigation would be most noticeable in the
Post-Closure Phase. Table 102 summarizes the difference in effects with and without mitigation.
The following sections describe effects predicted by the 3D model, with and without mitigation.

Mine Area

Groundwater Drawdown without Mitigation

The Post-Closure Phase would begin in about Year 31 after all active reclamation activities were
completed. Without mitigation, the mine void would continue to fill with water and groundwater
levels would begin to recover around the deepest part of the mine void. Groundwater levels above
the shallow end of the mine void (south end) would continue to decline, as the deep end of the
mine void filled with water. Maximum drawdown is predicted to occur about 30 years after
mining, with a maximum drawdown of more than 1,000 feet over the mine void north of Rock
Lake (Figure 72). Water levels over the mine void closest to Rock Lake (in mining block 18) are
predicted to reach maximum drawdown in Year 38, or 16 years after mining ceased (Chart 15).

Geomatrix (2011a) reported that the 3D model predicted that without mitigation the mine void
and adits would require 493 years (or Year 515) to fill to an elevation of 4,800 feet (Chart 15).
MMC proposed to maintain a 500-foot buffer from Rock Lake, which has an elevation of 4,958
feet. Although the upper mine void elevation would be less than 500 feet below the lake’s
elevation, the mine void would be 500 feet laterally from the lake. The upper mine void elevation
may be less than 4,800 feet with a 500-foot buffer (Figure 11). Much of the mine void would be
substantially filled in less time, but as the mine void filled, the inflow rate would decrease,
requiring a predicted 493 years to completely fill the mine void to an elevation of 4,800 feet.

Chart 15. Predicted Water Levels Above Mine Void over Mining Block 18 Near Rock Lake,
Without Mitigation.
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Table 102. Comparison of Groundwater Changes with and without Agencies’ Mitigation.

Characteristic W'thm.]t. Ag_enmes With Agencies’ Mitigation
Mitigation
Mitigation
Mine void barriers None Two or more barriers of unmined

ore with bulkheads at access
openings, if necessary

Mining buffer zones

500 feet from Rock Lake and 100
feet from Rock Lake Fault

(Figure 11)

1,000 feet from Rock Lake and 300
feet from Rock Lake Fault (Figure
11)

Adit plugs

One plug near adit portal

Two or more, site-specifically
designed plugs: one near mine void
and one near adit portals

Grouting

None

Grout the sides of the three
uppermost mine blocks and
corresponding access ramps;
additional grouting as necessary

3D Model Predictions

Timing of maximum drawdown

16 years after mining for East
Fork Rock Creek (Year 38) and
30 years after mining for East
Fork Bull River( Year 52)

Similar to the without mitigation
scenario

Timing of maximum drawdown in
mining block 18 (closest to Rock
Lake)

16 years after mining (Year 38)

2.8 years after mining (Year 25)

Timing of steady state conditions in
groundwater levels over entire mine
void

1,150 years after mining (Year
1,172)

1,300 years after mining (Year
1,322); multiple adit plugs not
modeled but would increase time
required to reach steady state

Timing of steady state conditions in
groundwater levels over mining
block 18 (closest to Rock Lake)

1,150 years after mining (Year
1,172) (Chart 15)

40 years after mining (Year 62)

Permanent effect on water levels
overlying mining block 18

45 feet below pre-mine
conditions (Chart 15)

Return to near pre-mine conditions

Timing of steady state conditions in
groundwater levels over adits

130 years after mining

10 to 20 years after mining

Permanent effect on water levels
overlying adits

Between 10 and 100 feet in some
locations (Figure 74)

Not modeled; less than shown in
Figure 74

Baseflow change in upper East Fork
Rock Creek at maximum drawdown

0.29 cfs reduction at CMW
boundary; 0.15 cfs loss of water
from Rock Lake (Table 101)

0.17 cfs reduction at CMW
boundary; no loss of water from
Rock Lake (Table 101)

Baseflow change in upper East Fork
Bull River at maximum drawdown

0.40 cfs reduction at CMW
boundary (Table 101)

0.39 cfs reduction at CMW
boundary (Table 101)

Baseflow change in upper East Fork
Rock Creek at steady state

0.03 cfs reduction at CMW
boundary (Table 103)

No change at CMW boundary
(Table 103)

Baseflow change in East Fork Bull
River at steady state

0.05 cfs increase at mouth (Table
103)

0.01 cfs reduction at mouth (Table
103)

With the data currently available, the model results provide a potential range of dewatering rates and streamflow
impacts. They are the best currently available estimates of impacts and associated uncertainty that can be obtained
using currently available data in the groundwater models. Both 3D groundwater flow models would be refined and
rerun after data from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in
Appendix C). Following additional data collection and modeling, the predicted impacts on surface water resources in
the analysis area, including simulation of mitigation measures, may change and the model uncertainty would decrease.
See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

cfs = cubic feet per second.
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After the mine void and adits filled, water levels in fractures overlying the mine void and adits
would continue to return to pre-mine conditions. Groundwater levels overlying the mine void and
adits are predicted to reach equilibrium or steady state conditions in about Year 1,172 without
MMC'’s modeled mitigation. Water levels are predicted without MMC’s modeled mitigation to
permanently remain greater than 100 feet below pre-mine conditions over portions of the mine
void and between 500 and 1,000 feet in a small area 1,800 feet north of Rock Lake (Figure 74).
Without mitigation, water levels overlying mining block 18 (the block closest to Rock Lake) are
predicted to remain 45 feet below pre-mine conditions (Chart 15). Because of model uncertainties
due to limited data, the time required for mine void refilling and the time required to reach steady
state would be re-evaluated during the Evaluation Phase when more hydrogeologic data were
available.

Groundwater Drawdown with Mitigation

With MMC’s modeled mitigation as modified by the agencies, one or more barrier pillars would
be left if necessary to minimize post-mining changes to East Fork Rock Creek and East Fork Bull
River streamflow and water quality. The barrier pillars, if retained, would create two or more
“compartments” within the mine void, with each filling at a rate controlled by the hydraulic
conductivity of the surrounding rock. With the agencies’ mitigation, groundwater levels above
each compartment of the mine would continue to decline, as water filled each compartment
created by the low permeability barriers. Because the hydraulic conductivity likely decreases with
depth, the shallowest compartments of the mine void would fill sooner than the deeper sections.
The shallowest compartments (those closest to Rock Lake) with mitigation would fill sooner than
without mitigation. For example, lowest water table elevation over mining block 18 at the south
end of the mine void is predicted, with MMC’s modeled mitigation, to occur 2.8 years after
closure, or 25 years after the onset of mining. With the agencies’ mitigation of increased buffer of
1,000 feet, the highest mine void elevation would be several hundred feet deeper and the mining
block closest to Rock Lake would fill within 10 to 20 years (Appendix G in Geomatrix 2011a).
The agencies’ mitigation in the mine area would reduce the maximum drawdown and the
maximum change to baseflow.

As result of the water rights-related mitigation implemented during the Closure Phase, the adits
would recover much sooner than predicted by the 3D model. Because the adits would be
hydraulically isolated from the mine void, the adits would reflood and groundwater levels in the
Libby, Ramsey, and Poorman creek drainages would reach steady state conditions independently
from water levels over the mine void, within an estimated 10 to 20 years after operations ceased.
The effect would be reduced to a few years if MMC used water diverted from Libby Creek during
high flows to fill the adits during the Closure Phase. The residual drawdown in the Libby Creek
drainage with the agencies’ mitigation would be less than that shown in Figure 74.

With MMC’s modeled mitigation, much less post-mining drawdown would be propagated to the
water table on the south end of the mine void. Water levels closest to Rock Lake (overlying
mining block 18) are predicted to return to near pre-mine conditions in about 40 years after
mining (Appendix G in Geomatrix 2011a). Groundwater levels over the entire mine void are
predicted to reach equilibrium or steady state in about Year 1,322 with MMC’s modeled
mitigation. Groundwater levels with MMC’s modeled mitigation are predicted to take longer to
reach steady state conditions because the rate of filling in the deeper sections would be slower
than the average rate over the entire mine void without mitigation. Multiple adit plugs, which are
a component of the agencies’ mitigation that were not simulated in the model, would also increase
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the time to reach steady state conditions over the mine void because adit inflows would not fill
the void. Because of model uncertainties due to limited data, the time required for mine void
refilling and the time required to reach steady state would be re-evaluated during the Evaluation
Phase when more hydrogeologic data were available.

Changes in Groundwater Storage

Assuming a reasonably range of storage values for the bedrock, such as those used in the 3D
model, groundwater storage in the flooded mine void and adits would be significantly larger than
groundwater stored in fractures in the same area before mining. If 120 million tons of ore and 3.2
million tons of waste rock were mined, the estimated increase in groundwater storage would be
about 11.3 billion gallons or 34,600 acre feet of water without mitigation. With mitigation of
increased buffers and barrier pillars, if necessary, the mine void and the increase in groundwater
storage would be slightly smaller.

Changes in Baseflow

The predicted reductions presented in Table 103 would be permanent changes to pre-mining
baseflow because groundwater levels would be at steady state and below pre-mine levels (Figure
74). Residual drawdown near the upgradient end of the mine is predicted to be greater along the
Rock Lake, Libby Lake, and Snowshoe faults. As discussed in the Closure Phase section, a
second mitigation of leaving barrier pillars, if necessary, would be designed using all available
hydrologic data collected during mining and implemented during the Operations and Closure
Phases.

The following discussion provides a summary of baseflow changes in the affected drainages
during the Post-Closure Phase. Section 3.11.4.4.6, Uncertainties Associated with Detecting
Streamflow Changes due to Mine Activities discusses streamflow variability and measurability.

The 3D model simulation of the Post Closure Phase indicates that effects on baseflow in the east
slope drainages would reach a maximum during the Closure Phase and continue well into the
Post-Closure Phase (hundreds of years without MMC’s modeled mitigation). At steady state, the
model predicted no impact on baseflows in the east slope drainages. The 3D model did not
consider water rights mitigation that would greatly shorten the recovery time for the east slope
groundwater levels, and therefore, stream baseflows. The adit plugging mitigation, as described in
section 2.5.4.3.2, Water Rights and section 3.12, Water Rights, would hydraulically isolate the
adits from the mine void and significantly reduce the refilling time of the adits. As a result, stream
baseflow is expected to return to pre-mining rates within 10 to 20 years of the end of the
Operations Phase, or within the first few years of the Post Closure Phase. The effect would be
reduced to a few years if MMC used water diverted from Libby Creek during high flows to fill
the adits during the Closure Phase.

As described previously, the groundwater levels above the mine void would continue to decline
after dewatering ceased because the mine void would continue to draw from groundwater as it
began to fill. As a result, the maximum drawdown in the area above the south end of the mine
void would occur, without MMC’s modeled mitigation, about 16 years after the adits were
plugged (about Year 38) (Table 101). Starting some time before Year 38, the baseflow in upper
East Fork Rock Creek (above Rock Lake, and at the outlet of Rock Lake in the vicinity of EFRC-
200) would be reduced to zero. Without MMC’s modeled mitigation, the 3D model also predicted
that, in addition to 100 percent baseflow reduction to Rock Lake, the potentiometric surface
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Table 103. Predicted Changes to Baseflow — Post-Closure Phase (Steady State).

Without MMC’s Modeled . s e g
Model- Mitigation With MMC’s Modeled Mitigation
Dralnagg and Predlf:tgd Model- Predicted Percent Model- Predicted Percent
Location Resninie Predicted Change Change | Predicted Change Change
(Figure 67) Baseflow in ang in ang
Baseflow in Baseflow in
(cfs) Baseflow Baseflow
(cfs) Baseflow (cfs) Baseflow
(cfs) (cfs)
Rock Creek and East Fork Rock Creek
At mouth (RC-2000) 7.70 7.67 -0.03 -0.4% 7.71 0.01 0.1%
CMW Boundary 0.29 0.26 -0.03 -10% 0.29 0.00 0%
(EFRC-200) at outlet
of Rock Lake
In CMW (EFRC-50) 0.04 0.02 -0.02 -50% 0.03 -0.01 -25%
East Fork Bull River
At mouth (Lower 11.34 11.39 0.05 0.4% 11.33 -0.01 -0.1%
East Fork Bull River)
CMW Boundary 4.36 4.35 -0.01 -0.2% 4.35 -0.01 -0.2%
(EFBR-500)
In CMW (EFBR-300) 0.29 0.27 -0.02 1% 0.27 -0.02 1%
Libby Creek
Libby Creek at US 2 19.83 19.83 0.00 0% 19.83 0.00 0%
LB-300 1.22 1.22 0.00 0% 1.22 0.00 0%
CMW Boundary 0.54 0.54 0.00 0% 0.54 0.00 0%
(~LB-100)
Wilderness (LB-50) 0.28 0.28 0.00 0% 0.28 0.00 0%
Ramsey Creek
CMW Boundary 0.38 0.38 0.00 0% 0.38 0.00 0%
(~RA-100)
Poorman Creek
CMW Boundary 0.12 0.12 0.00 0% 0.12 0.00 0%
(PM-100)

cfs = cubic feet per second (“cfs” is the accepted unit for reporting streamflow. Because it is a large unit (1 cfs = 448.8 gpm),
predicted changes in terms of cfs appear to be very precise (i.e., reported to 0.01 cfs). If the results were converted to gallons
per minute, they would be reported to the nearest 5 gpm. Section 3.11.4.4.6. Uncertainties Associated with Detecting
Streamflow Changes due to Mine Activities discusses streamflow variability and measurability.

Steady state conditions predicted to occur at Year 1,172 without MMC’s modeled mitigation and at Year 1,322 with MMC’s
modeled mitigation.

With the data currently available, the model results provide a potential range of dewatering rates and streamflow impacts.
They are the best currently available estimates of impacts and associated uncertainty that can be obtained using currently
available data in the groundwater models. Both 3D groundwater flow models would be refined and rerun after data from the
Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in Appendix C). Following
additional data collection and modeling, the predicted impacts on surface water resources in the analysis area, including
simulation of mitigation measures, may change and the model uncertainty would decrease. See section 3.10.4.3.5,
Groundwater Model Uncertainty for more discussion of model uncertainty.

Source: Geomatrix 2011a.

would be sufficiently lowered to cause water in storage in Rock Lake to move into the
groundwater system at the rate of 0.15 cfs. The water balance developed by Geomatrix (2011a)
for Rock Lake indicates the lake receives water directly from the groundwater system, which is
an indication that the lake is hydraulically connected to the groundwater system. Predicted
impacts on Rock Lake are discussed in section 3.13.4, Surface Water Hydrology.
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Because the baseflow reduction along East Fork Rock Creek would occur in the area overlying
the predicted drawdown cone of depression (Figure 72), most if not all of the baseflow reduction
would occur between EFRC-50 and upstream of Rock Creek Meadows. Based on the 3D model,
groundwater discharges to the creek, and therefore baseflow, just upstream of the Rock Creek
Meadows are predicted to be reduced by 0.29 cfs, without MMC’s modeled mitigation.

As groundwater levels began to recover during the Post-Closure Phase (after Year 38), the
changes in baseflow would decrease, reaching steady state by Year 1,172 without MMC’s
modeled mitigation. Because the 3D model predicted that groundwater levels would not recover
to pre-mining levels, there would be a permanent loss of baseflow in upper East Fork Rock Creek
(above Rock Lake) and a permanent reduction in baseflow in East Fork Rock Creek and Rock
Creek (Table 103).

The primary predicted effect of MMC’s modeled mitigation on the Rock Creek drainage during
maximum baseflow reduction would be the elimination of the loss of water from storage in Rock
Lake and a reduction in the change in baseflow in the vicinity of the lake by about half. Because
groundwater levels would not recover to pre-mining levels, there would be permanent changes to
baseflow in the Rock Creek drainage, but the effects would be smaller than those predicted
without MMC’s modeled mitigation.

Based on the results of both numerical models, reduced baseflow would persist during the Post-
Closure Phase for a portion of the East Fork Bull River drainage until the mine void refilled with
water and the regional potentiometric surface stabilized. As the regional potentiometric surface
reached steady state conditions (Year 1,172 without MMC’s modeled mitigation), both numerical
models predict a slight increase in groundwater contribution to portions of the East Fork Bull
River compared to pre-mining conditions (ERO Resources Corp. 2009 and Geomatrix 2011a). A
change in groundwater flow path would occur because the mine void would interconnect the two
watersheds, resulting in the diversion of groundwater from the East Fork Rock Creek to the East
Fork Bull River drainage. The groundwater exchange rate between drainages is predicted to be
very small (0.07 cfs). The only difference between the predictions of the two models is the
location along East Fork Bull River where this may occur. The 3D model predicted the increase
flow would occur mostly in the lower portion of the river below the CMW boundary, whereas the
2D model predicted the increased flow would occur in the upper reaches of the river within the
wilderness.

As with the 2D model, the MMC 3D model also predicted, without MMC’s modeled mitigation,
that a potential for groundwater to flow from the East Fork Rock Creek watershed to the East
Fork Bull River watershed via the mine void because of the void that would connect to the
watersheds. Whether this occurred would depend on the location of sufficiently permeable faults
and/or fractures between the distal end of the mine void and the Rock Lake Fault because the
mine void would be located about 3,000 feet below the drainage. The 2D and 3D models showed
that low permeability barriers within the completed mine void would control the level to which
groundwater levels would recover, and therefore the direction of groundwater flow within the
mine void.

There is uncertainty regarding the nature and extent of the Rock Lake Fault in the vicinity of East
Fork Bull River. There is not sufficient mapping data to determine whether the near vertical
normal Rock Lake Fault terminates within the East Fork Bull River, extends northward beyond
the drainage, or transitions to a mapped thrust fault that extends down the drainage. This
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uncertainty in the 3D model simulation of the faults in this area would not impact any other part
of the simulation or predictions of that model. The location of the discharge within East Fork Bull
River is only relevant for the analysis of possible impacts on water quality from mine void water
(see section 3.13.4.2.3, Closure and Post-Closure Phases (Years 25+)).

With MMC’s modeled mitigation, the maximum reduction in baseflow along East Fork Bull
River would be somewhat less (Table 101). The primary difference between the mitigated and
unmitigated scenarios would be in the reversal of the hydraulic gradient at steady state,
minimizing the flow of water from the mine void to East Fork Bull River. There would be a small
permanent loss of baseflow to the river with MMC’s modeled mitigation. The potential direction
of post-mining groundwater flow direction within the mine void would be better defined using all
hydrologic data collected during mining. The low permeability barrier design would be based on
an analysis of these data.

Tailings Impoundment Area

At the beginning of the Closure Phase, the mill would cease operation and the tailings
impoundment would no longer receive tailings. Because the mill would no longer use water from
the impoundment, impoundment seepage collected by the seepage collection system and the
pumpback well system would be treated at the Water Treatment Plant before discharging it. If the
total rate collected by the two systems exceeded the capacity of the treatment system, MMC
would pump any water in excess of the treatment system capacity back to the impoundment.
Current Water Treatment Plant capacity is 500 gpm, which would be increased in Alternatives 3
and 4. Once all of the standing water was removed from the impoundment, the surface of the
impoundment would be reclaimed. The seepage collection and pumpback well systems would
continue to operate until flow from the impoundment met BHES Order limits or applicable
nondegradation criteria of all receiving waters. As adjacent compliance wells met applicable
standards, individual pumpback wells may be shut down and adjacent compliance wells still
monitored. As long as the pumpback well system operated, its operation would reduce baseflow
to Libby, Poorman, and Little Cherry Creek and reduce flow to springs and wetlands within the
area of groundwater drawdown. When operating, the pumpback well system would pump at a rate
necessary to maintain full capture of seepage from the impoundment. After flow from the
impoundment met BHES Order limits or applicable nonsignificance criteria of all receiving
waters, operation of the seepage collection system and the pumpback wells would be terminated
and the wells plugged and abandoned. Assuming pumpback wells operated at 250 gpm until all
pumping ceased, groundwater levels would mostly recover in 13 years after pumping ceased with
an estimated residual flow depletion to Libby Creek of 0.1 cfs (50 gpm) and fully recover in
about 25 years (NewFields 2013a). Groundwater levels may recover sooner if pumping rates were
reduced during the Closure Phase in response to tailings consolidation and impoundment
reclamation. As groundwater levels recovered, springs that were buried by the impoundment,
such as SP-26 and SP-28, may again flow, but into the impoundment’s gravel underdrain system.
Springs outside of the impoundment footprint that were affected by the pumpback wells would
likely return to pre-mine conditions and may contribute to baseflow to channels outside of the
impoundment.

3.10.4.3.4  Climate Change

The effects of climate change in combination with Alternative 3 would be the same as Alternative
2.
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3.10.4.3.5  Groundwater Model Uncertainty

Both the 2D and 3D model reports include a discussion of the respective model’s sensitivity to a
range of hydrologic characteristics (ERO Resources Corp. 2009; Geomatrix 2011a). The
sensitivity analysis for the 3D model indicates that varying hydraulic conductivity of the various
layers by one order of magnitude (10 times) in either direction provides results that may be
considered feasible, but the model calibration was poorer than for the selected values for
hydraulic conductivity. The sensitivity analysis of varying hydraulic conductivity using the 3D
model resulted in a range of mine inflows of 130 to 1,800 gpm. Based on historical and current
inflow data from the Libby Adit, steady state mine inflows of 130 or 1,800 gpm are unlikely,
indicating that the hydraulic conductivity values used in the calibrated model run provide a
reasonable estimate of mine inflow, groundwater drawdown, and changes to baseflow within the
constraints of other parameters used in the models.

Each model report discusses overall uncertainty of the respective model results. There is
uncertainty associated with the hydraulic properties of the bedrock and faults; predictions of mine
inflows and impacts on water resources are sensitive to permeability of major fault zones. In
addition to varying the bulk hydraulic conductivity, Geomatrix (2011a) varied the hydraulic
conductivity of layers adjacent to faults. The modified fault analysis did not provide a good match
with flow tests performed within the Libby Adit and over-predicted observed adit inflow. The
modified fault analysis predicted greater depletion in baseflow to nearby streams, compared to the
calibrated model runs (Geomatrix 2011a).

With the data currently available, the model results provide a potential range of mine dewatering
and pumping (in the case of the tailings impoundment model) rates and streamflow impacts. They
are the best currently available estimates of impacts and associated uncertainty that can be
obtained using currently available data in the groundwater models. Both 3D groundwater flow
models (mine area and tailings impoundment area) would be refined and rerun after data from the
Evaluation Phase were incorporated into the models (see section C.10.4, Evaluation Phase in
Appendix C). Following additional data collection and modeling, the predicted impacts on
surface water resources in the analysis area, including simulation of mitigation measures, may
change and the model uncertainty would decrease.

To avoid confusion, this EIS uses the activity years reported in the 3D model report. The 3D
model report assigns predictions to the nearest year, such as Year 22 or Year 1172. There is
uncertainty as to the actual year any specific event would occur, particular for those events that
would occur beyond end of mining.

In addition to model uncertainty, there is also the issue of measurability. The numerical models
predict baseflow changes at various locations along streams draining the mine area, but the
models do not consider what is possible to detect or measure. Other factors should be considered
when reviewing and interpreting predicted baseflow. For example, baseflow at any one location
along a stream may not be easily defined within the range of the model-predicted changes.
Impacts from dewatering the mine and adits may be expressed in other ways, such as changing
the elevation at which streams began to flow. Mine dewatering (and resultant groundwater
drawdown) may cause this elevation to be lower in a drainage. Section 3.11.4.4.6, Uncertainties
Associated with Detecting Streamflow Changes due to Mine Activities discusses streamflow
variability and measurability.
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3.10.4.3.6  Effectiveness of Agencies’ Proposed Monitoring and Mitigation

Monitoring
Groundwater Levels

The most effective method for monitoring groundwater levels would be the installation of
piezometers in the area overlying the ore body. This method is typically used to establish baseline
groundwater conditions and monitor changes due to mine activities. Because the ore body is
located within the CMW, the Forest Service did not include the installation of piezometers in the
CMW in the agencies’ alternatives. Drilling in the CMW would have required the use of
helicopter supported drilling in an important grizzly bear corridor. To avoid affecting the bear
from drilling in the CMW, the agencies developed a detailed underground monitoring program,
provided in Appendix C. Underground monitoring would be effective if implemented as
discussed in Appendix C.

In Alternatives 3 and 4, MMC would monitor groundwater level changes from numerous
locations from within the mine and adits (Appendix C). This information would be effective in
establishing seasonal and long-term trends resulting from mine dewatering, and in understanding
the hydrogeology to be used in refining the 3D model. Because the underground piezometers
would be installed after the dewatering process had started, this monitoring would not fully
characterize pre-mining conditions. Also, once mining ended, the monitoring locations would not
be accessible for collecting groundwater recovery data.

Groundwater levels downgradient of the tailings impoundment would be monitored both
continuously using data loggers and by hand monthly (Appendix C). Water quality monitoring in
adjacent compliance wells also would be monitored. Monitoring data would be effective in
establishing whether all groundwater flowing from beneath the impoundment was captured by the
pumpback well system. Additional monitoring locations may be required if review of the initial
monitoring network indicated that capture could not be confirmed due to inadequate data. This
performance-based approach would require that the pumpback well system be modified, as
necessary, to ensure that all tailings seepage was captured.

Changes in Spring Flow

The agencies would require that MMC collect flow data from springs in the area predicted by the
groundwater model to be affected by groundwater drawdown due to mine dewatering. The
monitoring would be initiated before the Evaluation Phase and would continue through the
Operations and Closure Phases (Appendix C). Springs selected for flow measurement would be
those that derive most or all of their water from bedrock sources, such as SP-41. Flow of the
selected springs would be measured at least annually when accessible (typically early July
through October), and others would be recorded continuously during the same time period.

With annual flow measurements of springs, many years of data collection would be required to
identify potential spring flow decreases due to mine dewatering. Because of natural variability
and flow measurement precision, it would be difficult to identify any flow changes other than
large, obvious decreases in flow. To improve the effectiveness of spring flow measurements, the
agencies would require that reference springs be identified in areas not expected to be affected by
mine dewatering (Appendix C). The flow trends from the reference springs would be used to
identify background trends that would otherwise complicate interpretation of flow measurements.
Even with reference springs, it would be difficult to discern mine impacts from natural variability.
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Changes in Stream Baseflow

The agencies would require that MMC collect flow data from stream reaches predicted to be
affected by mine dewatering. The monitoring would be initiated before any additional dewatering
of the Libby Adit for areas east of the Cabinet Mountains divide and before implementation of the
Evaluation Phase for areas west of the divide. Monitoring would continue through the Operations
and Closure Phases (Appendix C). Continuous data recorders would be used at some monitoring
locations, where feasible, to obtain stream flow, particularly during periods of low flow. Because
periods of high flow are dominated by surface water runoff, they are of less interest to this
monitoring program. This monitoring requirement would be effective in obtaining year-to-year
flow data, but because of natural variability, it would be less effective in identifying impacts on
stream baseflow in any one year. Effectiveness would increase as data from multiple years were
evaluated to establish long-term trends in baseflow.

Mitigation
Buffers

The 3D modeling was performed using buffers of 100 and 500 feet from the Rock Lake Fault and
Rock Lake, respectively, and the data were reported to the agencies as requested. MMC did not
report to the agencies the results of any additional modeling with larger buffers. Based on
preliminary estimates of hydraulic properties of the bedrock and Rock Lake Fault, Evaluation
Phase mining activities would be limited to within 300 feet of the Rock Lake Fault and 1,000 feet
of Rock Lake to minimize the risk of high water inflow rates and resulting reduction in
groundwater levels. To increase the effectiveness of this requirement, the agencies would re-
evaluate the hydrogeology with the 3D model after obtaining additional hydraulic data from
underground monitoring during the Evaluation Phase (as required in Appendix C). The evaluation
would be used to increase or decrease the buffer zones between the Rock Lake Fault and Rock
Lake, as necessary to reduce the risk of high mine inflows and excessive impacts. The agencies
also would monitor underground mine development relative to the proscribed buffers (see section
C.7.2 in Appendix C).

Grouting

For the purpose of analyzing the effects of possible mitigations, MMC simulated two options:
grouting, during Operations Phase, of the sides of the three uppermost mine blocks and corre-
sponding access ramps, as well as installing two 20-foot thick concrete pressure grouted wall
bulkheads with a hydraulic conductivity of 1 x 10” cm/sec in two mining blocks across the mine
void at Closure.

Because this mine would be of room-and-pillar design, grouting of fractures would be difficult,
but technically feasible. Historically, grouting of fractures in the Libby Adit has been effective in
reducing inflows, and MMC would be able to maintain grouting in the mine void and adits during
construction and operations. With proper maintenance, grouting would be effective in reducing
mine and adit inflows. Should certain threshold inflow rates be observed, as described in
Appendix C, MMC would be required to report the conditions and the agencies would evaluate
whether specific actions would be required, such as grouting. The effectiveness of grouting over
the long term (i.e., 100 years or more) is uncertain. Limited information is available on the
functionality of fracture grouting in mines once mining is completed, and there are no data on the
design life of grout in an underground flooded environment. The uncertainty of constructed
concrete bulkheads also would apply to fracture grouting.
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Grouting during the Operations Phase, particularly in mining blocks closest to Rock Lake, would
be a possible mitigation to reduce changes in baseflow in nearby watersheds, particularly East
Fork Rock Creek. Implementation of this mitigation during the Operations Phase is predicted to
result in minimal improvement in the predicted baseflow changes (Table 99). Other mitigation,
such as increasing the buffer zones between the mine void and Rock Lake Fault, and the mine
void and Rock Lake, may be more effective than MMC’s modeled mitigation. In addition to
increased buffers, additional grouting of other mining blocks would be possible, but the long-term
effectiveness of this mitigation has not been established. Additional mitigation measures would
be evaluated with the 3D model after obtaining additional hydraulic data from underground
monitoring during the Evaluation Phase.

Barrier Pillars with Bulkheads at Access Openings

In the agencies’ 2D model, a bulkhead was simulated to assess the effect of a low-permeability
barrier on groundwater conditions at closure. In MMC’s 3D model, a similar simulation was
completed, with the bulkheads being described as concrete pressure-grouted wall bulkheads in
two mining blocks in the mine at closure. The long-term effectiveness of constructed low
permeability bulkheads is not documented as there are no available data on service life for time
horizons commensurate with the Post-Closure modeling scenario. Current bulkhead design
guidelines were developed principally to address water management problems in operating mines,
and they emphasize design, construction and maintenance for ongoing operations. A common
bulkhead design frequently involves a combination of a constructed barrier, usually made of
concrete, along with grouting of the bedrock around the bulkhead perimeter. While bulkheads and
grouting have quantifiable and measurable results, the success of these types of mitigations
depends on the ability to monitor the bulkheads and to take remedial action, such as supplemental
grouting, to stem any persistent inflows. Much of the information pertaining to the use of
hydraulic barriers in underground mining comes from applications in operating coal mines
(Harteis et al. 2008, Chekan 1985, EPA 1977). There is limited information on functionality of
hydraulic barriers once mining is completed, and there are no data on the design life of these
structures. The agencies concluded that they cannot confirm the long-term effectiveness of
constructed bulkheads across the entire mine void and their ability to maintain a very low
hydraulic conductivity across the entire mine void over time. With constructed bulkheads across
the entire mine void, baseflow may increase from the East Fork of Rock Creek drainage toward
the East Fork of Bull River drainage as predicted by the 3D model. Werner (2014) describes the
agencies’ evaluation of the effectiveness of constructing bulkheads across the mine void in more
detail.

As an alternative to constructed bulkheads with unknown long-term efficacy, the agencies
propose to leave barrier pillars across the entire width of the deposit at strategic locations to
divide the deposit into discrete compartments to minimize changes in pre-mining groundwater
conditions, which would minimize movement of water between the watersheds of the East Fork
Rock Creek and East Fork Bull River. There would be a limited number of access points through
the barrier pillars for ore haulage, personnel and equipment access. At closure, bulkheads would
be placed across these access points. The bulkheads would differ from those described in the
modeling reports in that their dimensions would be on the order of feet rather than entire width of
the mine void (up to 2,400 feet wide). Leaving barrier pillars would overcome some of the
limitations associated with constructed bulkheads, such as long-term effectiveness (Werner 2014).
Although a constructed bulkhead would be made of concrete and grout and a barrier pillar would
be made of in-place unmined rock, they both would function in a similar manner to reduce the
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hydraulic conductivity between sections of the mine void. Consequently, the agencies considered
the modeling of the bulkheads to be an equivalent simulation of the agencies’ mitigation of
leaving one or more barriers, if necessary, during the Operations Phase and constructing
bulkheads at the access openings at closure.

Because the constructed concrete bulkheads would represent a relatively small proportion of the
total bulkhead cross section that would mostly consist of unmined rock, the long-term
effectiveness of the constructed bulkhead would be less of a concern, than if the entire mine void
opening were plugged with a constructed bulkhead. The long-term effectiveness of constructed
low permeability bulkheads is not documented as there are no available data on service life for
the time horizon considered with the Post-Closure modeling scenario. The constructed bulkhead
may begin to leak at some point in the future, but small increases in hydraulic conductivity as a
result of leakage would not likely significantly increase the groundwater flow rate along the mine
void. As water levels in the mine void recover on either side of a barrier, the pressure differential
would decrease, reducing the flow rate through an intact barrier or through a partially failed
constructed bulkhead. Because groundwater flow is proportional to both the hydraulic
conductivity and groundwater pressure, groundwater flow through a barrier/bulkhead during the
later stages of groundwater level recovery would decrease as the pressure differential decreases.
Any increase in the hydraulic conductivity of the barrier/bulkhead due to small failures of a man-
made bulkhead during the later stages of groundwater level recovery would be offset by decreases
in the differential pressure. This would be particularly true because the man-made barriers would
represent a relatively small proportion of the total mine void cross-sectional area.

The agencies’ evaluation concluded that man-made concrete bulkheads within a larger barrier
created by leaving unmined rock or pillars in place would likely provide the necessary mitigation
during much of the groundwater level recovery period. Eventual failure of the constructed portion
of the bulkhead would not likely result in significant increases in the total groundwater flow
through the mine void.

By the fifth year of operations, MMC would assess the need for barrier pillars to minimize post-
mining changes in East Fork Rock Creek and East Fork Bull River streamflow and water quality.
If needed, MMC would submit a revised mine plan with one or more barrier pillars with
constructed bulkheads at access openings to the agencies for approval. One or more barriers
would be maintained underground, if necessary, after the plan’s approval. Implementation of this
mitigation would decrease the hydraulic head in the north end of the mine void and reduce the
maximum baseflow changes at the CMW boundary along East Fork Rock Creek during the Post-
Closure Phase from those predicted for the unmitigated baseflow changes. This mitigation is
predicted to eliminate the loss of water from storage in Rock Lake during the same time period.
The potential direction of post-mining groundwater flow direction within the mine void would be
better defined using all hydrologic data collected during mining. The low permeability barrier
design would be based on an analysis of these data to improve its effectiveness.

Multiple Adit Plugs

MMC proposed that a single water-retaining plug (bulkhead) would be installed in competent
bedrock near the opening of each adit. In the agencies’ alternatives, MMC would place two or
more plugs in each of the three mine adits. The plugs would be located to isolate the adits
hydraulically from the mine void and to ensure any groundwater tributary to Libby and Ramsey
creeks would flow into the adits, and remain within the Libby Creek and Ramsey Creek
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watersheds during the period of groundwater recovery. Without multiple plugs, as simulated by
the 3D model, a considerable amount of time (hundreds of years) would be required for the adits
to resaturate because any water produced in the adits would flow downhill toward the mine void.
A plug at the base of the adits would be effective in hydraulically isolating the adits from the
mine void. Without these plugs, as simulated by the 3D model, a considerable amount of time
(hundreds of years) would be required for the adits to resaturate because any water produced in
the adits would flow downbhill toward the mine void. Plugs would prevent adit inflow water from
leaving the adits, and allow the adits to reach steady state conditions independently from water
levels over the mine void, within an estimated 10 to 20 years after operations ceased. The effect
would be reduced to a few years if MMC used water diverted from Libby Creek during high
flows to fill the adits during the Closure Phase. Two or more plugs in each adit would provide
additional confidence that the plugs would continue to be effective while groundwater levels
recover beyond that provided a single plug. Multiple low permeability plugs within an adit,
evaluated technically and hydrologically and designed based on site-specific conditions of each
adit, would reduce the total groundwater pressure on the bottom plug by segmenting the open adit
into compartments, increasing the overall effectiveness of the plugging approach. As groundwater
levels recovered, both in the adits and the mine void, the differential pressure between
compartments separated by a plug would decrease, which would decrease the potential for failure
of a plug and decrease the potential for flow of groundwater through a plug, even if a plug
partially failed.

Groundwater Pumpback Well System at Impoundment Site

A groundwater pumpback well system downgradient of the tailings impoundment can be an
effective means of collecting seepage from the impoundment that may bypass the underdrain
system (estimated to be about 25 gpm). To be effective, a pumpback system would have to be
designed to accommodate likely heterogeneities in the groundwater system beneath and down-
gradient of the impoundment and be properly monitored to make adjustments in well placement
and pumping rates. The goal of a pumpback system would be to establish and maintain complete
hydraulic capture of all groundwater moving downgradient from the impoundment, as confirmed
by measuring water levels at strategically located monitoring wells. The actual performance of
the capture system would be determined by monitoring water quality downgradient of the capture
zone. Should water quality changes attributable to tailings seepage be observed, the pumpback
well system would be adjusted to improve hydraulic capture.

3.104.4 Alternative 4 — Agency Mitigated Little Cherry Creek Impoundment
Alternative

3.10.4.4.1  Evaluation through Post-Closure Phases

Mine Area

Alternative 4 would have the same effects and uncertainties on groundwater levels and springs
and seeps overlying the ore body and baseflow in East Fork Rock, Libby, Ramsey, and Poorman
creeks and East Fork Bull River as Alternative 3 (section 3.10.4.3.1, Evaluation through
Operations Phases). The effects of the Libby Adits would be the same as Alternative 3. The effect
of make-up wells on groundwater levels in Alternative 4 would be the same as Alternative 2.

Tailings Impoundment Area

Numerous springs and seeps were identified in the area surrounding the Little Cherry Creek
Impoundment Site (Figure 70) (Geomatrix 2006¢, 2009b; Kline Environmental Research 2012).
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Springs SP-15, 23, and 24 would be covered by the impoundment, and a fourth spring (SP-10)
would be covered by the Seepage Collection Pond. Two other springs would be in the disturbance
area. Seeps in Little Cherry Creek also would be covered by the impoundment. A pumpback well
system required to capture seepage not collected by the underdrain system would lower ground-
water levels and reduce groundwater discharge to springs, seeps, and wetlands surrounding of the
impoundment. Eleven known springs outside of the disturbance area may be affected by the
pumpback well system. Operation of a pumpback well system may not affect water levels and six
of the springs south of the Little Cherry Creek watershed because of an apparent subsurface
bedrock ridge that separates groundwater flow between the watershed of Little Cherry Creek
from those of Drainages 5 and 10 in the Poorman Impoundment Site (Chen Northern 1989).
Additional subsurface data from this area would be collected during the final design process of
the Little Cherry Creek Impoundment to confirm the geophysical results. A 3D model of the
pumpback well system would be developed to evaluate the effect of the wells.

During final design, MMC would collect whatever data were necessary to develop a 3D model
for a pumpback well system. The additional data would include investigation of a subsurface
bedrock ridge that may exist between the Little Cherry Creek and Poorman Creek watersheds.
The low permeability bedrock ridge may separate groundwater flow between the watershed of
Little Cherry Creek from those of Drainages 5 and 10 in the Poorman Impoundment Site (Chen
Northern 1989). If a ridge and hydrologic divide separates the two areas, it is unlikely that
pumping in the Poorman Impoundment Site would affect groundwater levels in the Little Cherry
Creek drainage. The pumping rate required to capture all seepage would potentially be lower
without recharge from the watersheds of the drainages in the Poorman Impoundment Site, such as
Drainages 5 and 10.

The amount of seepage collected by the seepage collection facilities may be increased compared
to Alternative 2 by locating the Seepage Collection Pond with respect to the local geologic
conditions. Geotechnical investigations at the Little Cherry Creek Impoundment Site were
conducted on behalf of NMC between 1988 and 1990. NMC reported that bedrock is exposed in
the Little Cherry Creek channel and bedrock extends about 800 feet downstream of the proposed
Seepage Collection Dam (Morrison-Knudsen Engineers, Inc. 1990). Groundwater modeling
conducted by MMC (Klohn Crippen 2005) and independently verified by the agencies (USDA
Forest Service 2008) assumed that the fractured bedrock in the Little Cherry Creek drainage is the
primary aquifer for groundwater flow at the site. The modeling indicated that any tailings seepage
not intercepted by the seepage collection and pumpback well systems would likely discharge to
the Little Cherry Creek watershed through the fractured bedrock aquifer (USDA Forest Service
2008). If not intercepted, some of the seepage may flow to Libby Creek via a buried channel
beneath the impoundment site. Klohn Crippen (2005) estimated 80 percent of the existing
groundwater flows toward Little Cherry Creek and 20 percent flows toward Libby Creek via the
buried channel. Any tailings seepage is likely to follow existing groundwater flow paths.
Consequently, siting the Seepage Collection Dam at or below the location where bedrock
outcrops in the Little Cherry Creek drainage would increase the likelihood that the seepage would
be collected by the dam. In Alternative 4, MMC would conduct additional geotechnical work near
the Seepage Collection Dam during final design and site the dam lower in the drainage if
technically feasible.

Other effects in the tailings impoundment area would be the same as Alternative 2. The potential
impacts on Libby Creek alluvial groundwater from appropriations during high-flow periods
would be the same for Alternatives 3 and 4.
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LAD Areas

The use of LAD Areas is not proposed for Alternative 4 and groundwater in the LAD Areas
would not be affected.

3.10.4.4.2  Climate Change

The effects of climate change in combination with Alternative 4 would be the same as Alternative
2.

3.10.4.5 Cumulative Effects

3.10.4.5.1 Past and Current Actions

The Heidelberg Adit is a horizontal tunnel that was constructed in the 1920s. The adit extends
about 790 feet into a cliff face located along East Fork Rock Creek about 850 vertical feet below
Rock Lake. Groundwater flow from the adit is reported to range from 45 to 135 gpm (Gurrieri
2001). During the agencies’ September 2007 field review, flow from the adit was estimated to be
50 gpm and, because of dry conditions at the time of the site visit, this rate is considered to be
baseflow from bedrock. Because flow data were apparently not collected before construction of
this adit, it is not known if the adit outflow affected baseflow in nearby East Fork Rock Creek.

The Libby Adit was constructed between 1990 and 1991 by NMC and is about 14,000 feet long
and slopes downward toward the ore body at a 6 percent slope. Groundwater inflow to the adit
increased as the adit was driven, peaking at 239 gpm. The steady state flow from the adit was 150
gpm. Surface flow monitoring was insufficient to identify possible reductions in baseflow in
Libby Creek. No groundwater piezometers were installed at the time the adit was constructed to
identify changes in groundwater levels near the adit as result of dewatering.

3.10.4.5.2  Rock Creek Project

The two Montanore numerical groundwater models (2D and 3D) were used to assess the
cumulative effects of the Montanore and Rock Creek mines. The approximate footprint of the
Rock Creek Mine was used in both models. The models were used to predict the effects of
simultaneous operation of the two mines by predicting the amount of drawdown in the region
during the Post-Closure Phase and the resulting reduction in groundwater contribution to surface
water.

The Montanore 3D numerical model predicted that the combined drawdown from the Rock Creek
and Montanore mines would merge in a small area beneath the East Fork Bull River watershed
(Figure 75). As a result, there would be a small incremental reduction in the baseflow (about 2
percent) to East Fork Bull River at the CMW boundary and a 1 percent decrease in baseflow at
the mouth of East Fork Rock Creek as a result of a cumulative effect during the Post-Closure
Phase (Table 104). The model predicted that most of the cumulative effect would occur in the
lower reaches of the drainages. Streams in the Libby Creek watershed would not be cumulatively
affected.
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Table 104. Predicted Cumulative Changes to Baseflow — Post-Closure (Maximum Baseflow Change).

Without MMC’s Modeled Mitigation

With MMC’s Modeled MitigationT

Model-
Predicted . .
Drainage and Location (Figure 67) Pre-mining Mo¢_1e|- Predlcte_d Percent M°‘?'e" Predlcte_d Percent
Baseflow Predicted Change in Chanae i Predicted Change in ch .
Baseflow Baseflow gein Baseflow Baseflow ange in
(cfs) Baseflow Baseflow
(cfs) (cfs) (cfs) (cfs)
Rock Creek and East Fork Rock Creek
At mouth (RC-2000) 7.70 7.02 -0.68 -9% 7.51 -0.19 -2%
CMW Boundary (EFRC-200) 0.29 0.00 -0.29 -100% 0.12 -0.17 -59%
(-0.15)° (-0.44)°
In CMW (EFRC-50) 0.04 0.00 -0.04 -100% 0.00 -0.04 -100%
East Fork Bull River
At mouth (East Fork Bull River) 11.34 10.98 -0.36 -3% 10.99 -0.35 -3%
CMW Boundary (EFBR-500) 4.36 3.88 -0.48 -11% 391 -0.47 -11%
In CMW (EFBR-300) 0.29 0.00 -0.29 -100% 0.01 -0.28 -97%
Based on RCR’s Model Results*
Rock Creek at mouth (RC-2000) 7.8 6.7 -1.1 -14%
East Fork Bull River at mouth 104 9.5 -0.9 -9%

TGeomatrix 2011a did not report cumulative effects with mitigation nor did it report Year 52 reductions for East Fork Bull River. The agencies determined the incremental
unmitigated cumulative effect and added that effect on the direct mitigated effect.
$Negative value represents reduction of baseflow to zero and loss of water from storage in Rock Lake without MMC’s modeled mitigation. The baseflow change of -0.44 cfs
would result from a change in baseflow of 0.29 cfs plus a reduction in lake storage at the rate of 0.15 cfs.
" Reported values are based on the sum of Montanore and RCR model results. RCR did not model effects with mitigation.
cfs = cubic feet per second (“cfs” is the accepted unit for reporting streamflow. Because it is a large unit (1 cfs = 448.8 gpm), predicted changes in terms of cfs appear to be
very precise (i.e., reported to 0.01 cfs). If the results were converted to gallons per minute, they would be reported to the nearest 5 gpm. Section 3.11.4.4.6. Uncertainties
Associated with Detecting Streamflow Changes due to Mine Activities discusses streamflow variability and measurability.
With and without MMC’s modeled mitigation - maximum model predicted baseflow reductions occur at Year 52 for East Fork Bull River, Year 38 for the Rock Creek
drainage. Effects shown do not include mitigation measures not provided in MMC’s 3D model report such as increasing buffer zones or using multiple plugs in the adits
during closure. Such mitigation would be evaluated after additional data were collected during the Evaluation Phase.
With the data currently available, the model results provide a potential range of dewatering rates and streamflow impacts. They are the best currently available estimates of
impacts and associated uncertainty that can be obtained using currently available data in the groundwater models. Both 3D groundwater flow models would be refined and
rerun after data from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in Appendix C). Following additional data collection and
modeling, the predicted impacts on surface water resources in the analysis area, including simulation of mitigation measures, may change and the model uncertainty would
decrease. See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.
Source: Geomatrix 2011a; East Fork Bull River results based on Geomatrix, pers. comm. 2011c; RCR model results based on Hydrometrics 2014.
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A Rock Creek 3D model prepared by Hydrometrics (2014) on behalf of Rock Creek Resources
provided results specifically for the proposed Rock Creek Mine. The model simulation included
more site specific detail concerning the mine, geologic structures, and mine operation than was
available during preparation of the Montanore 3D for the same area. Adding the results from the
Rock Creek Resources and Montanore models for the period of greatest drawdown, assuming
these periods would occur at the same time for the two mines, the predicted cumulative baseflow
impacts from the two mines would be 0.2 to 0.3 cfs greater in Rock Creek and East Fork Bull
River than predicted by the cumulative analysis performed by Montanore.

In addition, during the period of maximum drawdown, based on the Montanore 3D model, the
Montanore Mine is predicted, without mitigation, to reduce baseflow in East Fork Rock Creek at
the CMW boundary by 0.29 cfs (100 percent of the predicted baseflow) and reduce storage in
Rock Lake by 0.15 cfs (for a total “demand” of 0.44 cfs). The Rock Creek 3D model predicted a
baseflow at the CMW boundary of 0.7 cfs compared to 0.29 cfs from the Montanore model.
Because the Montanore model predicted a total “demand” from mine dewatering of 0.44 cfs, 0.15
cfs (0.44 minus 0.29 cfs) would come from Rock Lake storage. If the baseflow were greater than
0.44 cfs (as predicted by the Rock Creek 3D model), all of the Montanore “demand” would come
from baseflow, rather than a combination of baseflow and lake storage. In such a scenario,
cumulative baseflow reduction at the mouth of Rock Creek would be 0.15 cfs greater than what is
reported in Table 104 because all of the Montanore “demand” would be met from baseflow, rather
than lake storage.

3.10.4.5.3  Other Reasonably Foreseeable Actions

Two reasonably foreseeable mining operations, Libby Creek Ventures drilling plans, and the
Wayup Mine would not affect groundwater conditions and would not have cumulative effect with
the Montanore Project. No other reasonably foreseeable actions would have cumulative effects on
groundwater flow.

3.10.4.6 Regulatory/Forest Plan Consistency

3.10.4.6.1  Organic Administration Act and Forest Service Locatable Minerals Regulations

The Forest Service is responsible for ensuring that mine operations on National Forest System
lands comply with Forest Service locatable mineral regulations (36 CFR 228 Subpart A) for
environmental protection. One of these regulations (36 CFR 228.8) requires that mining activity
be conducted, where feasible, to minimize adverse environmental impacts on National Forest
System surface resources. Mine Alternative 2 and Transmission Line Alternative B would not
fully comply with 36 CFR 228.8 because MMC did not propose to implement feasible measures
to minimize adverse environmental impacts on surface resources. The agencies’ alternatives
(Mine Alternatives 3 and 4 and Transmission Line Alternatives C-R, D-R, and E-R) would
incorporate additional feasible measures to minimize adverse environmental impacts on National
Forest System surface resources. The measures would include increasing mining buffer zones,
installing multiple, site-specifically designed adit plugs at closure, grouting, and, if necessary,
leaving mine void barriers. Using thickened tailings would reduce MMC'’s appropriation from the
Libby Creek and minimize effects on Libby Creek streamflow. The agencies’ alternatives
expanded MMC’s proposed monitoring plans and would include action levels on mine inflows
and changes in surface water flow and lake levels that would trigger corrective measures to be
implemented by MMC (see Appendix C).
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3.10.4.6.2 Wilderness Act

All mine alternatives have the potential to indirectly affect wilderness qualities. Mitigation
measures identified in Chapter 2 for Alternatives 3 and 4 and monitoring required for Alternatives
3 and 4 (Appendix C) would be implemented to minimize potential changes in wilderness
character. Mitigation measures, such as increasing the buffer zones near Rock Lake and the Rock
Lake Fault, and the agencies’ monitoring coupled with final design criteria submitted for the
agencies’ approval, would reduce the risk of subsidence and measurable hydrological indirect
effects to the surface within the wilderness.

Mitigation measures and monitoring requirements in Alternatives 3 and 4 are reasonable
stipulations for protection of the wilderness character and are consistent with the use of the land
for mineral development. Alternatives 3 and 4 would be conducted to protect the surface
resources in accordance with the general purpose of maintaining the wilderness unimpaired for
future use and enjoyment as wilderness and to preserve the wilderness character consistent with
the use of the land for mineral development and production in compliance with 36 CFR 228.15
and the Wilderness Act. The agencies’ mine and transmission line alternatives would comply with
the Wilderness Act. Alternatives 3 and 4 would minimize adverse environmental impacts on
surface resources within the wilderness, and thereby comply with the regulations (36 CFR 228,
Subpart A) for locatable mineral operations on National Forest System lands.

36 CFR 228.8(h) states that “certification or other approval issued by state agencies or other
federal agencies of compliance with laws and regulations relating to mining operations will be
accepted as compliance with similar or parallel requirements of these regulations.” DNRC’s
permit decision and associated conditions on beneficial water use permits would constitute
compliance with Montana groundwater use requirements.

3.10.4.7 Irreversible and Irretrievable Commitments

Most of the total precipitation that falls in the Cabinet Mountains flows from the mountains as
surface water and groundwater. The total water yield varies from year-to-year as a function of the
total precipitation and varying amounts of evapotranspiration. Some water would be used
consumptively by the project, reducing the total yield of the region by that amount. Relative to
the total yield of the affected watersheds, the consumptively used volume would be small. The
reduction in yield would be an irretrievable commitment of resources.

In addition to water consumptively used, the estimated increase in groundwater storage due to the
mine void would be about 34,600 acre feet, assuming 120 million tons of ore and 3.2 million tons
of waste rock were mined. With mitigation of increased buffers and barrier pillars, if necessary,
the mine void and the increase in groundwater storage would be slightly smaller. This volume of
groundwater required to fill the mine void would be an irretrievable commitment of resources.

After the mine void filled, the total water yield of the region would return to pre-mining condi-
tions, but because of the large mine void, the distribution of water produced along the headwaters
of the four major streams that drain the area would be permanently changed. Without mitigation,
the large mine void with an infinitely high hydraulic conductivity would permanently change the
groundwater flow paths from the East Fork Rock Creek watershed toward the East Fork Bull
River watershed. Mitigation would be designed to minimize post-mining changes in East Fork
Rock Creek and East Fork Bull River streamflow and water quality. Without mitigation, the
change in groundwater flow paths would be an irreversible commitment of resources.
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Because of the potential for permanent change in groundwater flow paths, there may be slight
changes in the relative contribution of deeper and shallow groundwater to surface water bodies
such as Rock Lake. Springs would be irreversibly covered by the tailings impoundment in all
action alternatives.

3.10.4.8 Short-term Uses and Long-term Productivity

As described above, there would be a short-term reduction in available water from this portion of
the Cabinet Mountains equal to the consumptive use of the mine. Given the overall flow rate of
streams from this area, the total short-term change would be small. Long-term, water availability
of this area would not be reduced, but the distribution among the four major drainages may be
slightly altered.

3.10.4.9 Unavoidable Adverse Environmental Effects

The consumptive use of groundwater by the project would unavoidably reduce the total water
yield from this portion of the Cabinet Mountains. The anticipated consumptive use would be
small relative to the total water yield of this area. Water yield would remain reduced until the
project no longer consumptively uses water, and then slowly return to the pre-mining yield as the
mine void filled, which would require about a predicted 493 years and longer with the agencies’
mitigation. Without mitigation, water levels over portions of the mine void would permanently
remain greater than 100 feet below pre-mine conditions and between 500 and 1,000 feet in a
small area north of Rock Lake. Without mitigation, water levels closest to Rock Lake (in mining
block 18) are predicted to remain 45 feet below pre-mine conditions, and less with mitigation.
Total yield would be the same after the mine void reached steady state conditions, when recharge
equaled discharge.
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3.11 Surface Water Hydrology

This section provides information on analysis area streams, springs and lakes, and potential
consequences to streamflow, spring flows, and lake levels resulting from the mine and
transmission line alternatives. Surface water quality is discussed in section 3.13, Water Quality.

3.11.1 Regulatory Framework

31111 Federal Requirements

The Organic Administration Act authorizes the Forest Service to regulate the occupancy and use
of National Forest System lands. The Forest Service’s locatable minerals regulations are
promulgated at 36 CFR 228, Subpart A. The regulations apply to operations conducted under the
U.S. mining laws as they affect surface resources on National Forest System lands under the
jurisdiction of the Secretary of Agriculture. One of the mineral regulations (36 CFR 228.8)
requires that mining activity be conducted, where feasible, to minimize adverse environmental
impacts on National Forest surface resources. 36 CFR 228.8 also requires that mining operators
comply with applicable state and federal water quality standards including the Clean Water Act;
take all practicable measures to maintain and protect fisheries and wildlife habitat which may be
affected by the operations; and reclaim the surface disturbed in operations by taking such
measures as preventing or controlling onsite and off-site damage to the environment and forest
surface resources. All waters within the boundaries of National Forests may be used for domestic,
mining, or irrigation purposes, under applicable state laws. 36 CFR 228.8(h) states that “certifi-
cation or other approval issued by state agencies or other federal agencies of compliance with
laws and regulations relating to mining operations will be accepted as compliance with similar or
parallel requirements of these regulations.”

The Wilderness Act allows mineral exploration and development under the General Mining Law
to occur in wilderness to the same extent as before the Wilderness Act until December 31, 1983,
when the Wilderness Act withdrew the CMW from mineral entry, subject to valid and existing
rights. 36 CFR 228.15 provides direction for operations within the National Forest Wilderness.
Holders of validly existing mining claims within the National Forest Wilderness are accorded the
rights provided by the U.S. mining laws and must comply with the Forest Service Locatable
Minerals Regulations (36 CFR 228, Subpart A). Mineral operations in the National Forest
Wilderness are to be conducted to protect the surface resources in accordance with the general
purpose of maintaining the wilderness unimpaired for future use and enjoyment as wilderness and
to preserve the wilderness character consistent with the use of the land for mineral development
and production.

The Federal Water Pollution Control Act (Clean Water Act) is designed to protect and improve the
quality of water resources and maintain their beneficial uses. Proposed mining activities on
National Forest System lands are subject to compliance with Clean Water Act Sections 401, 402
and 404 as applicable. Analysis and discussion related to Section 404 and Executive Order 11990
is located in section 3.23, Wetlands and Other Waters of the U.S. The 2015 KFP direction
considered in the analysis of streamflow is:

GOAL-WTR-01. Maintain or improve watershed conditions in order to provide water
quality, water quantity, and stream channel conditions that support ecological functions
and beneficial uses.
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FW-DC-WTR-01. Watersheds and associated aquatic ecosystems retain their inherent
resilience to respond and adjust to disturbance without long-term, adverse changes to
their physical or biological integrity.

FW-DC-WTR-02. Water quality meets applicable state water quality standards and fully
supports beneficial uses. Flow conditions in watersheds, streams, lakes, springs,
wetlands, and groundwater aquifers fully support beneficial uses, and meet the ecological
needs of native and desirable non-native aquatic species and maintain the physical
integrity of their habitats.

FW-DC-WTR-03. Stream flows provide for channel and floodplain dimensions that
mimic reference conditions. Stream flows allow for water and sediment conveyance and
overall channel maintenance. Sediment deposits from over-bank floods allow floodplain
development and the propagation of flood-dependent riparian plant species. Surface and
groundwater flows recharge riparian aquifers, provide late-season stream flows, cold
water temperatures, and sustain the function of surface and subsurface aquatic
ecosystems.

FW-DC-WTR-06. Cooperate with other landowners, agencies, and partners to monitor,
maintain, and improve watershed and stream channel conditions.

Executive Order 11988, Floodplain Management requires federal agencies to avoid to the extent
possible the long and short-term adverse impacts associated with the occupancy and modification
of floodplains and to avoid direct and indirect support of floodplain development wherever there
is a practicable alternative. The order applies to impacts on 100-year floodplains designated by
the Federal Emergency Management Agency (FEMA).

3.11.1.2 State Requirements

3.11.1.2.1  Nondegradation Rules

The Montana Water Quality Act requires the DEQ to protect high quality waters from
degradation; these provisions implement the requirement of the Clean Water Act to adopt a
statewide antidegradation policy. The current rules were adopted in 1994 in response to
amendments to Montana’s nondegradation statute in 1993 and apply to any activity that is a new
or increased source that may degrade high quality water. All of the waters in the analysis area are
high quality waters, except surface waters that have zero flow or surface expression for more than
270 days during most years. High quality waters are defined in the Montana Water Quality Act
(75-5-103(13), MCA)). The Montana Water Quality Act prohibits degradation of high quality
waters unless the DEQ issues an authorization to degrade. The nondegradation rules do not apply
to water quality parameters for which an authorization to degrade was obtained prior to the 1993
amendments to the statute. NMC, MMC'’s predecessor, obtained an authorization to degrade in
1992 for certain water quality parameters. For those parameters, the limits contained in the
authorization to degrade apply. For those parameters not covered by the authorization to degrade,
such as flow, the applicable nonsignificance criteria established by the 1994 rules, and any
subsequent amendments, apply (ARM 17.30.715), unless MMC obtained an authorization to
degrade under the current statute.

The Montana Water Quality Act defines “degradation” as a change in water quality that lowers
the quality of high-quality waters for a parameter, unless the change is nonsignificant. Current
nondegradation rules provide that if an activity increases or decreases the mean monthly flow of a
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stream by less than 15 percent or the 7-day, 10-year (7Q,) low flow of a stream by less than 10
percent such changes are not significant for purposes of the statute prohibiting degradation of
state waters (ARM 17.30.715(1)(a)). Notwithstanding compliance with the nonsignificance
criteria in ARM 17.30.715(1), the DEQ may determine under ARM 17.30.715(2) that a change in
water quality is degradation based on the following criteria: a) cumulative impacts or synergistic
effects; b) secondary byproducts of decomposition or chemical transformation; ¢) substantive
information derived from public input; d) changes in flow; e) changes in the loading of
parameters; f) new information regarding the effects of a parameter; or g) any other information
deemed relevant by the DEQ and that relates to the criteria in ARM 17.30.715 (1). Under ARM
17.30.715(3), the DEQ may determine that a change in water quality is nonsignificant based on
information submitted by an applicant that demonstrates conformance with the guidance found in
75-5-301(5)(c), MCA which is: i) potential for harm to human health, a beneficial use, or the
environment; ii) strength and quantity of any pollutant; iii) length of time the degradation will
occur; and iv) the character of the pollutant so that greater significance is associated with
carcinogens and toxins that bioaccumulate or biomagnify and lesser significance is associated
with substances that are less harmful or less persistent. Such a determination would be submitted
for public comment before making a decision. Under the Montana Water Quality Act, no
authorization to degrade may be obtained for outstanding resource waters, such as surface waters
within a wilderness.

3.11.1.2.2  Other State Requirements

Under the Montana Floodplain and Floodway Management Act, the DNRC regulates flood-prone
lands and waters to prevent and alleviate flooding threats to life and health and reduce private and
public economic losses. The following uses are prohibited within floodways and floodplains,
unless a variance is obtained:

e A structure or excavation that would cause water to be diverted from the established
floodway, cause erosion, obstruct the natural flow of water, or reduce the carrying
capacity of the floodway

e The construction or permanent storage of objects subject to flotation or movement
during flood events (76-5-403, MCA)

Some mine facilities would be located in a floodplain, based on conceptual designs presented in
Chapter 2. Transmission line facilities are not subject to the Montana Floodplain and Floodway
Management Act. If at final design mine facilities would be in a floodplain, a variance application
would be submitted to the DNRC that provides details on the obstruction or use of a floodway/
floodplain and a permit would be required before construction. DNRC’s permit issuance is based
on the danger to life and property downstream, availability of alternate locations, possible
mitigation to reduce the danger, and the permanence of the obstruction or use (76-5-405, MCA).

The MFSA directs the DEQ to approve a facility if, in conjunction with other findings, the DEQ
finds and determines that the facility would minimize adverse environmental impacts considering
the state of available technology and the nature and economics of the various alternatives. A
floodplain permit would not be needed for the transmission line if a MFSA certificate was issued.

The Montana Natural Streambed and Land Preservation Act requires a 310 Permit for any activity
that physically alters or modifies the bed or bank of a perennially flowing stream (see section
1.6.2.4, Montana Department of Natural Resources and Conservation in Chapter 1). The permit
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application must be submitted to the local Conservation District. The project must be designed
and constructed to minimize adverse impacts on the stream, minimize erosion, retain the original
stream length or otherwise provide hydrologic stability, protect streambank vegetation, and
minimize impacts on aquatic life.

3.11.2 Analysis Area and Methods

3.11.21 Analysis Area

The analysis area for direct, indirect, and cumulative effects on surface water hydrology and
water quality consists of all areas where surface water may be measurably affected either by the
construction, operations or closure of the mine the transmission line or Sedlak Park Substation
and loop line. The analysis area consists of four major watersheds and their tributaries: Libby
Creek and its tributaries Howard Creek, Ramsey Creek, Poorman Creek, Midas Creek, Little
Cherry Creek, Bear Creek and its tributary Cable Creek, Big Cherry Creek, and Swamp Creek;
the Fisher River and its tributaries Sedlak Creek, West Fisher Creek and its tributary Standard
Creek, Miller Creek, and Hunter Creek; Rock Creek and its tributary East Fork Rock Creek; and
East Fork Bull River and its tributaries Placer Creek and Isabella Creek (Figure 76). Three other
streams, Flower Creek, Copper Gulch, and West Fork Rock Creek, are briefly described in the
Affected Environment section because they may be used for bull trout mitigation. Streams located
outside the analysis area, such as Libby Creek below US 2, the Bull River, or the Clark Fork
River, may be affected by the project, but effects would be negligible. Swamp Creek and Wanless
Lake, both on the west side of the Cabinet Mountains, would not be affected by the project and
would serve as benchmark monitoring locations. Lakes in the analysis area include Howard Lake,
Ramsey Lake, Rock Lake, St. Paul Lake, Isabella Lake, and Libby Lakes; some of these lakes are
not expected to be affected by the project. Other lakes in the CMW, such as Cliff and Copper
lakes, are outside the analysis area because the 3D model did not predict they would be affected
by the project.

3.11.2.2 Baseline Data Collection

This section summarizes the baseline information collected for surface water hydrology and the
affected environment, and the following sections describe the approaches used by the lead
agencies in analyzing potential effects. The mine-related data include spring and seep inventories,
spring flow, streamflow and lake level measurements, and USGS mapping that shows locations of
perennial and intermittent streamflow. The tailings impoundment site surface water data included
spring and seep inventories, and measurements of spring flow and streamflow. The subsequent
section on the affected environment describes the best available information regarding surface
water resources in the analysis area. The KNF determined that the baseline data and methods used
are adequate to evaluate and disclose reasonably foreseeable significant adverse effects on surface
water and groundwater-dependent ecosystems in the analysis area, and to enable the decision
makers to make a reasoned choice among alternatives. Section 3.10.2.4, Additional Data
Collection and Appendix C describe the additional water quality data that would be collected
during all phases of the project, including the Evaluation Phase and for final design. The agencies
did not identify any incomplete or unavailable information, as described in section 3.1.3,
Incomplete and Unavailable Information.

Surface water investigations included a review of previous permits and approvals, existing water
use, an analysis of the watersheds potentially impacted by the project, floodplain mapping,
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streamflow, spring flow, peak streamflow calculations, lake levels and surface water quality
sampling. Water resource baseline investigations were initiated in the analysis area by U.S. Borax
in 1986 and 1987, continued by NMC in 1988 through 1994 and by MMC in 2004, 2005, and
2007 to 2013. In addition, the DEQ collected water resources information in the CMW in 1998 to
2000, followed by additional surface water data collection in the CMW by MMC in 2005.
Streamflow measurements were collected in the analysis area by the KNF between 1960 and
2010. Additional streamflow measurements also were collected by NMC and MMC from 1998
through 1995 and 2001 through 2013 and by the DEQ in 1998 to 2000. Streamflow monitoring
stations are shown on Figure 76. KNF gaged streamflow sites are on Libby Creek at US 2, West
Fisher Creek, Miller Creek, lower East Fork Bull River, and lower Rock Creek. Four gaged sites
also are on the Fisher River. MMC began continuously measuring the flow of upper Libby Creek
in the summer of 2009. MMC also began continuously measuring the level of Rock Lake in the
summer of 2009. Gurrieri (2001) and Gurrieri and Furniss (2004) measured and reported lake
stage, surface inflows and outflows, and precipitation at Rock Lake in 1999 to complete a lake
water balance. Available data collected by these various entities through 2013 are included in the
EIS analysis.

MMC completed Groundwater Dependent Ecosystem (GDE) surveys in the mine area between
2009 and 2013 and continued monitoring of the GDEs in 2010 through 2014 (Geomatrix 2009a,
2010b, 2011d; NewFields 2013a, MMC 2014d, Klepfer Mining Services 2015a). GDE
inventories and monitoring data and the agencies’ proposed monitoring in the CMW overlying the
mine area are described in Appendix C under Water Resources.

3.11.2.3 Impact Analysis

3.11.2.3.1  Streamflow

Streamflow changes may occur due to mine and adit dewatering, pumpback well system
operation around the impoundment, evaporative losses from a tailings impoundment or LAD
Areas (in Alternative 2), water appropriations from the Libby Creek watershed during high flows,
discharges from a Water Treatment Plant or to the LAD Areas (the latter in in Alternative 2),
vegetation clearing, and potable water use. To determine changes in streamflow and lake levels
that may occur during the five mine phases, the capture, use, and discharges of water within each
affected watershed for each mine alternative were evaluated. In addition, because the mine would
intercept groundwater that may be a source of water to springs, lakes, and streams, the effects on
surface water from underground mining also were evaluated.

A 2D numerical model of the mine area was developed to assess mine inflow and changes to
baseflow (ERO Resources Corp. 2009). The primary objective of using a 2D model was to
establish a hydrogeologic framework that could be used to evaluate potential mine impacts and
develop possible impact mitigation. The baseflow of the mine area streams was modeled, as was
the interaction of stream baseflow with the groundwater system. The agencies used the 2D model
results for the basis of the hydrology effects analysis in the Draft EIS. Subsequently, MMC
prepared a more complex 3D model of the analysis area (Geomatrix 2011a). The 3D model used
the facility configuration in Alternative 3 in the analysis. Although the results of the two models
are similar, the 3D model better represents the anticipated effects on streamflow and the 3D
model results are used for the effects analysis. Similarly, the results of a 3D model of a pumpback
well system at the Poorman Impoundment Site were used to assess effects of groundwater
pumping on streamflow (Geomatrix 2010c). The effects on streamflow of Alternatives 2 and 4
have not been quantified and would be similar to effects described for Alternative 3 for east side
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streams and the same as Alternative 3 for west side streams. The effects of Alternatives 2 and 4
are discussed qualitatively and the effects of Alternative 3 are discussed quantitatively.

Sensitivity analyses were performed for each of the groundwater models and the results provided
in ERO (2009) and Geomatrix (2011a). In addition, each model report discusses overall
uncertainty of the respective model results. There is uncertainty associated with the hydraulic
properties of the bedrock and faults; predictions of mine inflows and impacts on water resources
are sensitive to permeability of major fault zones. With the data currently available, the model
results provide a potential range of dewatering rates and streamflow impacts. They are the best
currently available estimates of impacts and associated uncertainty that can be obtained using
currently available data in the groundwater models. Both groundwater flow models would be
refined and rerun after data collected during the Evaluation Phase were incorporated into the
models (see section C.10.4, Evaluation Phase in Appendix C). Following additional data
collection and modeling, the predicted impacts on surface water resources in the analysis area,
including simulation of mitigation measures, may change and the model uncertainty would
decrease.

Streamflow effects are described for four different flow periods: estimated 7Q;, flow, or in the
case of higher elevation sites, baseflow, estimated 7Q, flow, average flow, and peak flow. Values
for these flow periods cannot be determined because none of the analysis area streams have been
continuously gaged for a sufficient length of time. For this reason, flows used for the effects
analysis have been estimated or simulated for specific locations.

As discussed in section 3.8.3, 7-day, 10-year (7Q1o) low flow and 7-day, 2-year (7Q;) low flow
were derived for specific stream locations and the estimated 7Q,¢and 7Q, flow used to analyze
the effects of mine activities on streamflow. The 7Q;oand 7Q, low flows were estimated using a
USGS method developed for ungaged watersheds (Hortness 2006). The equations used to
estimate the 7Q;oand 7Q, low flows used drainage area and mean annual precipitation as the
location-specific variables (Hortness 2006). The estimated range of the 7Q, and 7Q;, flows for
analysis area streams is provided in Table 87 in section 3.8.3. With the exception of EFRC-200,
LB-100, and LB-300, the estimated 7Q,, flow for the stream locations used in the streamflow
analysis is lower than modeled baseflows. At EFRC-200, LB-100, and LB-300, where the
estimated 7Qq, flow is greater than the modeled baseflow, the agencies used the lower modeled
baseflow instead of the estimated7Q;, flow to analyze effects. The use of estimated 7Q, and 7Q,
flow (and modeled baseflow in lieu of 7Q;, flow at EFRC-200 and LB-300) provides an analysis
of project effects when such effects would be most measurable.

The agencies used eight different locations to summarize streamflow effects from mine activities
(Table 109 through Table 114); these locations are shown on Figure 76. The East Fork Rock
Creek site, EFRC-200, is at the outlet of Rock Lake at the CMW boundary. The Rock Creek site,
RC-2000, is at the mouth of Rock Creek above the confluence of the Clark Fork River. The East
Fork Bull River site, EFBR-500, is at the CMW boundary. The sites on Little Cherry, Poorman,
and Ramsey creeks are near the confluences of these creeks with Libby Creek. Two sites are on
Libby Creek: LB-300 below the Libby Adit Site, and LB-2000 just above the confluence with
Bear Creek. The effect on baseflow at LB-100 near the CMW boundary due to mine inflows was
also evaluated.

Three additional locations that are important aquatic habitat stream segments (described in
section 3.6, Aquatic Life and Fisheries) were analyzed to provide effects due to mine inflows at
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these locations (Figure 76). One site is on Libby Creek (LB-2), located about 1 mile upstream of
Little Cherry Creek, where the pumpback wells would reduce streamflow. Another site on the
East Fork Rock Creek (RC-3) is about 1 mile upstream of the confluence with the West Fork
Rock Creek, and the third site on the East Fork Bull River (EFBR-2) is at the confluence with
Isabella Creek in the CMW. Effects due to mine inflows were predicted using the 3D groundwater
model. In August through October 2012, KNF hydrologists collected stream cross-section
measurements and measured stream velocity during various flow regimes at LB-2, RC-3, and
EFBR-2. These data were used to calculate stream discharge at these locations and develop a
relationship during low flows between the wetted cross section area (a total of 25 or more width
and water depth measurements taken across a stream cross section, each multiplied and then
added to derive total wetted perimeter at the cross section) and discharge. The wetted perimeter-
discharge relationship for each site was used to estimate changes in the wetted cross-sectional
area of the stream at these locations due to the project (ERO Resources Corp. 2012a). Additional
data collection at RC-3 and EFBR-2 during low flows (proposed in the Appendix C Water
Resources Monitoring Plan) would provide a more precise estimate of the relationship between
discharge and wetted perimeter.

For all alternatives, construction of the tailings impoundment would alter the size of the
watershed and the direction of runoff within the existing watersheds. Some of the runoff would be
redirected by the configuration of the tailings impoundment to a watershed different from that of
pre-mining conditions. To assess the effects of streamflow changes resulting from these changed
watershed boundaries, the agencies analyzed the changes in watershed areas as an indicator of
possible streamflow changes (ERO Resources Corp. 2010a in Appendix H). NewFields (2014b)
completed a similar analysis for the watersheds in which the Poorman Impoundment would be
constructed. NewFields analysis used for detailed LIDAR topographic mapping to assess changes
in the Poorman Impoundment Site watersheds, and consequently the watershed sizes vary
slightly. The differences between the two analyses were negligible. The agencies assumed that
watershed area is directly related to streamflow in the receiving stream of each watershed. Use of
watershed or drainage area is consistent with the Hortness (2006) method of estimating 7Q, and
7Q1 flows at ungaged, unregulated streams. The agencies also assumed any differences in runoff
due to elevation, soil type, vegetation cover, slope, and aspect are negligible across the analysis
area. Within the small watersheds of the tailings impoundment sites (2.6 square miles in
Alternatives 2 and 4, and 1.2 square miles in Alternative 3), these differences are likely small.
The existing footprints for the tailings impoundments and associated facilities were plotted over
the watershed boundaries. Changes to all watersheds were either added or subtracted from the
existing watershed area, depending on whether the change would increase or decrease watershed
area, and therefore water, to the watershed. Calculations were completed for the three alternatives
for Operations and Post-Closure Phases. The watershed analysis is presented in Appendix H and
summarized in the Environmental Consequences section for each alternative.

Forest clearing for roads or other activities can alter normal streamflow dynamics, particularly the
volume of peak flow and baseflow. The degree to which streamflow changes depends on the road
density, percentage of total tree cover removed from the watershed, and the amount of soil
disturbance caused by the harvest, among other things. For example, if harvest activities remove a
high percentage of tree cover and cause light soil disturbance and compaction, rain falling on the
soil would infiltrate normally. Due to the loss of tree cover, evapotranspiration (the loss of water
by plants to the atmosphere) would be lower than before. The combination of normal water
infiltration into the soil and decreased uptake of water by tree cover results in higher streamflow.
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In general, timber clearing on a watershed scale results in water moving more quickly through the
watershed because of decreased soil infiltration and evapotranspiration. Water yield estimates for
the analysis area were determined using the KNF Equivalent Clearcut Acres Calculator (ECAC)
(Appendix H). The ECAC was designed as a tool to estimate the potential effects of ground
disturbing activities such as road, transmission line, and other land clearing disturbances. The
ECAC results are provided in Appendix H. Regression equations created from R1-WATSED
outputs were used to determine the number of required equivalent clearcut acres to generate a 1
percent increase in peak flow and also the number of equivalent clearcut acres that recover each
year in a watershed.

The removal of vegetation on a landscape has been shown to also increase annual water yields.
Annual water yield predictions for the Montanore Project were based on both water yield
modeling programs (ECAC and WATSED) used by the KNF. The ECAC model is used by the
KNF to evaluate potential impacts on water yields from land management activities. The
equivalent clearcut acres are calculated using the relationships developed from the R1-WATSED
model. Numerous WATSED model outputs with similar watershed characteristics, were used to
calculate relationships between annual water yield increases and predicted peak flow increase.
The regression equations are included in the project record. The agencies estimated peak flow
increases for all project alternatives (Appendix H). WATSED and the ECAC analysis were not
designed or used to develop exact estimates of flow. The utility of the analysis is that it provides a
consistent method for comparing alternatives. The values generated are used, in concert with
other water resource information, to interpret the potential effects on a stream channel as a result
of implementing a proposed land management activity. Effects are analyzed with regard to
normal or average conditions. Episodic climatic events such as rain-on-snow, high intensity
thunderstorms, mass soil movement, or short-duration peak flows cannot be addressed in the
model. Analysis of these types of events, where needed, must be completed using professional
judgment or other models (KNF 2013).

3.11.2.3.2 Lake Levels and Volume

Potential changes in Rock Lake volume, level, and surface area without and with MMC’s
modeled mitigation (partial grouting in the mine near Rock Lake and installing two bulkheads
post-mining) were quantitatively estimated using the 3D model results (ERO Resources Corp.
2012b). Gurrieri (2001) developed an estimate of the volume of Rock Lake and a relationship of
volume to lake level and surface area. Uncertainties in the volume/stage/surface area relationships
result from the low number of soundings collected at the lake, the inexact method of locating the
soundings on the map, and the fact that few, if any, soundings were collected in the shallow areas
of the lake near the shoreline (where the predicted effects on Rock Lake discussed in section
3.11.4 would occur). The 3D model predicted that as a result of a decline in the potentiometric
surface due to mine inflows, the supply of bedrock groundwater to Rock Lake would decrease
during all phases of mining (Geomatrix 2011a). The effects on Rock Lake during the mine phases
and post-mining were quantified for a 2-month late summer/early fall period when the only
source of supply to Rock Lake is assumed to be deep bedrock groundwater. The effect on the lake
was also quantified for a 7-month winter period when Rock Lake is frozen and the only source of
supply is assumed to be deep bedrock groundwater.

To be able to quantify the effects during the 2-month late summer/early fall period, the agencies
assumed that without the effect of the mine, the lake is in equilibrium (lake inflow=lake outflow),
no runoff from precipitation or snowmelt occurs during the 2-month period, and the lake is full at
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the start of the period. The reductions in groundwater flow to Rock Lake provided for each mine
phase and after mine closure in the 3D model were used to estimate the change in lake volume
and corresponding change in lake level for the 2-month period.

For the 7-month winter period, to quantify the effect of the mine post-closure, the agencies
assumed the lake is in equilibrium (lake inflow=lake outflow), the lake is frozen for the entire
period and no water evaporates from the lake, and water flows out of the lake downstream in a
rate equal to groundwater flow into the lake. Due to late fall precipitation, Rock Lake was
assumed to be full at the beginning of the 7-month winter period. The only change expected to
occur during the 7-month winter period would be a change in water stored in Rock Lake when the
potentiometric surface would be lower than the surface of the lake.

The analysis of effects on Rock Lake is based on the conceptual model of the groundwater flow
systems used in both the 2D and 3D numerical models. Based on the conceptual model and the
results of the 3D model, the agencies developed a water balance for Rock Lake that included
groundwater inflow to the lake, evaporation, and surface inflow and outflow. A previous
investigation (Gurrieri 2001) of Rock Lake used a different approach to develop a water balance
for the lake. Using measured surface water inflow and outflow and water chemistry, Gurrieri
developed a water balance that had an estimated groundwater outflow component. Using this
water balance, Gurrieri analyzed the effects to Rock Lake of mine dewatering. The effects of the
Gurrieri analysis were slightly greater, but within the range of model-predicted effects (Table 115
and Table 116).

Based on the following information, other lakes in the analysis area were dismissed from detailed
analysis. St. Paul Lake is located within glacial moraine material, which causes the lake level to
fluctuate to a much greater extent than does Rock Lake. Another difference between the two lakes
is that the watershed above St. Paul Lake is north facing (Rock Lake’s is south facing), and the
snowpack above St. Paul Lake melts more slowly. Because the Libby Lakes and Isabella Lake are
at an elevation of about 7,000 feet, and perched above the regional potentiometric surface, they
likely would not be affected by mining dewatering. The KNF began monitoring the level of
Lower Libby Lake in 2010; the recorder housing failed in 2013 and it was replaced in 2014.
MMC would continue monitoring the water level of Lower Libby Lake (see Appendix C).
Howard Lake is at an elevation of 4,100 feet southeast of the Libby Adit, and would be too far
from mine dewatering to be affected. Ramsey Lake, near the proposed Ramsey Plant Site and the
Ramsey Adits proposed in Alternative 2, is at an elevation of about 4,450 feet. Ramsey Lake is
fed mostly by snowmelt and water flowing in shallow surface deposits in the Ramsey Creek
drainage (Wegner, pers. comm. 2008). In September 2012, no flow was observed into the lake
and an estimated 1 to 2 gpm was flowing out of the lake (NewFields 2013a). The Ramsey Lake
level varies substantially and changes in the lake level due to mine inflows probably would not be
detectable. Effects on Isabella Lake, St. Paul Lake, the Libby Lakes, Howard Lake, and Ramsey
Lake are not discussed further. Effects on springs are discussed in section 3.10.4, Groundwater
Hydrology.

3.11.2.3.3  Floodplains and Stream Crossings

To determine if mine or transmission line facilities would be located within 100-year floodplains
designated by the FEMA, a GIS analysis was completed by overlaying the proposed facilities
over the FEMA floodplain data for Sanders and Lincoln counties. GIS analysis for the
transmission line alternatives included comparing the stream and floodplain crossings required
for the mine and transmission line alternatives, providing the watershed acreage for Class 1 and 2

630 Final Environmental Impact Statement for the Montanore Project



3.11 Surface Water Hydrology

streams where roads would be built or trees cleared for other purposes, and determining the
acreages of disturbance for impaired streams. The Alternative 2 and 4 tailings impoundments
would be located with the floodplain of Little Cherry Creek, which has not been designated as a
100-year floodplain by FEMA. Kline Environmental Research (2005a) provided the approximate
area of floodplain that would be affected by the Little Cherry Creek tailings impoundment in
Alternatives 2 and 4.

3.11.3 Affected Environment

3.11.31 Relationship of Surface Water and Groundwater

Lakes and streams that exist above an elevation ranging between 5,000 and 5,600 feet within the
analysis area are likely not connected hydraulically to deeper bedrock groundwater, but rather are
supplied by surface runoff, snowmelt, and/or drainage from unconsolidated, discontinuous
surface deposits that store precipitation and snowmelt water. Streams located below the range of
5,000 to 5,600 feet generally are perennial, supplied by surface runoff, shallow groundwater, and
groundwater from deeper bedrock fractures that intersect the ground surface. Some sections of
these streams flow intermittently during some parts of the year due to the loss of surface flows
into the underlying alluvium. At both tailings impoundment sites, the plant sites and the LAD
Areas, groundwater occurs in unconsolidated glaciofluvial and glaciolacustrine deposits. The
deposits range in thickness from 0 feet at bedrock outcroppings near the Little Cherry Creek
impoundment site to more than 200 feet thick at the Poorman Impoundment Site. Groundwater
discharges from these deposits to springs, alluvium, and Libby, Poorman and Ramsey creeks.
Section 3.10.2.4, Affected Environment of the Groundwater Hydrology section discusses the
relationship of groundwater, springs, and streams in the analysis area. Chart 16 and Chart 17
portray conceptually the relationship of the various components of streamflow in watersheds in
the analysis area.

3.11.3.2 Watersheds, Floodplains and Water Sources

Underground mining would occur beneath a divide separating three drainages: East Fork Rock
Creek, East Fork Bull River, and Libby Creek. Except for a small ventilation adit near Rock
Lake, proposed surface mine facilities in all mine alternatives would be located in the Libby
Creek drainage. The mine area is drained on the east by Libby Creek and its tributaries: Ramsey,
Poorman, Little Cherry, and Bear creeks (Figure 76). Libby Creek flows north from the analysis
area to its confluence with the Kootenai River near Libby. The East Fork Rock Creek flows
southwest, joining West Fork Rock Creek to form Rock Creek, which flows into the Clark Fork
River downstream of Noxon Reservoir. The East Fork Bull River flows northwest into the Bull
River. Several alpine lakes occur in the analysis area (Figure 76). Many of these lakes are located
in glacial cirques that act as collection basins for runoff and snowmelt.
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Chart 16. Typical Relationship of Various Components of Annual Streamflow in Analysis
Area Watersheds.
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Chart 17. Typical Relationship of Various Components of Streamflow during 7Q, Flow in
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The transmission line corridor area is drained by the Fisher River and its tributaries: Sedlak
Creek, Hunter Creek, Standard Creek, West Fisher Creek, and Miller and North Fork Miller
creeks; and by Libby Creek and its tributaries: Howard Creek, Midas Creek, and Ramsey Creek,
all perennial streams. Numerous unnamed ephemeral streams also drain the analysis area (Figure
76). One hundred-year floodplains have been designated along the Fisher River, Miller Creek, an
unnamed tributary to Miller Creek, Ramsey Creek, and Libby Creek (Power Engineers, Inc.

2006a).
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Snowmelt, rainfall, and groundwater discharge are the main sources of supply to streams, lakes,
and ponds in the analysis area. Precipitation ranges from 100 inches per year at higher elevations
in the Cabinet Mountains to about 30 inches per year at the tailings impoundment site. The
highest precipitation occurs in November through February and the lowest in July through
October.

Baseflow is the contribution of near-channel alluvial groundwater and deeper bedrock
groundwater to a stream channel. Baseflow does not include any direct runoff from rainfall or
snowmelt into the stream. Because the near surface geology varies between the upper and lower
reaches of streams in the analysis area, the source of groundwater to streams also varies. The
sources in the analysis area are unconsolidated deposits (alluvium and colluvium), weathered
bedrock, and fractured bedrock. In some of the upper stream reaches, little if any alluvium,
colluvium, or weathered bedrock are present. Other reaches, such as in the upper Libby and
Ramsey creek drainages, contain surficial deposits within avalanche chutes that may store and
transmit shallow groundwater through much of the summer depending on remaining snow pack at
the head of each chute. Flow rates measured during late summer/early fall in upper Libby Creek
are similar to the 3D model predicted baseflows, indicating that there may be little if any
contribution from surficial deposits during late summer/early fall during years with little or no
late season snow pack or precipitation. The primary source of baseflow to streams in the upper
reaches is fractured bedrock up to an elevation in the analysis area of between 5,000 and 5,600
feet. Drainages above an elevation of about 5,000 to 5,600 feet are above the regional
potentiometric surface and receive water from surface water runoff and from limited perched
shallow groundwater in unconsolidated deposits such as talus. The shallow groundwater is from
precipitation and drains quickly. The smallest, highest first order streams are ephemeral, while the
second order channels (such as upper Libby Creek) into which the first order streams flow are
generally intermittent. Second order channels become perennial when they intersect the regional
potentiometric surface below between 5,000 and 5,600 feet. In general, the thickness of the
unconsolidated surficial deposits increases in a downstream direction, and the deposits can store
more groundwater where they are thicker. The fractured bedrock is hydraulically connected to the
weathered bedrock and surficial deposits, so it is difficult to separate the individual sources of
groundwater flow to streams in the middle and lower reaches of the drainages. Baseflow in the
lower reaches is likely dominated by groundwater flow from the thicker surficial deposits. During
the year, there is probably an ever-changing ratio between shallow groundwater (from the
surficial deposits and weathered bedrock) and deeper bedrock groundwater contributions to any
one stream. Streams in the analysis area do not reach baseflow every year.

Few streamflow data from the upper reaches of most analysis area streams draining the CMW are
available. It is likely that during non-baseflow periods, streamflow is probably much greater than
during the baseflow period, but actual flow rates are unknown. The agencies reviewed the
hydrograph from three perennial stream locations (Granite Creek and Flower Creek, located near
Libby, Montana, and Boulder Creek, near Leonia, Idaho) where between 22 and 50 years of
continuously recorded annual flow data exist (ERO Resources Corp. 2009). Based on these three
streams, which are analogous to streams in the lower reaches of the Montanore Project analysis
area, it appears that perennial streams in the area with a baseflow component may flow at
baseflow for about 1 to 2 months sometime between mid-July to early October. The stream
hydrographs indicate that periods of baseflow also may occur during November through March.
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3.11.3.2.1 Watershed Descriptions

Libby Creek and Libby Lakes

Libby Creek is the primary watershed within the analysis area. Libby Creek flows northward and
joins the Kootenai River near the town of Libby. Libby Creek is rated as outstanding (Class 1) for
fisheries habitat by the FWP (FWP 2012). Within the analysis area, the primary tributaries to
Libby Creek are Ramsey, Poorman, Little Cherry, and Bear creeks (Figure 76). The highest
elevation of the Libby Creek watershed is 8,740 feet. Libby Creek originates in a steep, glacial-
carved basin, and discharges to the Kootenai River 29 miles downstream at an elevation of 2,060
feet. Libby Creek drains an area of about 68 square miles upstream of where the stream crosses
US 2. The first 0.5 mile of Libby Creek flows intermittently. The Libby Creek valley widens
downstream, where more erodible alluvial, glaciolacustrine, and glaciofluvial deposits are
encountered. Where Libby Creek is perennial, flow is sustained by groundwater discharge. The
average slope of upper Libby Creek is 6.6 percent (up to 30 to 40 percent near the top), and the
creek contains pools, glides, riffles, rapids and cascades (Kline Environmental Research and
NewkFields 2012). The creek is a third-order stream near the proposed mine facilities. It is
primarily restricted to a narrow channel flowing through bedrock canyons, erodible valley fill
material, and glaciolacustrine sediment. Unstable stream channel characteristics in the Libby
Creek drainage can be attributed, in part, to historical placer mining by hand (late 1800s),
hydraulic and dredge mining (early to mid-1900s), and logging/clearcutting (early to mid-1900s).

The Libby Lakes are small and lie within closed depressions along the crest of the Cabinet
Mountains. Drainage from Upper Libby Lake is tributary to the East Fork Rock Creek above
Rock Lake and Middle and Lower Libby Lakes are tributary to Libby Creek.

A FEMA-designated 100-year floodplain is mapped along Libby Creek, from 4,000 feet above
the confluence with Howard Creek to US 2.

Ramsey Creek and Ramsey Lake

The highest elevation of the Ramsey Creek watershed is 7,940 feet. Ramsey Creek is 5.3 miles
long, and discharges to Libby Creek at an elevation of 3,425 feet. Its entire length is rated as
outstanding (Class 1) for fisheries habitat by the FWP (FWP 2012). The total drainage area for
Ramsey Creek is about 6.5 square miles. The upper part of the creek has two tributaries, one from
the north and one from the south. The southern tributary originates at 5,598 feet, is 3,200 feet in
length, and has a slope of 43 percent (Kline Environmental Research and NewFields 2012). The
northern tributary is not in the GDE inventory area. The upper watershed is poorly drained and
contains both a marshy area and Ramsey Lake, a small lake of about 2 acres (Figure 76). Water in
the marsh flows through a series of ponds and meanders through grassy, wet meadows.
Downstream of the meadows, Ramsey Creek is a high-energy stream flowing through a series of
narrow bedrock canyons and glacial moraine material. Ramsey Creek is a perennial stream with
heavily forested banks. The mainstem of Ramsey Creek is a second-order stream, is fairly flat and
contains glides, pools and riffles (Kline Environmental Research and NewFields 2012).

A FEMA-designated 100-year floodplain is mapped along 4,000 feet of headwaters of Ramsey
Creek near the CMW boundary.

Poorman Creek

The highest elevation of the Poorman Creek watershed is 7,655 feet. Poorman Creek is 5.3 miles
long, and joins Libby Creek at an elevation of 3,320 feet. Its entire length is rated as outstanding
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(Class 1) for fisheries habitat by the FWP (FWP 2012). The drainage area is about 6 square miles.
Poorman Creek is a small, perennial stream located south of the Poorman Tailings Impoundment
Site and north of the LAD Areas. Near the proposed mine facilities, Poorman Creek is a second-
order stream. In the uppermost reach, which originates at 5,574 feet, the creek is steep (gradient
typically between 25 and 40 percent), and cascades over bedrock. When the gradient decreases,
there are glides and pools in the creek. The creek flows in a narrow, straight channel with several
small intermittent tributaries, heavily forested banks, and a boulder, cobble, and gravel bed.
Streamflow is relatively constant both upstream and downstream (Kline Environmental Research
and NewFields 2012).

Little Cherry Creek

The highest elevation of the Little Cherry Creek watershed is 7,040 feet. Little Cherry Creek is a
perennial stream that drains about 1.9 square miles, and flows 3.1 miles to its confluence with
Libby Creek at an altitude of 3,120 feet. Its entire length is rated as outstanding (Class 1) for
fisheries habitat by the FWP (FWP 2012). Streambed material ranges from boulders to sand and
silt. Little Cherry Creek is incised into glaciolacustrine and glaciofluvial sediment, with a steep
gradient reach where bedrock crops out in the lower section near its confluence with Libby Creek.
The most complete synoptic flow data collected in Little Cherry Creek (Table 106) indicate that
the creek gains water from groundwater discharges throughout its length (Geomatrix 2008b).
Little Cherry Creek is a second-order stream.

The upper portion of the watershed is forested and the lower portion has been logged. In logged
areas, streambanks are collapsed, and small shrubs and forbs have become established. The
average bankfull width of upper Little Cherry Creek is 8 feet and 14 feet in the lower creek.
Bankfull width is the width of the stream when carrying the 1.5- to 2-year peak flow (Rosgen
1996). The floodplain is estimated to range from 0 to 33 feet wide in the lower mile of the creek,
and 33 to more than 100 feet wide above that location (Kline Environmental Research 2005a).
The floodplain identified by Kline Environmental Research is not a FEMA-designated 100-year
floodplain.

Bear Creek

Bear Creek is the largest tributary of Libby Creek in the analysis area, draining a 15-square mile
area. The highest elevation of the Bear Creek watershed is 7,200 feet. Originating in a glacial
basin, Bear Creek flows perennially 8.2 miles, converging with Libby Creek at an elevation of
3,050 feet. Its entire length is rated as outstanding (Class 1) for fisheries habitat by the FWP
(FWP 2012). Bear Creek is incised into lake bed (glaciolacustrine) silt, although small areas of
exposed bedrock occur in portions of the channel area. Most of the watershed is heavily forested.
The streambed material is composed primarily of cobbles and gravels.

Cable Creek

Cable Creek is a tributary to Bear Creek, with headwaters in the CMW. The highest elevation of
the Cable Creek watershed i1s 7,195 feet, and enters Bear Creek at 3,650 feet in elevation. The
entire 4.2 miles of Cable Creek is rated as outstanding (Class 1) for fisheries habitat by the FWP
(FWP 2012). The agencies expect that streamflow in Cable Creek would not be affected by the
mine or transmission line, and it is not discussed further in this section.
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Big Cherry Creek

The highest elevation of the Big Cherry Creek watershed is 8,740 feet, and its lowest elevation is
2,150 feet where it enters Libby Creek. Big Cherry Creek originates in a 5-acre lake and flows
19.2 miles to Libby Creek about 2 miles upstream of the Kootenai River. The stream shifts and
braids within a wide, unvegetated cobble floodplain. Its entire length is rated as outstanding
(Class 1) for fisheries habitat by the FWP (FWP 2012). The agencies expect that streamflow in
Big Cherry Creek would not be affected by the mine or transmission line, and it is not discussed
further in this section.

Howard Creek and Howard Lake

Howard Creek is a tributary to Libby Creek. The highest elevation of the Howard Creek
watershed is 6,870 feet and enters Libby Creek at 3,570 feet in elevation. Howard Lake is located
near the headwaters of Howard Creek at an elevation of 4,100 feet and is 33 acres in size. The
lake is adjacent to a KNF campground. All of the transmission line alternatives would cross lower
Howard Creek and two of the transmission line alternatives would cross upper Howard Creek at
its headwaters. The drainage area is about 2.3 square miles, and the watershed begins at about
5,380 feet. The creek is about 2.8 miles long. The entire length of Howard Creek is rated as
outstanding (Class 1) for fisheries habitat by the FWP (FWP 2012). About 1,400 feet of Howard
Creek above the confluence with Libby Creek is mapped as a FEMA-designated 100-year
floodplain. A narrow band around Howard Lake also is mapped as a FEMA-designated 100-year
floodplain.

Midas Creek

The highest elevation of the Midas Creek watershed is 5,600 feet. Midas Creek is a tributary to
Libby Creek that flows from the southeast into Libby Creek at an elevation of 3,290 feet a short
distance downstream of Poorman Creek. The North Miller and Modified North Miller
transmission line alternatives would cross into the upper Midas Creek watershed. The drainage
area is about 6 square miles, and the watershed begins at about 5,750 feet. The creek is about 3.3
miles long. The entire length of Midas Creek is rated as outstanding (Class 1) for fisheries habitat
by the FWP (FWP 2012).

Swamp Creek

The highest elevation of the Swamp Creek watershed is 5,850 feet. It flows 10.4 miles to its
confluence with Libby Creek near US 2 at an elevation of 2,720 feet. In Alternatives 3 and 4,
MMC would acquire a 67-acre parcel along US 2 through which Swamp Creek flows for wetland
mitigation. The agencies expect that the streamflow and water quality in Swamp Creek would not
be affected by the mine or transmission line. Swamp Creek is not rated by the FWP for fisheries
habitat (FWP 2012).

Fisher River

The Fisher River is a tributary to the Kootenai River. The river is formed by two tributaries,
Silver Butte Fisher River and Pleasant Valley Fisher River. Miller Creek and West Fisher Creek
flow into the river 3 to 4 miles below the confluence of the two tributaries. The river is 63 miles
long and has a watershed area of 838 square miles. The highest elevation of the watershed is
7,565 feet and joins the Kootenai River at 2,115 feet in elevation just downstream from Libby
Dam. In the analysis area, the river is rated as substantial (Class 3) for fisheries habitat (FWP
2012). AFEMA-designated 100-year floodplain is mapped along all segments of the Fisher River
in the analysis area.
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Miller Creek

Miller Creek is a tributary to the Fisher River located southeast of the mine area. Segments of
three transmission line alignment alternatives are in the Miller Creek watershed. The drainage
area is about 12 square miles; the highest elevation of the watershed is 5,595 feet and it joins the
Fisher River at 2,885 feet in elevation. Its entire 6.2-mile length is rated as moderate (Class 4) for
fisheries habitat by the FWP (FWP 2012). Sections of Miller Creek in the lower reaches near the
confluence with the Fisher River are dry most of the year where water in the channel sinks below
the channel bottom. The stream connects with the Fisher River only during spring high flows, or
during rain-on-snow events. The transmission line alignment in Alternatives B and C-R would
parallel an unnamed tributary to Miller Creek that flows from the north into Miller Creek. The
drainage area of this tributary is 1.9 square miles, the top of the watershed begins at about 5,400
feet, and the length of the tributary is about 2.4 miles. A FEMA-designated 100-year floodplain is
mapped along Miller Creek and its unnamed tributary, from 2,000 feet above the confluence of
the two drainages to Miller Creek’s confluence with the Fisher River.

West Fisher Creek

West Fisher Creek is also southeast of the mine area and is a tributary to the Fisher River. The
West Fisher Creek transmission line alignment generally parallels the creek for about 5 miles. It
has a large drainage area (44 square miles); the highest elevation of the watershed is 7,610 feet (in
the CMW) and the lowest elevation is 2,900 feet where it joins the Fisher River. The creek has
several lakes in its headwaters and numerous tributaries. Its entire 13.3-mile length is rated as
moderate (Class 4) for fisheries habitat by the FWP (FWP 2012). A FEMA-designated 100-year
floodplain is mapped along West Fisher Creek, from 2,000 feet above the confluence with Lake
Creek to its confluence with the Fisher River. All transmission line alternatives except Alternative
B would cross the creek.

Hunter Creek

Hunter Creek, a tributary of the Fisher River, has a small drainage area (1.64 square miles) that
originates east of US 2. The highest elevation of the watershed is 5,345 feet with its lowest
elevation at 2,910 feet where it joins the Fisher River. Alternative B is the only transmission line
alternative that would cross the creek. Most of the watershed is on Plum Creek lands. Hunter
Creek’s 2-mile length is rated as moderate (Class 4) for fisheries habitat by the FWP (FWP 2012).

Sedlak Creek

The Sedlak Creek watershed is immediately south of Hunter Creek. Sedlak Creek flows into the
Pleasant Valley Fisher River about 1,000 feet east of the proposed Sedlak Park Substation Site.
Sedlak Creek has a small drainage area (1.04 square miles); the highest elevation of the watershed
is 4,440 feet and its lowest elevation is 2,995 feet where it joins the Pleasant Valley Fisher River.
Most of the watershed is on Plum Creek lands. Sedlak Creek’s 2-mile length is rated as moderate
(Class 4) for fisheries habitat by the FWP (FWP 2012).

Standard Creek

Standard Creek, a tributary to West Fisher Creek, drains a portion of the transmission line
corridor area and would not be affected by the mine or by construction and maintenance of the
transmission line. The highest elevation of the watershed is 6,870 feet and its lowest elevation is
3,450 feet where it joins West Fisher Creek. Short segments of the Miller Creek and West Fisher
Creek transmission line alternatives would be within the Standard Creek watershed, but the line
and any associated access roads would be located more than 1 mile from the creek. The agencies
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expect that streamflow and water quality in Standard Creek would not be affected, and it is not
discussed further.

Rock Creek Watershed

Rock Creek is formed by the convergence of the east and west forks of the creek, which drain an
area of about 33 square miles of steep, high-elevation terrain. In its uppermost ephemeral reaches,
the source of water supply to the East Fork Rock Creek is surface water runoff, but where the
stream becomes perennial, bedrock groundwater is also a source of water to the creek. The reach
above Rock Lake is 0.4 mile in length, has a gradient between 10 and 20 percent, and cascades
over boulders and bedrock. Below Rock Lake, the East Fork Rock Creek to the confluence with
the West Fork Rock Creek is 5.3 miles long, has an average slope of 8 percent, and contains
pools, glides, riffles, rapids, and cascades (Kline Environmental Research and NewFields 2012).

Underground mining would occur under the headwaters of the East Fork Rock Creek. The highest
elevation of the East Fork Rock Creek watershed is 7,610 feet and its lowest elevation is 2,770
feet where it joins the West Fork of Rock Creek to create the mainstem of Rock Creek. The East
Fork Rock Creek and Rock Creek are rated as outstanding (Class 1) for fisheries habitat by the
FWP (FWP 2012). The East Fork Rock Creek flows perennially, but loses water near the
confluence with the West Fork (USFWS 2007a).

Rock Creek Meadows is a 50-acre wetland outside the CMW where the topography flattens along
the East Fork Rock Creek drainage. Several tributaries to the East Fork Rock Creek drain directly
to Rock Creek Meadows; the drainage area of these tributaries is 2,970 acres. The drainage area
of the East Fork Rock Creek upstream of the Meadows is 1,070 acres. The wetlands, when
observed during an agency field review during a very dry period in September 2007, had a visibly
high water table, and an inflow from the East Fork Rock Creek of about 2 cfs.

The West Fork Rock Creek flows 3.5 miles to the mainstem of Rock Creek. The substrate is
dominated by gravel and rubble, with high amounts of fine sediment. The drainage is subject to
high flow events and intermittent flow. West Fork Rock Creek may be used for bull trout
mitigation. The agencies expect that the streamflow and water quality in West Fork Rock Creek
would not be affected by the mine or transmission line, and it is not discussed further in this
section.

Rock Creek downstream of the confluence of the East and West forks has a gradient of about 2
percent, and contains pools, glides, riffles, and rapids (Kline Environmental Research and
NewFields 2012). Rock Creek flows into the Clark Fork River below Noxon Reservoir. Rock
Creek is characterized by high velocities and large flow volumes during snowmelt runoff. The
creek flows intermittently during baseflow periods, except for short reaches where perennial flow
is maintained by alluvial groundwater and discharge from Engle Creek, Orr Creek, and alluvial
groundwater from Big Cedar Gulch (Salmon Environmental Services 2012). The perennial flow
downstream of Engle Creek is maintained by a bedrock spur about 3,000 feet upstream of MT
200. The bedrock probably prevents surface flow from entering the coarse subsurface alluvium,
and may also force alluvial groundwater back into the channel. The surface flow becomes
intermittent again when it reaches alluvium about 2,000 feet upstream from MT 200.

The Forest Service has been continuously gaging Rock Creek at RC-2000, located about 100 feet
upstream of MT 200, since May 2011 (KNF 2011b, 2014a, 2014b). The estimated bankfull flow
is 900 cfs. The highest flow measured was 782 cfs on May 13, 2013. During 2011, 2012 and
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2013, streamflows peaked in mid-May. Flows of 100 cfs or greater occurred in 2011 during most
days between mid-May and to the first week of July. 2012 and 2013 were wetter years, with flows
of 100 cfs or greater starting at the end of March/beginning of April and occurring during most
days through early to mid-July. Flows declined to less than 1 cfs or less in 2011 from September
20 through January 4, 2012, in 2012 from September 20 to October 19, and in 2013 from
September 4 to September 23. Flows were also low (typically 2 to 5 cfs) in January to early
March.

Rock Lake, at an elevation of 4,958 feet, has a 1.43 square mile watershed, a 58-acre surface area,
a mean depth of 30 feet, and a maximum depth of 70 feet. The estimated volume of Rock Lake is
1,302 acre-feet (Gurrieri, pers. comm. 2011). Due to the steep, rocky shoreline, Rock Lake has a
narrow, rocky littoral zone with very little littoral zone vegetation, based on the agencies’
September 2007 site visit and review of aerial photographs. Rock Lake is included in the GDE
inventory area described in Appendix C.

Rock Lake is located along the Rock Lake Fault and is fed by a short perennial stream. Water
sources include snowmelt (particularly during the spring and early summer), rainfall (particularly
in October and November), and groundwater via a shallow flow path during the runoff period and
deeper bedrock groundwater throughout the year (Gurrieri 2001). The Rock Lake watershed
receives an estimated average 78 inches of precipitation annually (ERO Resources Corp. 2012c¢).
The volume of groundwater inflow to Rock Lake is a small fraction of the annual hydrologic
budget; the annual water balance is dominated by surface water (Gurrieri 2001). The residence
time of the lake water is very short during the spring snowmelt period (a few days), and lengthens
significantly later in the year. The lake is a flow-through system; the lake gains water from
surface runoff, from groundwater from the springs above it that flow to the lake, and directly
from bedrock groundwater surrounding it. The lake loses water via evaporation, a surface outlet,
and possibly groundwater outflow. Stage changes in Rock Lake were measured from mid-June
through mid-October in 1999; the total decrease in lake level during that time was 1.29 feet
(Gurrieri 2001). Lake stage measurements have been collected occasionally since 1999, and
MMC began continuously recording lake stage changes in 2009. The lake measurements show
that the lake level generally rises in late April to May as the snowpack melts, begins to decline in
August, increases in October, and then remains relatively constant during the winter (NewFields
2013a, MMC 2014d). During the 2009 to 2013 period, the lake level fluctuated by about 2 feet
(MMC 20144d).

East Fork Bull River Watershed

The East Fork Bull River has several tributaries that drain an area of about 26 square miles of the
CMW. The highest elevation of the East Fork Bull River watershed is 7,940 feet and its lowest
elevation is 2,290 feet where it enters the Bull River. Its entire 8-mile length is rated as
outstanding (Class 1) for fisheries habitat by the FWP (FWP 2012).

In its uppermost ephemeral reaches, the source of water supply to the East Fork Bull River basin
is surface water runoff, but where flow becomes perennial at an elevation of about 5,400 feet,
flow from a spring (EFBR-10), which may be associated with the Rock Lake Fault, is a source of
bedrock groundwater to the stream. St. Paul Lake, elevation 4,715 feet, is located along the Rock
Lake Fault near the top of the East Fork Bull River watershed. Five tributaries, one of which runs
along the trace of the Rock Lake Fault, flow into the lake. The eastern tributary has two branches,
one that originates at 5,589 feet and one that originates at 5,348 feet. Another tributary originates
at 5,595 feet and is 2,950 feet in length. The tributaries are primarily bedrock-controlled cascades,
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with average gradients ranging from 17 to 34 percent (Kline Environmental Research and
NewFields 2012). St. Paul Lake is perched on a moraine at the junction of two mountain valleys.
The glacial moraine material beneath the lake is very coarse. Outflow from the lake is through the
glacial gravels to the East Fork Bull River drainage. Flow resurfaces at a small wetland 330 feet
northwest of St. Paul Lake at an elevation of 4,706 feet (Kline Environmental Research and
NewFields 2012) (Figure 76).

St. Paul Lake has a 9-acre surface area and a drainage area of 1.5 square miles. The major source
of water to the lake is snowmelt. Seasonal stage changes have not been measured in St. Paul
Lake; the lake level has been observed to fluctuate to a much greater extent than does Rock Lake
due to leakage through the relatively high permeability moraine material (Gurrieri, pers. comm.
2008). St. Paul Lake can become completely dry during extended periods of little to no
precipitation.

Below St. Paul Lake, the river is steep (average 12 percent gradient), with rapids and cascades.
After the gradient begins to flatten, there are also pools, glides, and riffles in the river (Kline
Environmental Research and NewFields 2012). Two tributaries that join the East Fork Bull River
within the CMW are 1.8-mile long Isabella Creek, and 1.2-mile long Placer Creek. Placer Creek
drains a small watershed east of St. Paul Lake, and Isabella Creek drains a larger watershed along
the mountain divide. Isabella Lake is small and lies within a closed depression along the crest of
the Cabinet Mountains. Isabella Lake has no defined stream channel from the lake to Isabella
Creek.

The flow of the East Fork Bull River just upstream of the confluence with the Bull River has been
gaged by the Forest Service since May 2009 (KNF 2011c, 2011d, 2011e, 2012, 2014c). The
estimated bankfull flow at the gage is 694 cfs. During the 2009 to 2013 period, streamflows
peaked in mid-May, with the highest flow (820 cfs) occurring on May 16, 2011. Peak flows also
occurred due to rain-on-snow events that occurred in December 2009 (740 cfs) and January 2011
(672 cfs). During spring runoff, flows exceeding 100 cfs occurred for 22 days in May 2009, from
April 20 to July 5 in 2010, from May 5 to July 27 in 2011, from April 12 to July 21 in 2012, and
from April 2 to 13 and April 27 to July 6 in 2013. During the period of record, lowest flows (15
cfs or less) occurred in the last week of August, September, and October, and at times during the
winter months.

Swamp Creek and Wanless Lake

On the west side of the Cabinet Mountains, Swamp Creek flows 14.7 miles from Wanless Lake to
the Clark Fork River. The highest elevation of the Swamp Creek watershed is 7,610 feet and its
lowest elevation is 2,350 feet where it enters the Clark Fork River. The creek is rated as
substantial (Class 3) for fisheries habitat (FWP 2012). Wanless Lake, elevation 5,100 feet, is
slightly larger than Rock Lake, has a slightly larger watershed with similar topography, is located
within the Revett Formation, and is bisected by the Rock Lake Fault. Swamp Creek and Wanless
Lake are outside the area of predicted effects from mining, and would be used as benchmark
monitoring sites (see Appendix C, Section C.10).

Copper Gulch

Copper Gulch flows 4.6 miles to Bull River. Its entire length is rated as outstanding (Class 1) for
fisheries habitat by the FWP (FWP 2012). The highest elevation in the watershed is 7,714 feet
and the lowest elevation is 2,270 feet where it enters the Bull River. Channel stability in the lower
reach has been adversely affected by extensive stream channelization and subsequent channel
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maintenance. Factors affecting fish habitat included stream channelization, riparian alteration,
channel clearing, and the high gradient nature of the drainage. The lower reach upstream of the
confluence with Bull River is subject to seasonally intermittent flows. Copper Gulch may be used
for bull trout mitigation.

Flower Creek

Flower Creek flows 13 miles to Kootenai River and has a drainage area of 11.2 square miles. Its
entire length is rated as outstanding (Class 1) for fisheries habitat by the FWP (FWP 2012).
Headwater tributaries begin in a series of small lakes at an elevation of about 6,200 feet. The
lower portion flows through the city of Libby, Montana. Two man-made dams are present in the
lower half of Flower Creek. The lower dam is used as a diversion point for a water intake that
feeds by gravity to Libby’s water treatment plant. The upper Flower Creek Dam is operated by
Libby as part of their water supply storage system. Flower Creek may be used for bull trout
mitigation.

3.11.3.2.2  Streamflow

Instantaneous and Continuous Streamflow Measurements

Instantaneous and continuous streamflow in the analysis area has been collected using a flow
meter at measured stream cross-sections, mostly at lower elevations and outside of the CMW,
None of the streams within the analysis area have been continuously gaged on a long-term basis;
without such data, hydrographs cannot be developed to determine baseflow, average low flow, or
peak flow.

In all of the streams measured (Libby Creek, Ramsey Creek, Poorman Creek, Little Cherry
Creek, Bear Creek, Miller Creek, West Fisher Creek, Rock Creek, and the East Fork Bull River),
the highest annual flows typically occur between April and June, with the highest flows most
often occurring in May, then secondly in April. There are typically smaller, short-term increases
in streamflow in October through March due to precipitation and snowmelt events. Lowest flow
occurs most often from mid-August to mid-September and may occur for up to 2 months during
late summer to early fall and also may occur during November through March. Streamflow in the
analysis area was often not measured during November through February. Other streamflow
peaks occurred in the spring and early summer of 2010 as a result of both precipitation and
snowmelt runoff. Highest and lowest measured flows are provided for each stream in Table 105.
Some of the lowest measured flows were close to or lower than the lower range of estimated 7Q;,
flow shown in Table 87 in section 3.8.3.

The analysis area is sometimes subjected to strong warm-frontal storms between November and
mid-April that bring heavy rain, warm temperatures, and strong winds. Rain-on-snow events
occur about every 6 years east of the Cabinet Mountain divide (Wegner, pers. comm. 2006c¢) and
every year on the west side of the Cabinet Mountains (Neesvig 2010). Depending on storm
intensity and soil and snowpack moisture conditions, these storms can produce very high
streamflow. For example, a major rain-on-snow event occurred in December 2004. The KNF
measured a flow of 560 cubic feet per second (cfs) at the West Fisher Creek site and a flow of 549
cfs in Libby Creek at US 2 (Wegner, pers. comm. 2006d). In addition to causing high streamflow,
channel migration, and the movement of large materials within the stream channels, the high rate
of water to the soil can generate unstable conditions on hill slopes. During such high flows,
landslides can occur and stream channels may be altered by bank erosion, down cutting, and
redistribution of sediment and large woody debris. These events caused extensive damage to road
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drainage and stream crossing structures throughout the KNF. Channel alterations caused by ice
flows associated with these events occurred to most stream systems in the analysis area and
resulted in streambed scouring. The rain-on-snow event that occurred in February 1996 resulted
in down cutting of most perennial channels by about 2 to 3 inches.

Beginning in September 2009, MMC began continuously measuring stage in Libby Creek at LB-
200, upstream of the Libby Adit. The stage readings were used to develop a stage-discharge
relationship at LB-200; the resulting streamflows are provided in Chart 18. At LB-200, large
precipitation events in October 2009, November 2010, January 2011, and September 2013
increased streamflow significantly during a typically low-flow period. The estimated 7Q,, flow at
LB-200 using the USGS method is 2.35 cfs, with an estimated range of 1.11 cfs to 5.05 cfs. The
lowest 7-day average flow was 1.8 cfs in mid-October 2009. Based on the Poorman SNOTEL
site, 2009 was the driest year in the past 10 years and 2012 was the wettest in the analysis area
(Natural Resources Conservation Service 2015).

Chart 18. Streamflow at LB-200, September 2009 to October 2014.
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Based on numerous streamflow measurements collected at LB-2000, flows during all months
were very variable, with low flows of 2 cfs or less occurring every month, average monthly flows
ranging from 4 cfs in September to 80 cfs in May, and maximum monthly flows ranging from 23
cfs in September to nearly 420 cfs in June. Flows exceeding 200 cfs occurred infrequently; seven
measurements greater than 200 cfs occurred in April through June, and one occurred in February.

In September 2012, MMC measured flow in Ramsey Creek 500 feet above the CMW boundary
(RC-10) and 4,000 feet downstream of the boundary (RC-20). Flow was 1.15 cfs at the upper
location and 1.59 cfs at the lower location. In 2013, MMC measured flow at RC-10 in August,
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September, and October; flows ranged from 1.40 cfs in September to 4.02 cfs in October (MMC

2014d).
Table 105. Measured High and Low Flows in Analysis Area Streams.
) Minimum Maximum Number of
Stream Station Samr_)llng Measured Measured Measure-
Period Streamflow Streamflow
ments
(cfs) (cfs)
Libby Creek LB-100 4/88 to 10/13 0.77 50.7 32
LB-200" 4/88 to 10/14 0.77 262 Numerous
LB-300" 9/89 to 7/12 1.6 148 80
LB-500 4/88 to 7/12 0.47 173 81
LB-800 4/88 to 8/07 2.9 250 37
LB-1000 2/91 to 4/12 2.9 122 34
LB-2000 9/88 to 4/12 0.1 418 Numerous
LB-3000° 4/88 to 4/12 10.6 319 Numerous
Us 2¢ 3/99 to 9/09 4.0 1,076 53
Ramsey Creek | RA-100 4/88 to 10/93 0 60.9 18
RA-200 4/88 to 10/93 0.5 62.8 24
RA-600 4/88 to 10/09 1.2 119.5 41
Poorman PM-500 4/88 to 10/93 0.5 85.4 24
Creek PM-1000 4/88 to 4/12 0.7 62 50
Little Cherry LC-100 4/63 to 9/65; 0.1 15 64
Creek 4/88 to 10/07
LC-600 4/88 to 6/05 0.2 13.2 12
LC-800 4/91 to 4/10 0.2 11.9 24
Bear Creek BC-100 4/88 to 10/88 1.8 98.1 9
BC-500 4/91 to 4/12 2.8 110 25
East Fork EFRC-50 7/12 to 9/13 <0.01 104 5
Rock Creek EFRC-100 10/98 to 10/13 0.01 104 9
(Rock Lake inflow)
EFRC-200 10/98 to 10/13 <0.01 27.3 20
(Rock Lake outflow)
EFRC-300 9/88 to 10/88 0.4 6.5 2
Rock Creek RC-2000 1984-1993, <1 782 Numerous
2011-2013
East Fork Bull | EF Bull River above 1974-2000, 4.6 820 Numerous
River confluence with Bull 2009-2013
River
Miller Creek Miller Creek 5/78 to 4/82 10.6 63.5 3
West Fisher West Fisher Creek 10/01 to 8/08 8.6 669 34
Creek

"LB-200 water level stage measured continuously by MMC beginning September 2009.
"LB-300 flow includes discharge from the Libby Adit between 1990 to 1998 and 2008 to present. Flow at other Libby
Creek sites downstream of LB-300 also may have been influenced by discharge from the adit during the same time

periods.

SLB-3000 flow measured with a continuous recorder in 1988 and 1989.
“The KNF measured flow at the US 2 bridge until September 2009. The monitoring station was moved about 2 miles

downstream due to safety concerns. The new station is outside of the analysis area.

Station locations are shown on Figure 76.

cfs = cubic feet per second; < = less than.

Source: NewFields 2013a; MMC 2008, 2009b, 2010, 2011b, 2012g, 2013; Neesvig, pers. comm. 2006, 2010 and 2011;
Wegner, pers. comm. 2006d; Boyd, pers. comm. 2010.

Final Environmental Impact Statement for the Montanore Project 643



Chapter 3 Affected Environment and Environmental Consequences

In July to October 2013, MMC measured flow in the upper East Fork Bull River at EFBR-50
monthly measured stage continuously using a pressure transducer (MMC 2014d). The flow
ranged from 0.02 cfs in mid-September to 0.22 cfs in mid-October. The transducer data showed a
drop in stream stage from July through early September, with a couple of short increases during
that period due to precipitation events. The stream stage was lowest in early September, and
remained fairly steady for about two weeks, so the flow of 0.02 cfs may represent baseflow
conditions. In mid-September, stream stage increased due to fall precipitation. MMC measured a
flow of 0.05 cfs in August 2013 at EFBR-10, located at an elevation of 5,400 feet upstream of
EFBR-50 where flow was observed to begin in that channel. MMC also measured flow in three of
the four other channels that flow into St. Paul Lake in September 2013. Flow in SPL-1, SPL-4,
and SPL-11 ranged from 0.01 to 0.03 cfs; these flows may represent baseflow conditions.

MMC installed a pressure transducer in the East Fork Rock Creek at EFRC-100 (inflow to Rock
Lake) in August 2013. The continuous stage measurements were fairly steady through mid-
September, which may represent baseflow conditions, which was measured in mid-September
2013 as 0.05 cfs. Stream stage increased in mid-September due to fall precipitation.

MMC measured the flow at the outlet of benchmark lake Wanless Lake to Swamp Creek (in
Sanders County) in July, August, and September 2013. The site (WL-2) is a benchmark
monitoring site (outside the range of influence of expected mine or adit inflows) comparable to
EFRC-200, the outlet of Rock Lake. The flow at EFRC-200 was measured within 1 to 2 days of
flow measurements collected at WL-2, and were similar. Highest flows (5.3 cfs at EFRC-200 and
5.7 cfs at WL-2) were measured in mid-July 2013, and lowest flows (0.3 cfs at EFRC-200 and 0.4
cfs at WL-2) were measured in mid-September 2013.

MMC also measured flow in Swamp Creek (in Lincoln County) at the proposed wetland
mitigation site adjacent to US 2. Flow measurements collected at three locations at the site
between May and September 2011 and June and August 2012 ranged from 1.37 in September to
31.8 cfs in May. Flow in a tributary channel from a spring (#2) ranged from 6.19 cfs in May 2011
to 1.01 cfs in August 2012 (NewFields 2013a).

Synoptic Streamflow Measurements

MMC completed synoptic streamflow measurements in late August 2005 at selected locations
along Ramsey Creek, Poorman Creek, Little Cherry Creek, and Libby Creek (Table 106). These
data indicate that the three tributaries to Libby Creek along nearly all of their reaches are gaining
streams with inflow from groundwater. Some of the flow in Libby Creek between stations LB-
500 and LB-800 apparently infiltrates into the alluvium, because the increase in flow from 1.6 to
2.8 cfs does not account for the 2.8 cfs coming in from Ramsey Creek (RA-600) and unknown
flow from Howard Creek. Libby Creek below LLB-800 apparently gains some flow from
groundwater.

644 Final Environmental Impact Statement for the Montanore Project



3.11 Surface Water Hydrology

Table 106. August 2005 Synoptic Streamflow Measurements.

Ramsey Creek Poorman Creek L'ttgrg:; ry Lower Libby Creek
RA-1=1.79 PM-500 = 1.07 LC-100=0.16 LB-500 =1.55
RA-2=1.93 PM-1=0.76 LC-1=0.17 LB-800 =2.82
RA-3=2.26 PM-2=1.03 LB-2000 = 8.86
RA-4=2.34 PM-3=1.5 LC-100=0.11%*

RA-600=2.79 PM-4=0.91 LC-1=0.33%*
PM-1000 = 0.77 LC-800 = 1.82%*
PM-5=1.93
LC-1=0.37**
LC-800=0.31**

All flows are in cubic feet per second.

Measurements made August 24-26, 2005, except data with (*) measured June 25-26, 2005 or data with (**) measured
July 30-31, 2005.

Source: Geomatrix 2006b.

On September 3, 2010, MMC completed synoptic flow measurements along Libby Creek from
the top of the main channel where the uppermost channel from the west joins the uppermost
channel from the south, about 1 mile upstream of the CMW boundary to LB-200 (Chart 19).
MMC also completed synoptic flow measurements in this same area in September and October
2012, and extended the measurements up to the top of the highest, most westerly channel up to an
elevation of 5,880 feet (Figure 76). MMC completed synoptic flow measurements from LB-40 to
LB-100 in July through October 2013 and 2014. The 2012, 2013, and 2014 synoptic flow
measurements are provided in Table 107. This entire section of the Libby Creek channel is
narrow, with numerous steep side channels on both sides of the creek. At 5,880 feet, in an area of

Chart 19. Flow in Upper Libby Creek, September 2010.

6
LB-100

o 4 /
3 \
3 3
[r= -
= LBSON
©
g2
& l LB-200
| f
0 T T T T T T T 1
0 2000 4,000 6,000 8000 10,000 12,000 14,000 16,000

Approximate Distance Downstream from Headwater (ft)

Source: Geomatrix 2010b.

Final Environmental Impact Statement for the Montanore Project 645




Chapter 3 Affected Environment and Environmental Consequences

Table 107. 2012, 2013, and 2014 Synoptic Streamflow Measurements in Upper Libby Creek.

Measurement L'Il'?ikt%ti:ieeesk Libby Creek Main Stem
Date
LB-30 LB-20 LB-40 LB-50 LB-70 LB-80 LB-100

9/13/12 0.54 0.30 0.18 1.67 1.37 1.40 3.87
9/27/12 0.29 1.66 0.14 1.87 1.08 1.77 2.33
10/10-14/12 0.37 0.25 0.02 0.85 0.15 0.61 1.92
7/10/13 5.52 1.55 3.34 10.88 13.16 10.53 19.70
7/24/13 3.45 1.31 1.96 5.13 NM 6.63 12.88
8/7/13 2.05 0.87 1.39 4.83 4.31 3.19 7.40
8/19/13 1.18 0.65 0.67 3.59 4.15 4,51 4,72
9/4/13 0.73 0.57 0.33 2.67 2.00 1.24 2.39
9/19/13 4.40 0.57 2.36 9.91 10.41 10.50 19.74
10/4/13 3.27 1.21 1.86 6.67 12.12 13.46 25.90
7/14/14 6.20 1.43 11.32 18.57 21.98 29.00 28.55
7/26/14 2.33 0.38 1.61 5.58 6.49 9.17 10.89
8/15/14 1.37 0.30 1.00 3.51 4.48 5.58 5.19
8/29/14 1.10 0.21 0.36 1.83 2.35 2.86 3.66
9/11/14 0.60 0.20 0.25 1.57 1.61 2.38 2.30
9/26/14 1.07 0.18 0.55 2.81 3.13 3.94 4,13
10/10/14 0.86 0.29 0.28 1.66 1.74 2.09 1.83

All flows are in cubic feet per second. LB-20 and LB-30 are tributaries to the mainstem of Libby Creek between LB-40
and LB-50.

NM = No measurement.

Source: MMC 2014d; Klepfer Mining Services 2015a.

extensive colluvium and rock talus, the flow in the channel was measured at 0.02 cfs in
September 2012. Perennial flow in Libby Creek originates slightly above LB-50 where a fault of
the Snowshoe thrust cuts across the valley (Fillipone and Yin 1994). At most locations measured
in the mainstem, the creek showed flow gains except at the last location at LB-200. The creek for
the most part gains flow from above LB-50 to LB-100, then loses flow between LB-100 and LB-
200. Measurements indicate that some water is lost to alluvial deposits between LB-100 and LB-
200, and that the alluvium is limited in the volume of water it can carry.

Downstream of LB-200, at least five steep side channels enter the main channel of Libby Creek
between LB-200 and LB-300. The Libby Creek channel does not begin to widen and become
flatter until the Libby Adit site just above LB-300. Historical flow data (1989-2013) for LB-200
and LB-300 collected on the same date show that during low flows (defined for this purpose as
flow of less than 4.73 cfs, the estimated 7Q, flow at LB-300), the stream gained an average 36
percent in flow between LB-200 and LB-300. Based on these data, upper Libby Creek to LB-300
is largely a gaining stream, with inflow from groundwater (either directly to the mainstem or via
the numerous side channels), and a temporary loss to alluvium of limited thickness within the
narrow channel above LB-200. This water appears to return to the creek between LB-200 and
LB-300.
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3.11.3.3 Spring Flows

Numerous springs occur in the analysis area and are discussed in section 3.10, Groundwater
Hydrology.

3.11.34 Stream Channel Characteristics of Impoundment Sites

3.11.3.4.1  Little Cherry Creek Tailings Impoundment Site

At the Little Cherry Creek Tailings Impoundment Site, the Little Cherry Creek channel substrate
material is predominantly gravel. The average bankfull width of upper Little Cherry Creek is 8
feet and 14 feet in the lower creek. The maximum bankfull depth is 0.7 to 1.2 feet. The floodplain
width ranges from 30 to more than 100 feet. The channel gradient ranges from 7 percent near the
confluence with Libby Creek to 2 percent in the upper part of the watershed (Kline
Environmental Research 2005a). The channel is stable, and the stream contains pools and riffles.
Bedrock outcrops in the channel downstream of the Seepage Collection Dam Site. The range of
measured Little Cherry Creek flows is provided in Table 105.

3.11.3.4.2  Poorman Tailings Impoundment Site

Surface water in four drainages in the Poorman Tailings Impoundment Site (Drainages 3, 5, 10
and 14) flows east toward Libby Creek (Figure 87). The four drainages comprise a small, 1,025-
acre watershed within the Libby Creek watershed. Libby Creek is a third-order stream. The area
upstream of and including the watershed of the four unnamed drainages is 23,245 acres. Major
tributaries of Libby Creek upstream of the Poorman Tailings Impoundment Site are Poorman
Creek, Ramsey Creek, Howard Creek, and Midas Creek. The four drainages were characterized
by Kline Environmental Research (2012) and NewFields (2014a). The descriptions below apply
to observations made in 2011. From north to south, the drainages are 10, 5, 3, and 14 (Figure 87).

Drainage 10

Drainage 10 has a drainage area of about 213 acres and an estimated length of 8,120 feet.
Drainage 10 was largely unchannelized. Flow in Drainage 10 originated at springs 29, 33, 34, and
35. The lower portion of the drainage dropped steeply through a narrow, v-shaped valley, forming
step pools, step riffles, and cascades, followed by a riffle-dominated final reach. The drainage
became unchannelized across a flat area leading to two culverts under NFS road #1408. The flow
dispersed and infiltrated in this flat area and did not always reach the culverts. It was assumed
that Drainage 10 connected to Libby Creek downgradient of the culvert (Kline Environmental
Research 2012). In May 2011, the maximum measured flow in Drainage 10 was 126 gpm.

Drainage 5

Drainage 5 originates from two branches (Figure 87). It has a drainage area of 72 acres and an
estimated length of 3,209 feet. Flow in one of the branches is entirely unchannelized and
intermittent. Flow was observed to begin upstream of Spring 31, flowed through a wetland
(WUS-36), drained through a culvert (NFS road #6212H), and continued through dense alder
before merging with a second branch. The second branch had perennial flow that began at Spring
36, flowed through channel habitat, and then became unchannelized. The second branch was
joined by flow from Spring 30 and entered wetland WUS-4. This wetland had standing water in
May and September 2011. Flow through the culvert at NFS road #6212H ceased in October.
Below the culvert, flow became somewhat dispersed through a dense stand of alder, where it
joined with the other branch.
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After the two branches combined, the maximum measured flow rate in 2011 was 18 gpm (0.04
cfs), and the channel became entrenched and crossed a low-gradient, bushy area before cascading
down a steep bank in a narrow v-shaped valley. It then flattened out and ended abruptly at a pool
near the edge of the proposed Seepage Collection Pond in Alternative 3. Flow to the terminal
pond appeared to be perennial. From the terminal pool, there was no evidence of surface flow
connecting Drainage 5 to Libby Creek.

Drainage 3

Drainage 3 originated from two main branches (Figure 87). It has a drainage area of 382 acres
and an estimated length of 9,494 feet. The flow path from a wetland and a spring (SP-28) and a
spring slightly downgradient in one of the branches had minor flow when measured in May 2011.
Some of the flow path was unchannelized and some was channelized. The second main branch
also originated in a wetland. From the wetland, the flow path was mainly unchannelized, with
short reaches where it was channelized, with a transition to a mainly persistent flow near the
confluence with the other main branch. The combined flows in the second branch created a
channel with persistent flow for most of the distance to Libby Creek. Of the four drainages,
Drainage 3 had the highest measured discharge (202 gpm) to Libby Creek when measured in May
2011. An area below spring SP-37 has perennial flow for about 8 feet before reaching the
northern branch. In general, flow in the two channels is intermittent, with flow observed from
April to July, and no flow observed in the two branches from August to October. Where the two
branches join, flows up to 70 gpm (0.16 cfs) were measured in April to July, and less than 10 gpm
(0.02 cfs) were measured in August to October. Near Libby Creek, flow in Drainage 3 in late
summer and fall is often is only below the ground surface due to the coarse alluvial material
along Libby Creek.

Drainage 14

Drainage 14 has a drainage area of 358 acres and an estimated length of 12,736 linear feet. All of
the perennially flowing reaches of Drainage 14 were in the upper part of the drainage due to
several springs (38, 39, and 41). Another spring (26) is located at the head of a large wetland area.
Intermittent flow through the large wetland area is in both defined and undefined channels.
Segments of channelized and intermittent flow were scattered throughout the drainage. Several
reaches of Drainage 14 below the upper reaches were only identifiable during spring runoff. The
lowest reach of Drainage 14 within the disturbance area boundary was channelized in a well-
defined valley. Surface flow at the downstream disturbance area boundary was assumed to reach
Libby Creek either as surface flow or subsurface flow in the coarse alluvial material along Libby
Creek. In May 2011, the measured flow in Drainage 14 was 108 gpm (0.23 cfs).

3.11.3.5 Climate Change

The USDA Forest Service issued the KIPZ Climate Change Report in 2010 (USDA Forest
Service 2010a). The Department of the Interior, Bureau of Reclamation issued three reports on
climate change in 2011 (Reclamation 2011a, 2011b, 2011c), discussed in section 3.3.1, Climate
Change and in section 3.10.3.4, Climate Change in the Groundwater Hydrology section. For the
Columbia River Basin in general, warming is expected to diminish the accumulation of snow
during the cool season (i.e., late autumn through spring) and the availability of snowmelt to
sustain runoff during the warm season (i.e., late spring through early autumn). Increased rainfall
in December through March is expected to increase runoff during those months. Decreased
snowpack volume could result in decreased groundwater infiltration, decreased spring/summer

648 Final Environmental Impact Statement for the Montanore Project



3.11 Surface Water Hydrology

runoff, increased rain-on-snow events, and ultimately decreased contribution to baseflow in
streams (USDA Forest Service 2010a; Reclamation 2011c).

3.11.4 Environmental Consequences

3.11.4.1 Alternative 1 — No Mine

Under this alternative, MMC would not develop the Montanore Mine. Any existing exploration-
related or baseline collection disturbances by MMC would be reclaimed in accordance with
existing laws and permits. Streamflow monitoring devices installed by MMC would be removed.
The DEQ’s approval of the mine, as permitted by DEQ Operating Permit #00150 and revised in
revisions 06-001, 06-002, and 08-001, would remain in effect. MMC could continue with the
permitted activities on private land associated with the Libby Adit evaluation program that did not
affect National Forest System lands. Reduction of streamflow in Libby Creek above the Libby
Adit from the partial dewatering of the Libby Adit would continue until groundwater levels
recovered after the Libby Adit was plugged. Streamflow in Libby Creek below the Libby Adit
and in other nearby streams would not be affected.

3.11.4.2 Effects Analysis of the Action Alternatives

Mine facilities and activities in Alternatives 2, 3 and 4 would affect streamflow and the volume
and level of Rock Lake. All mine alternatives would reduce groundwater discharge to area
streams and Rock Lake due to mine and adit inflows and lowering of the potentiometric surface
during all five mine phases (Evaluation, Construction, Operations, Closure, and Post-Closure).
When the potentiometric surface reached steady state conditions after mining ceased, the effect
would vary by drainage and without or with mitigation. Without mitigation, the effect on
streamflow in the East Fork Rock Creek and East Fork Bull River and on the volume and level of
Rock Lake would be the same in all mine alternatives. The effects on aquatic life and habitat due
to streamflow changes are described in section 3.6, Aquatic Life and Fisheries. The indirect
effects due to streamflow changes on riparian vegetation are described in section 3.22, Vegetation
and on wetland vegetation are described in section 3.23, Wetlands and Other Waters of the U.S.
Various mitigations of effects on surface water may be used and are described in section 2.5.4.3.2,
3.10.4.3.3, or 3.11.4:

« Mitigation modeled by MMC in the 3D model, which is the grouting of the side of
the mine blocks which are adjacent to the Rock Lake Fault This grouting would occur
on the three uppermost mine blocks and corresponding access ramps during
operations

« Maintaining one or more barrier pillars, if necessary, in the mine during operations
and constructing bulkheads at the access openings at mine closure

« Increasing the buffer zones near Rock Lake and the Rock Lake Fault
« Additional grouting along the Rock Lake Fault

« Mitigation of effects on senior water rights in the Libby Creek watershed during the
Construction, Operations, Closure, and Post-closure Phases

3.11.4.3 Alternative 2 — MMC Proposed Mine

In MMC’s proposal, the mill and production adits would be located in the upper Ramsey Creek
drainage, about 0.5 mile east of the CMW boundary. An additional adit on MMC’s private land in
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the Libby Creek drainage and a ventilation adit on MMC’s private land east of Rock Lake would
be used for ventilation. A tailings impoundment would be constructed in the Little Cherry Creek
drainage, and would require the diversion of Little Cherry Creek. Two LAD Areas between
Poorman Creek and Ramsey Creek are proposed to allow for wastewater discharge using
sprinklers during the growing season. A portion of the waste rock produced by driving the adits
may be stored temporarily at LAD Area 1, and at the Libby Adit Site, before use in construction.

3.11.43.1  Evaluation and Construction Phases (Years 1 through 5)

Streamflow—West Side Streams
Low Flow

Stream baseflow is predicted to change during the Evaluation and Construction Phases
(Geomatrix 2011a). At the end of the Evaluation and Construction Phases, baseflow reductions
would be 3 percent or less in the East Fork Rock Creek and East Fork Bull River. Effects to
baseflow due to mine dewatering are described in greater detail in section 3.10.4.3.1,
Groundwater. Effects of Alternative 2 would be the same as Alternative 3 without mitigation.

Streamflow—East Side Streams
Low Flow

Libby, Ramsey, and Poorman Creeks. In Alternative 2, MMC proposes to use slow rate land
application for primary treatment of wastewater (Geomatrix 2007b; MMC 2008). Land applica-
tion is the uniform application (usually with sprinklers) of wastewater to a vegetated soil surface,
with no surface runoff. The discharged water can receive significant treatment as it flows through
the plant root/soil matrix (EPA 2006b). Water discharged to the LAD Areas would either
evapotranspire or percolate to groundwater. Water that percolated to groundwater would flow
downgradient to the nearest stream. Land application would occur only during the 6-month
growing season; during the rest of the year, wastewater would be stored in the tailings
impoundment or treated at the Water Treatment Plant and discharged to Libby Creek. The
application rate would be adjusted to meet MPDES permitted effluent limits set for discharges at
the LAD Areas and to prevent the development of springs in or downgradient of the LAD sites.
The discharges to streams from the LAD Areas would be small (32 gpm or 0.07 cfs); the flow of
water initially through groundwater would dampen any sudden increases in streamflow due to the
additional water. When land application was used in Alternative 2, increases in flow due to
treated water discharges would be less than in Alternative 3 because much of the water discharged
at the LAD Areas would evaporate or be used by plants.

Effects of mine inflows on the low flows of east side streams would be similar to Alternative 3.
Construction Phase effects for Alternative 3 are shown in Table 109. In Alternative 2, the adits
would be in two drainages (Libby and Ramsey creeks), and total water inflow into the adits
would be greater in Alternative 2 than Alternatives 3 and 4. Compared to Alternatives 3 and 4,
effects on streamflow in Libby Creek above LB-300 would be slightly less and would be slightly
greater on Ramsey Creek. Discharges during both phases would increase low flow below LB-
300. Discharges from the LAD Areas reaching Ramsey, Libby and Poorman creeks would
partially offset streamflow effects from mine dewatering.

MMC did not propose in Alternative 2 to discharge water whenever flow at LB-2000 was less
than 40 cfs to avoid adversely affecting senior water rights. When water was stored for mill
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startup during the Construction Phase, low flow at and downstream of LB-300 would be
substantially less in Alternative 2 than Alternatives 3 or 4.

Little Cherry Creek. Little Cherry Creek would not be affected during the Evaluation Phase.
After the Diversion Dam was constructed during the Construction Phase, water in Little Cherry
Creek above the tailings impoundment would be diverted around the tailings impoundment down
to Libby Creek via a 10,800-foot-long Diversion Channel. The channel would be sized to divert
large flood flows safely around the tailings impoundment. The Diversion Channel would consist
of an upper channel, and two existing natural drainages. Two natural drainages would be used to
convey water from the upper channel to Libby Creek. The northern drainage (Drainage 10) is
currently a 9,000-foot long intermittent drainage that is primarily unchannelized in the upper part
and has perennial channelized segments interspersed with unchannelized wet and dry segments in
the lower part. The southern drainage (Drainage 5) is about 3,000 feet long with similar
characteristics to Drainage 10. Flow in Drainage 5 does not appear to reach Libby Creek (Kline
Environmental Research 2012). During the Construction Phase, the flow in Drainages 5 and 10
would increase.

Surface water within the catchment area of the Seepage Collection Dam and within the tailings
impoundment area would be captured and returned to the mill for ore processing. Below the
Seepage Collection Dam, the source of water to the former Little Cherry Creek channel would be
surface water runoff from the catchment area and groundwater discharge below the Seepage
Collection Dam.

Bear Creek. Low flow in Bear Creek would not be affected during the Evaluation or Construction
Phases.

Peak and Average Annual Flow

The peak flow analysis indicates timber clearing for the mine facilities in Ramsey Creek may
measurably increase the peak flow of the creek (Appendix H). The increase in Ramsey Creek
peak flow is estimated to be 8 percent. When coupled with the MMC'’s proposed transmission line
alternative (Alternative B), mine-related water yield increase would reach a measurable level in
Ramsey and Poorman creeks. According to Grant et al. (2008), changes in peak flow that fall in a
range of £10 percent are within the error of peak flow measurement and cannot be ascribed as an
effect. Based on an analysis of streamflow data from streams with gaging stations located at the
periphery of the analysis area on the KNF, the average variability in low flow values is 20 percent
(Wegner 2007). Increased peak flows as a result of timber clearing in other streams in Alternative
2 and in combined Mine-Transmission Line Alternative 2B would be less than 10 percent.
Discharges of mine and adit inflows would slightly increase peak flow (less than 1 percent) and
average annual flow (about 5 percent) at LB-300. The percent increase in average annual flow
below LB-300 would be less as flow increases downstream.

Rock Lake

The effect on Rock Lake volume and levels would be the same as Alternative 3 without
mitigation.

Stream and Floodplain Crossings

Alternative 2 would require three new road crossings across perennial streams and one new road
crossing across a non-perennial stream (Table 108). The Ramsey Plant Site would affect less than
0.1 acre of FEMA-designated 100-year floodplain on Ramsey Creek. During construction,
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disturbances within the FEMA-designated 100-year floodplain would be minimized using Best
Management Practices (BMPs), as required by FW-GDL-WTR-03 of the 2015 KFP. New bridges
are proposed over Ramsey and Poorman creeks and a culvert would be installed in Little Cherry
Creek above the Diversion Dam. For all alternatives, no new roads would cross designated 100-
year floodplains. The Ramsey Creek bridge would be designed for a 50-year flow, the Poorman
Creek bridge for a 100-year flow event, and the culvert would be constructed in compliance with
INFS standards and guidelines and Forest Service guidance (USDA Forest Service 2008a,
2015b). After construction was completed, the bridges and culvert would not affect natural
streamflow except during very large flow events.

Table 108. Comparison of Stream and Floodplain Crossings Required for Mine
Alternatives.

Number of Stream Crossings by Disturbance Area within a
Mine New Roads FEMA-Designated 100-year
Alternative Floodplain
Perennial Stream | Other Streams (acre)
2 3 1 <1
3 1 1 9
4 2 1 3

< = less than.
Source: GIS analysis by ERO Resources Corp. using KNF data.

An estimated 12,600 feet of the Little Cherry Creek floodplain would be inundated by construc-

tion of the tailings impoundment and seepage collection pond. A new floodplain would be created
along the diverted Little Cherry Creek channel and the floodplain of Drainage 10 may widen with
increased flows. The net floodplain loss would be 9,510 feet in the Little Cherry Creek watershed.

3.11.4.3.2  Operations Phase (Years 6 through 25)

Streamflow—West Side Streams
Low Flow

The effect on west side streams would be greater than during the Construction Phase, and the
greatest effect during the Operations Phase would be at the end of mining operations. The effect
would be the same as Alternative 3 without mitigation (Table 111). For the two west side aquatic
life sites (RC-3 and EFBR-2), the effect would be the same as Alternative 3 without mitigation
(Table 110).

Streamflow—East Side Streams
Low Flow

Libby, Ramsey, and Poorman Creeks. The effect of mine inflows on east side streams would be
greater than during the Construction Phase, and the greatest effect during the Operations Phase
would be at the end of mining operations. MMC did not propose in Alternative 2 to discharge
water during operations whenever flow at LB-2000 was less than 40 cfs to avoid adversely
affecting senior water rights. The water balance for Alternative 2 indicates that up to 159 gpm of
additional water on an annualized basis would be required during the Operations Phase to meet
mill needs (Table 14 in Chapter 2). Flow at and downstream of LB-300 would be less in
Alternative 2 than Alternatives 3 or 4. The effect on Ramsey Creek would be slightly greater in
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Alternative 2 because the adits in Ramsey Creek drainage would affect streamflow in Ramsey
Creek and less in upper Libby Creek (Table 111). The effect on Poorman Creek would be only
from mine inflows (a loss of 0.01 cfs without mitigation and no effect with MMC’s modeled
mitigation). The pumpback wells and impoundment diversions would not affect Poorman Creek
in Alternative 2.

Little Cherry Creek. The agencies completed an analysis of the effect of Alternative 2 to the
Little Cherry Creek watershed area and the resulting change in the flow of area streams (ERO
Resources Corp. 2010a in Appendix H). Precipitation and runoff captured by the tailings
impoundment and the Seepage Collection Dam would no longer flow to either the diverted or
former Little Cherry Creek. During operations, 13 percent of the Little Cherry Creek watershed
would continue to contribute flow to the former Little Cherry Creek channel downstream of the
Seepage Collection Dam; the estimated average annual flow would be 0.77 cfs. The flow in
Drainage 10 would be about 60 percent of the flow of the original Little Cherry Creek. The
estimated 7Q,, flow of the water diverted to Drainages 5 and 10 would be 0.16 cfs. Diversions,
combined with the pumpback well system would likely eliminate the 7Q,, flow in the diverted
Little Cherry Creek and substantially reduce the 7Q, flow. Flow below the Seepage Collection
Dam in the former Little Cherry Creek channel would also be substantially reduced. The flow in
Drainages 5 and 10 (the diverted Little Cherry Creek) would increase. Some of the flow would be
intercepted by the pumpback well system.

Bear Creek. Low flow in Bear Creek would be reduced during the Operations Phase by
diversions and a pumpback well system at the Little Cherry Creek impoundment. The effect was
not quantified.

Peak and Average Annual Flow

The effect on peak flow in Ramsey Creek from timber harvesting for mine facilities would
continue during the Operations Phase. Other than Ramsey Creek, the effect on peak and average
annual flows in the Libby Creek watershed would be negligible. Appropriation of water for mill
use would be taken when the flow of Libby Creek was equal to or greater than the average annual
low flow of the creek at a rate of up to 159 gpm (0.35 cfs), which would reduce peak flow and
average annual flow in Libby Creek at the point of diversion (about LB-2000).

Rock Lake and Rock Creek Meadows

The effect on Rock Lake volume and levels and the effect on Rock Creek Meadows would be the
same as Alternative 3 without mitigation.

3.11.4.3.3  Closure Phase (Years 26 to 30)

Streamflow—West Side Streams
The effects during the Closure Phase would be the same as Alternative 3 without mitigation.

Streamflow—East Side Streams

Low Flow

Libby, Ramsey, and Poorman Creeks. After the adits were plugged at the surface as proposed in
Alternative 2, reduction in low flow above the Libby Adit Site (LB-300) and above lower Ramsey

Creek (RA-600) would be slightly greater than predicted during the Operations Phase, with the
greatest reductions occurring immediately after the adits were plugged. The effect was not
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guantified. Compared to Alternative 3, effects above LB-300 would be slightly less and above
RA-600 would be slightly greater. Discharges during both phases would increase streamflow
downstream of the LAD Areas and Water Treatment Plant discharge. Discharges would partially
offset streamflow effects from mine dewatering during low flows. Overall streamflow increases
due to discharges would be less than in Alternative 3 because some water would evaporate at the
LAD areas. The effect on flows in Poorman Creek during this phase would be negligible.

Little Cherry Creek and Bear Creek. The effect on Little Cherry Creek and Bear Creek would be
the same as during the Operations Phase.

Peak and Average Annual Flow

After site reclamation, the increase in peak flow in Ramsey Creek would be less than during
operations as disturbed areas became revegetated. The effect of discharges and vegetation
clearing on other streams would be the same as during the Construction Phase. MMC did not
propose any diversions from Libby Creek except as needed during the Operations Phase.

Rock Lake and Rock Creek Meadows

The effect on Rock Lake volume and levels and on Rock Creek Meadows would be greater than
during the Operations Phase. The effect during the Closure Phase was not quantified and would
be the same as Alternative 3 without mitigation.

3.11.4.3.4  Post-Closure Phase (Years 31+)

Streamflow—West Side Streams
Low Flow

The effect on west side streams would increase from the Operations and Closure Phases and
would be the greatest during the Post-Closure Phase after the end of mining operations in the East
Fork Rock Creek, Rock Lake, and the East Fork Bull River. The effects would be the same as
described for Alternative 3 (Table 113 and Table 114).

Streamflow—East Side Streams
Low Flow

Libby, Ramsey, and Poorman Creeks. The effect would be the same as Alternative 3 without
mitigation except that the effect on Ramsey Creek would be slightly greater (Table 113 and Table
114).

Little Cherry Creek and Bear Creek. After the impoundment was reclaimed and runoff was no
longer subject to ELGs and applicable water quality standards, runoff from the reclaimed tailings
impoundment surface and the watershed west of the impoundment would be routed toward Bear
Creek. Because the impoundment would be reclaimed, runoff would be stormwater not mixed
with any mine drainage or process water. The Bear Creek watershed area where runoff would
meet the creek would increase by 560 acres, an 8 percent increase (ERO Resources Corp. 2010a).
Watershed area and mean annual precipitation were the location-specific variables in the
equations developed by the USGS to estimate both 7Q, and 7Qy, flow in the region that includes
the analysis area (Hortness 2006). Assuming no change in annual precipitation, the Hortness
method would predict that an 8 percent increase in watershed area would increase 7Q, and 7Qqq
flow by about 8 percent. At mine closure, the reclaimed impoundment surface would drain toward
Bear Creek and the reclaimed impoundment would be in a watershed adjacent to the original
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watershed (Little Cherry Creek). Some of the precipitation that would infiltrate into the reclaimed
impoundment would be intercepted by the impoundment’s underdrain system and routed toward
Little Cherry Creek, the original watershed. Consequently, the Hortness method overestimates
7Q, and 7Qq flow in watersheds containing the reclaimed impoundment. Both 7Q, and 7Q,, flow
likely occur during late summer or early fall during periods of little or no precipitation. The
amount of baseflow that would flow during these period toward Bear Creek would be negligible.
The agencies anticipate little or no increase in 7Q, and 7Qs, flow in Bear Creek. Any increased
flow would partially offset the flow reduction caused by the pumpback well system as long as it
operated. The effect of the pumpback well system on Bear Creek was not quantified.

Low flows in the diverted Little Cherry Creek and Drainage 10 would likely be substantially
reduced as long as the pumpback well system operated. When the impoundment was reclaimed
and the pumpback well system no longer operated, the watershed of the former Little Cherry
Creek would be 220 acres larger than during the Operations Phase, but would remain 74 percent
smaller than the existing creek. The effect of a smaller watershed would be less than the Hortness
method would predict based on watershed size because some of the water intercepted by the
impoundment’s underdrain system would flow to the former Little Cherry Creek. The diverted
creek’s watershed (Drainage 10) would be 45 percent smaller than the existing Little Cherry
Creek’s watershed.

Peak and Average Annual Flow

During the Post-Closure Phase, peak flow in Ramsey Creek would gradually return to pre-mine
conditions as disturbed areas became revegetated. The agencies estimate the Ramsey Creek
watershed would take 25 years after completion of the Closure Phase to recover to existing peak
flow conditions. The average annual flow in Bear Creek would be an estimated 8 percent higher
over the long term. The watershed of diverted Little Cherry Creek would be 915 acres, or 54
percent smaller than the original Little Cherry Creek. Average annual flows of diverted Little
Cherry Creek are estimated to be about half of the original creek flows. The former Little Cherry
Creek channel below the impoundment dam would have a watershed of 445 acres (ERO
Resources Corp. 2010a in Appendix H), providing some flow to the channel. In addition, Klohn
Crippen (2005) estimated at steady state 50 to 100 gpm from the impoundment’s underdrain
system would flow toward the former Little Cherry Creek. Following cessation of the pumpback
wells and recovery of groundwater levels, springs and seeps outside of the impoundment footprint
that were affected by the pumpback wells would likely return to pre-mine conditions and also
may contribute to baseflow. The effect of discharges and vegetation clearing on other streams
would be the same as during the Construction Phase. After discharges ceased, peak flow and
average annual flow would return to pre-mine conditions.

Rock Lake and Rock Creek Meadows

The effect on Rock Lake volume and levels and on Rock Creek Meadows would be the same as
Alternative 3 without mitigation and is discussed in section 3.11.4.4.4 Post-Closure Phase.

3.11.43.5  Climate Change

The combined impacts of Alternative 3 and climate change were not quantified because of the
possible range in effects of climate change on water resources. It is difficult to predict how the
hydrologic systems in the Montanore Project analysis area would respond to the forecasted
regional effects of climate change. Uncertainty is discussed in section 3.10.4.2.3, Climate
Change. Quantifying the combined effects would not improve the proposed designs and
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mitigation in light of climate change over the designs already incorporated into the agencies’
alternatives. The effects of the reduced low flows on water resources combined with the effects of
climate change may be greater than those estimated to occur in Alternative 3 alone. In Alternative
3, collection of data at benchmark sites unaffected by mining and before any mine construction or
activity would provide comparative data to evaluate whether any changes detected in aquatic
assemblages were related to impacts from mine activities.

The Forest Service (2010a) and the Bureau of Reclamation (2011c) predicted that more
precipitation may fall as rain in December through March, resulting in more runoff in the winter,
and reduce the accumulation of snow in the winter. Climate change may also reduce summer and
fall runoff, and reduce baseflow in streams in the Columbia River Basin. Decreased groundwater
infiltration could reduce the project’s mine and adit inflows, but because baseflow to streams
would also decrease, the percentage change to baseflow may remain the same. If mine and adit
inflows decreased, discharges to Libby Creek would be less and makeup water requirements
would increase. If climate change did not reduce infiltration enough to change mine and adit
inflows from those projected without climate change, any increase in winter streamflows due to
climate change may moderate the effect of mine inflows during the winter low flow periods, and
any decrease in fall flows may magnify the effect of mine inflows during the fall low flow
periods. As described in Appendix C, MMC would monitor streamflows at potential impact area
sites and benchmark sites (similar to analysis area sites, but outside the area of potential mine
impacts) to evaluate trends due to mining compared to trends due to non-mining effects such as
climate change.

3.11.4.4 Alternative 3 — Agency Mitigated Poorman Impoundment Alternative

In Alternative 3, mine facilities would be located in alternate locations. MMC would develop an
impoundment site north of Poorman Creek for tailings disposal, use a plant site between Libby
and Ramsey creeks, and construct two additional adits in the upper Libby Creek drainage. LAD
Areas would not be used. All excess mine and adit water not used for mine operations would be
treated at the Libby Adit Water Treatment Plant and discharged to Libby Creek. Treated discharge
water would be subject to MPDES permitted effluent limits.

The Libby Plant Site would be built with fill material from a large cut on the west side of the
plant site. Based on preliminary analysis, the cut and fill materials would balance, and waste rock
would not be used in plant site construction. Avoiding the use of waste rock in plant site
construction would minimize the potential for stormwater runoff from the plant site to adversely
affect the quality of nearby water resources.

The effects on aquatic life and aquatic habitat due to streamflow changes are described in section
3.6, Aquatic Life and Fisheries. The indirect effects due to streamflow changes on riparian
vegetation are described in section 3.22, Vegetation, and on wetland vegetation are described in
section 3.23, Wetlands and Other Waters of the U.S. Various mitigations of effects on surface
water may be used and are described in sections 2.5.4.3.2, 3.10.4.3.3, or 3.11.4.

3.11.4.4.1  Evaluation and Construction Phases (Years 1 through 5)

The effect on west side streams during the Evaluation and Construction Phases during low flow
periods would be small. A decrease of 0.01 cfs (2 percent reduction of the estimated 7Q,, flow) at
EFRC-200 during the Evaluation Phase is predicted. Estimated changes in lake levels and lake
surface area would be below what can be accurately calculated. In east side streams, predicted
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changes during the Evaluation Phase are small decreases (0.02 cfs) between the CMW boundary
and the Libby Adit in Libby Creek. The current adit dewatering has likely resulted in a reduction
in Libby Creek baseflow, but the effect is not detected because either the reduction is very small
and/or there are insufficient baseline data (before the adit was constructed) for comparison to
current conditions. Below the Water Treatment Plant at the Libby Adit, predicted discharges of up
to 263 gpm would increase flow at LB-300 in Libby Creek by 12 percent of the estimated 7Q,
flow and 19 percent of the estimated baseflow. A decrease of 0.01 cfs (2 percent reduction of the
estimated 7Q,, flow) at the CMW boundary at Rock Lake is also predicted. The remainder of this
section discusses flow changes during the Construction Phase (Table 109).

Streamflow—West Side Streams
Low Flow

The effect on west side streams during the Construction Phase during low flow periods would be
small (up to a 3 percent loss of baseflow at EFRC-200), but slightly greater than the Evaluation
Phase (Table 109). The effects on aquatic life sites RC-3 and EFBR-2 in the Evaluation and
Construction Phases were not estimated, but would be smaller than shown for the Operations
Phase (Table 110).

Streamflow—East Side Streams
Low Flow

Low flow in Ramsey, Poorman, and Little Cherry creeks would not be affected during the
Evaluation Phase. The effect during the Construction Phase on low flow in Ramsey, Poorman,
and Little Cherry creeks would be small (-1 to +3 percent). If baseflow changes in Ramsey Creek
adversely affected a senior water right on Ramsey Creek during any mining phase, MMC would
develop a plan during final design to convey treated water from the Water Treatment Plant to a
location upstream of the right’s point of diversion. Discharge to Ramsey Creek would equal
MMC’s Ramsey Creek baseflow changes whenever the flow at RA-300 was less than 1 cfs.
Baseflow in Libby Creek at LB-100 (near the CMW boundary) is predicted not to change during
the Evaluation Phase, and is predicted to decrease by up to 9 percent during the Construction
Phase. Flow in Libby Creek at and below LB-300 would increase due to discharges from the
Water Treatment Plant, which would reach a maximum of 1.11 cfs during the Construction Phase.
At LB-300, flow would increase by 0.96 cfs, which would be a 79 percent increase above the
estimated baseflow (Table 109). At LB-2000, the increase in 7Q,, flow is estimated to be 0.67 cfs,
a 7 percent increase. The low flow in Bear Creek would not be affected. The effects on aquatic
life site LB-2 for the Evaluation and Construction Phases were not estimated, but would be
smaller than shown for the Operations Phase (Table 110).
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Table 109. Estimated Changes during 7Q, and 7Q; Flows, Construction Phase, Alternative 3.

East East

Fork Rock Fork Ramsey | Poorman Little Libby Libby

Rock K Bull K K Cherry K K

Activity Creek Cree River Cree Cree Creek Cree ) Cree
EFRC- RC-2000 EFBR- RA-600 | PM-1200 LC-800 LB-300" | LB-2000
200" 500
(cfs except % change)

Modeled baseflow change -0.01 -0.02 0.00 -0.02 0.00 0.00 -0.13 -0.17
(without mitigation)
Potable water 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.02
Pumpback wells 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Subtotal -0.01 -0.02 0.00 -0.02 0.00 0.00 -0.15 -0.19
Stormwater diversion at 7Q, 0.00 0.00 0.00 0.00 0.08 0.01 0.00 0.00
flow
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.38
captured at 7Q, flow
Water treatment plant 0.00 0.00 0.00 0.00 0.00 0.00 1.11 1.11
discharge
Change at 7Q2 flow -0.01 -0.02 0.00 -0.02 +0.08 +0.01 +0.96 +0.54
Estimated 7Q, flow 0.92 13.53 5.77 3.26 2.46 0.32 4.73 13.85
Percent Change in 7Q, Flow -1% <-1% 0% -1% +3% +3% +20% +4%
Stormwater diversion at 7Qqq 0.00 0.00 0.00 0.00 0.05 0.01 0.00 0.00
flow
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25
captured at 7Q, flow
Change at 7Q4, flow -0.01 -0.02 0.00 -0.02 +0.05 +0.01 +0.96 +0.67
Estimated 7Q,, flow 0.29 8.80 3.71 2.07 1.55 0.19 1.22 8.99
Percent Change in 7Qo Flow -3% <-1% 0% -1% +3% +3% +79% +7%

"Modeled baseflow values used rather than estimated 7Q;, flow for EFRC-200 and LB-300 (see section 3.8.3).

Effects shown do not include mitigation measures such as grouting during operations or maintaining barriers in the

mine void, or using multiple plugs in the adits during closure. Such mitigation would be evaluated after additional data
were collected during the Evaluation Phase. Effects shown do include discharges to Libby Creek and (but not Ramsey
Creek) during all phases to avoid adversely affecting senior water rights.
cfs = cubic feet per second; < = less than.
Note: Values shown for modeled baseflow change include 2 years of mining.
Groundwater models were used to predict effects from mine dewatering and the pumpback wells. With the data
currently available, the model results provide a potential range of dewatering rates and streamflow impacts. They are
the best currently available estimates of impacts and associated uncertainty that can be obtained using currently

available data in the groundwater models. Both 3D groundwater flow models would be refined and rerun after data

from the Evaluation Phase were incorporated into the models (see section C.10.4, Evaluation Phase in Appendix C).

Following additional data collection and modeling, the predicted impacts on surface water resources in the analysis

area, including simulation of mitigation measures, may change and the model uncertainty would decrease. See section
3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

The primary long-term source of water in the perennial reaches of the four tributaries in the
impoundment site is one or more springs located within the footprint of the tailings
impoundment. After the springs were filled during the Construction Phase, flow in the perennial
reaches downgradient of the impoundment would likely be reduced, at least during baseflow

conditions. Perennial flow would change to intermittent or ephemeral flows in some segments.
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Table 110. Predicted Changes in Baseflows and Wetted Perimeters at LB-2, RC-3, and
EFBR-2 during Operations and Post-Closure, All Mine Alternatives.

. RC-3 (East Fork
LB-2 (Libby Rock Creek above EFBR-2 (East

Creek above Confluence with Fork Bull River at
Little Cherry West Fork Rock Confluence with
Creek) Isabella Creek)

Site and Description

Creek)
Existing Conditions and No Action Alternative
Estimated 7Qyo Flow (cfs) 8.62 5.70 2.93
Estimated Wetted Perimeter at 7.38 26.62 1.31

7Q1o Flow (ft)

During Operations (Year 22)

Effect on 7Qy Flow (cfs) +0.82 -0.06 -0.07
% Change in 7Qq Flow (cfs) +10% -1% -2%
Effect on Wetted Perimeter (ft%) +2.54 -0.28 -0.09
% Change in Wetted Perimeter +34% -1% -1%
During Post-Closure (Year 38)

Effect on Flow (cfs) 0.00 -0.51 -0.31
% Change in 7Qo Flow (cfs) 0% -9% -11

Effect on Wetted Perimeter (ft?) 0.00 -2.52 -0.35
% Change in Wetted Perimeter 0% -9% -26%

Effects shown do not include mitigation measures such as grouting during operations or maintaining barriers in the
mine void, or using multiple plugs in the adits during closure. Such mitigation would be evaluated after additional data
were collected during the Evaluation Phase. Effects shown do include discharges to Libby Creek during all phases to
avoid adversely affecting senior water rights.

Source: ERO 2012a.

The current locations and periods of intermittent and ephemeral flow are expected to be similar
after construction of the impoundment, but the magnitude of flow would be reduced due to
significant reductions in drainage area from the tailings impoundment. The four tributaries have a
low capacity to convey water to Libby Creek, and their combined flow of up to 0.7 cfs is much
less than the flow of Libby Creek near the impoundment site. The effects on Libby Creek would
minor during high flow conditions and negligible or nonexistent for the majority of the year.
Appendix L discusses the effects of changes to the four tributaries and Libby Creek due to the
tailings impoundment in greater detail.

Peak and Average Annual Flow

During the Construction Phase, less than a 1 percent increase in peak flow from timber clearing
for the mine facilities is estimated in all east side streams. All transmission line alternatives
combined with Alternative 3 would have estimated increases in peak flow of less than 10 percent.
The Poorman Tailings Impoundment would be located in the watersheds of four small drainage
channels. This alternative would not require the diversion of Little Cherry Creek or Poorman
Creek. Any flow within the watershed above the impoundment would be routed to Poorman
Creek or Little Cherry Creek. Water from above the Poorman Tailings Impoundment and Plant
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Access Road would be diverted either toward Poorman Creek or Little Cherry Creek, increasing
the watershed of both creeks by about 3 percent (ERO Resources Corp. 2010a). ERO Resources’
analysis indicated the watershed above the impoundment and access road was 230 acres;
NewFields analysis (NewFields 2014b) indicated the area was 270 acres. The difference in effect
would be negligible. Average annual flow in both creeks would increase by about 3 percent.
Discharges of mine and adit inflows would slightly increase peak flow (less than 1 percent) and
average annual flow (about 5 percent) at LB-300. The percent increase in average annual flow
below LB-300 would be less as flow increases downstream.

Rock Lake and Rock Creek Meadows

Groundwater discharge into Rock Lake would decrease beginning in the Evaluation Phase and
continuing through the Construction Phase. The 3D model predicted very small decreases during
the Evaluation (3 acre-feet per year) and Construction Phases (9 acre-feet per year). The effect on
the estimated lake volume of 1,302 acre-feet would be negligible. The effect on lake volume, lake
level, and surface area during the 2-month late summer/early fall period would be very small, less
than can be calculated accurately (Table 115).

The 3D model predicted a decrease of 0.01 cfs in East Fork Rock Creek where it enters Rock
Creek Meadows. Observations made during an agency field review in a very dry period
(September 2007) indicated that a high water table supported the wetlands. Baseflow in East Fork
Rock Creek where it enters Rock Creek Meadows was estimated at 2 cfs. A reduction of 0.01 cfs
from an estimated baseflow of 2 cfs in the East Fork Rock Creek at the Meadows would result in
a less than 1 percent flow reduction. As discussed in section 3.11.4.4.2, Operations Phase, other
sources of water to the Meadows would not be affected by mining. The watershed area for Rock
Creek Meadows is about 1,070 acres for the East Fork Rock Creek and 2,970 acres for the other
tributaries to Rock Creek Meadows that would not be affected by mining. Based on watershed
size and the fact that watershed characteristics are similar to the East Fork Rock Creek watershed,
the surface inflow to Rock Creek Meadows from the other tributaries is likely to be about three
times greater than that from the East Fork Rock Creek. The hydrology support for the wetland
vegetation in Rock Creek Meadows is not expected to be affected.

Stream and Floodplain Crossings

Alternative 3 would require one new road crossing across a major and minor stream (Table 108).
The Seepage Collection Pond and infiltration gallery for Libby Creek appropriations would affect
9 acres of the designated 100-year floodplain of Libby Creek. During final design, MMC would
avoid or minimize, to the extent practicable, locating facilities, such as the Seepage Collection
Pond, in a floodplain. The agencies’ monitoring and mitigation plans include the construction of
some minor facilities in the Libby Creek floodplain, such as an infiltration gallery for makeup
water in Libby Creek, and streamflow measurement devices. No alternative exists to avoid
locating these facilities in the Libby Creek floodplain. If locating mine facilities in a floodplain
could not be avoided during final design, MMC would submit a floodplain permit application to
the DNRC that provides details on the obstruction or use of a floodway/floodplain before
construction. DNRC’s permit issuance is based on the danger to life and property downstream,
availability of alternate locations, possible mitigation to reduce the danger, and the permanence of
the obstruction or use (76-5-405, MCA).
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3.11.4.4.2  Operations Phase (Years 6 through 25)

Streamflow—West Side Streams

The predicted effect on west side streams during the Operations Phase during low flow periods
without mitigation would be a reduction of 0.06 to 0.07 cfs in all west side streams (Table 111).
The predicted reduction in low flow would be most pronounced in the East Fork Rock Creek at
the CMW boundary (EFRC-200). The 3D model predicted that with MMC’s modeled mitigation,
the reduction would be 0.05 cfs at EFRC-200, or 0.01 cfs less than shown in Table 111. The flow
reduction at EFRC-200 would be 21 percent of the baseflow without mitigation and 17 percent
with MMC’s modeled mitigation. The effects on aquatic life sites RC-3 and EFBR-2 during
Operations (Year 22) and Post-Closure (Year 38) are provided in Table 110. During the
Operations Phase, the wetted perimeter at RC-3 would be reduced by 1 percent and at EFBR-2 by
7 percent.

Streamflow—East Side Streams
Low Flow

During the Operations Phase, low flow in Libby Creek above LB-300 and its downstream
tributaries would be reduced by mine activities. The predicted reductions of the estimated 7Qyy
flow in lower Poorman Creek (PM-1200), without mitigation, would be 12 percent and 19 percent
in Little Cherry Creek (LC-800) (Table 111). The Groundwater Hydrology section discusses the
geology of the impoundment sites. A low permeability bedrock ridge separates groundwater flow
between the watershed of Little Cherry Creek and those of Drainages 5 and 10 in the Poorman
Impoundment Site. NewFields (2014a) concluded that the bedrock ridge would limit drawdown
in the Little Cherry Creek watershed, but drawdown could still extend between watersheds unless
the bedrock ridge provided a complete barrier to cross-boundary groundwater flow. Additional
subsurface data from this area would be collected during the final design process of the Poorman
Impoundment to assess the separation of groundwater flow between the Little Cherry Creek and
Poorman Impoundment Site watersheds and the 3D model would be rerun with the new data to
evaluate the site conditions.

The 3D model predicted that with mitigation, reductions at RA-600 and PM-1200 would be 0.01
cfs less than shown in Table 111. Low flow in Bear Creek would not be affected. If MMC’s
Ramsey Creek water appropriation adversely affected a senior water right on Ramsey Creek
during any mining phase, MMC would develop a plan during final design to convey treated water
from the Water Treatment Plant to a location upstream of the right’s point of diversion. Discharge
to Ramsey Creek would equal MMC’s Ramsey Creek appropriation whenever the flow at RA-
300 was less than 1 cfs.

At LB-100 in upper Libby Creek, baseflow is predicted to decrease by up to 22 percent during the
Operations Phase. Because of Water Treatment Plant discharges, flow is estimated to increase by
138 percent of the modeled baseflow at LB-300 and by 38 percent of the estimated 7Q, flow. At
LB-2000 and aquatic site LB-2, the estimated 7Q;, flow would increase by 9 percent and 7Q,
flow increase by 6 percent. The wetted perimeter at LB-2 would increase by an estimated 34
percent.
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Table 111. Estimated Changes during 7Q, and 7Q; Flows, Operations Phase, Alternative 3.

East East

Fork Rock Fork Ramsey | Poorman Little Libby Libby

Rock K Bull K K Cherry K K

Activity Creek Cree River Cree Cree Creek Cree . Cree
EFRC- RC-2000 EFBR- RA-600 | PM-1200 LC-800 LB-300" | LB-2000
200" 500
(cfs except % change)

Modeled baseflow change -0.06 -0.06 -0.07 -0.04 -0.01 0.00 -0.20 -0.27
(without mitigation)
Potable water 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.02
Pumpback wells 0.00 0.00 0.00 0.00 -0.18 -0.04 0.00 -0.55
Subtotal -0.06 -0.06 -0.07 -0.04 -0.19 -0.04 -0.22 -0.84
Stormwater diversion at 7Q, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
flow
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.38
captured at 7Q, flow
Water treatment plant 0.00 0.00 0.00 0.00 0.00 0.00 2.04 2.04
discharge
Change at 7Q, flow -0.06 -0.06 -0.07 -0.04 -0.19 -0.04 +1.82 +0.82
Estimated 7Q, flow 0.92 13.53 5.77 3.26 2.46 0.32 4.73 13.85
Percent Change in 7Q, -1% <-1% -1% -1% -8% -11% +38% +6%
Flow
Stormwater diversion at 7Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
flow
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.25
captured at 7Qyq flow
Water treatment plant 0.00 0.00 0.00 0.00 0.00 0.00 1.91 191
discharge
Change at 7Qq flow -0.06 -0.06 -0.07 -0.04 -0.19 -0.04 +1.69 +0.82
Estimated 7Q,, flow 0.29 8.80 3.71 2.07 1.55 0.19 1.22 8.99
Percent Change in 7Qqq -21% -1% -2% -2% -12% -19% +137% +9%
Flow

"Modeled baseflow values used rather than estimated 7Q,, flow for EFRC-200 and LB-300 (see section 3.8.3).

cfs = cubic feet per second; < = less than.

Effects shown do not include mitigation measures such as grouting during operations or maintaining barriers in the
mine void, or using multiple plugs in the adits during closure. Such mitigation would be evaluated after additional data
were collected during the Evaluation Phase. Effects shown do include discharges to Libby Creek and possibly Ramsey
Creek during all phases to avoid adversely affecting senior water rights.

Groundwater models were used to predict effects from mine dewatering and the pumpback wells. With the data
currently available, the model results provide a potential range of dewatering rates and streamflow impacts. They are
the best currently available estimates of impacts and associated uncertainty that can be obtained using currently
available data in the groundwater models. Both 3D groundwater flow models would be refined and rerun after data
from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in Appendix C).
Following additional data collection and modeling, the predicted impacts on surface water resources in the analysis
area, including simulation of mitigation measures, may change and the model uncertainty would decrease. See section
3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

Springs located in the four drainages and 9,787 linear feet of streams would be permanently
filled, which would reduce flow in the drainages downstream of the tailings impoundment. An
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additional 2,136 linear feet of streams between the impoundment and the Seepage Collection
Pond would be used to convey intercepted tailings seepage and stormwater runoff from the
impoundment to the Seepage Collection Pond. The effect on the 2,136 linear feet of streams
would remain until the Seepage Collection Pond was reclaimed, which may be decades or more.
Operation of the pumpback wells would further reduce flows in the drainages downgradient of
the Seepage Collection Pond, and in the case of Drainage 14, downgradient of the impoundment.
As a result of the reduction in drainage area and the elimination of year-round flow from springs
in the tailings impoundment area, effects to the drainages downstream of the Poorman Tailings
Impoundment and Seepage Collection Pond would be reduced flow rates, shorter flow duration,
and shorter flowing lengths in the drainages. Streamflow would be less during runoff events, and
flow at some locations would change from perennial to intermittent. Appendix L (Table 3) and
NewFields (2014b) describe the direct and indirect effects on the four drainages in the Poorman
Impoundment Site in greater detail.

The agencies’ mitigation plans (section 2.5.7.2 in Chapter 2) describe mitigation that would
replace the functions of the channels directly or indirectly affected by the Poorman Tailings
Impoundment. The Corps would be responsible for developing final mitigation requirements for
jurisdictional waters of the U.S. including wetlands, depending on the functions and services of
the affected wetlands and streams. In Alternatives 3 and 4, reconstruct three existing channels and
removing culverts at the Swamp Creek site to add meanders and to raise the channel bottom,
adding 6,500 linear feet of stream. The following stream mitigation would be implemented
(analyzed under section 3.23.4.10.2, Stream Mitigation):

« Replace a culvert on Little Cherry Creek with a bottomless, arched culvert
« Replace a culvert on Poorman Creek with a bottomless arched culvert

« Remove a bridge across Poorman Creek and re-establish floodplain

« Stabilize 400 feet of eroding area on NFS road #6212

« Remove 21 culverts and restore riparian habitat on land acquired for grizzly bear
mitigation

« Implement BMPs such as installing, replacing, or upgrading culverts on Libby Creek
to bring the proposed access roads (NFS roads #231 and #2316) up to INFS standards

Peak and Average Annual Flow

Due to Water Treatment Plant discharges, peak flow would increase slightly (less than 1 percent)
and average annual flow by about 5 percent at LB-300, with a smaller percent increase down to
LB-2000. Peak flow and average annual flow at and downstream of LB-2000 in Alternative 3
during the Operations Phase would be less than during the Construction Phase due to all of
MMC'’s appropriations, primarily of up to 2.5 cfs during April through July.

Water from above the Poorman Tailings Impoundment and Plant Access Road would continue to
be diverted either toward Poorman Creek or Little Cherry Creek, increasing the watershed and
average annual flow of both creeks by about 3 percent (ERO Resources Corp. 2010a). The
watersheds of the drainages in the Poorman Impoundment Site would be reduced by 48 percent
(Drainage 14) up to 86 percent (Drainage 5) during the Operations Phase, which would reduce
peak and average annual flows in the drainages.
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Rock Lake and Rock Creek Meadows

The 3D model predicted, for an average precipitation year, a decrease of 47 acre-feet per year of
groundwater flowing into Rock Lake without mitigation (36 acre-feet with mitigation). The effect
on the estimated lake volume of 1,302 acre-feet would be negligible. The effect on lake volume,
levels and surface area during the 2-month late summer/early fall period would be very small, less
than can be calculated accurately (Table 115). The 3D model predicted a decrease of 0.06 cfs in
East Fork Rock Creek where it enters Rock Creek Meadows. It is uncertain whether the effect of
mine inflows on Rock Lake during the late summer/early fall period would be greater or less
during a multi-year dry or multi-year wet period because these scenarios have not been modeled.
The watershed of Rock Lake receives a large amount of precipitation, primarily during the winter
and spring, and during a rainy period in late fall. There is enough water even in a very dry year to
refill the lake many times during both the snowmelt runoff period and the fall rainy period after
drawdown periods when outflows exceed inflows. The water level in Rock Lake would “reset” to
full capacity each spring and each fall even during a very dry period (ERO Resources Corp.
2012c).

The groundwater level at the Meadows or other surface flows to Rock Creek Meadows would not
be reduced because Rock Creek Meadows and the tributaries that flow into Rock Creek Meadows
are outside of the model-predicted drawdown due to mine inflows. MMC completed an annual
average water balance for Rock Creek Meadows (MMC 2012f), but did not evaluate the water
balance during low flow periods. Observations made during an agency field review in a very dry
period (September 2007) indicated that a high water table supported the wetlands. Baseflow in
East Fork Rock Creek where it enters Rock Creek Meadows was estimated at 2 cfs. A reduction
of 0.06 cfs from an estimated baseflow of 2 cfs in the East Fork Rock Creek at the Meadows
would result in a 3 percent flow reduction, and the other sources of water to the Meadows would
not be affected by mining. As discussed previously, the surface inflow from the other tributaries
that flow directly into the Meadows is likely to be about three times greater than that from the
East Fork Rock Creek. The hydrology support for the wetland vegetation in Rock Creek
Meadows is not expected to be affected.

3.11.4.43  Closure Phase (Years 26 to 30)

Streamflow—West Side Streams

The effect on west side streams would be greater in the Closure Phase than in the Operations
Phase. Table 112 provides the unmitigated effects. Low flow would be 0.01 to 0.03 cfs greater
than shown in Table 112 with mitigation. The agencies’ proposed mitigation and its effectiveness
are discussed in section 3.10.4.3.6, Effectiveness of Agencies’ Proposed Monitoring and
Mitigation.

Streamflow—East Side Streams
Low Flow

Libby, Ramsey, Poorman, and Little Cherry Creeks. The following discussion is based the
results of the 3D model that did not consider multiple adit plugging for water rights mitigation at
mine closure. The effects during the Closure Phase without MMC’s modeled mitigation or
multiple adit plugs would be less than in the Operations Phase (Table 112). Low flow would be 0
to 0.01 cfs greater than shown in Table 112 with MMC’s modeled mitigation.
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To mitigate effects on senior water rights on Libby Creek and Ramsey creeks, MMC would
install plugs at the base of each adit soon after mining operations ceased. Reductions in
streamflow due to adit inflows would continue in Libby Creek above LB-300 in Libby Creek, and
in Ramsey Creek above RA-300 whenever flow at RA-300 was less than 1 cfs. At LB-100 in
upper Libby Creek, baseflow would decrease by up to 19 percent during the Closure Phase.
Streamflow reductions would continue and would cease within an estimated one to two decades
after all initial adit plugs were in place. The effect would be reduced to a few years if MMC used
water diverted from Libby Creek during high flows to fill the adits during the Closure Phase.
Below these locations, discharges to mitigate senior water rights would increase flow.

The effect on flow in Little Cherry Creek would be similar to the Operations Phase (Table 112).
The role of a bedrock ridge was discussed under the Operations Phase effects.

Peak and Average Annual Flow

The effect during the Closure Phase on peak flow in all east side streams would be small. Due to
Water Treatment Plant discharges, peak flow would increase slightly (less than 1 percent) and
average annual flow would increase by about 5 percent at LB-300 and by a smaller percent below
LB-300 down to LB-2000. MMC’s water appropriations, particularly those during April through
July if they continued throughout the Closure Phase, would slightly reduce peak and annual flows
in Libby Creek at and downstream of LB-2000. Water from above the Poorman Tailings
Impoundment and Plant Access Road would continue to be diverted either toward Poorman Creek
or Little Cherry Creek, increasing the watershed and average annual flow of both creeks by about
3 percent (ERO Resources Corp. 2010a).

Rock Lake and Rock Creek Meadows

The effect on Rock Lake would be slightly greater than described in the Operations Phase. The
decrease in the flow in East Fork Rock Creek where it enters Rock Creek Meadows would be
slightly greater than described in the Operations Phase. Baseflow in East Fork Rock Creek where
it enters Rock Creek Meadows was estimated at 2 cfs. A reduction of 0.18 cfs from an estimated
baseflow of 2 cfs in the East Fork Rock Creek at the Meadows would result in a 9 percent flow
reduction, and the other sources of water to the Meadows would not be affected by mining. As
discussed previously, the surface inflow from the other tributaries that flow directly into the
Meadows is likely to be about three times greater than that from the East Fork Rock Creek. The
hydrology support for the wetland vegetation in Rock Creek Meadows is not expected to be
affected.
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Table 112. Estimated Changes during 7Q, and 7Q;o Flows, Closure Phase, Alternative 3.

East East

Fork Rock Fork Ramsey | Poorman Little Libby Libby

Rock K Bull K K Cherry K K

Activity Creek Cree River Cree Cree Creek Cree . Cree
EFRC- RC-2000 EFBR- RA-600 | PM-1200 LC-800 LB-300" | LB-2000
200" 500
(cfs except % change)

Modeled baseflow change -0.18 -0.19 -0.16 -0.03 0.00 0.00 -0.19 -0.25
Potable water 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.02
Pumpback wells 0.00 0.00 0.00 0.00 -0.18 -0.04 0.00 -0.55
Subtotal -0.18 -0.19 -0.16 -0.03 -0.18 -0.04 -0.21 -0.82
Stormwater diversion at 7Q, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
flow
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.38
captured at 7Q, flow
Water treatment plant 0.00 0.00 0.00 0.00 0.00 0.00 1.20 1.20
discharge
Change at 7Q; flow -0.18 -0.19 -0.16 -0.03 -0.18 -0.04 0.99 0.00
Estimated 7Q, flow 0.92 13.53 5.77 3.26 2.46 0.32 4.73 13.85
Percent Change in 7Q, Flow -20% -1% -3% -1% -1% -13% +21% 0%
Stormwater diversion at 7Qqq 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
flow
Impoundment precipitation
captured at 7Q;, flow 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.25
Water treatment plant
discharge 0.00 0.00 0.00 0.00 0.00 0.00 1.07 1.07
Change at 7Q, flow -0.18 -0.19 -0.16 -0.03 -0.18 -0.04 0.86 0.00
Estimated 7Q,, flow 0.29 8.8 3.71 2.07 1.55 0.19 1.22 8.99
Percent Change in 7Q,o Flow | -62% -2% -4% -1% -12% -21% +71% 0%

"Modeled baseflow values used rather than estimated 7Q;, flow for EFRC-200 and LB-300 (see section 3.8.3).
Effects shown do not include mitigation measures such as grouting during operations or maintaining barriers in the
mine void, or using multiple plugs in the adits during closure. Such mitigation would be evaluated after additional data
were collected during the Evaluation Phase. Effects shown include discharges to Libby Creek (but not Ramsey Creek)
during all phases to avoid adversely affecting senior water rights.

Groundwater models were used to predict effects from mine dewatering and the pumpback wells. With the data
currently available, the model results provide a potential range of dewatering rates and streamflow impacts. They are
the best currently available estimates of impacts and associated uncertainty that can be obtained using currently
available data in the groundwater models. Both 3D groundwater flow models would be refined and rerun after data
from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in Appendix C).
Following additional data collection and modeling, the predicted impacts on surface water resources in the analysis
area, including simulation of mitigation measures, may change and the model uncertainty would decrease. See section
3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

3.11.4.4.4  Post-Closure Phase (Years 31+)

The Post-Closure Phase would begin after all active reclamation activities were completed. The
mine void and adits would continue to fill with water and groundwater levels would continue to
decline. After reaching a maximum drawdown and maximum reductions in baseflow in the Rock
Creek and East Fork Bull River drainages early in the Post-Closure Phase, the 3D model
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predicted groundwater levels would begin to recover and would reach equilibrium or steady state
in 1,172 years without MMC’s modeled mitigation to 1,322 years with MMC’s modeled
mitigation. Multiple adit plugs, which are a component of the agencies’ mitigation that were not
simulated in the model, would also increase the time to reach steady state conditions over the
mine void because adit inflows would not fill the void. The actual time to recover to steady state
would be re-evaluated using the 3D model after additional data were collected during the
Evaluation Phase. Once the potentiometric surface stabilized, without MMC’s modeled
mitigation, groundwater flow to Rock Lake and the baseflow component of streamflow at some
stream locations would be reduced.

Streamflow—West Side Streams

The modeled effect on west side streams would be greater than during the Operations and Closure
Phases. In Rock Creek and the East Fork Rock Creek, without MMC’s modeled mitigation,
streamflow is predicted to decrease by a maximum 0.29 cfs at the CMW boundary (EFRC-200)
and by 0.65 cfs at the mouth of Rock Creek (RC-2000) (Table 113). The modeled reduction
would consist of the entire baseflow at EFRC-200 and 7 percent of the estimated 7Q,, flow at
RC-2000. Rock Creek at the mouth is often dry during low flow periods and the reduction may
not be measurable in the channel. When the channel was dry, the modeled effect would be to
reduce subsurface flow. The modeled reduction in flow in the East Fork Bull River at the CMW
boundary (EFBR-500) would be 0.4 cfs, or 11 percent of the estimated 7Q,, flow and 7 percent of
the estimated 7Q, flow. For the Bull River at the mouth, streamflow is predicted to decrease by a
maximum of 0.39 cfs without mitigation, or 1 percent of the estimated baseflow of 40 cfs
(Geomatrix 2012).

With mitigation, streamflow is predicted by the 3D model to decrease by 0.17 cfs at EFRC-200 (a
59 percent decrease in baseflow), by 0.15 cfs at RC-2000 (a 2 percent decrease in the estimated
7Q1o flow), and by 0.39 cfs at EFBR-500 (an 11 percent decrease in the estimated 7Qqo flow and
7 percent of the estimated 7Q, flow).

The unmitigated modeled effects on aquatic life sites RC-3 and EFBR-2 are provided in Table
110. The predicted wetted perimeter decreases are 9 percent for RC-3 and 26 percent for EFBR-2.

As the mine void filled and groundwater levels over the mine and adits reached steady state
conditions, the effects on streamflow would decrease (Table 114). Without mitigation, permanent
flow reductions of about 10 percent of the baseflow at EFRC-200 and less than 1 percent of the
estimated 7Q,, flow at RC-2000 are predicted to occur. A permanent decrease of 0.01 cfs is
predicted at EFBR-500, and a flow increase of 0.05 cfs is predicted at the mouth of the East Fork
Bull River. The uncertainty of the location where streamflow would increase in the East Fork Bull
River is discussed in section 3.10.4.3.4, Post-Closure Phase in the Groundwater Hydrology
section.

At EFRC-200, modeled baseflow is estimated to be reduced by 10 percent without MMC’s
modeled mitigation (Table 114). Without MMC’s modeled mitigation, there is the potential for
groundwater to permanently flow from the East Fork Rock Creek watershed to the East Fork Bull
River watershed via the mine void because of the very high permeability void that would connect
the watersheds. With MMC’s modeled mitigation, the flow at EFRC-200 is predicted to return to
pre-mining conditions and, the loss of water from the mine void to the East Fork Bull River may
be minimized. The flow in East Fork Bull River would permanently decrease by 0.02 cfs in the
CMW and 0.01 cfs below the CMW boundary (the same as without mitigation), and the flow of
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the East Fork Bull River at the mouth would decrease by 0.01 cfs. The agencies’ proposed
mitigation and its effectiveness in minimizing effects on baseflow are discussed in section
3.10.4.3.6, Effectiveness of Agencies’ Proposed Monitoring and Mitigation in the Groundwater
Hydrology section.

Streamflow—East Side Streams
Low Flow

The effects on streamflows shown in Table 113 assume the impoundment was reclaimed, the adits
were not plugged near the mine void, the pumpback wells at the tailings impoundment were
operating at the same rate as during the Closure Phase (0.55 cfs), and the Water Treatment Plant
was used to treat discharged water, some of which would be used to avoid adversely affecting
senior water rights. When discharge occurred at the Water Treatment Plant, flow would increase
by 0.54 cfs at LB-300 (Table 113). Low flow at LB-2000 would not change. As long as the
pumpback well system operated, the low flow in Poorman Creek would be reduced by 0.18 cfs.
The reduction at PM-1200 would be 12 percent of the estimated 7Q,, flow and 7 percent of the
estimated 7Q, flow. Low flow in Bear Creek would not be affected. The length of time seepage
interception and water treatment would be necessary is unknown, and may be decades or more
after mine operations ceased. If seepage interception and water treatment were not necessary at
the time when maximum baseflow reductions occurred, streamflow in Poorman Creek would not
be affected, and streamflow in Libby Creek above LB-300 would be affected only by baseflow
reductions from mine inflows. At LB-100 in upper Libby Creek, baseflow would decrease by up
to 12 percent during the Post-Closure Phase. Low flow in Libby, Ramsey and Poorman creeks
would return to pre-mining conditions with or without mitigation when groundwater levels reach
steady state conditions (Table 114).

After the surface of the impoundment was reclaimed and runoff was no longer subject to ELGs
and applicable water quality standards were met, a channel would be excavated through the
tailings and Saddle Dam abutment to route runoff from the site toward a tributary of Little Cherry
Creek. The runoff channel would be routed at no greater than 1 percent slope and along an
alignment requiring the shallowest depth of tailings to be excavated down to the channel grade.
The side slopes would be designed to be stable and would be covered with coarse rock to prevent
erosion. The Little Cherry Creek watershed area where runoff would meet the creek would
increase by 633 acres, potentially increasing the flow in Little Creek by an estimated 67 percent
(ERO Resources Corp. 2010a). At the mouth of Little Cherry Creek, the watershed would be 644
acres larger, a 44 percent increase. The Hortness method overestimates 7Q, and 7Qq, flow in
watersheds containing the reclaimed impoundment, as discussed previously under Alternative 2.
Both 7Q, and 7Qy, flow likely occur during late summer or early fall during periods of little or no
precipitation. The amount of baseflow that would flow during these periods toward Little Cherry
Creek would be negligible. The agencies anticipate little or no increase in 7Q, and 7Qy, flow in
Little Cherry Creek. Any increased flow would be partially offset by flow reduction due to the
pumpback well system as long as it operated. As discussed in the Operations Phase, the
pumpback wells may not affect flow in Little Cherry Creek.

Low flow at LB-2 would not be affected (Table 110) because MMC would discharge water to
Libby Creek and possibly Ramsey Creek from water stored in the adits to the extent necessary to
avoid adversely affecting senior water rights.
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Table 113. Estimated Changes during 7Q, and 7Q;o Flows, Post-Closure Phase,
Alternative 3.

East East

Fork Rock Fork Ramsey | Poorman Little Libby Libby

Rock | Creek Bull Cherry

Activity Creek RC- River éxe:go Pf\:/lriglz)o Creek LCI;r%%lE)T Lgrggl(()o
EFRC- | 2000 | EFBR- - ) LCc-800% | ~°° )
200" 500
(cfs except % change)
Without MMC’s Modeled Mitigation
Modeled baseflow change* -0.29 -0.65 -0.40 -0.02 0.00 0.00 -0.12 -0.11
Potable water 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01
Pumpback wells® 0.00 0.00 0.00 0.00 -0.18 -0.04 0.00 -0.55
Stormwater diversion at 7Q, flow 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
captured at 7Q, flow®
Water treatment plant discharge 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.67
Change in 7Q, flow -0.29 -0.65 -0.40 -0.02 -0.18 -0.04 0.54 0.00
Estimated 7Q, flow 0.92 13.53 5.77 3.26 2.46 0.32 4.73 13.85
Percent Change in 7Q, Flow -32% -5% -71% <-1% -1% -13% +11% 0%
Stormwater diversion at 7Q,, flow 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in 7Q4, flow -0.29 -0.65 -0.40 -0.02 -0.18 -0.04 +0.54 0.00
Estimated 7Qo flow 0.29 8.80 3.71 2.07 1.55 0.19 1.22 8.99
Percent Change in 7Q,, Flow -100% -1% -11% -1% -12% -21% +44% 0%
With MMC’s Modeled Mitigation

Modeled baseflow change -0.17 -0.15 -0.39 -0.02 0.00 0.00 -0.12 -0.10
Potable water 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01
Pumpback wells® 0.00 0.00 0.00 0.00 -0.18 -0.04 0.00 -0.55
Stormwater diversion at 7Q, flow 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Impoundment precipitation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
captured at 7Q, flow®
Water treatment plant discharge 0.00 0.00 0.00 0.00 0.00 0.00 0.66 0.66
Change in 7Q, flow -0.17 -0.15 -0.39 -0.02 -0.18 -0.04 +0.53 0.00
Estimated 7Q, flow 0.92 13.53 5.77 3.26 2.46 0.32 4.73 13.85
Percent Change in 7Q, Flow -18% -1% -1% <-1% -1% -13% +11% 0%
Stormwater diversion at 7Q,, flow 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Change in 7Q4, flow -0.17 -0.15 -0.39 -0.02 -0.18 -0.04 +0.53 0.00
Estimated 7Qq flow 0.29 8.80 3.71 2.07 1.55 0.19 1.22 8.99
Percent Change in 7Qo Flow -59% -2% -11% -1% -12% -21% +43% 0%

Modeled baseflow values used rather than 7Qxo flow for EFRC-200 and LB-300 (see section 3.8.3).

$Assumes impoundment was reclaimed and pumpback well system was operating.

Maximum model predicted baseflow reductions occur at Year 38 for the Rock Creek drainage and Year 52 for the East Fork Bull
River drainage. Baseflow changes for east slope watersheds in this table are for Year 38.

cfs = cubic feet per second; < = less than.

Effects shown do not include mitigation measures not provided in MMC’s 3D model report such as increasing buffer zones or using
multiple plugs in the adits during closure. Such mitigation would be evaluated after additional data were collected during the
Evaluation Phase. Effects shown do include discharges to Libby Creek (but not Ramsey Creek) during all phases to avoid adversely
affecting senior water rights.

Groundwater models were used to predict effects from mine dewatering and the pumpback wells. With the data currently available,
the model results provide a potential range of dewatering rates and streamflow impacts. They are the best currently available estimates
of impacts and associated uncertainty that can be obtained using currently available data in the groundwater models. Both 3D
groundwater flow models would be refined and rerun after data from the Evaluation Phase were incorporated into the models (see
Section C.10.4, Evaluation Phase in Appendix C). Following additional data collection and modeling, the predicted impacts on
surface water resources in the analysis area, including simulation of mitigation measures, may change and the model uncertainty
would decrease. See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.
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Table 114. Estimated Changes during 7Q, and 7Q;o Flows, Steady State Conditions Post-Closure, Alternative 3.

Little

o East Fork Rock East Fprk East Fprk Ramsey | Poorman Cherry Libby Libby
Activity Rock Creek Creek Bull River | Bull River Creek Creek Creek Creek
EFRC-200" | RC-2000 | EFBR-500 | at Mouth RA-600 PM-1200 chfaseoko LB-300" | LB-2000
Effects at Estimated 7Q, Flow

Estimated 7Q, flow 0.92 13.53 5.77 12.27 3.26 2.46 0.32 4.73 13.85
Change at 7Q, flow without -0.03 -0.03 -0.01 0.05 0.00 0.00 0.00 0.00 0.00
MMC’s modeled mitigation
Percent Change in 7Q, Flow with- -3% <-1% <-1% 1% 0% 0% 0% 0% 0%
out MMC’s modeled mitigation
Change at 7Q, flow with MMC’s 0.00 0.01 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00
modeled mitigation
Percent Change in 7Q, flow with 0% <+1% <-1% <-1% 0% 0% 0% 0% 0%

MMC’s modeled mitigation

Effects at Estimated 7Q;o Flow

Estimated 7Qy, flow 0.29 8.80 3.71 7.97 2.07 1.55 0.19 1.22 8.99
Change at 7Q;, flow without -0.03 -0.03 -0.01 0.05 0.00 0.00 0.00 0.00 0.00
MMC’s modeled mitigation

Percent Change in 7Q,, flow with- -10% <-1% <-1% <1% 0% 0% 0% 0% 0%
out MMC’s modeled mitigation

Change at 7Qy, flow with MMC’s 0.00 0.01 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00
modeled mitigation

Percent Change in 7Q;, flow with 0% <+1% <-1% <-1% 0% 0% 0% 0% 0%

MMC’s modeled mitigation

"Modeled baseflow values used rather than estimated 7Q,, flow for EFRC-200 and LB-300 (see section 3.8.3).

All units are cfs except % change; cfs = cubic feet per second; < = less than.

Groundwater models were used to predict effects from mine dewatering and the pumpback wells. With the data currently available, the model results provide a potential range of
dewatering and pumping rates and streamflow impacts. They are the best currently available estimates of impacts and associated uncertainty that can be obtained using currently
available data in the groundwater models. Both 3D groundwater flow models would be refined and rerun after data from the Evaluation Phase were incorporated into the models
(see Section C.10.4, Evaluation Phase in Appendix C). Following additional data collection and modeling, the predicted impacts on surface water resources in the analysis area,

including simulation of mitigation measures, may change and the model uncertainty would decrease. See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion
of model uncertainty.
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Peak and Average Annual Flow

Reductions in peak and annual flow in east side streams would continue in the Post-Closure
Phase. Peak and annual flow in Poorman Creek and Ramsey Creek would return to pre-mine
conditions after the tailings impoundment was reclaimed, the adits were completed plugged, and
the pumpback well system ceased operating. Peak and annual flow in the four unnamed drainages
below the Poorman Impoundment would be substantially less than pre-mine conditions because
stormwater from the reclaimed impoundment surface would be diverted to Little Cherry Creek,
reducing the watershed of Drainage 10 by 66 percent and the watersheds of the other three
drainages by 74 percent (ERO Resources Corp. 2010a in Appendix H).

As long as the pumpback well system operated, flow in the four unnamed drainages at the
impoundment area would be substantially reduced. After the impoundment was reclaimed and the
pumpback ceased operation, flow in the four unnamed drainages at the impoundment area would
be substantially reduced from pre-mine conditions, but slightly greater than in the Operations
Phase. Compared to pre-mine size, the watershed of Drainage 10 would be 66 percent smaller and
the watersheds of the other three drainages would be 74 percent smaller (ERO Resources Corp.
2010a in Appendix H). Peak flows would be reduced by similar percentages. The Hortness
method overestimates 7Q, and 7Q;, flow in watersheds containing reclaimed impoundments as
discussed in Alternative 2. Klohn Crippen (2005) estimated a steady state flow from the
underdrain system of 50 to 100 gpm for the Little Cherry Creek impoundment and the agencies
anticipate conditions at the Poorman Impoundment Site would be similar. Springs outside of the
impoundment footprint that were affected by the pumpback wells would likely return to pre-mine
conditions and also may contribute baseflow to channels outside of the impoundment.

After the impoundment was reclaimed, surface water runoff that was diverted to Poorman Creek
prior to closure would flow toward the reclaimed impoundment. The watershed and average
annual flow in Poorman Creek would return to pre-mine conditions. The watershed area of Little
Cherry Creek would increase by 644 acres, an increase of 44 percent (ERO Resources Corp.
2010a). It is expected that average annual flow in Little Cherry Creek would increase by a smaller
percentage, as the larger watershed would not increase flow during low-flow periods. The larger
watershed would increase runoff during storm events. Due to Water Treatment Plant discharges,
peak flow would increase slightly (less than 1 percent) and average annual flow would increase
by about 5 percent at LB-300 and by less than 5 percent below LB-300 down to Poorman Creek.
The effect on average annual flow in Libby Creek between Poorman Creek and Little Cherry
Creek would be offset as result of the diversion of runoff to Little Cherry Creek. Other segments
of Libby Creek would return to pre-mine conditions after the tailings impoundment was
reclaimed, the adits were completed plugged, and the pumpback well system ceased operating.

As part of the final closure plan, MMC would complete a hydraulic and hydrologic (H&H)
analysis of the proposed runoff channel during final design, and submit it to the lead agencies and
the Corps for approval. The H&H analysis would include a channel stability analysis and a
sediment transport assessment. Based on the analysis, modifications to the final channel design
would be made and minor modifications to the upper reaches of the tributary of Little Cherry
Creek may be needed to minimize effects on channel stability in the tributary of Little Cherry
Creek and to avoid allowing water to pond on the surface of the reclaimed tailings. Other
drainage alternatives for the surface of the reclaimed tailings impoundment that protect against
erosion but also provide aquatic habitat downstream of the impoundment may be developed with
agency approval.
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Rock Lake

Effects on Rock Lake during the Post-Closure Phase would be a reduction in groundwater flow to
the lake and a reduction in water stored in the lake. The effects would depend on the time of year
and whether the potential effects were mitigated. The following discussion is based on the results
of the 3D model for an average precipitation year and an analysis of the Rock Lake water balance
(ERO Resources Corp. 2012c). It is uncertain whether the effect of mine inflows to Rock Lake
during the late summer/early fall period would be greater or less during a multi-year dry or multi-
year wet period because these scenarios have not been modeled. The watershed of Rock Lake
receives a large amount of precipitation, primarily during the winter and spring, and during a
rainy period in late fall. There is enough water even in a very dry year to refill the lake many
times during both the snowmelt runoff period and the fall rainy period after drawdown periods
when outflows exceed inflows. The water level in Rock Lake would “reset” to full capacity each
spring and each fall even during a very dry period (ERO Resources Corp. 2012c).

Without MMC’s Modeled Mitigation

Without MMC’s modeled mitigation, the potentiometric surface surrounding Rock Lake would
continue to decline after mining ceased. When the potentiometric surface decreased below the
lake surface, the groundwater flow direction would reverse. As a result, water would flow out of
the lake toward the mine void, resulting in a loss of lake volume. The model predicted the loss
would occur for about 130 years after mining ceased (Geomatrix 2011c).

The estimated reduction in lake volume, surface area, and lake level would be greatest 16 years
after mining ceased and the adits were plugged, and would gradually decrease after that time.
During the late summer/early fall period, the volume of the lake would be reduced by a maximum
of about 4 percent, the surface area would be reduced by a maximum of about 3 percent, and the
lake level would decline by 1.2 feet (Table 115). Littoral vegetation, if present in shallow areas of
Rock Lake, may experience drier conditions late in the growing season. During the 7-month
winter period, the lake volume would be reduced by an estimated 5 percent, the surface area by 4
percent, and the lake level would decline by about 1.5 feet (Table 116).

At steady state conditions, the model predicted that the potentiometric surface would not recover
completely to pre-mining conditions, resulting in less groundwater flow into the lake. Total
groundwater inflow to Rock Lake would be permanently reduced by 24 acre-feet per year, about
2 percent of the estimated full lake volume. During the late summer/early fall period, Rock Lake
would have a volume and surface area reduction estimated to be less than 1 percent (Table 115).
The volume, surface area, and level of the lake would not be affected during the 7-month winter
period (Table 116). The permanent effect on the lake during the 7-month winter period would be a
reduction in groundwater inflow to the lake of about 10 percent, which would result in 10 percent
less outflow from the lake into the East Fork Rock Creek.

Without mitigation, the change to Rock Lake may be measurable as a long-term trend during
periods when deep bedrock groundwater is the only source of supply to Rock Lake, but a trend
may be difficult to observe or measure when the lake was ice-covered. The effects on Rock Lake
would occur during these two periods, but the lake would refill each year during snowmelt runoff
and during late fall precipitation that resulted in runoff to Rock Lake. An analysis of precipitation
within the watershed above Rock Lake that considered possible losses before runoff reaching the
lake showed that there is enough water even in a very dry year to refill Rock Lake many times
during both the snowmelt runoff period and the fall rainy period (ERO Resources Corp. 2012c).
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Table 115. Estimated Effects on Rock Lake during 2-Month Summer/Fall Period.

Total Mine

Initial

Ending

Change

Depletions Lake Lake Volume .ChEnEe in Sl'JArface
Phase During Volume | Volume Reduction n ale Surface dreg
Period (acre- (acre- (%) Leve Area Reduction
(feet) (%)
(acre-feet) feet) feet) (acres)
Construction (without 1.5 1,302 1,300.5 <0.1 * * *
mitigation)
Operations (without 7.8 1,302 1,294.2 0.6 * * *
mitigation)
Operations (with 6.0 1,302 1,296.0 0.5 * * *
mitigation)
Post-Closure (maximum 53.0 1,302 1,249.0 4 -1.2 1.5 3
reduction, without
mitigation)
Post-Closure (maximum 20.5 1,302 1,281.5 2 -0.5 0.6 1
reduction, with
mitigation)
Post-Closure (steady 4.0 1,302 1,298.0 0.3 * * *
state, without
mitigation)
Post-Closure (steady 0.0 1,302 1,302.0 0.0 0.0 0.0 0

state, with mitigation)

* Estimates of changes in lake levels and lake surface area would be very small and cannot be accurately calculated.
cfs = cubic feet per second; < = less than.
A groundwater model was used to predict effects from mine dewatering. With the data currently available, the model results provide a
potential range of dewatering rates and streamflow impacts. They are the best currently available estimates of impacts and associated
uncertainty that can be obtained using currently available data in the groundwater models. The 3D groundwater flow model would be
refined and rerun after data from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in
Appendix C). Following additional data collection and modeling, the predicted impacts on surface water resources in the analysis area,
including simulation of mitigation measures, may change and the model uncertainty would decrease. See section 3.10.4.3.5,

Groundwater Model Uncertainty for more discussion of model uncertainty.

Source: ERO Resources Corp. 2012c.

With MMC’s Modeled Mitigation

With MMC’s modeled mitigation, the 3D model predicted less of a reduction in the
potentiometric surface at Rock Lake. During the Operations Phase, the effect on Rock Lake

would be slightly less with MMC’s modeled mitigation than without. The estimated reduction in
lake volume, surface area, and lake level would be greatest 16 years after mining ceased and the
adits were plugged. At that time during the 2-month summer/fall period, the volume of the lake
would be reduced by an estimated 2 percent, the surface area would be reduced by an estimated 1
percent, and the lake level would decline by 0.5 foot (Table 116).

At steady state conditions, there would be slightly less baseflow (-0.01 cfs) at EFRC-50 upstream
of Rock Lake. The 3D model predicted that low permeability barriers would increase

groundwater flow toward the lake by 0.01 cfs. The net result would be no change in the lake

volume, lake level, or surface area at steady state (Table 116). The agencies’ mitigation, leaving
barrier pillars with access openings that would be plugged at closure with bulkheads, would be
designed, based on hydrologic data collected during mining, to minimize post-mining changes in
East Fork Rock Creek and East Fork Bull River streamflow and water quality. The mitigation of

increasing the buffer zones near Rock Lake and the Rock Lake Fault, which was not modeled,

may eliminate effects on Rock Lake during and after mining.
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Table 116. Estimated Effects on Rock Lake during 7-Month Winter Period during Maximum

Reduction in Potentiometric Surface and at Steady State Post-Closure.

Total Mine " . )
Depletion Initial Ending Volume Change in Change in Surface
Ph - Lake Lake . Surface Area
ase s During Reduction | Lake Level X
; Volume Volume Area Reduction
Period f f (%) (feet) o
(acre-feet) (acre-feet) | (acre-feet) (acres) (%)
Maximum Effect
Post-Closure 63.6 1,302 1,238.4 5 -1.5 1.8 4
without mitigation
Post-Closure with 0.0 1,302 1,302.0 0 0.0 0.0 0
mitigation
Steady State Conditions
Post-Closure 0.0 1,302 1,302.0 0 0.0 0.0 0
without mitigation
Post-Closure with 0.0 1,302 1,302.0 0 0.0 0.0 0
mitigation

A groundwater model was used to predict effects from mine dewatering. With the data currently available, the model results provide
a potential range of dewatering rates and streamflow impacts. They are the best currently available estimates of impacts and
associated uncertainty that can be obtained using currently available data in the groundwater models. The 3D groundwater flow
model would be refined and rerun after data from the Evaluation Phase were incorporated into the models (see Section C.10.4,
Evaluation Phase in Appendix C). Following additional data collection and modeling, the predicted impacts on surface water
resources in the analysis area, including simulation of mitigation measures, may change and the model uncertainty would decrease.
See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

Source: ERO Resources Corp. 2012c.

Rock Creek Meadows

The 3D model-predicted effect on the East Fork Rock Creek where it enters Rock Creek
Meadows would be greatest 16 years after mine closure, and is estimated to be 0.43 cfs (Klepfer
Mining Service 2012). Observations made during an agency field review in a very dry period
(September 2007) indicated a high water table supported the wetlands. Baseflow in East Fork
Rock Creek at the Meadows was estimated to be 2 cfs (discussed in section 3.10.3.1.2 in the
Groundwater Hydrology section). A reduction of 0.43 cfs would be about 20 percent of the
estimated baseflow in East Fork Rock Creek. Groundwater levels at Rock Creek Meadows and
other tributaries that flow into the East Fork Rock Creek at the Meadows are predicted not to be
affected by mining. The hydrology support for the wetland vegetation in Rock Creek Meadows is
not expected to be affected.

3.11.445  Climate Change

The effects of climate change in combination with Alternative 3 would be the same as in
combination with Alternative 2.

311446
Activities
The ability to measure streamflow accurately and precisely depends on a number of factors,
reviewed by Harmel et al. (2006). Potential errors in streamflow measurement are introduced in
the measurement of stream depth, velocity, and channel dimensions. Accuracy varies over the
distribution of flows, ranging from a few percent for low flows measured with an accurately
calibrated weir, to 10 to 15 percent or more for high flows measured by standard stage-to-dis-
charge techniques and calibrated against periodic wading discharge measurements (Grant et al.

Uncertainties Associated with Detecting Streamflow Changes due to Mine
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2008). In an analysis of effects of forest harvest activities on peak flows and channel morphology
in the Pacific Northwest, Grant et al. (2008) identified a detection limit for changes in peak flow
measurements of about +10 percent; changes in peak flow that fall in this range are within the
error of peak flow measurement and cannot be ascribed as an effect.

Harmel et al. (2006) reported measurement error in overall streamflow measurement for a
“typical” scenario, a “best case” scenario, and a “worse case” scenario. The best case scenario
represented measurement procedures used with a concentrated effort in quality assurance/quality
control (QA/QC) unconstrained by financial and personnel resource limitations and in ideal
hydrologic conditions. The typical scenario represented measurement procedures conducted with
a moderate effort at QA/QC and under typical hydrologic conditions. For a typical scenario,
estimated measurement error averaged 10 percent and ranged from 6 percent to 19 percent for a
range of conditions. The estimated measurement error was 3 percent for the best case scenario,
which included flow measurement under ideal hydrologic conditions, specifically a pre-calibrated
flow control structure (stable bed and channel) and a stilling well for stage measurement.
Measurement error reported by Harmel et al. (2006) is consistent with an earlier evaluation of
measurement error by the USGS (Sauer and Meyer 1992). Sauer and Meyer reported most
measurements will have standard errors ranging from about 3 percent to 6 percent, with a low of
2 percent under ideal conditions.

A recent improvement in streamflow measurement for streams that are at least a foot deep is the
use of acoustic Doppler current profilers to measure streamflow. Under suitable conditions, the
advantages are that this method is much faster and no less accurate than mechanical current
meters, it allows measurements where mechanical current meters are inappropriate or unreliable,
and it measures continuous profiles of water velocity, providing more accurate streamflow
measurements (Hirsch and Costa 2004).

The natural variability in streamflow also influences the ability to detect a mining-induced change
in streamflow. Based on an analysis of streamflow data from streams with gaging stations located
at the periphery of the analysis area on the KNF, Wegner (2007) reported the average variability
in low flow values is 20 percent. In stream reaches when and where the only source of water to
streams is deep bedrock groundwater, it is expected that flow variability would be less. A
sufficient number of streamflow measurements could be collected to determine whether the
streamflow that may be affected by mining is statistically different from the streamflow that
occurred pre-mining, regardless of variability. Although mining-induced streamflow changes
would initially be small and gradually increase, a trend should be observable given adequate
streamflow monitoring before mining began, during all mining phases, and after mining ceased.

3.11.447  Effectiveness of Agencies’ Proposed Monitoring and Mitigation

Monitoring

MMC would monitor lake levels in Rock Lake and Lower Libby Lake as one component of a
comprehensive plan to monitor project effects. MMC began measuring lake level continuously in
Rock Lake in 2009 and the KNF currently is monitoring the lake level in Lower Libby Lake.
Continued monitoring of lake levels would be effective for subsequently detecting changes in
lake levels due to possible dewatering effects of the project. During periods when runoff from
precipitation or snowmelt is supplying water to the lake, it probably would not be possible to
measure the effect of the project if the lake level changes are in the predicted range of 1 foot or
less. Wanless Lake, 4 miles south of Rock Lake and outside of the area of influence of the
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Montanore Project, would be used as a benchmark lake and would monitored in the same manner
as Rock Lake (Appendix C). The monitoring would be effective in assisting MMC and the
agencies in separating natural variability from the effects of the mine on Rock Lake.

Streamflow would also be measured at numerous locations during the various mine phases (see
Appendix C) to monitor the effects of mine activities. Some sites would be monitored
continuously, while others would be measured every other week, monthly or at quarterly intervals
when streams were not frozen. For stream sites measured continuously, after adequate data were
collected, stage/discharge relationships, daily flows, and yearly hydrographs would be developed
and used to estimate baseflow, average, and peak flows. As discussed in the previous section,
there are potential errors in streamflow measurement, particularly in rock-filled mountain
streams, and during very low flows, but streamflow measurements would be effective for
monitoring the effects of mine activities when the agencies’ monitoring plans in Appendix C were
implemented. Swamp Creek, which originates at the Wanless Lake outlet, would be used as a
reference stream on the west side of the divide and Bear Creek would be used as a reference
stream on the east side of the divide. These streams are located outside of the area of influence of
Alternative 3, and monitoring would be effective in assisting MMC and the agencies in separating
natural variability from the effects of the mine on analysis area streams.

Mitigation

Mitigation of effects on the baseflow of streams within the CMW and to Rock Lake, the
effectiveness of the mitigations and the uncertainty associated with each mitigation are discussed
in detail in section 3.10.4.3.5, Groundwater Model Uncertainty and section 3.10.4.3.6,
Effectiveness of Agencies’ Proposed Monitoring and Mitigation in the Groundwater Hydrology
section. Mitigations would include:

o Buffers around the Rock Lake Fault and Rock Lake where mining would not occur to
reduce the risk of high mine inflows and excessive impacts on surface flows and the level
of Rock Lake. Based on the 3D model results, buffers would be highly effective in
minimizing effects on surface water.

e Barrier pillars in the mine with bulkheads at access openings, if necessary, to minimize
post-mining changes in streamflow in East Fork Rock Creek and East Fork Bull River
and eliminate the loss of water from storage in Rock Lake. The 3D model results
indicated that the concept of barriers in the mine void would be effective in reducing
post-mining impacts on streams and in eliminating the loss of water from storage in Rock
Lake. Barrier design would be based on an analysis of hydrologic data collected during
mining to assess the need for barriers and to optimize their effectiveness.

e Grouting in the mine to reduce adit and mine inflows, which would reduce changes in
baseflow in nearby watersheds. With the planned proper maintenance during the
Construction and Operations Phases, grouting would be effective in reducing mine and
adit inflows. The uncertainty of the effectiveness of grouting over the long term was
considered in the agencies’ analysis.

o Placing multiple, site-specifically designed adit plugs post-mining would be effective for
separating the mine void from the adits, which would allow streamflows in the Libby
Creek watershed to recover to pre-mining conditions more quickly.
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Other activities that would reduce streamflow in Libby Creek (capture of precipitation and
evaporation in the impoundment, and operation of the pumpback wells) would be effectively
mitigated in Alternatives 3 and 4 by discharges of treated water from the Water Treatment Plant
that would be equal to or greater than the flow reductions in Libby Creek. The use of thickened
tailings in Alternative 3 would reduce the amount of water stored in the tailings by up to about 1
cfs, and reduce makeup water requirements from Libby Creek. Thickened tailings would be an
effective mitigation because it would reduce MMC’s appropriation at the Libby Creek infiltration
gallery. The mitigation for effects on senior water rights in Libby and Ramsey creeks is discussed
in section 2.5.4.3.2, Water Rights in Chapter 2 and section 3.12.4.3 under Water Rights.

The disturbance area of Alternatives 3 and 4 would be less than Alternative 2, which would
effectively minimize peak flow increases in all area streams.

In Alternatives 3 and 4, runoff from the reclaimed tailings impoundment would be directed
toward Little Cherry Creek instead of Bear Creek proposed in Alternative 2. As part of the final
closure plan, MMC would complete a H&H analysis of the proposed runoff channel during final
design that would include a channel stability analysis and a sediment transport assessment. The
runoff channel design would effectively minimize effects on Little Cherry Creek. Other effects on
streamflow in streams other than Libby Creek, such as Poorman and Little Cherry creeks, would
be unavoidable.

The agencies’ analysis indicates that various discharges or diversions in all mine alternatives may
result in changes in the estimated 7Qy, flow of greater than 10 percent. Although not analyzed,
various discharges or diversions also may change the mean monthly flow by more than 15
percent. The final MPDES permit will contain DEQ’s final determination regarding the
discharges and nondegradation review.

3.11.4.5 Alternative 4 — Agency Mitigated Little Cherry Creek Impoundment
Alternative

Alternative 4 would be similar to Alternative 3, but modified from MMC’s proposed Little Cherry
Creek Impoundment Site. All other modifications and mitigations described in Alternative 3,
other than those associated with the Poorman Tailings Impoundment Site, would be part of
Alternative 4. The amount of seepage collected by the Seepage Collection System, which
includes seepage from the tailings impoundment, may be increased by optimizing the location of
the Seepage Collection Dam where bedrock outcrops in the Little Cherry Creek drainage. Any
tailings seepage not intercepted by the drains beneath the impoundment and dams would likely
discharge to the former Little Cherry Creek watershed through the fractured bedrock aquifer.
Consequently, siting the Seepage Collection Dam at or below the location where bedrock
outcrops in the Little Cherry Creek drainage would increase the likelihood that the seepage would
be collected by the dam. In Alternative 4, MMC would conduct additional geotechnical work near
the Seepage Collection Dam during final design and site the dam lower in the drainage if
technically feasible. Pumpback wells would intercept tailings impoundment seepage not
intercepted by the underdrain system before it reached surface water.

Effects on west side streams, Rock Lake, and Ramsey Creek would be the same as those
described in Alternative 3 during all phases of the project. Effects on Libby Creek would be
slightly greater (3 percent) because the tailings impoundment would be 20 acres larger and would
intercept more precipitation. Effects on Poorman, Little Cherry, and Bear creeks through the
Operations Phase would be the same as Alternative 2 without mitigation; these effects were not
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guantified. Alternative 4 would require two new road crossings across a perennial stream and one
new crossing of a non-perennial stream (Table 108).

During the Construction Phase, less than a 1 percent increase in peak flow from timber clearing
for the mine facilities is estimated in all east side streams. All transmission line alternatives
combined with Alternative 4 would have estimated increases in peak flow of less than 10 percent.

The agencies’ monitoring and mitigation plans include the construction of minor facilities in the
Libby Creek floodplain, such as streamflow measurement devices and an infiltration gallery for
makeup water in Libby Creek. No alternative exists to avoid locating these facilities in the Libby
Creek floodplain and the effect would be the same as Alternative 3.

The effect on the Little Cherry Creek floodplain would be less than that described for Alternative
2. In Alternative 4, a new floodplain would be created along the diverted Little Cherry Creek
channel.

After the tailings impoundment surface and dams were reclaimed, the runoff would no longer be
subject to ELGs. When it met applicable water quality standards, runoff from the reclaimed
tailings impoundment surface would be routed via the permanent Diversion Channel and
Drainage 10 to Libby Creek (as compared to Alternative 2, where runoff from the reclaimed
tailings impoundment surface would flow toward Bear Creek). After the South Saddle Dam and
the south Main Dam abutment were reclaimed, runoff would flow to the Diversion Channel.
Consequently, the watershed of Drainage 10 would increase by about 500 acres post-mining, as
compared to operational conditions. This additional area may require MMC to complete more
channel stabilization work in Drainage 10 due to increased flow, plus follow-up monitoring.
Average annual flow in the diverted Little Cherry Creek would be about five times the existing
flow in Drainage 10 and about 10 percent less than the current flow of Little Cherry Creek
(Appendix H).

Compared with the pre-mining watershed area, the post-mining watershed area contributing water
to the former Little Cherry Creek channel would be 85 percent smaller directly below the tailings
impoundment and 74 percent smaller at the confluence of former Little Cherry and Libby creeks.
The Hortness method overestimates 7Q, and 7Qs, flow in watersheds containing the reclaimed
impoundment, as discussed in Alternative 2. Changes in the watershed areas contributing flow to
Bear and Libby Creek would be 5 percent or less. Below Bear Creek, streamflow in Libby Creek
would return to pre-mining conditions, less any reduced baseflow which would be less than 1
percent of the estimated 7Q;, flow at Libby Creek at US 2. Following cessation of the pumpback
wells and recovery of groundwater levels, springs and seeps outside of the impoundment footprint
that were affected by the pumpback wells would likely return to pre-mine conditions and may
contribute to baseflow.

3.11.4.6 Alternative A — No Transmission Line

In Alternative A, the transmission line, substation and loop line for the Montanore Project would
not be built. The DEQ’s approval of the mine, as permitted by DEQ Operating Permit #00150 and
revised in revisions 06-001, 06-002, and 08-001, would remain in effect. MMC could continue
with the permitted activities on private land associated with the Libby Adit evaluation program
that did not affect National Forest System lands. Possible impacts on streams due to construction,
operation, and maintenance of a new transmission line, Sedlak Park Substation, and loop line
would not occur.
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Table 117. Comparison of Stream and Floodplain Crossings Required for Transmission
Line Alternatives.

Crossings by Transmission
Number of Stream Acres of New Line
Trans- Crossings by New Roads within
mission Roads FEMA Number of
Line Designated | Miles of Streams
Alternative 100-Year Flood-
Perennial Other Floodplain plain Perennial | Other
Stream Stream Stream | Stream
B 0 5 1.6 11 4 16
C-R 0 0 0.2 0.4 5 15
D-R 0 0 0.2 0.3 4 18
E-R 0 1 0.2 0.3 4 19

Source: GIS analysis by ERO Resources Corp. using KNF data.

3.11.4.7 Alternative B — MMC Proposed Transmission Line (North Miller Creek
Alternative)
3.11.4.7.1  Construction Phase

Alternative B transmission line would have four perennial stream crossings: the Fisher River,
Howard Creek, Libby Creek, and Ramsey Creek. The alignment also would have 16 new
crossings over other streams. Five new road crossings over other streams would be required. The
transmission line would cross 1.1 miles of floodplains and require 1.6 acres of new roads within a
floodplain (Table 117). Eight structures would be located in a floodplain. Construction would be
curtailed during heavy rains or high winds to prevent erosion to streams. MMC identified four
possible methods of stream crossings: fords, culverts, arches, and bridges. Culverts would be the
most commonly used crossing method. Because the construction time of the line would be short,
MMC anticipates that no drainage would be provided for the temporary roads and would follow
the agencies’ guidance if installation of culverts were required. Culvert installations on perennial
streams would meet BMP requirements. In all transmission line alternatives, the DEQ would
require on-site inspections of perennial stream crossings associated with the 230-kV transmission
line to determine the most suitable crossing methods and timing of construction that would
minimize impacts on floodplains and streamflow (see Environmental Specifications in Appendix
D). During construction, streams may be temporarily dammed or routed around construction
activities. Damming the stream would reduce or eliminate flow below the dam for a short period
of time. After construction was completed, the bridges and culvert would not affect natural
streamflow except during very large flow events.

The proposed Sedlak Park Substation would be south of Sedlak Creek and the loop line would
cross the creek. Sedlak Creek has a small drainage area and an undefined floodplain. The Sedlak
Park Substation and loop line would not affect streamflow in Sedlak Creek.

During the Construction Phase, a 1 percent or less increase in peak flow from timber clearing for
the transmission line is estimated in all east side streams. Based on the ECAC model results
(Appendix H), the mine-related water yield increase with the combination of Alternative 2 and
Alternative B would reach a measurable level in Ramsey and Poorman creeks, with an estimated
peak flow increase in Ramsey Creek of 12 percent.
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3.11.4.7.2  Operations Phase

The transmission line and associated road crossing culverts would not affect streamflow during
operations.

3.11.4.7.3  Decommissioning Phase

As proposed, culverts would remain after the project was completed. The culverts would not
affect natural streamflow except during very large flow events.

3.11.4.8 Transmission Line Alternatives C-R, D-R and E-R

3.11.4.8.1 Construction Phase

Five perennial streams would be crossed by the transmission line in Alternative C-R: Fisher
River, West Fisher Creek, Miller Creek, Howard Creek, and Libby Creek. Preliminary design
indicates all transmission line alternatives except Alternative B would span a bend in the creek; it
may be possible to avoid spanning the creek during final design. The effect of the Sedlak Park
Substation and loop line in all agency alternatives would be the same as Alternative B. The
transmission line would cross an estimated 0.4 mile of floodplains and require 0.2 acre of new
roads within a floodplain (Table 117). Two structures would be located in a floodplain.
Alternative C-R would require no new road crossings over major or minor streams. Culverts
would be installed, if needed, on roads used for maintenance access. Other aspects of stream
crossings, such as compliance with the Environmental Specifications in Appendix D, would be
the same as Alternative B (section 3.11.4.7, Alternative B — MMC Proposed Transmission Line
(North Miller Creek Alternative)).

Four perennial streams would be crossed by the transmission line in Alternative D-R: Fisher
River, West Fisher Creek, Howard Creek, and Libby Creek. The transmission line would cross an
estimated 0.3 mile of floodplains and require 0.2 acre of new roads within a floodplain (Table
117). Two structures would be located in a floodplain. Alternative D-R would require no new
road crossings over any stream.

Four perennial streams would be crossed by the transmission line in Alternative E-R: Fisher
River, West Fisher Creek, Howard Creek, and Libby Creek. The transmission line would cross an
estimated 0.3 mile of floodplains and require 0.2 acre of new roads within a floodplain (Table
117). Two structures would be located in a floodplain. The alternative would require no new road
crossings over perennial streams, and one new crossing over a non-perennial stream. Road and
culvert construction, maintenance and removal, and effects on peak flow would be the same as
Alternative C-R.

During final design, MMC would avoid or minimize, to the extent practicable, locating structures
and roads in a floodplain. If locating transmission line structures and roads in a floodplain could
not be avoided during final design, MMC would submit a flood plain permit application to the
DNRC that provides details on the obstruction or use of a floodway/floodplain before
construction. DNRC’s permit issuance is based on the danger to life and property downstream,
availability of alternate locations, possible mitigation to reduce the danger, and the permanence of
the obstruction or use (76-5-405, MCA).

In Alternatives C-R, D-R, and E-R, installation of culverts, bridges, or other structures at
perennial stream crossings would be specified by the agencies following on-site inspections with
DEQ, Forest Service, FWP, landowners, and local conservation districts. Installation of culverts
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or other structures in a water of the United States would be in accordance with the U.S. Army
Corps of Engineers 404 and DEQ 318 authorization conditions. Work in streams within the
transmission line corridor would be in accordance with MFSA certificate requirements. All
culverts would be sized according to Revised Hydraulic Guide (KNF 1990) and Parrett and
Johnson (2004). Where new culverts were installed, they would be installed so water velocities or
positioning of culverts would not impair fish passage. Stream crossing structures would be able to
pass the 100-year flow event without impedance.

Based on the KNF ECAC model results (Appendix H), timber clearing for access roads and the
transmission line in Alternatives C-R, D-R, and E-R is not predicted to measurably increase the
peak flow of any streams. All transmission line alternatives combined with Mine Alternatives 3
and 4 would have estimated increases in peak flow of less than 10 percent.

3.11.4.8.2  Operations Phase

The transmission line and associated road crossing culverts would not affect streamflow during
mine operations.

3.11.4.83  Decommissioning Phase

After line installation was completed, access roads would be changed to intermittent stored
service. Culverts would be removed by the KNF if determined to be high risk for blockage or
failure. Streambanks would be laid back to allow streamflow to pass without scouring or ponding.
Transmission line roads would be decommissioned after mine closure and removal of the
transmission line. Culverts would be removed and fill areas sloped back and stabilized during
road decommissioning.

3.11.4.9 Cumulative Effects

3.11.49.1  Rock Creek Project

The Montanore and Rock Creek Projects, assuming they occurred concurrently, would cumula-
tively reduce flow in the Rock Creek, East Fork Bull River, and Bull River watersheds. No other
aspects of the two projects would have cumulative effects on surface water resources. MMC’s 3D
model simulated the concurrent operation of both mines, based on several assumptions regarding
the Rock Creek Mine design. The maximum effects on Rock Creek and the East Fork Bull River
would occur after both mines ceased operations (assumed to be operating and closing simulta-
neously). The effects on low flows at RC-2000 and EFBR-500 are provided in Table 118.
Compared to direct effects, cumulative flow reductions would be 0.03 cfs greater in Rock Creek
at the mouth and the East Fork Bull River at the mouth, and 0.08 cfs greater at EFBR-500 at the
CMW boundary. The cumulative effect at EFBR-500 would be a 13 percent reduction in the
estimated 7Q,, flow and an 8 percent reduction in the estimate 7Q, flow. The cumulative
reduction in the wetted perimeter of the stream would be 30 percent at EFBR-2, and 18 percent at
RC-3. The 3D model predicted that streamflow in the Libby Creek watershed, and Rock Lake
levels would not be affected by the Rock Creek mine.

For the Bull River at the mouth, the cumulative effect would be a maximum flow reduction due to
mine inflows of 0.48 cfs, which is a 1 percent decrease in the estimated baseflow of 40 cfs at that
location (Geomatrix 2011a). During periods of the year when streamflow is dominated by surface
water runoff (snowmelt and storm events), the effects on streamflow of the two mine projects
would be negligible.
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At the mouth of Rock Creek, the predicted reductions in low flows may not be measurable in the
stream because the creek is often dry during baseflow periods (the flow reduction would be to
subsurface flow). With mitigation, the cumulative effect on the East Fork Rock Creek and Rock
Creek would be the same as discussed under the Montanore alternatives.

As the mine void filled and groundwater levels above the mines and adits reached steady state
conditions, the effects on streamflow would decrease. Cumulative effects at steady state
conditions were not quantified.

RCR prepared a 3D numerical hydrogeological model of the Rock Creek mine area to assist in
defining potential impacts on groundwater and surface water resources (Hydrometrics 2014). For
the Rock Creek Mine Supplemental EIS, the predicted cumulative effects were estimated by
adding the results from the Montanore and Rock Creek 3D models for the respective periods of
greatest groundwater drawdown. RCR’s model predicted effects were slightly greater than
estimated by MMC’s 3D model. Because the two models present results for slightly different
scenarios, Table 118 includes results for only one bulk hydraulic conductivity (10 cm/sec) from
the Rock Creek model. The Montanore 3D model was used simulate to both unmitigated and
mitigated effects, whereas the Rock Creek model only simulated unmitigated effects.

3.11.49.2  Other Reasonably Foreseeable Actions

Cumulative effects in the analysis area on both the east and west slopes of the Cabinet Mountains
include past and current actions that are likely to continue in the future and reasonably
foreseeable actions that could affect streamflows, spring flows, and lake levels. Other area mining
activities, particularly in-stream suction dredging and placer exploration, have in the past created
physical substrate habitat alterations in area streams. Other activities that could affect surface
water flows include timber harvesting, land clearing, home construction, road construction, septic
field installation, water well drilling, livestock grazing, and stream channel and bank stabilization
or restoration projects. These activities could either increase or reduce water sources to streams,
springs, and lakes; other than the Montanore and Rock Creek Projects, cumulative effects would
be minor. The cumulative peak flow increase in the Libby Creek and Fisher Creek watersheds
would be less than 10 percent. For annual water yield, the cumulative annual flow increases
would mostly be less than 1 percent, with the largest impact being a 4 percent increase. These
increases would offset flow decreases predicted to occur due to mine inflows and water
diversions (Table H-9, Appendix H). For example, in the Ramsey Creek watershed, the analysis
predicted a cumulative increase in flow during baseflow periods of 0.2 cfs for Alternative 3. The
maximum flow reduction to Ramsey Creek due to mine inflows would be 0.04 cfs. The effects on
aquatic life and aquatic habitat due to streamflow changes are described in section 3.6, Aquatic
Life and Fisheries. The indirect effects due to streamflow changes on riparian vegetation are
described in section 3.22, Vegetation and on wetland vegetation are described in section 3.23,
Wetlands and Other Waters of the U.S.

The proposed Wayup Mine in upper West Fisher Creek and the Libby Creek Ventures drilling
plan adjacent to Upper Libby Creek Road would have negligible cumulative effects on
streamflows.
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Table 118. Estimated Cumulative Changes during 7Q, and 7Q;, Flows, Maximum Baseflow
Changes during Post-Closure.

Rock Creek East Fork Bull River East Fork Bull River @
RC-2000 EFBR-500 Mouth
Variable . , With With
without | WHNMMCE'S | \vihout | MMC's | without | MMC's
Mitigation Modeled Mitigation Mitigation
g Mitigation' g Modeled g Modeled
Mitigation' Mitigation®
MMC’s Model Results
Modeled -0.68 -0.19 -0.48 -0.47 -0.36 -0.37
baseflow change
(cfs)
Estimated 7Q, 13.53 13.53 5.77 5.77 12.27 12.27
flow (cfs)
Percent Change -5% -1% -8% -8% -3% -3%
in 7Q, Flow
Estimated 7Q1, 8.80 8.80 3.71 3.71 7.97 7.97
flow (cfs)
Percent Change -8% -2% -13% -13% -5% -5%
in 7Q Flow
RCR’s Model Results

Modeled -1.05 — — — -0.80 —
baseflow change
(cfs)
Estimated 7Q, 13.53 — — — 12.27 —
flow (cfs)
Percent Change -8% — — — -1% —
in 7Q, Flow
Estimated 7Q1, 8.80 — — — 7.97 —
flow (cfs)
Percent Change -12% — — — -10% —
in 7Q10 Flow

Groundwater models were used to predict effects from mine dewatering and the pumpback wells. With the data
currently available, the model results provide a potential range of dewatering and pumping rates and streamflow
impacts. They are the best currently available estimates of impacts and associated uncertainty that can be obtained
using currently available data in the groundwater models. Both 3D groundwater flow models would be refined and
rerun after data from the Evaluation Phase were incorporated into the models (see Section C.10.4, Evaluation Phase in
Appendix C). Following additional data collection and modeling, the predicted impacts on surface water resources in
the analysis area, including simulation of mitigation measures, may change and the model uncertainty would decrease.
See section 3.10.4.3.5, Groundwater Model Uncertainty for more discussion of model uncertainty.

"These are only for unmitigated conditions for the Rock Creek mine because Rock Creek model did not evaluate effects
of mitigation.

3.11.4.10 Regulatory/Forest Plan Consistency

This section discusses compliance with applicable laws and regulations regarding surface water
hydrology, specifically changes in streamflow and floodplains. Section 3.13.4.11, Regulatory/
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Forest Plan Consistency in the subsequent Water Quality section (p. 785) discusses compliance
with water quality laws and regulations.

3.11.4.10.1 Organic Administration Act and Forest Service Locatable Minerals Regulations

36 CFR 228.8 requires that mining operators minimize, where feasible, adverse environmental
impacts on National Forest surface resources; comply with applicable state and federal water
quality standards including the Clean Water Act; take all practicable measures to maintain and
protect fisheries and wildlife habitat that may be affected by mine operations; and reclaim the
surface disturbed in operations by taking such measures as preventing or controlling onsite and
off-site damage to the environment and forest surface resources.

The reclamation plan in all mine and transmission line alternatives would ensure changes in
streamflow would be minimized. Mine Alternative 2 and Transmission Line Alternative B would
not fully comply with 36 CFR 228.8. In these alternatives, MMC did not propose to implement
feasible measures to minimize changes in streamflow and to protect fisheries habitat from
changes in streamflow. The agencies’ alternatives (Mine Alternatives 3 and 4 and Transmission
Line Alternatives C-R, D-R, and E-R) would incorporate additional feasible and practicable
measures to minimize adverse environmental impacts on National Forest surface resources and to
maintain and protect fisheries habitat. The measures would include increasing mining buffer
zones, installing multiple, site-specifically designed adit plugs at closure, grouting, and, if
necessary, leaving mine void barriers. Using thickened tailings would reduce MMC’s
appropriation from the Libby Creek and minimize effects on Libby Creek streamflow. The
agencies’ alternatives expanded MMC'’s proposed monitoring plans and would include action
levels on mine inflows and changes in surface water flow and lake levels that would trigger
corrective measures to be implemented by MMC (see Appendix C).

Alternative 2 would have a disturbance area of 2,582 acres. The disturbance area of Alternative 4,
which would have a tailings impoundment at the same location as Alternative 2, would be smaller
than Alternative 2 by 658 acres by eliminating the LAD disturbance area and minimizing the
disturbance area around the tailings impoundment. The disturbance area of Mine Alternative 3
would be the smallest. The smaller disturbance area of Alternatives 3 and 4 minimize peak flow
increases in all area streams. Because the clearing width for Transmission Line Alternative B
would be narrower than the agencies’ transmission line alternatives, the maximum clearing width
for Alternative B would be less than the agencies’ alternatives. Clearing associated with the
agencies’ transmission line alternatives would be minimized through the development and
implementation of a Vegetation Removal and Disposition Plan.

In Alternatives 3 and 4, runoff from the reclaimed tailings impoundment would be directed
toward Little Cherry Creek instead of Bear Creek proposed in Alternative 2. As part of the final
closure plan in Alternatives 3 and 4, MMC would complete a H&H analysis of the proposed
runoff channel during final design that would include a channel stability analysis and a sediment
transport assessment. The runoff channel would be designed to minimize adverse effects of
increased streamflow on Little Cherry Creek. MMC’s mitigation plans contained limited
measures to protect fisheries habitat from changes in streamflow. The agencies’ alternatives
would create or secure genetic reserves through bull trout transplanting or habitat restoration;
rectify factors that are limiting the potential of streams to support increased production of bull
trout; and e eradicate non-native fish species, especially brook trout that are a hybridization threat
to bull trout. Through these mitigations, the agencies’ alternatives would comply with 36 CFR
228.8 to minimize adverse environmental impact.
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3.11.4.10.2 Wilderness Act

All mine alternatives have the potential to indirectly affect wilderness qualities. Mitigation
measures identified in Chapter 2 for Alternatives 3 and 4 and monitoring required for Alternatives
3 and 4 (Appendix C) would be implemented to minimize changes in wilderness character.
Mitigation measures such as increasing the buffer zones near Rock Lake and the Rock Lake
Fault, and the agencies’ monitoring coupled with final design criteria submitted for the agencies’
approval, would reduce the risk of subsidence and measurable hydrological indirect effects to the
surface within the wilderness.

Mitigation measures and monitoring requirements in Alternatives 3 and 4 are reasonable
stipulations for protection of the wilderness character and are consistent with the use of the land
for mineral development. Alternatives 3 and 4 would be conducted to protect the surface
resources in accordance with the general purpose of maintaining the wilderness unimpaired for
future use and enjoyment as wilderness and to preserve the wilderness character consistent with
the use of the land for mineral development and production in compliance with 36 CFR 228.15
and the Wilderness Act. The agencies’ mine and transmission line alternatives would comply with
the Wilderness Act. Alternatives 3 and 4 would minimize adverse environmental impacts on
surface resources within the wilderness, and thereby comply with the regulations (36 CFR 228,
Subpart A) for locatable mineral operations on National Forest System lands.

3.11.4.10.3 Clean Water Act and Montana Water Quality Act

The DEQ will discuss compliance with applicable water quality regulations addressing
streamflow including nondegradation rules in the ROD, the renewed MPDES permit, and 401
Certification.36 CFR 228.8(h) states that “certification or other approval issued by state agencies
or other federal agencies of compliance with laws and regulations relating to mining operations
will be accepted as compliance with similar or parallel requirements of these regulations.” DEQ’s
permit decision and associated conditions in the draft renewal MPDES permit or on any other
state water quality permit would constitute compliance with Montana water quality requirements
and Clean Water Act requirements regarding water quality.

3.11.4.10.4 Kootenai Forest Plan
Compliance with the 2015 KFP is described in the following sections.

GOAL-WTR-01: All mine and transmission line alternatives would maintain streamflow
conditions that support ecological functions and beneficial uses. The DEQ will discuss
compliance with applicable water quality regulations addressing streamflow including nondegra-
dation rules in the ROD, the MPDES permit, and 401 Certification. DEQ’s permit decision and
associated conditions in the MPDES permit or on any other state water quality permit would
constitute compliance with Montana water quality requirements and Clean Water Act
requirements regarding water quality. Overall, at a forest-wide scale, the alternatives would be
neutral with regard to progress toward this goal. The alternatives would affect water resources,
but mitigation would be implemented to avoid or minimize adverse effects. At a forest-wide
scale, the effects on water resources would be minor.

FW-DC-WTR-01: Watersheds and associated aquatic ecosystems would retain their inherent
resilience to respond and adjust to disturbance without long-term, adverse changes to their
physical or biological integrity in the agencies” mine and transmission line alternatives. The
agencies’ alternatives include appropriate mitigation for all reasonably foreseeable adverse
streamflow effects on watersheds and associated aquatic ecosystems. The agencies’ alternatives
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would be neutral with regard to progress toward this desired condition. MMC’s mine alternative
did not include appropriate mitigation for all reasonably foreseeable adverse streamflow effects
on watersheds and associated aquatic ecosystems and would not make progress or be neutral with
regard to progress toward this desired condition. The effect forestwide of MMC'’s alternatives
would be negligible.

FW-DC-WTR-02. All mine and transmission line alternatives would meet applicable state water
quality standards and fully support beneficial uses. The DEQ will discuss compliance with
applicable water quality regulations addressing streamflow including nondegradation rules in the
ROD, the MPDES permit, and the 401 certification. DEQ’s permit decision and associated
conditions in the MPDES permit or on any other state water quality permit would constitute
compliance with Montana water quality requirements and Clean Water Act requirements
regarding water quality. The agencies’ alternatives would be neutral with regard to progress
toward this desired condition. MMC’s mine alternative did not include appropriate mitigation for
all reasonably foreseeable adverse streamflow effects on wetlands and aquatic ecosystems in
Little Cherry Creek and would not make progress or be neutral with regard to progress toward
this desired condition. The effect forestwide of MMC’s alternatives would be negligible.

FW-DC-WTR-03: None of the alternatives would affect channel dimensions. Based on
conceptual designs presented in Chapter 2, all mine and transmission line alternatives would have
some facilities located in a FEMA designated floodplain. Mine Alternative 2 would have the least
amount of disturbance in a FEMA designated floodplain. Construction of the Seepage Collection
Pond and an infiltration gallery for makeup water in Mine Alternative 3 would have 9 acres of
construction in a floodplain and Mine Alternative 4 would have 3 acres. During final design,
MMC would be required to avoid or minimize, to the extent practicable, locating facilities, such
as the Seepage Collection Pond in Alternative 3, in a floodplain. If locating mine facilities in a
floodplain could not be avoided, an application for a floodplain permit would be submitted to the
DNRC that provides details on the obstruction or use of a floodway floodplain and a permit
would be required before construction. DNRC’s permit issuance is based on the danger to life and
property downstream, availability of alternate locations, possible mitigation to reduce the danger,
and the permanence of the obstruction or use (76-5-405, MCA). The alternatives would be neutral
with regard to progress toward this desired condition.

FW-DC-WTR-06: All mine and transmission line alternatives would maintain and improve
forestwide trends toward achieving the desired condition of cooperating with other parties to
improve watershed conditions. The agencies’ alternatives would improve watershed conditions on
lands obtained by MMC for wetland and grizzly bear mitigation.

3.11.4.10.5 Executive Order 11988 and Montana Floodplain and Floodway Management
Act

Transmission line facilities are not subject to the Montana Floodplain and Floodway Management
Act. Based on conceptual designs presented in Chapter 2, all mine and transmission line
alternatives would have some facilities located in a FEMA designated floodplain. Mine
Alternative 2 would have the least amount of disturbance in a FEMA designated floodplain.
Construction of the Seepage Collection Pond and an infiltration gallery for makeup water in Mine
Alternative 3 would have 9 acres of construction in a floodplain and Mine Alternative 4 would
have 3 acres. During final design, MMC would be required to avoid or minimize, to the extent
practicable, locating facilities, such as the Seepage Collection Pond in Alternative 3, in a
floodplain. If locating mine facilities in a floodplain could not be avoided, an application for a
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floodplain permit would be submitted to the DNRC that provides details on the obstruction or use
of a floodway floodplain and a permit would be required before construction. DNRC’s permit
issuance is based on the danger to life and property downstream, availability of alternate
locations, possible mitigation to reduce the danger, and the permanence of the obstruction or use
(76-5-405, MCA). DNRC'’s permit decision and associated conditions on the floodplain permit
for these facilities would constitute compliance with requirements of Executive Order 11988.

In addition to the facilities described above, the agencies’ monitoring and mitigation plans
associated with Alternatives 3 and 4 would require the construction of some minor facilities in the
Libby Creek floodplain, including an infiltration gallery for makeup water and continuous flow
measurement devices in the Libby Creek floodplain. In compliance with Executive Order 11988,
the KNF finds that no alternative exists to avoid locating these minor facilities in the Libby Creek
floodplain. DNRC’s permit decision and associated conditions on the floodplain permit would
constitute compliance with requirements of Executive Order 11988.

3.11.4.11 Irreversible and Irretrievable Commitments

During mine operations, use of mine and adit inflows and any water needed for mine operations
would be an irretrievable commitment of resources. Any permanent change in stream or spring
flow or lake levels due to mining would be an irretrievable and irreversible commitment of
resources. Some water would be used consumptively by the project, reducing the total water yield
in the region by that amount. Relative to the total yield of the affected watersheds, the
consumptively used volume would be small. The reduction in yield would be an irretrievable
commitment of resources.

The tailings impoundment in the Little Cherry Creek watershed in Alternatives 2 and 4 would
permanently alter the flow in Little Cherry Creek, Bear Creek (Alternative 2 only), Libby Creek,
and two unnamed drainages. Alternative 3 would alter the flow in the Little Cherry Creek,
Poorman Creek, Libby Creek, and four unnamed drainages. These flow changes would be an
irreversible commitment of surface water resources.

3.11.4.12 Short-Term Uses and Long-Term Productivity

The short-term use of surface water resources in the various alternatives would consist of
diverting analysis area streams for mining, and using analysis area streams for discharge of
treated water. Changes that may occur that would affect the long-term productivity of surface
water resources include:

o Changes in flow in streams and springs that receive some of their water supply from
bedrock groundwater, as well as changes in the levels of Rock Lake that may occur
due to mine inflows

o Changes to watersheds and floodplains (and the streams and springs within them)
that would be permanently covered by the tailings impoundment site

o Changes in streamflow that would occur due to permanent stream diversions around
or from the tailings impoundment site

Final Environmental Impact Statement for the Montanore Project 687



Chapter 3 Affected Environment and Environmental Consequences

3.11.4.13 Unavoidable Adverse Environmental Effects

The consumptive use of groundwater by the project during mine operations would unavoidably
reduce the total water yield from this portion of the Cabinet Mountains. The anticipated
consumptive use is expected to be small relative to the total water yield of this area. Water yield
would remain reduced until the project no longer consumptively used water, and then slowly
return to the pre-mining yield as the mine void filled, which the 3D model predicted would
require 490 years. Water levels overlying the mine are predicted by the model to reach steady
state conditions 1,150 to 1,300 years after mining ended. The actual time to recover to steady
state may be shorter or longer and would be re-evaluated using the 3D model after additional data
were collected during the Evaluation Phase). Without mitigation, such as barrier pillars and
bulkheads, water levels over the mine void nearest Rock Lake are predicted to remain about 200
feet below pre-mine conditions. Mitigation would reduce this effect. Mining of the ore body
would unavoidably reduce streamflow and deep groundwater inflow to Rock Lake. Without
mitigation, a change in deep groundwater inflow to Rock Lake would permanently reduce the
volume and level of Rock Lake. With mitigation, the volume and level of Rock Lake would be
affected until groundwater levels reached steady state conditions. If deep groundwater was a
component of the inflow to St. Paul Lake, mine dewatering would unavoidably reduce this source
of water to the lake, and the lake level may lower more quickly during dry years when the only
source of water to the lake was bedrock groundwater.
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3.12 Water Rights

3.12.1 Regulatory Framework

3.12.1.1 Montana Water Use Act

The Montana Water Use Act requires that any person, agency, or governmental entity intending to
acquire new or additional water rights or change an existing water right in the state obtain a
beneficial water use permit before commencing to construct a new or additional diversion,
withdrawal, impoundment, or distribution works for appropriations of groundwater or surface
water.

The Montana Water Rights Bureau, within the Water Resources Division of the DNRC,
administers the Water Use Act and assists the Water Court with the adjudication of water rights.
An Application for Beneficial Water Use Permit requires proof by a preponderance of evidence
that there is water physically and legally available at the proposed point of diversion in the
amount requested (ARM 36.12.1702 and 36.12.1705). Senior water rights have an earlier priority
date and claimants who hold them have a higher priority to divert water from a stream or water
body than those with more junior rights. If a senior water user would be adversely affected by a
new use, the application must include a mitigation plan with specific conditions that the new
water user is willing to accept to eliminate or mitigate potential adverse effects on senior water
rights. For example, a new water user may need to divert or pump water only at certain times
when adequate water is available for all users or may need to find water from another source to
replace water appropriated by the new user.

Dewatering the adits or mine void during mining, or filling of the adits and mine void during the
Closure and Post-Closure Phases is not a beneficial use of water and a beneficial water use permit
would not be required. Although MMC would not be able to obtain a permit to secure an
appropriation to dewater the adits or mine void or fill the mine void, the Water Use Act has a
requirement that a person cannot waste water, use water unlawfully, or prevent water from
moving to another person having a prior right to use the water. If dewatering the Libby Adit or
filling of the mine void resulted in one of these, MMC would need a plan to regulate the
controlling works of an appropriation as may be necessary to prevent the wasting or unlawful use
of water and to ensure that a person having a prior senior right is not deprived of their lawful use
of water (85-2-114(1), MCA).

Changes in an existing water right include a change in the point of diversion, place of use, the
purpose of use, or the place of storage. A change in a water right can be made as long as there is
no adverse impact on other appropriators. Before a change can be initiated, approval from the
DNRC must be obtained. Increasing the amount of water consumed from a stream would be
considered a new water right requiring an application for beneficial water use.

3.12.1.2 USDA Forest Service/State of Montana Reserved Water Rights
Compact

Additional requirements for obtaining a new water rights permit come from the Forest
Service/State of Montana Reserved Water Rights Compact (85-20-1401 Article IV B.1., MCA).
The compact was entered into by the State of Montana and the United States of America to settle
all claims to federal reserved water rights for National Forest System lands administered by the
Forest Service. Article IV.B.1. of the compact provides that there will be sequencing of the
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permitting process for water appropriations under state law and the permitting for access and use
of National Forest System lands in relation to water appropriations to avoid conflict between state
and federal permitting. Under the compact, an applicant is required to show proof of federal
authorization before the application for a new appropriation of water or a change of appropriation
will be considered correct and complete when:

« Astate permit is required prior to a new appropriation of water, including
groundwater, or a change of appropriation, and

o Afederal authorization is required to occupy, use, or traverse National Forest System
lands for the purpose of diversion, impoundment, storage, transportation, withdrawal,
use, or distribution of water for the appropriation or change of appropriation.

A state permit for a new appropriation will be subject to any terms, conditions, and limitations
related to the use of water contained in the approved Plan of Operations. For the Montanore
Project, the federal authorization for occupancy and use of National Forest System lands in
relation to MMC’s water appropriations would be the Forest Service’s approved Plan of
Operations for the project. Any new state permit(s) for water appropriations by MMC would be
subject to the terms, conditions, and limitations in the Plan of Operations relating to the use of
water.

3.12.1.3 Kootenai Forest Plan

The 2015 KFP direction considered in the analysis of water rights is:

FW-DC-WTR-05. Water rights for consumptive and non-consumptive water uses
obtained in the name of the Forest Service support instream flows that provide for
channel maintenance, water quality, aguatic habitats, and riparian vegetation. Water
guality and beneficial uses are fully protected under special use permits related to water
uses.

3.12.2 Analysis Area and Methods

The water rights analysis area is slightly larger than described in section 3.11.2.1, Analysis Area
and consisted of the Libby Creek watershed to the Kootenai River, the East Fork Bull River
drainage, the Bull River below the confluence of the East Fork Bull River to the confluence with
the Clark Fork River and East Fork Rock Creek and Rock Creek to the confluence with the Clark
Fork River. The analysis area was larger than that used for the surface water hydrology analysis
to assess the physical and legal availability of water and to ensure downstream water rights were
not adversely affected by the project. Water rights in streams in the transmission line corridors
would not be affected.

MMC assessed the physical and legal availability of water using methods required by the DNRC.
The impact on groundwater rights from pumping the pumpback wells and from mine inflows was
evaluated based on the location of the rights with respect to the 3D-modeled drawdown areas.
The impact on a spring right located downgradient of MMC’s proposed infiltration gallery to
divert groundwater in the alluvium of Libby Creek was evaluated based on the possible source of
water to the spring. Possible impacts on surface water rights due to changes in streamflow were
evaluated by comparing requested water appropriations to measured streamflow in all potentially
affected streams.
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The data available and methods used are adequate to evaluate and disclose reasonably foreseeable
significant adverse effects on water rights in the analysis area, and to enable the decision makers
to make a reasoned choice among alternatives. The agencies did not identify any incomplete or
unavailable information, as described in section 3.1.3, Incomplete and Unavailable Information.

3.12.3 Affected Environment

Surface water in the analysis area is used for a variety of beneficial uses including domestic water
supply, irrigation, mining, stock watering, fish habitat, and wildlife. The DNRC has 38 active
water rights on record for surface water within the Libby Creek watershed, including diversions
from Bear, Ramsey and Libby creeks, as well as unnamed tributaries to Libby Creek. Most of the
surface water permits are for domestic, irrigation, fishery, and mining use. The total active surface
water rights are for an average use of about 55 cfs, and maximum use of about 81 cfs. The 30
spring rights in the Libby Creek watershed are used for primarily for domestic, irrigation and
livestock purposes. The livestock rights are for 30 gallons per day per animal unit. The total for
the rights (not including stock rights with only animal unit limits) is a maximum flow of 4.93 cfs,
and maximum volume of about 1,726 acre-feet. Nineteen groundwater rights are listed within the
analysis area. Six of these rights are springs, and the rest are wells; the well depth range is 40 to
235 feet, with all but one well less than 100 feet deep. The total for the groundwater rights is a
maximum flow of 1.1 cfs, and maximum volume of about 359 acre-feet. The permitted point of
diversion for spring water right 76D 28349 00, a 15 gpm water right for placer mining with a
May 1 to September 30 period of use, is on Libby Creek, 1.5 miles downstream of MMC’s
proposed infiltration gallery. The KNF does not have an approved plan of operations for placer
mining at the permitted place of use for spring water right 76D 28349 00.

MMC holds two 1902 surface water rights on Libby Creek, one for mining near the Libby Adit
site in Section 15, Township 27N, Range 31W (with a maximum diversion of 44.9 gpm between
April 1 and December 19, and maximum volume of 50.97 acre-feet), and one for domestic use in
the same section (15 gpm year-round, and a maximum volume of 1.5 acre-feet). MMC also holds
a 1989 groundwater right near the Libby Adit site in Section 15, Township 27N, Range 31W
(with a total diversion of 40 gpm year-round).

The Forest Service has a year-round 40 cfs instream flow right with a 2007 priority date for a
segment of Libby Creek that starts at Bear Creek and goes to above Hoodoo Creek. The use of
the right is to provide adequate flows for bull trout to migrate from Libby Creek into Bear Creek
and spawn. The Forest Service also has a 1949 right to divert 0.5 cfs for mining during May and
June from Libby Creek above the confluence with Howard Creek at the Recreation Gold Panning
Area, and a 1925 water right on Libby Creek above Ramsey Creek to divert 25 gpm for
commercial purposes.

A private entity owns three 1925 surface water rights on Libby Creek for mining, domestic and
stock use, and one 1900 water right on Ramsey Creek for mining use that have points of diversion
upstream of MMC’s requested diversion points (Table 119). The rights shown in Table 119 are
junior to MMC’s surface water rights, and senior to MMC’s groundwater right, all Forest Service
rights on Libby and Ramsey creeks, and MMC’s requested rights from Libby Creek. Each of the
water rights for mining is for a maximum diversion rate of 1 cfs and maximum volume of 521.6
acre-feet per year.
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Table 119. Privately-Owned Water Rights with Diversion Points Upstream of MMC's
Requested Diversion Points.

Source Name Libby Creek Libby Creek Libby Creek Ramsey Creek
Water Right No. 76D 141290 00 76D 14129100 |76D 141300 00 |76D 141292 00
Priority Date 19250509 19250509 19250509 19001217
(yyyymmdd)
Purpose Domestic Stock Mining Mining
Means of Diversion Flowing Livestock Direct |Headgate Headgate
From Source
Maximum Flow Rate 30.00 NA 448.8 448.8
(gpm)
Maximum Flow Rate 0.066 NA 1 1
(cfs)
Maximum Volume 1.50 30 521.6 521.6
(ac-ft/yr) gals/day/animal
Point of Diversion T28N R3IW T27N R31W T27N R31W | T27N-R31W
Legal Land Description |Sec. 36 Secl Sec 11 Sec. 3
SW SW SE E2 NW and SW |SW NW SE NE SE SE
General Location About 1,000 About 1 mile About 5,000 About 2 miles
feet upstream of | upstream of feet upstream | upstream of
confluence with | confluence with |of confluence |confluence
Ramsey Creek |Ramsey Creek |with Howard |with Libby
Creek below Creek
Libby Adit
Period of Use Jan 1-Dec 31 May 15-Oct 19 | April 1-Dec 19 | April 1-Dec 19

Source: DNRC 2015.
NA = Not applicable

In Alternatives 3 and 4, MMC would acquire a parcel along US 2 through which Swamp Creek
flows for wetland mitigation (see section 2.5.7.1, Jurisdictional Wetlands and Other Waters of the
U.S.). The current owner of this parcel has a surface water right to flood irrigate 26 acres of hay
meadow between May 1 and October 31, with a maximum diversion rate of 291.72 gpm, and
maximum volume of 52 acre-feet per year.

No surface water rights exist on the East Fork Bull River and no groundwater rights are in the
East Fork Bull River basin. There are three surface water rights on the Bull River downstream of
the East Fork Bull River for domestic and irrigation purposes with a total maximum diversion
rate of 0.21 cfs and maximum volume of 37 acre-feet per year. One domestic surface water right
for 10 gpm and a shallow groundwater right for 20 gpm are held on Rock Creek about 2 miles
downstream of the confluence of West Fork Rock Creek and East Fork Rock Creek.

3.12.4

3.124.1

Alternative 1 — No Mine

Environmental Consequences

In this alternative, MMC would not develop the Montanore Project. Any existing exploration-
related or baseline collection disturbances by MMC would be reclaimed in accordance with
existing laws and permits. Surface water and groundwater rights in the area would not be
affected. The DEQ’s approval of the mine, as permitted by DEQ Operating Permit #00150 and
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revised in revisions 06-001, 06-002, and 08-001, would remain in effect. MMC could continue
with the permitted activities on private land associated with the Libby Adit evaluation program
that did not affect National Forest System lands.

3.12.4.2 Alternative 2 — MMC Proposed Mine

For all mine alternatives, MMC would have to acquire new surface water and groundwater
appropriations from the DNRC to use water for mining and possibly wetland mitigation purposes.
MMC did not apply for beneficial water use permits for Alternative 2. MMC estimated that a
permit for 200 to 300 gpm would be adequate for mining purposes. The rate and points of
diversion for Alternative 2 would vary slightly from those described in Alternative 3. MMC did
not propose to discharge treated water to Libby Creek or Ramsey Creek to prevent adverse effects
on senior water rights. Baseflow changes and appropriations by MMC from Libby Creek would
adversely affect senior water rights. Baseflow changes also may affect senior water rights in
Ramsey Creek.

The spring and groundwater well rights located in or near the analysis area are all located outside
of the 3D-model predicted drawdown area for mine inflows. There is a water right for a
developed spring located near the confluence of Bear Creek and Libby Creek that may be within
the drawdown area for the pumpback wells for the Little Cherry Creek tailings impoundment and
possibly within the area of influence of the make-up well near Libby Creek. This water right is
76D 28349 00, a 15 gpm water right for mining with a May 1 to September 30 period of use. The
source of water for this spring is unknown. If it is alluvial groundwater in the Libby Creek
channel, then the flow of the spring may be reduced due to pumping from the pumpback wells or
the make-up well, but would be measurable only during low flow periods in Libby Creek. If the
source of water for the spring water right is bedrock rather than alluvial water, then appropriation
of water by MMC from the make-up well or pumping from the pumpback wells would not affect
the flow of the spring.

3.12.4.3 Alternative 3 — Agency Mitigated Poorman Impoundment Alternative

3.12.43.1  Libby Creek

MMC applied for new surface water and groundwater beneficial water use permits using the
project components of Alternative 3 (MMC 2012a). Section 2.5.4.3.2, Water Rights in Chapter 2
discusses the three water rights for which MMC submitted applications to the DNRC. MMC’s
water rights applications included an analysis on the physical and legal availability of water for
such a diversion and concluded water was physically and legally available at the proposed point
of diversion in the amounts requested for. The DNRC would determine the physical and legal
availability of water of MMC’s requested new rights.

The applications also included a mitigation plan to avoid adversely affecting senior water rights
on the mainstem of Libby Creek during the Operations Phase. The DNRC will determine whether
requested uses are permittable during the water rights permitting process. The agencies modified
MMC’s mitigation plan that was submitted to the DNRC. In addition to groundwater interception
from pumpback wells, and interception of precipitation at the Poorman Impoundment Site, MMC
would divert groundwater from an infiltration gallery near Libby Creek during high flows,
estimated to be in April through July. The maximum diversion rate would be 1,125 gpm (2.5 cfs).

To mitigate effects on senior water rights during all mine phases, such as the Forest Service’s 40
cfs right on Libby Creek, MMC would monitor the flow at LB-2000, and whenever flow was less
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than 40 cfs at LB-2000, would treat and discharge water from the Water Treatment Plant at a rate
equal to all of its Libby Creek watershed appropriations. The agencies anticipate discharges
typically would occur in January through March, and August through December, though
discharges would be determined by real-time continuous streamflow monitoring at LB-2000 (see
Appendix C). Make-up water during the Operations Phase would be diverted from Libby Creek
during high flows (discussed in a subsequent paragraph).

Similar mitigation would occur during the Closure and Post-Closure Phases using water stored in
the adits. The effect of filling the mine void with the adits plugged as proposed by the agencies on
Libby Creek streamflow was not modeled. MMC would update the groundwater model in the
final closure plan to predict the effect on Libby Creek streamflow of filling the mine void with
the adits plugged. Based on this information, MMC would mitigate any effects to senior water
rights, if needed, to avoid adversely affecting senior water rights. The agencies’ mitigation
required in Alternative 3, discussed in section 2.5.4.3.2, Water Rights, would ensure MMC’s
appropriations or baseflow changes would not injure senior water rights at mine closure as the
adit or mine void filled. None of MMC'’s requested new surface water and groundwater beneficial
water use permits would adversely affect the privately-owned water rights listed for Libby Creek
in Table 119. MMC'’s discharges of treated mine and adit water would increase flow in Libby
Creek from pre-mine conditions throughout the project until the adits were plugged (Table 109,
Table 111, Table 112, and Table 113). The discharges would increase the physical availability of
water for diversion for the senior water rights on Libby Creek listed in Table 119. Under the
Montana Water Use Act, the DNRC can only issue MMC a new beneficial water use permit if
MMC proves by a preponderance of evidence that water is physically and legally available (85-2-
311(1), MCA). The DNRC will decide the physical and legal availability of water for MMC’s
requested new surface water and groundwater beneficial water use permits after it received from
the KNF natification that MMC’s Plan of Operation was approved. After the adits were plugged,
the impoundment was reclaimed, and the pumpback well system ceased operation, the availability
of water for diversion in Libby Creek would return to pre-mine conditions.

MMC would acquire a water right for the created wetlands if the DNRC determined water use for
creating wetlands was a beneficial use. If water use for creating wetlands was not a beneficial use,
MMC could use water for wetland creation without a beneficial water use permit protecting its
right to do so. Water to create wetlands would come from precipitation on MMC and National
Forest System lands and the legal availability of that water would not be at risk of appropriation
by another user. Any water rights used for wetland mitigation would be conveyed to the Forest
Service when the mitigation sites were conveyed.

3.12.43.2  Ramsey Creek

On Ramsey Creek, a senior water right holder has a 1 cfs water right for mining between RA-200
and RA-400 (Table 119). The baseflow is estimated to be about 0.38 cfs in Ramsey Creek at the
CMW boundary, and may be about 1 cfs at this right’s point of diversion on Ramsey Creek. The
maximum predicted baseflow decrease due to mine inflows is 0.04 cfs at the CMW boundary and
would be similar at the point of diversion. This reduction would adversely affect this water right
whenever flow at the point of diversion was less than 1 cfs. MMC would monitor flow in Ramsey
Creek at RA-300, above the point of diversion (see Appendix C, Section C.10). When the 3D
model was updated after the Evaluation Phase, MMC would re-evaluate potential effects on
Ramsey Creek. If the senior water right on Ramsey Creek would be adversely affected during any
mining phase, MMC would develop a plan during final design to convey treated water from the
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Water Treatment Plant to a location upstream of the right’s point of diversion (RA-300).
Discharge of treated water to Ramsey Creek would require a new outfall in MMC’s MPDES
permit.

3.12.43.3  Swamp Creek

In Alternatives 3 and 4, MMC would acquire a parcel along Swamp Creek for wetland mitigation
and the water right associated with this parcel allows for flood irrigation of 26 acres of hay
meadow. Rehabilitation of the site to improve its functions as a wetland would not require a water
right. MMC would file for a change of use for this water right to an instream flow right.

3.12.4.3.4  Groundwater Rights in the Libby Creek Watershed

The permitted points of diversion of spring and groundwater well rights located in or near the
analysis area are all outside of the 3D-modeled drawdown areas due to mine inflows and the
pumpback wells. The permitted point of diversion for spring water right 76D 28349 00 is on
Libby Creek, 1.5 miles downstream of MMC'’s proposed infiltration gallery. MMC would divert
water from the Libby Creek alluvium at an average rate of 765 gpm and a maximum flow rate of
1,125 gpm from April through July (Table 25). Assuming that the source of water for the spring
water right is alluvial water associated with Libby Creek, pumping from the infiltration gallery
during high streamflow (40 cfs or greater) would not likely affect the ability of the spring water
rights owner to divert 15 gpm from the spring. Pumping from the infiltration gallery would not
affect spring flow if the source of water for the spring water right is bedrock rather than alluvial
water. Spring water right 76D 28349 00 may no longer be in use; the KNF does not have an
approved plan of operations for placer mining at the permitted place of use for the right.

3.12.4.3.5 East Fork Rock Creek, Rock Creek, East Fork Bull River, and Bull River

Water rights in the East Fork Bull River basin would not be affected because no existing water
rights are in that basin. Water rights in the Bull River downstream of the East Fork Bull River
would not be affected because the maximum predicted flow reduction would be less than 1 cfs,
and the model-estimated baseflow of the Bull River at the confluence with the Clark Fork River is
40 cfs. The surface water right on Rock Creek for 10 gpm would not be affected by the predicted
flow decrease due to mine inflows of between 0.5 and 0.65 cfs of the estimated baseflow, which
is between 3 and 7 cfs at the point of diversion. The shallow groundwater right on Rock Creek for
20 gpm is outside of the area of expected drawdown due to mine inflows.

3.12.4.4 Alternative 4 — Agency Mitigated Little Cherry Creek Impoundment
Alternative

MMC did not apply for beneficial water use permits for Alternative 4. The rate and points of
diversion for Alternative 4 would vary slightly from those described in Alternative 3. The effects
on area surface water rights would be the same as described in Alternative 3 and on groundwater
rights would be the same as described in Alternative 2.

3.12.45 Transmission Line Alternatives

In the transmission line alternatives, the small flow changes expected to occur as a result of water
use for dust control or concrete mixing are not expected to adversely affect area water rights.
Similarly, the construction and maintenance of the Sedlak Park Substation and the loop line
would not affect water rights.
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3.12.4.6 Cumulative Effects

Because any new MMC water right could not injure existing water rights, no water rights would
be cumulatively affected.

3.12.4.7 Regulatory/Forest Plan Consistency

3.124.7.1  Montana Water Use Act or the Montana Reserved Water Rights Compact

Alternative 2 would not comply with the Montana Water Use Act or the Montana Reserved Water
Rights Compact. MMC did not propose to discharge treated water to Libby Creek or Ramsey
Creek to prevent adverse effects on senior water rights. Baseflow changes and appropriations by
MMC from Libby Creek would adversely affect senior water rights.

Alternative 3 and 4 would comply with the Montana Water Use Act and the Montana Reserved
Water Rights Compact. In Alternative 3 and 4, mine and adit inflows would not be used
beneficially during any mine phase and treatment and discharge of all mine and adit inflows
would not require a beneficial use permit. MMC would discharge treated water to Libby Creek
and Ramsey Creek, as necessary, to prevent adverse effects on senior water rights. At mine
closure, MMC would install two or more plugs in each of the three Libby Adits. As long as MMC
appropriated or diverted water from Libby Creek whenever flow at LB-2000 was less than 40 cfs,
MMC would treat, if necessary to meet MPDES permitted effluent limits, stored adit water and
discharge it to Libby Creek at a rate equal to all of MMC’s Libby Creek appropriations or
diversions occurring at that time. Discharges to Ramsey Creek also would be required if the
modeling indicated adit inflows during the Closure Phase would adversely affect the senior water
right on Ramsey Creek. Any new water right for water use issued pursuant to Montana law for
water use in the selected alternatives would be consistent with the terms of an approved Plan of
Operations. An approved Plan of Operations consistent with the selected alternatives would
contain the stipulation that any water right acquired solely for the purposes of mineral
development in an approved Plan of Operations will terminate when the Plan of Operations
terminates. MMC must request and obtain prior written approval from the KNF for any change in
beneficial use or place of use of water allowed under an approved Plan of Operations or the water
use allowed under an approved Plan of Operations will terminate.

36 CFR 228.8(h) states that “certification or other approval issued by state agencies or other
federal agencies of compliance with laws and regulations relating to mining operations will be
accepted as compliance with similar or parallel requirements of these regulations.” DNRC’s
permit decision and associated conditions on any beneficial water use permit would constitute
compliance with Montana water use requirements.

3.12.4.7.2  Kootenai Forest Plan

The agencies’ alternatives would be neutral with regard to progress toward the desired condition
for water rights. In the agencies’ alternatives, any water right obtained for wetland and stream
mitigation purposes would be conveyed to the Forest Service.

3.12.4.8 Irreversible and Irretrievable Commitments

Because the 3D predicted streamflow in the Libby Creek watershed eventually would return to
pre-mining conditions, no irreversible or irretrievable commitment of resources would occur.
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3.12.4.9 Short-Term Uses and Long-Term Productivity

This section is not applicable to water rights.

3.12.4.10 Unavoidable Adverse Environmental Effects

The issuance of new water rights would not adversely affect other water rights.
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3.13 Water Quality
3.13.1 Regulatory Framework

3.13.1.1 Permits, Approvals and Authorizations Held by MMC

3.13.1.1.1  Board of Health and Environmental Sciences Order No 93-001-WQB

NMC submitted a “Petition for Change in Quality of Ambient Waters” in 1989 to the BHES
requesting an increase in the allowable concentration of select constituents in surface water and
groundwater above ambient water quality, as required by Montana’s 1971 nondegradation statute.
NMC submitted supplemental information to support the petition in 1992. In response to NMC’s
petition, the BHES issued an order in 1992, authorizing degradation and establishing limits in
surface water and groundwater in the Libby Creek, Poorman Creek, and Ramsey Creek
watersheds adjacent to the Montanore Project for discharges from the project (BHES 1992;
Appendix A). The Order remains in effect for the operational life of the project and for as long as
necessary thereafter. The Order established numeric limits for total dissolved solids, chromium,
copper, iron, manganese, and zinc in both surface water and groundwater, nitrate+nitrite in
groundwater only, and total inorganic nitrogen (nitrate+nitrite+ammonia) in surface water only
(Table 120 and Table 121). Although the Order established a limit for copper of 0.003 mg/L, the
chronic aquatic life standard of 0.00285 mg/L would be the limiting concentration.

The Order indicates that land treatment, as then proposed and currently proposed in Alternative 2,
would satisfy the requirement in ARM 16.20.631(3) (now ARM 17.30.635(3)) to treat industrial
wastes using technology that is the best practicable control technology available. In 1992, the
DHES (now DEQ) determined that land treatment would provide adequate secondary treatment
of nitrate (80 percent removal) and metals. The Order requires the DEQ to review design criteria
and final engineering plans to determine that at least 80 percent removal of nitrogen would be
achieved and the total inorganic nitrogen concentration in Libby, Ramsey, or Poorman creeks
would not exceed 1 mg/L. The Order states “surface water and groundwater monitoring,
including biological monitoring, as determined necessary by the Department [DEQ], will be
required to ensure that the allowed levels are not exceeded and that beneficial uses are not
impaired.” The Order also adopted the modifications developed in Alternative 3, Option C, of the
Final EIS (USDA Forest Service et al. 1992), addressing surface water and groundwater
monitoring, fish tissue analysis, and instream biological monitoring.

3.13.1.1.2  MPDES Permit No MT0030279

The DEQ issued a MPDES permit to NMC in 1997 for Libby Adit discharge to the local
groundwater or Libby Creek. Three outfalls were included in the permit: Outfall 001 —
percolation pond discharging to groundwater; Outfall 002 — drainfield with three infiltration
zones discharging to groundwater; and Outfall 003 — pipeline outlet to Libby Creek. The DEQ
renewed the permit in 2006. A minor modification of the MPDES permit in 2008 reflected an
owner/operator name change from NMC to MMC. In 2011, MMC applied to the DEQ to renew
the existing MPDES permit and requested the inclusion of five new stormwater outfalls under the
permit (Figure 28). In 2011, the DEQ determined the renewal application was complete and
administratively extended the permit (ARM 17.30.1313(1)) until MMC received the renewed
permit. The DEQ issued a draft renewal MPDES permit in July 2015 and held a public hearing on
the draft permit in August 2015. The DEQ will issue a final renewal MPDES permit with its
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ROD. MMC also held MPDES permit MTR104874 for stormwater discharges from the Libby
Adit Site. These discharges were incorporated into the draft renewal MPDES permit.

Outfalls 001 and 002 are permitted as surface water discharges that incorporate a groundwater
mixing zone. The percolation pond (Outfall 001) has an estimated capacity of 25 acre-feet. The
drainfields (Outfall 002) are designed to accommodate discharge flows in excess of 200 gallons
per minute (gpm). If the pond reaches full capacity, then an overflow pipe (Outfall 003) routes
water directly into Libby Creek. MMC has not reported a discharge from Outfalls 002 and 003
during the term of the 2006-issued permit.

The five new stormwater outfalls are:

Outfall 004—stormwater-only outfall for runoff from the Upper Libby Adit pad and
access road discharging into Libby Creek

Outfall 005—stormwater-only runoff from a 3.8-acre road segment between the
Libby Adit Pad and the Libby Plant Site discharging into Libby Creek

Outfall 006—stormwater-only runoff from a 6.2-acre road segment north of the
Libby Plant Site discharging into Ramsey Creek

Outfall 007—stormwater-only runoff from a 2.8-acre road segment south of the
Poorman Tailings Impoundment Site discharging into Poorman Creek; this outfall is
unlikely to be used because the access road alignment changed after MMC submitted
its MPDES renewal permit application

Outfall 008—stormwater-only runoff from a 2.9-acre road segment south of the
Poorman Tailings Impoundment Site discharging into Poorman Creek

Precipitation and runoff from the Libby Adit Pad area would be collected and directed into
Outfall 001. The drainage area for Outfall 005 is separate from the Libby Adit Pad area and does
not include the drainage area for Outfall 001.
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Table 120. Surface Water Limits Established by BHES Order for the Montanore Project and
Montana Surface Water Quality Standards.

BHES Human Aquatic Life Standard®
Parameter — Order Health Acut Chroni
Category* Limit | Standard cute ronic
(mg/L) (mg/l) (mg/L) (mg/L)
Temperature (°F) - H — — 1°F max increase for naturally occurring range of 32° to
66°F, 67°F max
0.5°F max increase for naturally occurring 66.5°F or greater
2°F per hour max decrease for naturally occurring
temperatures above 55°F; 2°F max decrease for naturally
occurring range of 32° to 55°F
pH (s.u.) — — 6.5-8.5
Dissolved Oxygen® - T — — 8.0 (early life) 9.5 (7-day, early life)
4.0 (other life stages) 6.5 (30-day, other life stages)
Total dissolved solids (TDS) 100 — — —
Total suspended solids (TSS) — — 30 20
Turbidity (NTU) - H
A-1 waters (within CMW) — — No increase above ambient
B-1 waters (outside CMW) — — 5 NTU maximum increase
Total nitrogen, as N - H
July 1 to September 30 — — 0.275
October 1 to June 30 — — No excessive amounts
Total Inorganic Nitrogen 1 . o
(TIN),asN-H
Nitrate + nitrite, asN - T 55 10 See total nitrogen standard
Total phosphorus, asP — H
July 1 to September 30 — — 0.025
October 1 to June 30 — — No excessive amounts
Ammonia,asN-T 15 — Calculated based on Calculated based on stream pH
stream pH and temperature
Aluminum® - T — — 0.75 0.087
Antimony™— T — 0.0056 — —
Arsenic’ - C — 0.01 0.34 0.15
Barium®-T — 1.0 — —
Beryllium® - C — 0.004 — —
Cadmium’ - T — 0.005 0.00052 0.000097
Chromium* - T 0.005 0.1 0.579/0.016° 0.0277/0.011°
Copper' — T 0.003 13 0.00379 0.00285
Iron®-H 0.1 — — 1.0
Lead' - T — 0.015 0.014 0.000545
Manganese” 0.05 — — —
Mercury’ — T, BCF>300° — 0.00005 0.0017 0.00091
Nickel’ - T — 0.1 0.145 0.0161
Selenium* - T — 0.05 0.02 0.005
Silver' =T — 0.1 0.000374 —
Zinc' - T 0.025 2 0.037 0.037

1T =toxic; C = carcinogen; H = harmful (aquatic life).
2 Many metals standards are hardness dependent; for this table, values presented are based on a hardness of 25 mg/L.
% Dissolved oxygen standards are water column concentrations; see DEQ-7 for other notes.
4 All metals standards, except aluminum, are based on total recoverable concentrations. Aluminum standards are based
on dissolved aluminum concentrations and are valid only in pH range of 6.5 to 9.
® Aquatic life chromium standards are for trivalent/hexavalent forms.

® Mercury has a bioconcentration factor of greater than 300 (developed by EPA).

mg/L = milligrams/liter; “—

‘= No applicable standard.

Sources: BHES 1992; Circular DEQ-7, Montana Numeric Water Quality Standards, DEQ 2012a; DEQ 2014a; ARM

17.30.623; ARM 17.30.637 (1)(e).
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Table 121. Groundwater Limits Established by BHES Order for the Montanore Project and
Montana Groundwater Quality Standards.

BHES Order Montana Groundwater
Parameter Limit Quality Standard
(mg/L) (mg/L)
pH — 6.5-8.5
Total dissolved solids 200 —
Nitrate + nitrite, as N 10 10
Dissolved Metals
Antimony — 0.006
Arsenic — 0.01
Barium — 1.0
Beryllium — 0.004
Cadmium — 0.005
Chromium 0.02 0.1
Copper 0.1 1.3
Iron 0.2 —
Lead — 0.015
Manganese 0.05 —
Mercury — 0.002
Nickel — 0.1
Selenium — 0.05
Silver — 0.1
Zinc 0.1 2

“—" = No applicable concentration.
mg/L = milligrams per liter.
Source: BHES 1992; Circular DEQ-7, Montana Numeric Water Quality Standards, DEQ 2012a; ARM 17.30.623.

3.13.1.2 Applicable Regulations and Standards
3.13.1.2.1  Federal Requirements

Organic Administration Act

The Organic Administration Act authorizes the Forest Service to regulate the occupancy and use
of National Forest System lands. The Forest Service’s locatable minerals regulations are
promulgated at 36 CFR 228, Subpart A. The regulations apply to operations conducted under the
U.S. mining laws as they affect surface resources on National Forest System lands under the
jurisdiction of the Secretary of Agriculture. One of these regulations (36 CFR 228.8) requires that
mining activity be conducted, where feasible, to minimize adverse environmental impacts on
National Forest surface resources. 36 CFR 228.8 also requires that mining operators comply with
applicable state and federal water quality standards including the Clean Water Act; comply with
applicable Federal and State standards for the disposal and treatment of solid wastes; take all
practicable measures to maintain and protect fisheries and wildlife habitat which may be affected
by mine operations; construct and maintain all roads so as to assure adequate drainage and to
minimize or, where practicable, eliminate damage to soil, water, and other resource values; and
reclaim the surface disturbed in operations by taking such measures as preventing or controlling
onsite and off-site damage to the environment and forest surface resources. 36 CFR 228.8(h)
states that “certification or other approval issued by state agencies or other federal agencies of
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compliance with laws and regulations relating to mining operations will be accepted as
compliance with similar or parallel requirements of these regulations.”

Clean Water Act

The Federal Water Pollution Control Act (Clean Water Act) is designed to protect and improve the
quality of water resources and maintain their beneficial uses. Proposed mining activities on
National Forest System lands are subject to compliance with Clean Water Act Sections 401, 402
and 404 as applicable. The DEQ, EPA, and the Corps all have regulatory, compliance and
enforcement responsibilities under the Clean Water Act. The Clean Water Act requires states to
establish water quality standards, including specifying appropriate water uses to be achieved and
protected, adopting water quality criteria that protect the designated use, and developing and
adopting a statewide antidegradation policy. In 1974, the EPA delegated to Montana authority to
implement some Clean Water Act programs within the state. Under section 303(c) of the Act, the
EPA is to review and to approve or disapprove State-adopted water quality standards. The EPA
has reviewed and approved Montana’s water quality standards. Because EPA delegated Montana
authority to implement the provisions of the Clean Water Act applicable to surface water and the
Montanore Project, applicable Clean Water Act requirements are discussed under the next section,
State Requirements.

Pursuant to the Clean Water Act, MMC must obtain a 401 certification from the DEQ for
proposed discharges of fill into navigable waters unless the DEQ waives its issuance (see section
1.6.2.1, Montana Department of Environmental Quality). A 401 certification from the DEQ
certifies that the operator’s proposed discharges of fill permitted under a Section 404 permit are in
compliance with all applicable water quality requirements of the Clean Water Act. Unless the 401
certification is waived, a mining operator must give a copy of the 401 certification to the Forest
Service before the KNF can allow the operator to commence any activity that requires a 404
permit.

Effluent guidelines are national standards for wastewater discharges to surface waters and
publicly owned treatment works (sometimes called municipal sewage treatment plants). The EPA
issues effluent guidelines for categories of existing sources and new sources under the Clean
Water Act. For industrial sources, national effluent limitation guidelines (ELGs) have been
developed for specific categories of industrial facilities and represent technology-based effluent
limits. The Montanore Mine site is in an industrial category that is specifically identified and
included in the ELGs at 40 CFR 440, Ore Mining and Dressing Point Source Category, Subpart J
— Copper, Lead, Zinc, Gold, Silver, and Molybdenum Ores Subcategory.

The federal ELGs apply to mine drainage and process wastewater that discharge to surface water.
Mine drainage is “any water pumped, drained, or siphoned from a mine” (40 CFR 440.132).
Process wastewater is “any water which, during manufacturing or processing, comes into direct
contact with or results from the production or use of any raw material, intermediate product,
finished product, by-product, or waste product” (40 CFR 401.11). In terms of the ELG
requirements for copper mines that use froth flotation for milling, tailings water is considered
process wastewater. Process wastewater from copper mines that use froth flotation for milling
may not be discharged to state surface waters except in areas of net precipitation (where
precipitation and surface runoff within the impoundment area exceeds evaporation). Because
precipitation and surface runoff within the impoundment area would not consistently exceed
evaporation, the impoundment in all alternatives would be designed as a zero-discharge facility.
The DEQ is responsible for ensuring compliance with the federal ELGs.
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Under USDA Nonpoint Source Water Quality Policy Directive 9500-007, the Forest Service
agreed to become a Designated Management Agency for National Forest System lands within all
states, including Montana. The Forest Service strategy for control of nonpoint source pollution is
to require mining operators to apply appropriate BMPs, evaluate BMP performance, and initiate
corrective action where objectives are not met. The Forest Service’s National Best Management
Practices for Water Quality Management on National Forest System Lands (USDA Forest
Service 2012a) are designed to achieve and document water resource protection on National
Forest System lands.

A 2008 MOU between the Forest Service and the DEQ entitled “Fostering Collaboration and
Efficiencies to Address Water Quality Impairment on National Forest System Lands in Montana”
is a component of the national and Montana Nonpoint Source Program and identifies the process
of cooperatively ensuring proper design and implementation of water protection management
system on National Forest System lands in Montana.

Kootenai Forest Plan
The 2015 KFP direction considered in the analysis of water quality is:

GOAL-WTR-01. Maintain or improve watershed conditions in order to provide water
quality, water guantity, and stream channel conditions that support ecological functions
and beneficial uses.

FW-DC-WTR-01. Watersheds and associated aquatic ecosystems retain their inherent
resilience to respond and adjust to disturbance without long-term, adverse changes to
their physical or biological integrity.

FW-DC-WTR-02. Water quality meets applicable state water quality standards and fully
supports beneficial uses. Flow conditions in watersheds, streams, lakes, springs,
wetlands, and groundwater aquifers fully support beneficial uses, and meet the ecological
needs of native and desirable non-native aquatic species and maintain the physical
integrity of their habitats.

FW-DC-WTR-04. Municipal watersheds and public water systems (source water
protection areas) meet water quality standards.

FW-STD-WTR-01. Management activities shall maintain or improve water quality in
public source water areas, and be consistent with applicable state source water protection
requirements. Short-term effects (effects that occur during, or immediately following,
implementation of activity) from activities in source water areas may be acceptable when
those activities support long-term benefits (benefits that occur following completion of
the activity) to aquatic resources.

FW-GDL-WTR-01. Management activities in impaired watersheds (listed by the state
under section 5 of the Integrated 303(d)/305(b) Report) with approved TMDLSs are
designed to comply with the TMDL. Management activities in watersheds with streams
on the 303(d) list are designed to maintain or improve conditions relative to the cause for
impairment and will not cause a decline in water quality or further impair beneficial uses.
A short-term or incidental departure from state water quality standards may occur where
there is no long-term threat or impairment to the beneficial uses.
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FW-GDL-WTR-02. In order to avoid future risks to watershed condition, ensure
hydrologic stability when decommissioning or storing roads or trails.

FW-GDL-WTR-03. Project-specific best management practices (BMPs) will be
incorporated in all land use and project plans as a principle mechanism for controlling
non-point pollution sources, meet soil and water goals, and protect beneficial uses. To the
extent practicable, ditch and road surface runoff should be disconnected from streams and
other water bodies.

GA-DC-WTR-LIB-02. Source water protection is provided in the Flower Creek
watershed for the town of Libby.

3.13.1.2.2  State Requirements

The DEQ is responsible for administering several water quality statutes, including the Public
Water Supply Act and the Montana Water Quality Act. The DEQ also administers several sections
of the federal Clean Water Act pursuant to an agreement between the State of Montana and the
U.S. EPA. The State of Montana, through the DEQ, has been delegated authority for
administering nonpoint source pollution prevention programs, the National Pollutant Discharge
Elimination System program, and water quality standards. The Water Quality Act provides a
regulatory framework for protecting, maintaining, and improving the quality of water for
beneficial uses. Pursuant to the Water Quality Act, the DEQ has developed water quality
classifications and standards, a nondegradation policy, and a permit system to control discharges
into state waters. Mining operations must comply with Montana’s regulations and standards for
surface water and groundwater.

MPDES permits are required for discharges of wastewater to state surface water. MPDES permits
regulate discharges of wastewater by imposing, when applicable, technology-based effluent
limits, which specify the minimum level of treatment or control for pollutants and water quality-
based effluent limits that attain and maintain applicable numeric and narrative water quality
standards. A MPDES permit may also include limits for discharges of stormwater and require the
development of a Stormwater Pollution Prevention Plan (SWPPP). Montana Ground Water
Pollution Control System permits are required for discharges of wastes to state groundwaters.
Discharges to groundwater from mining operations subject to operating permits under the Metal
Mine Reclamation Act are not subject to groundwater permit requirements (75-5-401(5), MCA).

Water Quality Standards

The DEQ classifies all surface water in the analysis area as either A-1 (within wilderness areas) or
B-1. Water quality standards are nearly identical for A-1 and B-1 waterbodies. An A-1
classification has stricter protection requirements associated with allowable levels of impurities
for drinking, culinary, and food-processing purposes, and stricter protection requirements
associated with allowable levels of turbidity. The water quality of both A-1 and B-1 waterbodies
must be suitable for bathing, swimming, and recreation, aquatic life, wildlife, and agricultural and
industrial uses. Surface water in the wilderness is classified as A-1, where stricter allowable
changes are defined to maintain the water quality classification.

Montana surface water quality standards for inorganic pollutants applicable to the project are
provided in Table 120. The DEQ also has required reporting limits for pollutants. Both Montana’s
surface water and groundwater rules contain narrative standards (ARM 17.30.620 through
17.30.670 and ARM 17.30.1001 through 17.30.1045). The narrative standards cover a number of
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parameters, such as alkalinity, chloride, hardness, sediment, sulfate, and total dissolved solids (for
surface water), for which sufficient information does not yet exist to develop specific numeric
standards. These narrative standards are directly translated to protect beneficial uses from adverse
effects, supplementing the existing numeric standards. The narrative standard for nutrients is that
state surface waters must be free of substances that will create conditions that produce
undesirable aquatic life (ARM 17.30.637).

In 2014, the Board of Environmental Review adopted numeric standards for total phosphorus and
total nitrogen for wadeable streams in Montana Ecoregions (DEQ 2014a). Wadeable streams are
perennial or intermittent streams in which most of the wetted channel is safely wadeable by a
person during baseflow conditions; this includes all streams in the analysis area. The analysis area
is in the Northern Rockies Ecoregion; all wadeable streams have a seasonal total phosphorus
standard is 0.025 mg/L and a seasonal total nitrogen standard is 0.275 mg/L between July 1 to
September 30. The narrative nutrient standard applies during October 1 to June 30. Because the
numeric nutrient standards are stringent and may be difficult for MPDES permit holders to meet
in the short term, Montana’s Legislature adopted a law (75-5-313, MCA) allowing for the
achievement of the standards over time via variance procedures found in Circular DEQ-12B
(DEQ 2014b). A MPDES permit holder may apply for a general variance for either total
phosphorus or total nitrogen, or both. The general variance may be established for a period not to
exceed 20 years. In 2015, MMC requested that the general variance for both total nitrogen and
total phosphorus be incorporated into the MPDES permit and indicated that the facility design
flow is less than 1.0 million gallons per day (mgd). In the draft renewal MPDES permit, the DEQ
preliminarily granted a variance for total nitrogen of 15 mg/L, and determined that a variance for
total phosphorus was not necessary because the facility did not show reasonable potential to
violate this nutrient standard. The DEQ would require the completion of an optimization
study/nutrient reduction analysis to optimize nutrient reduction with existing infrastructure and
analyze other cost-effective methods of nutrient load reductions. The total nitrogen variance
would be reviewed every 3 years by DEQ and the variance concentration reduced if new, low cost
nutrient removal technologies have become widely available (DEQ 2014b). The general variance
for total nitrogen may not be in place more than 20 years, and the standard of 0.275 mg/L for total
nitrogen must be reached at the end of the mixing zone when it is technologically and
economically feasible to do so. The final MPDES permit will contain DEQ’s final determination
regarding the variance.

The DEQ classifies all groundwater in the analysis area as Class I, which are suitable with little or
no treatment for public and private drinking water supplies, culinary, and food preparation
purposes, irrigation, drinking water for livestock and wildlife, and commercial and industrial
purposes. Montana groundwater quality standards for inorganic pollutants applicable to the
project are shown in Table 121.

If authorized by the DEQ by a 318 authorization, the short-term water quality standards for total
suspended solids and turbidity resulting from stream-related construction activities or stream
enhancement projects are the narrative standards for total suspended solids. If a short-term
narrative standard is authorized, the numeric standard for turbidity does not apply to the affected
water body during the term of the narrative standard (75-5-318, MCA). During the review of a
318 authorization application, the DEQ reviews each application on a case-by-case basis to
determine whether there are reasonable alternatives that preclude the need for a narrative
standard. If the DEQ determines that the numeric standard for turbidity cannot be achieved during
the term of the activity and that there are no reasonable alternatives to achieve the numeric
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standard, the DEQ may authorize the use of a narrative standard for a specified term. Any
authorization would include conditions that minimize, to the extent practicable, the magnitude of
any change in water quality and the length of time during which any change may occur. The
authorization also would include site-specific conditions that ensure that the activity is not
harmful, detrimental, or injurious to public health and the uses of state waters and that ensure that
existing and designated beneficial uses of state water are protected and maintained upon
completion of the activity. Conditions that require water quality or quantity monitoring and
reporting may be included. The DEQ may not authorize short-term narrative standards for
activities requiring a MPDES permit.

Nondegradation Rules

The Montana Water Quality Act requires the DEQ to protect high quality waters from
degradation. The current rules were adopted in 1994 in response to amendments to Montana’s
nondegradation statute in 1993 and apply to any activity that is a new or increased source that
may degrade high quality water. These rules do not apply to water quality parameters for which
an authorization to degrade was obtained prior to the 1993 amendments to the statute. NMC,
MMC'’s predecessor, obtained an authorization to degrade in 1992 for certain water quality
parameters. For those parameters, the limits contained in the authorization to degrade apply. For
those parameters not covered by the authorization to degrade, the applicable nonsignificance
criteria established by the 1994 rules, and any subsequent amendments, apply (ARM 17.30.715),
unless MMC obtained an authorization to degrade under the current statute.

The nondegradation rules (ARM 17.30.715(1)) state that changes in existing surface water quality
resulting from the activities that meet the criteria listed below are nonsignificant, and are not
required to undergo degradation review:

« Discharges containing carcinogenic parameters, such as arsenic or beryllium, or
parameters with a bioconcentration factor greater than 300, such as mercury, at
concentrations less than or equal to the concentrations of those parameters in the
receiving water;

« Discharges containing toxic parameters, including ammonia, nitrate plus nitrite,
nitrite, aluminum, antimony, barium, cadmium, chromium, copper, lead, nickel,
selenium, silver, and zinc, which will not cause changes that equal or exceed the
trigger values in Circular DEQ-7 (trigger values are used to determine if proposed
activities will cause degradation). Whenever the change exceeds the trigger value, the
change is not significant if the resulting concentration outside of a mixing zone
designated by the DEQ does not exceed 15 percent of the lowest applicable standard;

« Discharges containing harmful parameters, such as iron, turbidity, total nitrogen, and
total phosphorus, that do not cause changes outside the mixing zone greater than 10
percent of the applicable standard and where the existing concentration is less than 40
percent of the standard;

« Discharges causing changes in the quality of water for any parameter for which there
are only narrative water quality standards if the changes do not have a measurable
effect on any existing or anticipated use or cause measurable changes in aquatic life
or ecological integrity;

« Changes in the concentration of nitrate in groundwater which will not cause
degradation of surface water if the sum of the predicted concentrations of nitrate at
the boundary of any applicable mixing zone will not exceed the following values:
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(i) 7.5 mg/L for nitrate sources other than domestic sewage;

(ii) 5.0 mg/L for domestic sewage effluent discharged from a conventional septic
system;

(iii) 7.5 mg/L for domestic sewage effluent discharged from a septic system using
level two treatment, as defined in ARM 17.30.702; or

(iv) 7.5 mg/L for domestic sewage effluent discharged from a conventional septic
system in areas where the ground water nitrate level exceeds 5.0 mg/L primarily
from sources other than human waste.

For purposes of this subsection, the word “nitrate” means nitrate as nitrogen; and

« Changes in concentration of total inorganic phosphorus in groundwater if water
quality protection practices approved by the DEQ have been fully implemented and if
an evaluation of the phosphorus adsorptive capacity of the soils in the area of the
activity indicates that phosphorus will be removed for a period of 50 years prior to a
discharge to any surface waters.

Notwithstanding compliance with the nonsignificance criteria in ARM 17.30.715(1), the DEQ
may determine under ARM 17.30.715(2) that a change in water quality is degradation based on
the following criteria: a) cumulative impacts or synergistic effects; b) secondary byproducts of
decomposition or chemical transformation; c) substantive information derived from public input;
d) changes in flow; e) changes in the loading of parameters; f) new information regarding the
effects of a parameter; or g) any other information deemed relevant by the DEQ and that relates to
the criteria in ARM 17.30.715 (1). Under ARM 17.30.715(3), the DEQ may determine that a
change in water quality is nonsignificant based on information submitted by an applicant that
demonstrates conformance with the guidance found in 75-5-301(5)(c), MCA which is: i) potential
for harm to human health, a beneficial use, or the environment; ii) strength and quantity of any
pollutant; iii) length of time the degradation will occur; and iv) the character of the pollutant so
that greater significance is associated with carcinogens and toxins that bioaccumulate or
biomagnify and lesser significance is associated with substances that are less harmful or less
persistent. Such a determination would be submitted for public comment before making a
decision. Under the Montana Water Quality Act, no authorization to degrade may be obtained for
outstanding resource waters, such as surface waters within a wilderness.

3.13.2 Analysis Area and Methods

3.13.2.1 Analysis Area

The groundwater quality analysis area is the same as groundwater hydrology and is described in
section 3.10.2.1, Analysis Area. The surface water quality analysis area is the same as surface
water hydrology and is described in section 3.11.2.1, Analysis Area. These analysis areas were
used for direct, indirect, and cumulative effects. Streams located outside the analysis area, such as
Libby Creek below US 2 may be affected by the project, but effects would be negligible.

3.13.2.2 Methods

3.13.2.21 Baseline Data Collection

NMC began surface water quality data collection in the analysis area in 1988 and MMC has
continued data collection to the present time. In addition, the Forest Service has collected water
guality data on some analysis area streams since 1960. Details of the surface water baseline data
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collection through 2009 are provided in the Data Collection section of the Final Baseline Surface
Water Quality Technical Report (ERO Resources Corp. 2011c). The Forest Service is conducting
a long-term air quality study that began in 1991 that includes lake chemistry monitoring of Upper
and Lower Libby Lakes (Grenon and Story 2009, McMurray 2013). Gurrieri and Furniss (2004)
reported results of chemical analyses at Rock Lake of bulk atmospheric deposition, lake water,
surface inflow, and springs collected manually in 1999 at two- to four-week intervals during the
ice-free period. Snow samples were collected in June 1999 at Rock Lake. Kline Environmental
Research and NewFields (2012) reported water quality field parameters for drainages in the
Poorman Impoundment Site, and in headwater tributaries in the mine area.

NMC collected groundwater data from monitoring wells in the Little Cherry Creek and Poorman
Tailings Impoundment Sites, LAD Areas, and Libby Adit Site between 1988 and 1995
(Geomatrix 2006c). The sampling frequency varied from one to multiple times per year. Water
samples were collected from wells in the Poorman Tailings Impoundment Site between 1988 and
1993 and analyzed for most major cations and anions and total dissolved solids. MMC collected
quarterly groundwater quality data from two monitoring wells between 2005 and 2009, one
between the Little Cherry Creek and Poorman Tailings Impoundment Sites (LCTM-8V), and one
near the proposed LAD Areas (WDS-1V). MMC also collected monthly groundwater quality data
from two monitoring wells at the Libby Adit Site (MWO07-01 and MWQ7-02) beginning in 2007.

The preceding section summarizes the baseline information collected on water quality and the
affected environment, and the following sections describe the approaches used by the lead
agencies in analyzing potential effects. The KNF and the DEQ determined that the baseline data
and methods used are adequate to evaluate and disclose reasonably foreseeable significant
adverse effects on water quality in the analysis area, and to enable the decision makers to make a
reasoned choice among alternatives. Section 3.10.2.4, Additional Data Collection and Appendix
C describe the additional water quality data that would be collected during all phases of the
project, including the Evaluation Phase and for final design. The agencies did not identify any
incomplete or unavailable information, as described in section 3.1.3, Incomplete and Unavailable
Information.

3.13.2.2.2  Impact Analysis

Mass Balance Analysis

A mass balance approach was used to predict potential surface water quality changes resulting
from mine wastewater discharge. For Alternatives 3 and 4, mass balance calculations were
completed for Libby Creek at LB-300 where discharges from the Water Treatment Plant would be
made. For Alternative 2, the agencies completed mass balance calculations for three streams near
where discharges from the Water Treatment Plant or from the LAD areas would occur: Libby,
Poorman, and Ramsey creeks. Locations analyzed on Poorman and Ramsey creeks for the
Alternative 2 LAD areas were PM-1200, RA-400 and RA-600 downgradient of the two proposed
LAD areas (data used for PM-1200 were collected at PM-1000, and data used for RA-600 were
collected at RA-500, RA-550, and RA-600). In all alternatives, mass balance calculations were
completed at locations on Libby Creek at LB-1000 and LB-2000, downgradient of the discharges.
In the calculations, a representative wastewater quality at an estimated flow rate was mixed with a
representative surface water quality at an estimated flow rate to estimate a final surface water
concentration. With the exception of the Operations and Closure Phases in Alternative 3, the
effluent discharge rates for the mine phases are from the water balance tables (Table 14 and Table
24) in Chapter 2. Water would be discharged from the Water Treatment Plant for water rights
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mitigation purposes (as described in section 2.5.4.3.2, Water Rights) during the Alternative 3
Operations Phase. An effluent discharge rate of 921 gpm was used, which includes the discharge
of a maximum of 541 gpm during a dry year for mitigation, and the discharge of 380 gpm of mine
and adit inflows. Although discharges would be higher during average and wet years, streamflow
also would be higher and MPDES permitted effluent limits are set based on very low flows.
During the Alternative 3 Closure phase, a discharge rate of 540 gpm was used, which includes the
treatment of 405 gpm from the tailings impoundment and 135 gpm for mitigation. The mass
balance calculations presented in Appendix G provide predicted concentrations, after mixing, of
total dissolved solids, ammonia, nitrate, total inorganic nitrogen (which was treated in the
calculations as the sum of ammonia + nitrate), total nitrogen, total phosphorus, aluminum,
antimony, arsenic, barium, beryllium, cadmium, chromium, copper, iron, lead, manganese,
mercury, nickel, selenium, silver, and zinc. Data were also collected for thallium, but thallium
was not detected in surface water, groundwater, or adit and mine water, and it is not discussed
further.

Because nitrate would be the dominant nitrogen form, the analysis assumed that the BHES Order
limit of 1 mg/L for TIN would be the applicable limit for nondegradation purposes. The DEQ
completed a nondegradation review and set effluent limits during the MPDES permitting process.
In the draft renewal permit, DEQ preliminarily granted a variance for total nitrogen of 15 mg/L; a
variance for total phosphorus was determined not necessary because the facility did not show
reasonable potential to exceed this nutrient standard. In the mass balance analysis, the standard of
0.275 mg/L for total nitrogen was used to determine the effluent concentration that would be
required by DEQ when it is technologically and economically feasible to meet that standard
outside of the mixing zone in Libby Creek. The nitrogen and phosphorus limits for ambient
surface waters could be modified in the MPDES permit issued by DEQ at any time if nuisance
algal growth caused by MMC’s discharge was observed.

For discharges to groundwater at the LAD Areas and tailings impoundment sites, dissolved metal
concentrations were used. For MMC’s proposed discharges to LAD Areas, some of which would
also reach surface water, dissolved metal concentrations were used for the representative
wastewater quality because discharges would flow through unconsolidated materials and reach
groundwater before reaching surface water.

Potential changes in groundwater quality were assessed by developing representative wastewater
quality that would be discharged to groundwater, such as seepage from the tailings impoundment
in all mine alternatives and water applied to the LAD Areas in Alternative 2. The agencies
completed mass balance calculations for discharges at the impoundment sites and LAD Areas.
Representative wastewater quality at an estimated flow rate was mixed with representative
ambient groundwater at an estimated groundwater flux to estimate a final groundwater
concentration. The uncertainties associated with the mass balance calculations are discussed in
section 3.13.4.5, Uncertainties Associated with the Water Quality Assessment. The agencies’
approach to developing representative concentrations is discussed in subsequent sections.

Streamflows used for the calculations were estimated 7Q flow less any pre-discharge depletions
(see next section), except for LB-300, where the modeled baseflow less any pre-discharge
depletion due to mine inflow was used (see section 3.8.3). Discharge rates used in the mass
balance calculations are provided in Appendix G.
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Stormwater runoff events associated with storms exceeding the 10-year/24-hour storm (the design
capacity of the Alternative 2 stormwater retention ponds) were not analyzed. The water quality of
both the storm runoff and the storm flows of the receiving streams are unknown. A qualitative
analysis of possible changes in stream water quality during storm runoff events was completed.
Streamflow would be very high during such an event, with discharges to Poorman and Ramsey
creeks likely less than 5 percent of the high flows. Any discharges from stormwater retention
ponds would be sampled and regulated.

Surface water quality changes to streams, springs, and lakes due to reduced contributions from
deeper bedrock groundwater were evaluated qualitatively. Available data on the relative
contribution of direct surface runoff, shallow groundwater, and deeper bedrock groundwater, and
the water quality of each source to surface water at specific locations are not adequate for a
quantitative analysis.

The following subsections describe the streamflow rates, groundwater flux, receiving quality
values, and wastewater quality values used in the mass balance calculations.

Streamflow Rates Used in Mass Balance Analyses

The DEQ’s standard surface water mixing zone rules (ARM 17.30.516) require the use of the
7Q1o flow to assess effects of discharges that may affect surface water. The 7Q, flow is the lowest
7-day average flow that occurs on average once every 10 years. The USGS (Hortness 2006)
developed the method used by the agencies to estimate 7Q;, flow (Appendix G). The estimated
7Q1o flow for analysis area monitoring locations is:

e 2.06 cfs (925 gpm) for Ramsey Creek at RA-400

e 2.07 cfs (929 gpm) for Ramsey Creek at RA-600

e 1.55cfs (696 gpm) for Poorman Creek at PM-1200

o 3.03cfs (1,361 gpm) for Libby Creek at LB-300

e 8.59 cfs (3,855 gpm) for Libby Creek at LB-1000

o 8.99 cfs (4,035 gpm) for Libby Creek at LB-2000
For LB-300, the flow used in the mass balance analyses was 1.22 cfs, which was the baseflow for
LB-300 estimated in the 3D groundwater model. The reason for using the modeled baseflow
rather than the estimated 7Qyo flow at LB-300 is explained in section 3.8.3. This baseflow was the

flow estimated by the 3D model for average climate conditions; it is possible that the flow at LB-
300 might be lower than 1.22 cfs when climate conditions were drier and/or hotter than average.

For the mass balance analyses, the flow reductions estimated by the 3D model were subtracted
from the estimated 7Q;, flow (or from the modeled baseflow at LB-300), potable water use (9
gpm) was subtracted from the Libby Creek flows, and water diverted from Libby Creek by the
impoundment and pumpback wells (up to 247 gpm) was subtracted from the Libby Creek flows
in the pumpback well area of influence (at LB-2000 for Alternatives 2 and 4 and LB-1000 and
2000 for Alternative 3). The resulting flows were used in the mass balance calculations.

Groundwater Flux Used in Mass Balance Analyses

Section 3.10.4.2.1, LAD Areas provides the agencies’ analysis of the maximum possible
application rate of wastewater that could occur to the LAD Areas based on guidance documents
from the Corps and EPA (Corps 1982; EPA 2006b) and limitations due to the hydrologic
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characteristics of subsurface unconsolidated materials. The maximum application rate to the LAD
Areas that the agencies estimated would be 130 gpm. The application rate was used in the
agencies’ analysis of effects for Alternative 2; application rate would vary and would be based on
BHES Order limits and MPDES permitted effluent limits. Applied water that was not
evapotranspired would percolate to and then mix with groundwater and then flow to adjacent
streams. For Alternatives 3 and 4, the agencies assumed that all water treated and released from
the Water Treatment Plant to Libby Creek, and, if necessary for water right concerns, to Ramsey
Creek, would meet BHES Order limits or applicable nondegradation criteria at the end of a
mixing zone in accordance with the MPDES permit.

The KNF determined that the Poorman site and the Little Cherry Creek site were sufficiently
similar in geologic character and origin that the hydrogeologic properties and conditions at the
Little Cherry Creek site could be used in an environmental analysis of the Poorman Impoundment
Site. Tailings seepage at the Little Cherry Creek Impoundment Site was estimated with
groundwater modeling conducted of the Little Cherry Creek Impoundment Site for MMC (Klohn
Crippen 2005) and independently verified by the lead agencies (USDA Forest Service 2008).
Seepage not collected by the underdrain seepage collection system is expected to flow to
groundwater at a rate of about 25 gpm and, after the impoundment was reclaimed, slowly
decrease to 5 gpm (Klohn Crippen 2005). The agencies used the same estimates for the Poorman
Impoundment Site because of the similarity in the geologic conditions observed from the drill log
data collected from the Little Cherry Creek Impoundment Site and the Poorman Impoundment
Site (Morrison-Knudsen Engineers, Inc. 1989a, Morrison-Knudsen Engineers, Inc. 1989b). In
addition, the proposed underdrain system at both sites would be similar. The rate of seepage not
collected by the underdrain seepage collection system is likely more influenced by the
effectiveness of the underdrain seepage collection system than the underlying geologic materials.
A SEEP/W analysis of the Poorman site would be completed during final design. For the mass
balance analysis to estimate effects on groundwater quality, the groundwater flux (volume per
unit time) beneath the Little Cherry Creek impoundment was estimated to be about 35 gpm
(Geomatrix 2007b) and the agencies estimated a groundwater flux of 41 gpm under the Poorman
Tailings Impoundment. Downgradient of the tailings impoundment, such water would be
captured by a pumpback well system before reaching surface water and returned to the tailings
impoundment.

Receiving Water Quality Used in Mass Balance Analysis

Receiving water quality includes both surface water and groundwater. For the mass balance
analyses, estimates of the representative water quality of the streams that would receive
wastewater discharges were derived from surface water monitoring data collected from 1988 to
2012 (ERO Resources Corp. 2011c; MMC 2008, 2009b, 2010, 2011b, 20129, 2013). Represen-
tative surface water concentrations are provided in Appendix K-1. For the analyses for the
Alternative 2 LAD Areas and the tailings impoundment for all alternatives, estimates of the
ambient groundwater quality were derived from groundwater data collected from 2005 to 2009
(MMC 2008, 2009b, 2010). Water quality in a well (LCTM-8V) between the Little Cherry Creek
and Poorman Impoundment Sites was used to represent ambient concentrations at both
impoundment sites. Well LCTM-8V was used as representative because the well was within the
footprint of the Little Cherry Creek Impoundment and 850 feet north of the footprint of the
Poorman Impoundment; was sampled quarterly between 2005 and 2009; and represented the best
available data. Additional site-specific water quality data would be collected prior to construction.
Representative concentrations for each parameter in groundwater are provided in Appendix K-4.
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Representative values were determined after removing data outliers. For water quality parameters
with no below detection limit values, the representative value is the median concentration. For
parameters with some below detection limit values (less than or equal to 70 percent), the
representative value is the Kaplan Meier mean concentration. For parameters with greater than 70
percent below detection limit values, the representative concentration is the median concentration
with the detection limit substituted for below detection limit results. The Final Baseline Surface
Water Quality Technical Report (ERO Resources Corp. 2011c) discusses the methods used in
determining representative concentrations in ambient surface waters along with details
concerning data reduction methods and outlier identification. The same methods were applied in
determining the representative groundwater concentrations. The data outliers removed along with
a discussion of the data reduction methods are provided in Appendix K-11. The agencies
reviewed and summarized available water quality data collected through 2012. Any data collected
after 2012 has not been reviewed as part of this EIS evaluation.

Wastewater Quality

Consistent with the recommendations of the Global Acid Rock Drainage guide (International
Network for Acid Prevention 2010) for mine planning, feasibility and design stage projects,
potential water quality impacts were predicted for material types based on geological descriptions
and mineral deposit models. Changes in the chemistry of water interacting with rock exposed in
underground mine workings, backfilled waste rock, surface facilities constructed with waste rock,
and tailings were evaluated using available metal mobility and kinetic analyses of rock from the
Montanore, Rock Creek, and Troy deposits (see section 3.9.4, Environmental Geochemistry).
Estimates of wastewater quality (Table 122) relied on monitored water quality from the Libby
Adit, the waste rock stockpiled at the Libby Adit, and the Troy Mine underground workings,
waste rock, tailings impoundment, and decant pond (Appendix K). Because no organic nitrogen
data were available for the mine and tailings water from the Troy Mine, total nitrogen
concentrations provided in Table 122 for mine and tailings water are only for the total of nitrate,
nitrite and ammonia concentrations. A Final Baseline Surface Water Quality Technical Report
(ERO Resources Corp. 2011c) provides the methods used in reducing the data, identifying
outliers, and determining representative concentrations in wastewater. Representative wastewater
concentrations were updated using available water quality data collected through 2012. A
discussion of the geochemistry information used in developing wastewater quality is in section
3.13.3.3, Geochemistry of Exposed Materials. Section 3.13.4.5, Uncertainties Associated with the
Water Quality Assessment discusses the uncertainties of the concentrations provided in Appendix
K.

Three aspects of water management at Montanore in Alternatives 3 and 4 would likely result in
lower concentrations of total dissolved solids, metals, and nutrients in tailings water quality than
found at the Troy Mine. 1) Mine and adit water would not be used for ore processing, but would
be treated year-round and discharged from the Water Treatment Plant. 2) Pumpback wells at the
impoundment would pump groundwater mixed with tailings seepage back into the impoundment.
The estimated seepage at full capacity is 25 gpm and the estimated pumping rate of all pumpback
wells is 250 gpm. Groundwater at both impoundment sites would have lower concentrations of all
parameters than tailings water. 3) MMC would divert water from Libby Creek during high flows
for mill use. MMC estimates 125 million gallons of water would be needed during an average
precipitation year. The makeup water would be stored in the impoundment, the Seepage
Collection Pond, or the mine/yard pond at the Libby Plant Site. Libby Creek surface water would
have lower concentrations of all parameters than tailings water.
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Underground workings would expose zones of ore and waste rock to groundwater, with relatively
low reactive surface area. Most sulfide and metal-bearing minerals are encapsulated within silica
in the Revett Formation and water quality impacts would likely be minimal. Waste rock
backfilled into underground workings would be variably reactive; the extent of sulfide oxidation
and metal release would depend on the surface area of the backfill, as well as the relative
conditions of saturation and oxygen availability. For this assessment, water interacting with ore
and waste rock exposed in underground workings was estimated using the water chemistry
measured in the Troy Mine adit, where comparable zones of in-place ore and waste, and backfill
deposits, are exposed to groundwater. Underground workings in ore would be minimal during the
Evaluation Phase. Any ore that was stockpiled early in mine life would be stockpiled in the
tailings impoundment, placed on a liner at the waste rock stockpile area in the tailings
impoundment, or stored at the stockpile area. Any seepage water from the ore would be collected
and re-used in the mine or treated. Unsaturated conditions expected to exist underground during
the Construction and Operations Phases are represented with operational monitoring data from
the Troy Mine (Table 122; Appendix K-8). The conditions expected at closure are represented
with water quality data collected at the Troy Mine during a period of interim closure between
1993 and 2004 when dewatering occurred during most of the period and the majority of the
underground workings remained unsaturated. The results of laboratory kinetic tests generally
agree with the monitoring data, although some differences in metal concentrations (relative
magnitude, dissolved vs. total, etc.) were observed that would be addressed during Evaluation
Phase testing. Future geochemical analyses of metal release potential for waste rock (see
Appendix C) would be used, together with monitoring of underground water quality during the
Operations Phase, to address uncertainty about the contribution from backfilled waste rock and
refine long-term predictions of water quality for underground workings.
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Table 122. Estimated Adit, Mine, and Tailings Wastewaters and Water Treatment Plant
Treated Water Quality for Alternatives 2, 3, and 4.

Construc- Post- . Mine Water L Water
. . Construc- Mine Water Tailings Treatment
Parameter tion Adit . . . Post-
Water tion Adit Operations Operations Water . Plant .
Water Discharge
Total dissolved
solids 122 114 121 108 266 110
Ammonia, as N <0.65 <0.050 <1.6 <0.16 4.4 0.70
Nitrate, as N <37 <0.12 3.1 0.76 13 0.60
Total Nitrogen <38.1 <0.13 <4.7 <0.92 174 0.155
Total Phosphorus <0.026 <0.0073 0.096 <0.10 0.086 0.007
Aluminum <0.014 <0.011 0.075 <0.050 <0.13 0.090
Antimony <0.00069 <0.00032 <0.0088 <0.0094 0.023 0.0010
Arsenic <0.0057 <0.0011 <0.018 <0.0031 <0.0017 0.00010
Barium 0.014 0.012 0.068 0.043 <0.11 0.20
Beryllium <0.00080 <0.00080 <0.0010 <0.0010 <0.0010 0.00020
Cadmium <0.000080 <0.000080 0.0015 0.00040 0.00097 0.000010
Chromium <0.00047 <0.00054 <0.0010 <0.0010 <0.0010 0.0060
Copper <0.0012 <0.0010 0.042 0.065 0.026 0.0035
Iron <0.017 <0.017 <0.15 <0.020 0.050 0.13
Lead <0.00010 <0.00017 0.0080 0.0060 <0.0044 0.00035
Manganese <0.0050 <0.0050 0.21 0.067 0.51 0.070
Mercury <0.000022 <0.000017 <0.0000050 0.00059 <0.0000050 0.000010
Nickel <0.00075 <0.00055 <0.010 <0.010 <0.010 0.0030
Selenium <0.0010 <0.0010 0.0020 <0.0010 <0.0013 0.0015
Silver <0.00020 <0.00025 0.075 0.0040 0.0017 0.00040
Zinc <0.010 <0.012 <0.012 <0.013 <0.010 0.030

All concentrations are in mg/L. All metal concentrations are dissolved metals unless otherwise noted.

Bolded nitrate concentrations indicate analyses were for nitrate plus nitrite.

Bolded total nitrogen concentrations do not include organic nitrogen because organic nitrogen data were not collected
at the Troy Mine for mine and tailings water.

Bolded metal concentrations are total results due to either lack of dissolved data or dissolved data that were below the
laboratory detection limit with the detection limit being greater than the lowest water quality standard.

Concentrations presented with a < symbol had at least one sample with a reported concentration less than the detection
limit used in calculating representative values; detection limit used in calculating representative value when reported
concentration was below the detection limit.

"Concentrations shown are for EIS analysis purposes only and would vary from MPDES permit limits. It is not known
if the Water Treatment Plant effluent concentrations shown are technologically or economically achievable.

Source: Appendices G and K.

Waste rock would be used for tailings dam construction in all mine alternatives and for plant site
construction in Alternative 2. Any rock with a potential for acid generation or trace metal release
would be placed as backfill. As kinetic and metal mobility test data are limited for waste rock
weathering in the surface environment, the best available data are from the water sump for
Prichard and Burke waste rock deposited on a liner at the Libby Adit Site. Data from water in the
sump at the Libby Adit waste rock stockpile (Appendix K-10) were used to represent changes in
water quality related to waste rock to be used at the impoundment site.

The tailings would have a low residual sulfide content after ore removal, and low potential for
acid generation under either saturated (during the Operations Phase) or unsaturated conditions
(Post-closure Phase), but due to its relatively high surface area would release trace quantities of
metals into solution. This conclusion is consistent with monitoring data from the Troy tailings
impoundment, as well as kinetic and metal mobility tests of Montanore tailings conducted before
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1992, and with the results of the tailings analysis from Rock Creek. Due to the scale effects of
surface area and water flux on metal concentrations predicted for the tailings impoundment, the
best available data for the assessment are the field-scale water quality monitoring results from the
Troy impoundment (Appendix K-9). The specific identity and concentrations of metals would be
re-evaluated when a bulk composite sample of ore could be collected during the Evaluation Phase
and tested metallurgically to produce tailings for further testing (see Appendix C). This would
allow consideration of any changes in water quality that could result from dewatering at post-
closure.

Nitrate concentrations are less affected by the primary mineralogy of the rock than by the blasting
practices used in mining. Increased nitrate concentrations are expected in water intercepted near
blasted zones. Nitrate and ammonia concentrations of the wastewater from the mine and adits are
not known. Data from the Libby Adit during the construction by NMC, from nitrate waste rock
blasting tests completed by MMC, and from the nearby Troy Mine show a wide range of nitrate
and ammonia concentrations. For water pumped from adits during construction, the nitrate
concentration range is 0.0096 to 687 mg/L, with a representative concentration of <37 mg/L, and
the ammonia concentration range is 0.010 to 21.9 mg/L, with a representative concentration of
<0.65 mg/L (Appendix K-5). Additional data on nitrate and ammonia concentrations would be
collected during the Evaluation Phase. The agencies used the Libby Adit water quality data
collected by NMC after adit construction ceased and nitrate and ammonia concentrations were
not affected by blasting to develop an estimate of nitrate and ammonia concentrations in
wastewater from post-construction adits. From the post-construction adits, the representative
nitrate concentration is estimated to be <0.12 mg/L and the representative ammonia concentration
is <0.050 mg/L in wastewater (Appendix K-6).

Stream Temperature

Quantitative and qualitative approaches were used to analyze potential surface water temperature
changes resulting from mine and transmission line activities. The project may affect stream
temperatures by discharge of treated water from the Water Treatment Plant, vegetation clearing,
decreased streamflow due to direct diversions, and changes in groundwater discharge to area
streams. MMC submitted synoptic temperature data to the DEQ during the MPDES permitting
process (DEQ 2015b Appendix 6). The data covered measured 2014-2015 temperatures in Water
Treatment Plant effluent and in Libby Creek at LB-200, upstream of the Water Treatment Plant
outfalls, and at LB-300, downstream of the outfalls. The difference between the temperatures of
the two Libby Creek sites during Water Treatment Plant discharges was used as a surrogate for
the potential effect of discharges on stream temperatures. Stream temperature differences between
LB-200 and LB-300 may not be solely attributable to discharges; other factors, such as
groundwater/ surface interactions, stream depth, and canopy coverage, affect stream temperatures
at adjacent stream segments. For other mine and transmission line activities besides Water
Treatment Plant discharges, a qualitative approach was used due to the numerous factors affecting
stream temperatures and the constantly changing stream temperature regime that occurs, making
it difficult to quantitatively predict how the project may alter stream temperature, or to what
extent stream temperatures may change. It may not be possible to separate indirect effects of the
mine alternatives on stream temperature from other natural effects. The agencies’ water resources
and aquatic biology monitoring includes temperature monitoring (Appendix C).
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Erosion and Sedimentation
WEPP Forest Road Erosion Predictor Model

The agencies analyzed the potential effects of facility construction and diversions on erosion and
sedimentation both qualitatively and quantitatively. The effects of facility construction were
gualitatively analyzed. In all mine alternatives, the proposed Rock Lake Ventilation Adit would
be on a steep, rocky slope about 800 feet east of and 600 feet higher than Rock Lake. Because the
total disturbance area for this adit would be small (about 1 acre), any effects would be minor and
are not discussed further.

All mine and transmission line alternatives would require the construction of new roads, and the
use of closed roads. Road construction and reconstruction is often considered the largest source of
sediment in mining and timber harvest areas due to the removal of vegetation and construction of
cut and fill slopes that expose large areas subject to erosion (Belt et al. 1992).

The agencies used the WEPP:Road Batch interface for the Forest Service Water Erosion
Prediction Project model (FS WEPP) (USDA Forest Service 2015¢) to quantitatively evaluate
erosion and sediment delivery from forest roads that would be used for the mine alternatives and
transmission line alternative D-R. FS WEPP is a physically based model that has been adapted to
forestlands and forest management activities including road construction, timber harvest
disturbances, and forest fires. The FS WEPP model predicts average annual erosion only, and
does not predict the probability of a given amount or erosion occurring in any given daily event,
month, or year.

The WEPP:Road Batch interface is one of several interfaces of the FS WEPP model. The
WEPP:Road Batch model uses soil texture, rock fragment content in the soil cover, road design,
road surface, road gradient, road width and length, traffic level, fillslope and buffer gradients,
fillslope and buffer lengths, vegetation cover, and climate data to determine erosion rates and
sediment yields from a road through a fillslope and buffer (if there are fillslopes and buffers). It is
designed to predict runoff and potential sediment yield from forest roads, compacted landings,
compacted skid trails, and compacted foot, cattle, or off-road vehicle trails (USDA Forest Service
1999a). The FS WEPP:Road model was developed by the Forest Service’s Rocky Mountain
Research Station, based on a WEPP model developed by a team of government scientists from the
Agricultural Research Service, Forest Service, Natural Resource Conservation Service, Bureau of
Land Management, U.S. Geological Survey, and university cooperators. The DEQ and the EPA
(2014) used WEPP to estimate sediment loads from unpaved roads in developing TMDLs and a
water quality improvement plan for the Kootenai River-Fisher River Project Area, which included
the Libby Creek watershed.

To assist in the road erosion analysis (ERO Resources Corp. 2015b), the KNF in 2015 collected
site-specific road sediment source information on the main access roads and transmission line
roads on National Forest System lands. The road sediment source inventory focused on locations
where a road crossed or intercepted a RHCA. Some roads on National Forest land were not
inventoried because they are located far from an RHCA. A literature review associated with the
development of the INFS concluded that non-channelized sediment flow rarely travels more than
300 feet, and that 200- to 300-foot riparian buffers are generally effective at protecting streams by
preventing sediment from reaching streams via non-channelized overland flow (Belt et al. 1992).
Most inventoried locations were culverts or bridges. There are five groups of transmission line
road crossings. One group of crossings were not inventoried because they were near the top of the
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drainage and only carry water during a brief portion of the spring. One representative location in
each of the remaining four groups was inventoried. The inventory of transmission line roads was
limited to National Forest System roads because access to private roads was not available. Data

collected were road design, road surface type, road gradient, road length and width, fill gradient

and width, buffer gradient and width, and percent coarse rock fragment. The agencies used a 50-
year simulation period to assess effects, and assumed that the soil type at all locations was a silt

loam soil (ERO Resources Corp. 2015b).

For roads outside the mine permit area boundary, the agencies’ analysis of sediment erosion from
access roads and their buffer areas to streams compared existing conditions to the action
alternatives. The Bear Creek Road (NFS road #278) would be completely paved and the road
widened to 20 to 29 feet in Alternative 2 and 26 feet in Alternatives 3 and 4. For modeling
purposes, a road with of 26 feet was used for all three alternatives. For Alternatives 3 and 4, the
Libby Creek Road (NFS road #231) would not be widened or paved, but the road length
contributing to the nearest RHCA would be reduced to 150 feet. In Alternative 2, the Libby Creek
Road would not be improved. The Bear Creek Road and Libby Creek Road are currently high use
roads and were modeled as such for existing conditions. The use of the Libby Creek Road would
increase during the Evaluation Phase and first year of the Construction Phase, then traffic would
return to existing levels. The use of the Bear Creek Road would also increase beginning in the
Construction Phase. Because the WEPP: Road Batch model can only use high, low, or no traffic
levels, all of the modeled scenarios of access road use used a high traffic level.

The agencies used the model to estimate the average annual sediment that would leave the
existing Alternative D-R transmission line roads under existing conditions and with the
contributing road length reduced to 150 feet. The agencies also modeled five new transmission
line roads that would be constructed for Alternative D-R with contributing road lengths of 150
feet and a width of 12 feet. During the 2-year construction and 2-year decommissioning period
for the transmission line, traffic would be high. Each individual road would have high traffic for 1
to 3 months during each period. During mine operations and after decommissioning, use of the
three roads would return to existing conditions.

The WEPP:Road Batch model provides estimates of average annual sediment leaving the road
and the buffer. The model assumes that:

« The ground cover of fillslopes is 50 percent; consequently, fillslopes are potentially
erodible in the model

« Buffers have 100 percent ground cover equal to that of a 20-year old forest, and are
potentially erodible

« Paving a road increases runoff from the road, which can cause increased erosion on
fillslopes and flow paths leading from the road into drainages

To mitigate for project access effects on grizzly bears, some roads that are currently open would
be closed, most before the Evaluation Phase and all before the Construction Phase. Other roads
would be closed at the end of mine operations. The grizzly bear mitigation roads would be placed
in intermittent stored service or decommissioned. Roads placed in intermittent stored service or
decommissioned are discussed in section 2.9.4.2, Access Road Construction and Use. The
WEPP:Road Batch model was used to estimate the average annual sediment that would leave the
road buffers for six currently open grizzly bear mitigation roads located near RHCAs that would
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be barriered with an earthen berm and traffic eliminated (NFS roads #6205D, #4776A, #4776B,
#4778, #4778C, and #14458).

The WEPP:Road Batch model provides estimates of average annual sediment leaving roads and
buffers, considering the possible variables that can be manipulated in the model. The results can
be used to compare the effects of these variables, such as graveling versus paving, changes in
traffic levels, road length and width, or buffer length. Reducing the contributing road length by
using drain dips, surface water deflectors, or open top box culverts to route the water off the road
away from drainages or wetlands is shown by the model to be very effective in reducing sediment
loads from roads and buffers. In the agencies’ alternatives, the BMPs that cannot be modeled
using the WEPP:Road Batch model to minimize the movement of sediment from all new and
reconstructed roads would be developed in accordance with the Forest Service’s National Best
Management Practices for Water Quality Management on National Forest System Lands (USDA
Forest Service 2012) and the BMP requirements in the MPDES permit. BMPs may include
reducing erosion on fillslopes, stabilizing disturbed areas with vegetative cover, replacing buried
or damaged culverts, or adding additional gravel to roads.

WEPP Road Model and Modeling Limitations

The WEPP:Road Batch model is best used as a comparative tool between different road designs.
Any predictions of runoff or erosion by any model will at best be within only +50 percent of the
true value. Actual sediment delivery rates to streams would be highly variable spatially and
temporally due to large variations in local topography, climate, soil properties, and vegetation
properties; predicted rates are only an estimate of a highly variable process (USDA Forest Service
1999a). The WEPP:Road Batch model estimates sediment yield on an average annual basis in
units of pounds, but cannot be used to model seasonal sediment yield or specific precipitation
events. High erosion rates typically occur during the first years of vegetation establishment after
disturbance (Megahan and Kidd 1972, Grace 2007). Other limitations include:

« Soil type is one of the critical factors in forest road erosion; the WEPP:Road Batch
model has only four soil textures: clay loam, silt loam, sandy loam, or loam

e The agencies’ modeling assumed a silt loam soil texture for all roads, which may be
different than at the modeled locations

« Average annual sediment yield values likely will be greater than erosion that occurs
in most years because sediment delivery is dominated by a few very large events
every decade

« The model’s range of traffic levels consists of three levels: none, low, and high and
does not account increases in high traffic levels

« The model does not incorporate road armoring processes; roads with low or no traffic
may become armored, which reduces erosion rates by 70 to 80 percent

« The rate of infiltration of precipitation into the road surface depends in part on the
timing of road maintenance and prior wetting and drying cycles, neither of which are
incorporated in the model

e The WEPP:Road Batch model inaccurately models the effect of road paving because
it over-predicts erosion from paved roads and the model may not have adequate
mechanisms for accurately evaluating the degree to which road designs that include
drainage and dissipation structures may dissipate and infiltrate road runoff from a
paved road (Breibart et al. 2007)
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e The model does not account for BMPs that MMC would implement on roads,
examples of which are discussed in section 3.11.4.3.5.

3.13.3 Affected Environment

3.13.3.1 Surface Water

3.13.3.1.1 Streams

The representative quality of the mine area streams is summarized in Appendix K-1. The surface
waters in the analysis area are a calcium-bicarbonate water. Total suspended solids, total
dissolved solids, turbidity, major ions, and nutrient concentrations are all low, frequently at or
below analytical detection limits. Metal concentrations are generally low with a high percentage
of below detection limit values (exceptions include aluminum and barium). Analysis area streams
are poorly buffered due to low alkalinities. Consequently, surface waters tend to be slightly
acidic, with most pH values slightly below 7. The acidity has two likely natural sources: organic
acids originating from surrounding coniferous forests and dissolved carbon dioxide in surface
water and groundwater draining into the area streams. Median water hardness in area streams are
typically less than 35 mg/L, with upper stream reaches having median hardness values typically
less than 10 mg/L. Surface water in the Poorman Impoundment Site, some of which originates
from bedrock springs, had pH values ranging from 7.2 to 8.2 and higher ion concentrations than
other surface water in the analysis area (Kline Environmental Research 2012).

Water temperature data were collected continuously at LB-200 from September 2009 to August
2013 (MMC 2014d). Warmest temperatures of up to 55°F were recorded in early August, and
coldest temperatures of about 33°F were recorded in December through April. Temperature data
collected in 2005 through 2007 in Libby Creek ranged from 32°F to 70°F, with maximum 7-day
average maximum temperatures ranging from 50°F at a site on Libby Creek upstream of the
Howard Creek confluence to 68°F at a site on Libby Creek downstream of the Crazyman Creek
confluence. Single temperature readings were also collected from multiple reaches in the
headwaters of Libby Creek and Ramsey Creek in September 2012, with data at some sites in
Libby Creek also collected in September 2010 and 2011 (Kline Environmental Research and
NewFields 2012). Temperatures were often warmer at the more downstream sites, and ranged
from 43°F to 50°F. Temperature data also were collected in 1994, 2002, and in May 2009 through
September 2011 in the East Fork Bull River. Temperatures averaged 50°F, 37°F, 38°F, and 43°F
in the summer, fall, winter, and spring of 1994, with maximum temperatures of 62°F and 59°F
occurring in 1994 and 2002, respectively (Washington Water Power Company 1996; Liermann
and Tholl 2003). Daily mean temperatures ranged from 32°F to 57°F in 2009 through 2011, and
peaked in August of each year (USDA Forest Service 2011h, 2011i, 2011j). Temperatures were
monitored in Rock Creek in 1994, 2008, and 2011. In 1994, stream temperatures averaged 51°F
in the summer, 43°F in the fall, 38°F in the winter, and 44°F in the spring, with a maximum
temperature of 54°F (Washington Water Power Company 1996). Temperature data from various
sources in 2008, 2011, and 2012 indicated that the maximum temperature reached was 64°F in
August 2011 (Moran et al. 2009; Salmon Environmental Services 2012; Kline Environmental
Research and NewFields 2012).

3.13.3.1.2  Springs

The representative quality of the mine area springs is summarized in Appendix K-2. Springs from
all areas are mostly calcium bicarbonate water, but some are sodium bicarbonate water. Springs
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with higher total dissolved solids and metal concentrations (e.g., SP-14 and SP-30 shown on
Figure 70) are a result of longer subsurface flow paths than other springs. For example, a spring
located directly above Rock Lake (SP-1R) appears to receive mostly shallow groundwater,
whereas a spring below Rock Lake (SP-3R) appears to receive a combination of shallow and
deeper groundwater; both springs are shown on Figure 68.

3.13.3.1.3 Lakes

The representative quality of the mine area lakes is summarized in Appendix K-3. Lakes located
in or near the CMW are quite dilute; the primary source of dissolved solids and nutrients is
bedrock groundwater (Gurrieri and Furniss 2004). Groundwater entering the lakes can be the
major source of nutrients for phytoplankton in the lakes. An investigation of Rock Lake
completed in 1999 (Gurrieri and Furniss 2004) found that during the ice-free season, groundwater
contributed 71 percent of the minerals to the lake, surface water contributed 25 percent, and
rainfall contributed 4 percent. Seasonal variations in the water quality of Rock Lake indicate that
the volume of inflow from various sources (snowmelt, rainfall, shallow and deep groundwater)
varies proportionally during the year. Because the watershed above Rock Lake consists of highly
resistant bedrock with little vegetation and soil cover, snowmelt and surface water entering the
lake are very dilute (very low dissolved solids). Because the Libby Lakes are extremely dilute and
very vulnerable to atmospheric acid deposition, and possible indicators of climate change, they
were monitored beginning in 1991 (Grenon and Story 2009; McMurray 2013).

In July through September 2013, MMC measured specific conductance, pH, temperature,
dissolved oxygen, and turbidity in the outlets from Rock Creek and Wanless Lake, the latter a
benchmark monitoring location outside of the range of influence of expected mine or adit
inflows. The water quality results were similar. Specific conductance was slightly higher in water
at the Wanless Lake outlet (ranging from 3 to 4.5 uS/cm higher in the Wanless Lake outlet).
MMC also measured specific conductance, pH, temperature, and dissolved oxygen in Wanless
Lake. All of the specific conductance measurements for Rock and Wanless lakes were less than
25 pS/cm, indicating quite dilute lakes.

3.13.3.1.4  Impaired Streams

Section 303(d) of the federal Clean Water Act requires states to assess the condition of state
waters to determine where water quality is impaired (does not fully support uses identified in the
stream classification or does not meet all water quality standards) or threatened (is likely to
become impaired in the near future). The result of this review is the compilation of impaired
surface waters, which states must submit to the EPA biannually. Section 303 also requires states
to prioritize and target water bodies on their list for development of water quality improvement
strategies (i.e., TMDLSs), and to develop such strategies for impaired and threatened waters. A
TMDL is the maximum amount of a pollutant a river, stream, or lake can receive and still support
all designated uses. Five streams in the analysis area are listed on the most current Montana list of
impaired streams (DEQ 2014c). These streams are two segments of Libby Creek, Big Cherry
Creek, the Fisher River, and Rock Creek.

Libby Creek is separated into two segments on the 2014 list of impaired surface waters. The
upper segment is from 1 mile above Howard Creek to the US 2 bridge. This segment is listed as
not supporting drinking water use and partially supporting its fishery and aquatic life. Agricultural
and industrial beneficial uses are fully supported. Contact recreation has not been assessed.
Probable causes of impairment listed in 2014 were alteration in stream-side vegetative cover and
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physical substrate habitat alterations. Probable sources of impairment were impacts from
abandoned mine lands and historical placer mining. The lower segment begins at the US 2 bridge
and is impaired for physical substrate habitat alterations and sedimentation/siltation. Although
both segments may be affected by proposed activities in all mine alternatives, the lower impaired
segment is outside of the analysis area because the effects would be negligible. In 2014, the DEQ
and the EPA issued TMDLs and a water quality improvement plan for the Kootenai River-Fisher
River project area, which includes Libby Creek. The DEQ performed updated assessments on
Libby Creek for metals impairment and did not identify metals impairment conditions in Libby
Creek in the reassessment (DEQ and EPA 2014). The remaining impairments for this section,
alteration in stream-side vegetative cover and physical substrate habitat alterations, are not
pollutants and did not require development of a TMDL (DEQ and EPA 2014). The DEQ and EPA
established as a TMDL an average annual sediment load of 4,234 tons for Libby Creek from the
US 2 bridge to the confluence with the Kootenai River (DEQ and EPA 2014). As part of this
TMDL, the Montanore facility was assigned a sediment wasteload allocation of 24 tons/year. The
wasteload allocation would be met by adhering to the MPDES permit requirements. The DEQ
and the EPA established water quality restoration goals for sediment in Libby Creek on the basis
of fine sediment levels in trout spawning areas and aquatic insect habitat, stream morphology and
available instream habitat as it relates to the effects of sediment, and the stability of streambanks.
Meeting the TMDL, of which Montanore’s wasteload allocation of 24 tons per year is a part, will
satisfy the water quality restoration goals. The DEQ believes that once the water quality
restoration goals are met, all beneficial uses currently affected by sediment will be restored (DEQ
and EPA 2014).

The DEQ and the EPA quantified watershed sediment loads from four sources: streambank
erosion, hillslope erosion (upland sediment sources), unpaved roads, and permitted point sources.
The DEQ and the EPA estimated that streambank erosion was the largest contributing load of the
four sediment sources. During development of the TMDLs and water quality improvement plan
for the Kootenai River-Fisher River Project Area, the DEQ and EPA assessed sediment and
habitat conditions at 15 stream reach sites. The two monitoring sites on Libby Creek, downstream
of the analysis area, had the highest sediment load per mile from streambank erosion of the 15
monitored sites. For all of Libby Creek, including the section impaired for sedimentation/siltation
downstream of the analysis area, the DEQ and the EPA estimated a sediment load of nearly 4,900
tons/year due to streambank erosion. Of the six streams required to be assessed for sediment loads
in the Kootenai-Fisher TMDL project area, the mainstem of Libby Creek had the highest rate of
streambank erosion per mile of stream (116 tons/mile of stream) of the six streams assessed by
the DEQ and the EPA (2014).

The estimated existing sediment load described in DEQ and EPA (2014) was for the entire Libby
Creek watershed. None of the sediment generated by the Montanore Project would be in the
lower Libby Creek watershed and most of the sediment generated by the project would be in the
upper Libby Creek watershed. The agencies used the same approach described in and data from
DEQ and EPA (2014) to estimate sediment loads in the upper Libby Creek and Big Cherry Creek
watersheds. The uncertainty discussion in DEQ and EPA (2014), including appendices, is
incorporated by reference.

DEQ’s and EPA’s estimates of streambank erosion were developed using two approaches: 1) an
aerial assessment and stratification of stream reaches and development of a sediment load factor
based on sediment and habitat assessments at 15 field monitoring sites (assessed streams) and 2)
extrapolating sediment loads for unassessed stream based on the aerial assessments. Thirteen
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segments totally 10.57 miles in upper Libby Creek from downstream of the Libby Adit to the
downstream boundary of the upper Libby Creek watershed were included in the DEQ’s and EPA’s
aerial assessment. The agencies estimated total sediment load from streambank erosion in the
assessed reaches of upper Libby Creek is estimated to be 895.5 tons/year (ERO Resources Corp.
2015Db). Three and one half miles of upper Libby Creek and 53 miles of other streams were not
assessed in the upper Libby Creek watershed. For unassessed tributaries to the listed stream
segments, a sediment load of 1.41 tons/year/1,000 feet (7.42 tons/year/mile) was applied (DEQ
and EPA 2014). The total estimated load from unassessed streams is 419.2 tons per year, for a
total load from streambank erosion in the upper Libby Creek watershed estimated to be 1,314.7
tons/year. The agencies’ estimate of existing sediment load in the upper Libby Creek watershed
without the Montanore Project is 1,621 tons/year (Table 123).

The agencies estimated future sediment load from upland sediment sources, unpaved roads, and
point sources using data from DEQ and EPA (2014). The estimated future sediment load from
streambank erosion was based on an assumed 35 percent reduction with the use of BMPs (DEQ
and EPA 2014). The reduction is based on following permit conditions for point sources and
implementing all reasonable land, soil, and water conservation practices for nonpoint sources.
The agencies’ estimate of future sediment load in the upper Libby Creek watershed without the
Montanore Project after the sediment TMDL is achieved is 1,102 tons/year (Table 123).

Table 123. Estimated Sediment Load in Upper Libby Creek and Big Cherry Creek
Watersheds.

. Estimated Current Load Estimated Future Load
Sediment Sources Without Montanore
(Tons/Year)
(Tons/Year)
Upper Libby Creek Watershed
Streambank Erosion 1,314.7 854.9
Upland Sediment Sources 303.9 245.7
Unpaved Roads 2.7 1.3
Total Sediment Load 1,621.4 1,101.9
Big Cherry Creek Watershed
Streambank Erosion 638.2 414.8
Upland Sediment Sources 128.3 103.3
Unpaved Roads 1.0 0.5
Total Sediment Load 767.5 518.6

Sources: DEQ and EPA 2014, ERO Resources Corp. 2015b.

A short segment of Big Cherry Creek where it parallels the Bear Creek Road is in the analysis
area. Big Cherry Creek from Snowshoe Creek to the mouth is impaired due to alteration in
stream-side vegetative cover, cadmium, lead, zinc, and physical substrate habitat alterations.
Probable sources of impairment are forest road construction and use, mine tailings, impacts from
abandoned mine lands, and habitat modification. This section of Big Cherry Creek is listed as
fully supporting drinking water use and not supporting aquatic life. A TMDL for cadmium, lead,
and zinc was established in Big Cherry Creek; alteration in stream-side vegetative cover and
physical substrate habitat alterations are not pollutants and did not require a TMDL (DEQ and

EPA 2014). Big Cherry Creek was not included in the aerial assessment completed by the DEQ
and the EPA (2014). The agencies’ total estimated load from unassessed streams in the Big Cherry
Creek watershed is 638.2 tons/year (Table 123). The agencies estimate the current sediment load
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in the Big Cherry Creek watershed to be 768 tons/year and future sediment load after the TMDLs
are achieved to be 519 tons/year (Table 123).

The Fisher River from the Silver Butte/Pleasant Valley junction to the Kootenai River is
impaired, with aquatic life support and cold-water fishery uses only partially supported. Probable
causes for the Fisher River impairment were listed in 2014 as a high flow regime, with probable
sources listed as channelization and streambank modification and destabilization. In 2014, the
DEQ and EPA issued draft and a water quality improvement plan for the Kootenai River-Fisher
River project area, which included the Fisher River. The DEQ performed updated assessments on
the Fisher River for metals impairment and did not identify metals impairment conditions in the
Fisher River in the reassessment (DEQ and EPA 2014). The remaining impairments, high flow
regime and streambank modification and destabilization, are not pollutants and do not require
development of a TMDL (DEQ and EPA 2014).

Rock Creek is impaired from the headwaters to the mouth at the Clark Fork River, with aquatic
life support and cold-water fishery uses only partially supported. Probable causes for the Rock
Creek impairment were listed in 2014 as other anthropogenic substrate alterations, with probable
sources of these impairments listed as silvicultural activities. In 2010, the DEQ issued sediment
TMDLs and a framework for water quality restoration for lower Clark Fork River tributaries. The
DEQ concluded Rock Creek’s impairment is not a pollutant and did not require a TMDL (DEQ
2010a).

3.13.3.2 Groundwater

Several monitoring wells installed adjacent to the Libby Adit Site, near the LAD Areas or at the
proposed location of the Alternative 2 and 4 tailings impoundment are screened in the
unconsolidated glacial or fluvial sands and gravels (Figure 68 and Figure 70). Water samples
from the Libby Adit represent the quality of water in fractured deep bedrock. The sources of the
adit water were generally more than 1,000 feet below the ground surface and seasonal trends in
water quality were not observed in the data, as might be expected in shallow groundwater
influenced by surface water infiltration. Appendix K-4 summarizes the quality of shallow
groundwater at the Libby Adit Site, LAD Areas, Little Cherry Creek Impoundment Site, and deep
bedrock groundwater from the Libby Adit Site. For purposes of analysis, it is assumed that the
groundwater quality under the Poorman Tailings Impoundment Site is the same as under the Little
Cherry Creek Tailings Impoundment Site because the two locations are adjacent to each other and
are geologically similar.

Groundwater samples from monitoring wells in the Libby Adit, Little Cherry Creek tailings
impoundment, and LAD Area sites show that existing groundwater in the unconsolidated sedi-
ments is a calcium-bicarbonate or calcium-magnesium bicarbonate type with low total dissolved
solids concentrations, low nutrient concentrations, and dissolved metal concentrations that are
typically below detection limits. Barium and manganese were the only metals consistently
detected in groundwater samples. The Libby Adit wells appear to be influenced by seasonal infil-
tration of surface water because they have seasonal fluctuations in ion concentrations (generally
low in May through July, and higher in the fall through winter months). The Little Cherry Creek
tailings impoundment and LAD Area wells have consistently low ion concentrations that do not
appear to fluctuate seasonally. The pH of groundwater is slightly acidic in the various facility
areas (Appendix K-4). Bedrock groundwater has higher ion concentrations, especially sodium
and bicarbonate. The pH is somewhat alkaline, and the water is harder.
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3.13.3.3 Geochemistry of Exposed Materials

3.13.33.1 Ore

Because there has been no historical development of ore within the Montanore deposit, the
proposed action would modify the existing underground environment. Low concentrations of
dissolved copper, manganese, and zinc are predicted for release when ore and waste rock in the
adit walls are exposed to air and water. The sulfides contained in the ore are predominantly non-
acid generating, although some potentially reactive sulfides may be present in altered waste zones
(Enviromin 2013b). The massive nature of the quartzite that hosts Revett-style ore would limit
the surface area exposure of potentially reactive sulfides and substantially reduce the potential for
acid generation by exposed ore. The small percentage of sulfides that would be exposed is
expected to oxidize to form secondary copper oxide and sulfate minerals with variable
solubilities. These secondary minerals would have potential to release metals into groundwater at
a near-neutral pH. Results reported for dissolved metal concentrations in Troy Adit mine water,
which are believed to result from this process, are consistent with the metal release concentrations
reported in metal mobility and Kinetic tests of rock from Montanore. Higher total recoverable
metal concentrations are expected in groundwater samples that contain sediment, which reflects
the importance of metal transport by sediment. For these reasons, any water from underground
workings would be treated before discharge in Alternatives 3 and 4 to meet MPDES permitted
effluent limits.

3.13.3.3.2  Tailings

During the Operations Phase, ore would be shipped to the mill for processing, where 90 percent
of the sulfides would be removed. Following grinding, pH adjustment, and removal of sulfide
during processing, the homogenous tailings would have an elevated pH of 9 or greater, with a low
sulfide content of less than 0.1 percent. Due to the elevated pH and low sulfide content, acid
generation from tailings would be unlikely. Tests of metal mobility in tailings, and operational
monitoring at the analogous Troy Mine, suggest that some metals would be mobile in tailings
effluent at a near-neutral pH, particularly during operations when suspended sediments may
transport adsorbed metals. These metals include aluminum, cadmium, copper, iron, lead,
manganese, and silver. Nitrate and ammonia concentrations also would be elevated. Only
dissolved constituents would have the potential to move beyond the impoundment and potentially
affect groundwater and surface water quality, and it is likely that mobile concentrations would
decrease when suspended solids were diminished at closure. Tailings would be placed in the
impoundment during operations, under saturated conditions, and remain exposed to weathering
processes in the tailings impoundment under unsaturated conditions at closure. The specific
concentrations of metals would be re-evaluated in tests conducted during the Evaluation Phase
(see Appendix C) when a bulk composite sample of ore would be collected from the Evaluation
adit and metallurgically processed to produce tailings for further kinetic leach testing (see
Appendix C). This testing would allow consideration of any changes in water quality that could
result from dewatering of tailings post-closure.

3.13.3.3.3 Waste Rock

Waste rock to be mined at Montanore has a low risk of acid generation, but may release low
concentrations of metals. A relatively low tonnage of reactive waste rock would be produced,
which would be placed as backfill in underground workings and stored under saturated, anaerobic
conditions. The same volume of each lithology would be produced under each alternative, and
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waste rock would be used for tailings dam construction in all mine alternatives and for Plant Site
construction in Alternative 2.

The environmental geochemistry data indicate that a portion of the lower Revett Formation has
the potential to generate acid, while other portions of the formation do not. Kinetic data support
the potential for weak acid generation from the lower Revett altered waste zones, particularly the
barren lead zone that separates the two ore zones (Zones 1 and 2) (Figure 11 in Chapter 2). This
zone has the potential to reduce the pH in water to 6 and release low concentrations of barium,
copper, lead, manganese, and zinc. The risk to water quality would be mitigated by limiting the
mining of rock within the barren lead zone. Additional characterization as development advanced
through the lower Revett altered waste zones would be important for selection of waste rock for
use in tailings dam construction, and would also be of value in understanding potential changes in
mine water chemistry resulting from backfilling of reactive waste rock. Rock in the lower Revett
would be exposed in workings during the Evaluation, Construction, and Operations Phases of the
project.

Comparison of the static results with kinetic test data indicates that static test data overestimate
the potential for acid formation from the Prichard Formation waste rock, a conclusion that is
supported by the neutral pH of mine drainage observed in the exposed section of Prichard
Formation in the Libby Adit and from the rock stockpiled at the Libby Adit Site. In spite of a
neutral pH, Prichard Formation rock has the potential to release low quantities of arsenic, iron,
manganese, and zinc. Metal release information would also be important for final Water
Treatment Plant design. The majority of the exposure of rock from the Prichard and Burke
formations would occur during adit construction, through operations, and into closure. Waste
mined from the Burke Formation appears unlikely to generate acid, although additional data
would be collected to confirm this.

3.13.34 Climate Change

Section 3.10.3.4, Climate Change in the Groundwater Hydrology section discusses projected
climate trends for the Columbia River Basin in general. Several variables potentially affected by
climate change, such as water temperature, flow, runoff rate and timing, and the physical
characteristics of the watershed, affect water quality (Lettenmaier et al. 2008). While it is likely
that climate change will affect the capacity of surface water ecosystems to remove pollutants and
improve water quality, the timing, magnitude, and consequences of these impacts are not well
understood (Lettenmaier et al. 2008).

3.13.4 Environmental Consequences

This section describes the anticipated changes in surface water and groundwater quality for each
alternative. This includes analysis area streams, lakes, springs, and aquifers underlying the mine
facilities. Potential direct and indirect effects of the project are described, as are potential
cumulative effects that may occur as a result of the mine and transmission line alternatives and
identified reasonably foreseeable actions.

3.134.1 Alternative 1 — No Mine

In this alternative, MMC would not develop the Montanore Project. Any existing exploration-
related or baseline data collection disturbances by MMC would be reclaimed in accordance with
existing laws and permits. The DEQ’s approval of the mine, as permitted by DEQ Operating
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Permit #00150 and revised in revisions 06-001, 06-002, and 08-001, would remain in effect.
MMC could continue with the permitted activities on private land associated with the Libby Adit
evaluation program that did not affect National Forest System lands. Discharges from the Water
Treatment Plant would continue until the adit was plugged. Monitoring wells and other devices
installed for monitoring would be removed and the area reclaimed. Disturbances on private land
at the Libby Adit Site would remain until reclaimed in accordance with existing permits and
approvals.

3.13.4.2 Alternative 2 — MMC Proposed Mine

Development of the Montanore Project would require construction of project facilities, such as a
mill, tailings impoundment, adits, and access roads. In MMC’s proposal, the mill and mine
production adits would be located in the upper Ramsey Creek drainage, about 0.5 miles from the
CMW boundary. An additional adit on MMC'’s private land in the Libby Creek drainage and a
ventilation adit on MMC'’s private land east of Rock Lake would be used for exploration and
ventilation. A tailings impoundment proposed in the Little Cherry Creek drainage would require
the diversion of Little Cherry Creek. MMC anticipates and the agencies concur that proper
management of explosives and use of emulsions would reduce nitrate concentrations from those
detected during the initial Libby Adit construction. Adit and mine water would be treated, if
needed, before discharging to LAD Areas for secondary treatment. Two LAD Areas between
Poorman Creek and Ramsey Creek are proposed to allow for discharge of excess mine water
using sprinkler irrigation of water on the land surface. A portion of the waste rock resulting from
adit development may be stored temporarily on an unlined surface at LAD Area 1, and at the
Libby Adit Site. The total area of disturbance for Alternative 2 would be 2,582 acres.

Effects on stream temperature would be similar in all mine alternatives and are discussed in
section 3.13.4.3.4, Stream Temperature. MMC did not propose to discharge water from the Water
Treatment Plant during the Operations Phase and the potential effects and monitoring described
for Alternative 3 would not occur during the Operations Phase.

Fisheries mitigation proposed for Alternative 2 is described in section 2.4.6.2. The mitigation
would be for the fisheries impacts associated with the Little Cherry Creek diversion and the
riprapped tailings impoundment overflow channel to Bear Creek. Where channel stabilization and
habitat rehabilitation occurred in Libby Creek, Ramsey Creek, the Howard Lake outlet,
Snowshoe Creek, and Kilbrennan Creek, there would be brief increases in turbidity and sediment
concentrations in the creeks during construction. For activities not covered by a MPDES or
general permit, MMC may request and the DEQ may approve a 318 authorization for short-term
increases in turbidity and total suspended solids discussed on p. 705. Longer-term effects to
stream water quality would be beneficial because the improved channel stability would result in
decreased instream sediment concentrations.

Sanitary waste would be collected and shipped off-site for treatment and disposal. Handling
sanitary waste in this manner would not be feasible because the City of Libby would not accept
sanitary waste produced at the operation and no other feasible off-site option was available.

726 Final Environmental Impact Statement for the Montanore Project



3.13 Water Quality

3.13.4.2.1  Evaluation and Construction Phases (Years 1-5)

Groundwater
Mine Area

During the Evaluation and Construction Phases, groundwater would flow toward the adit and
mine openings, and the quality of groundwater surrounding the adits and mine would not be
adversely affected by the mine. In the streams whose baseflow would be reduced as a result of
mining, water quality changes may occur. Deeper bedrock groundwater is likely to have higher
total dissolved solids concentrations than shallow groundwater or direct runoff to streams, so a
decrease in the deeper bedrock groundwater contribution to streamflow may result in lower total
dissolved solids concentrations in streams.

The Libby Lakes are located at an elevation of about 7,000 feet, and are perched above the
potentiometric surface. The lakes lie on a series of faults and vertically oriented bedding planes,
but there are no observations, data, or numerical model results to indicate that the lakes are
hydraulically connected to the deep bedrock potentiometric surface. It is unlikely that the Libby
Lakes would be affected by mining activities during these phases. Because deep bedrock
groundwater is a contributor to Rock Lake throughout the year (Gurrieri 2001), mining may
affect the water quality of Rock Lake. There are subtle differences in the quality of shallow and
deeper groundwater, both of which are source waters for Rock Lake, as is surface water runoff
(Gurrieri 2001). Baseline water quality data for Rock Lake are provided in Appendix K-3. It may
be difficult to differentiate changes in water quality from pre-mining water quality variability. If
less groundwater were contributed to Rock Lake, total dissolved solids, silica (heeded by
diatoms), and nutrient concentrations may decrease in the lake.

Depending on the ratio between shallow and deep groundwater contribution to area springs, water
guality changes may be slight and not detectable. In the case of springs that receive a large
portion of their flow from deep groundwater, total dissolved solids concentrations may decrease
as the shallow groundwater accounts for a larger proportion of the total flow. The only springs
whose water quality may be adversely affected by the mine would be those in the analysis area
located below an elevation of about 5,000 to 5,600 feet (see section 3.10.4.3.1, Seeps and Springs
of the Groundwater Hydrology section).

Libby Adit Area

Mine and adit water treated at the Water Treatment Plant at the Libby Adit Site (up to 500 gpm in
Alternative 2) may be discharged to groundwater via a percolation pond or a drainfield located in
the Libby Adit pad adjacent to Libby Creek or, when the percolation pond reached capacity, to
Libby Creek. The pH of the discharge of mine and adit water is expected to be about 8, slightly
greater than instream pH values of between 6.5 and 7.5 in Libby Creek. Water discharged from
the Water Treatment Plant, if discharged to the percolation pond or infiltration gallery next to
Libby Creek, would mix with groundwater with a pH of about 6.5 in an approved groundwater
mixing zone. Mixing would also occur within an approved surface water mixing zone in Libby
Creek. After mixing, the expected quality of the treated water would be below BHES Order limits
and applicable nondegradation criteria in surface water and groundwater.

Tailings Impoundment Area

No water would be stored at the tailings impoundment site during the Evaluation Phase.
Groundwater quality in the area would not be affected. The Starter Dam would be constructed
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partially with waste rock. Limited testing of waste rock excavated from the Libby Adit indicated
waste rock leachate contained elevated nutrient concentrations (Table 95). Nitrate concentrations
may increase beneath the Starter Dam. MMC committed to implementing seepage control
measures, such as pumpback recovery wells, if required to comply with applicable standards.
Seepage pumpback wells could be installed along the downstream toe of the tailings dam. Given
the heterogeneity of the foundation soils, additional wells could be required to ensure that all flow
paths were intercepted. The wells may require active pumping, depending on the artesian
pressures within the wells (Klohn Crippen 2005).

After the Starter and Seepage Collection Pond dams were constructed, precipitation and runoff
would be captured behind the dams. Some of the area behind the Starter Dam would be lined.
Some seepage not collected by the Seepage Collection System would reach groundwater. Water
stored behind the Starter Dam would be of generally good quality because it would be mostly
precipitation and surface water runoff. Water stored in the impoundment would not affected
groundwater quality.

LAD Areas

When mine and adit water was discharged to the LAD Areas, it would mix with precipitation, and
much of it would evapotranspire. The quality of the water before chemical and biological
treatment within the plant root/soil matrix would change as a result of dilution by rain water, then
concentration of about 90 percent (on average, depending on the season of discharge, weather
conditions, soil moisture levels, etc.) of this water could be lost to the atmosphere via evapotran-
spiration. Resultant nutrient and metal concentrations were calculated and used for the mass
balance analysis (Appendix G). The water would then be treated within the plant root/soil matrix.

Land application can substantially reduce suspended sediment, nitrogen, phosphorus, and metal
concentrations in the applied water. Nitrogen removal occurs through vegetation uptake,
biological reduction through nitrification/denitrification in the soil, and ammonia volatilization.
The main concern associated with land application is the potential for nitrate to be transported to
groundwater (EPA 2006b). Nitrate removal is site- and effluent-specific; removal depends on
application rate, soil physiochemical properties, soil hydraulics, soil moisture, soil organic
content vegetation types, slope, and temperature. Ammonia removal is by volatilization, uptake
by vegetation, and adsorption by clay minerals in the soil; its removal depends on temperature,
pH, soil characteristics, and soil water content. Phosphorus removal is accomplished through
plant uptake and by fixation in the soil matrix. Metals are removed by adsorption, precipitation,
ion exchange, biogeochemical reactions, uptake by plants and microorganisms, and complexation
(EPA 2006b). Metal removal is site- and effluent-specific and depends on vegetation type, soil
characteristics, pH, and temperature.

Due to the many variables that have not been specifically defined for the LAD Areas, the
agencies could not determine specific treatment rates for nitrate, nitrite, ammonia, total nitrogen,
total phosphorus and metals. The BHES Order requires the DEQ to review design criteria and
final engineering plans to determine that at least 80 percent removal of nitrogen would be
achieved by LAD treatment. Removal rates for ammonia, nitrate, and nitrite cannot be determined
until LAD Area final engineering plans, design criteria, and soil studies were submitted and
monitoring commenced. Treatment rates for nitrogen compounds appear to vary widely, ranging
from 50 to 90 percent for total nitrogen (EPA 2002). Maximum nitrogen removal occurs when
nitrogen is applied in the ammonia or organic form rather than the nitrate form (Georgia
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Department of Natural Resources 2006; EPA 2006b). Ammonia represents the reduced (less
oxidized) form of nitrogen, while nitrate represents the oxidized form. Ammonia is expected to be
present in wastewater used on the LAD Areas. Nitrates are more readily taken up by plants, while
ammonia is more readily adsorbed by soils. Phosphorus removal by land application has shown a
wide range of removal rates ranging from 20 to 100 percent (EPA 1974), and is a function of
residence time and travel distance involving complex physical, biochemical, and chemical
interactions, soil type and vegetation type.

In the agencies’ analysis, land application treatment rates were assumed to be 50 percent for
nitrate, ammonia, total nitrogen, total phosphorus, and some metals. If needed, primary treatment
of nitrate would occur before land application disposal. For zinc, aluminum, barium, and
manganese, a 10 percent removal was assumed, and for copper and nickel a 90 percent removal
was assumed. A report prepared for NMC (Camp Dresser and McKee, Inc. 1991) on soil
attenuation in the analysis area showed high copper attenuation in the analysis area soils. Zinc
may be taken up by vegetation, but does not, in general, sorb readily on soils. Manganese also
does not sorb readily on all soil types. In the agencies’ analysis, it was assumed that 90 percent of
the zinc and manganese percolated to groundwater.

The predicted concentrations in groundwater after mixing beneath the LAD Areas for each mine
phase, when an estimated rate of 130 gpm of water was sent to the LAD Areas for treatment (see
section 3.10.4.2.1, LAD Areas of the Groundwater Hydrology section), are provided in Table 124.
Predicted concentrations in groundwater would be slightly better during the Post-Closure Phase
than those shown for the Closure Phase. If land application of excess water resulted in BHES
Order limit or nondegradation criteria exceedances, MMC would treat the additional water at the
Water Treatment Plant instead of discharging it to the LAD Areas. No natural attenuation or
removal mechanisms for total dissolved solids in groundwater are expected; dissolved solids
concentrations in groundwater may increase based on residence time. No natural attenuation or
removal is expected for nitrate in groundwater. Analyses of the Troy Mine decant pond disposal
system by Hydrometrics (2010), Land and Water Consulting (2004), and Camp, Dresser and
McKee (2010), indicated natural attenuation or removal of metals from tailings impoundment
seepage would occur, including antimony, arsenic, copper, and mercury. Schafer developed a
paste tailings seepage model (Schafer 2014) for the tailings facility proposed for the Rock Creek
Project. These investigations and analyses are described under the Operations Phase. Based on
these findings, the predicted antimony, arsenic, copper, and mercury concentrations in
groundwater (Table 124) may be higher than would actually occur during the Evaluation,
Construction, Closure, and Post-Closure Phases. Oxygenation of the mine and adit water from the
use of sprinklers at the LAD Areas may result in the precipitation of iron oxide and manganese
oxide on the land surface. As a result, the predicted iron and manganese groundwater
concentrations shown in Table 124 may be higher than would actually occur. The ambient
manganese concentration in groundwater at the LAD Areas exceeds the BHES Order limit. Iron
and manganese oxides are relatively insoluble, and if precipitated on the ground surface at the
LAD Areas, would not dissolve. Although large runoff events may loosen the material and erode
it downhill, the material would not reach surface water as most runoff would be captured by
sediment ponds designed for a 10-year/24-hour storm. A larger storm event may result in iron and
manganese precipitates eroding downhill to surface water.
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Table 124. Predicted Concentrations in Groundwater after Mixing beneath the LAD Areas,
Alternative 2.

Applicable Nonsignificance
Criteria Outside of a Mixing
Ambient BHES Zone
Construc- Closure
Parameter Con(_:en- tion Phase Phase O_rd_eg
tration Limit Ambient . 15% of
Trigger
Con_cenz- value® Lowest A
tration Standard
Total dissolved solids 63 283 580 200
Nitrate 0.060 <38 13 10
Antimony-T <0.0030 <0.0022 <0.025 0.0004 0.0009
Arsenic-C <0.0030 <0.0076 <0.0033 <0.0030
Barium-T <0.0067 <0.029 <0.21 0.002 0.15
Beryllium-C <0.0010 <0.0007 <0.0007 <0.0010
Cadmium-T <0.00010 <0.00013 <0.0011 0.0001 0.000075
Chromium-T <0.0010 <0.0010 <0.0015 0.02
Copper-T <0.0010 <0.00074 <0.0061 0.1
Iron-H <0.052 <0.043 <0.076 0.2
Lead-T <0.00034 <0.00019 <0.0011 0.0001 0.0023
Manganese <0.081 <0.049 <1.0 0.05
Mercury-T <0.000020 <0.000033 <0.000015 <0.000020
Nickel-T <0.010 <0.0051 <0.0070 0.0005 0.015
Selenium-T <0.0010 <0.00151 <0.0018 0.0006 0.0075
Silver-T <0.00050 <0.00045 <0.0020 0.0002 0.015
Zinc-T <0.010 <0.024 <0.024 0.1

All concentrations are mg/L. All metal concentrations are for dissolved metals.

Method used to derive representative ambient water quality concentrations described in ERO 2011c. Concentrations
presented with a < symbol had at least one sample with a reported concentration less than the detection limit used in
calculating representative values; detection limit used in calculating representative value when reported concentration
was below the detection limit.

No discharges to LAD Areas are projected to occur during the Operations Phase.

Predicted concentrations greater than BHES Order limits or applicable nondegradation criteria without additional
primary treatment before land application are shown in bold.

1 BHES Order limits apply to only to those parameters for which limits were set in 1992: total dissolved solids, nitrate,
chromium, copper, iron, manganese, and zinc.

2 No increase in ambient concentrations outside of a mixing zone designated by the DEQ applies to degradation
determination in nondegradation review for arsenic, beryllium, and mercury.

® Trigger values apply to degradation determination in nondegradation review for antimony, barium, cadmium, lead,
nickel, selenium, and silver.

415% of lowest standard only applies to degradation determination for concentrations of toxins (antimony, barium,
cadmium, lead, nickel, selenium, and silver) outside of a mixing zone designated by the DEQ if the change in water
quality exceeds the trigger value. The DEQ typically does not authorize mixing zones for LAD Areas.

Source: Appendix G.

MMC requested a source-specific groundwater mixing zone for the LAD Areas in Alternative 2
(Geomatrix 2007b). A mixing zone is a limited area of a surface water body or a portion of an
aquifer, where initial dilution of a discharge takes place and water quality changes may occur, and
where certain water quality standards may be exceeded (ARM 17.30.502(6)). During the MPDES
permitting process, the DEQ would determine if a mixing zone beneath and downgradient of the
LAD Areas would be authorized in accordance with ARM 17.30.518 and, if so, would determine
its size, configuration, and location. If DEQ authorized a mixing zone, water quality changes
might occur, but BHES Order limits could not be exceeded outside the mixing zone, and for other
water quality parameters, nondegradation criteria could not occur outside the mixing zone unless
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authorized by DEQ. The DEQ typically does not authorize mixing zones for LAD Areas. The
DEQ also would determine where compliance with applicable standards would be measured.

Surface Water
West Side Streams, Lakes, and Springs

During the Evaluation and Construction Phases, water quality in streams, lakes, and springs on
the west side of the divide may be affected by reductions due to mine inflows in groundwater
discharge to streams and Rock Lake. Because bedrock groundwater has higher dissolved solids
concentrations, a reduction in groundwater discharge may result in surface water having lower
dissolved solids concentrations. The change in groundwater discharge would be very small during
these phases and it is unlikely that changes in water quality would be detectable.

East Side Streams, Lakes, and Springs

Effects of Mine Inflows and Discharges. Reductions in groundwater discharge to springs and
streams east of the divide due to mine inflows would be small during the Evaluation and
Construction Phases; changes in water quality would not likely be detectable. No lakes in the
Libby Creek watershed would be affected by mine dewatering. Effects on the spring located close
to the LAD Areas (such as SP-21 shown on Figure 70), assuming that shallow groundwater was a
source of supply to such springs, would be similar to the effects on groundwater beneath the LAD
Areas (Table 124). An assessment of the effect of Water Treatment Plant discharge on Libby
Creek flow completed to evaluate stream stability is described in section 3.13.4.3.2, Effects of
Discharges. The flow increase would have insignificant effects on streambank erosion, would not
alter the physical substrate habitat, and would not affect sediment transport, aggradation, or
degradation.

Predicted concentrations after mixing at RA-600 (Ramsey Creek), PM-1200 (Poorman Creek),
and LB-1000 (Libby Creek) following discharge at the Water Treatment Plant and the LAD Areas
during Construction and Closure Phases are provided in Table 125, Table 126, and Table 127,
respectively. The predicted concentrations for sites in Libby, Poorman, and Ramsey creeks were
compared to the BHES Order limits, where applicable, or were evaluated based on the criteria for
determining nonsignificant changes in water quality for parameters not listed in the BHES Order.
Instream water quality concentrations during the Evaluation Phase would be similar to the
Construction Phase. Predicted concentrations for all mine phases at numerous monitoring
locations are presented in Appendix G.
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Table 125. Predicted Concentrations with Land Application Treatment after Mixing at RA-600, Alternative 2.

BHES Applicable Nonsignificance Criteria Outside of a Mixing Zone
Parameter Ambient Concen- | Construction Closure Order Ambient Triager 15% of Lowest 10%/40% of
tration Phase Phase Limitt Concen- gge€r 0 € Lowest
T2 Value Standard 5
tration Standard
Total dissolved solids <13 <22 <33 100
Ammonia, as N <0.052 <0.079 <0.22 TIN=1
Nitrate, as N <0.081 <14 <0.58 TIN=1
Total inorganic nitrogen | <0.13 <15 <0.80 1
Total nitrogen <0.25 <1.63 <0.92 0.0275/0.11
Total phosphorus <0.0096 <0.011 <0.013 0.0025/0.01
Aluminum - T 0.013 <0.014 <0.022 0.03 0.013
Antimony-T <0.0030 <0.0030 <0.0038 0.0004 0.00084
Arsenic-C <0.0020 <0.0022 <0.0020 <0.0020
Barium-T <0.0040 <0.0052 <0.012 0.002 0.15
Beryllium-C <0.0010 <0.00099 <0.00099 <0.0010
Cadmium-T <0.000017 <0.000024 <0.000055 0.0001 0.000015
Chromium-T <0.0010 <0.0010 <0.0010 0.005
Copper-T <0.0010 <0.0010 <0.0012 0.003
Iron-H <0.050 <0.050 <0.051 0.1
Lead-T <0.00010 <0.00010 <0.00013 0.0001 0.000082
Manganese <0.0023 <0.0036 <0.039 0.05
Mercury-T <0.000020 <0.000020 <0.000020 <0.000020
Nickel-T <0.0051 <0.0050 <0.0051 0.0005 0.0024
Selenium-T <0.0010 <0.0010 <0.0010 0.0006 0.00075
Silver-T <0.00020 <0.00041 <0.00026 0.0002 0.000056
Zinc-T <0.0038 <0.0044 <0.0044 0.025

All concentrations are mg/L. All metal concentrations are for total recoverable metals except aluminum, which is dissolved.

Method used to derive representative ambient water quality concentrations described in ERO 2011c.

Concentrations presented with a < symbol had at least one sample with a reported concentration less than the detection limit used in calculating representative values; detection limit used in
calculating representative value when reported concentration was below the detection limit.

No discharges to LAD Areas are projected to occur during the Operations Phase.

Predicted concentrations greater than BHES Order limits or applicable nondegradation criteria without additional primary treatment before land application are shown in bold.

L BHES Order limits apply to only to those parameters for which limits were set in 1992: total dissolved solids, nitrate, chromium, copper, iron, manganese, and zinc.

2 No increase in ambient concentrations outside of a mixing zone designated by the DEQ applies to degradation determination in nondegradation review for arsenic beryllium, and mercury.
® Trigger values apply to degradation determination in nondegradation review for aluminum, antimony, barium, cadmium, lead, nickel, selenium, and silver.

4 15% of lowest standard only applies to degradation determination for concentrations of toxins (aluminum, antimony, barium, cadmium, copper, lead, nickel, selenium, and silver) outside of a
mixing zone designated by the DEQ if the change in water quality exceeds the trigger value.

% 10% and 40% of lowest standard applies to degradation determination review for total nitrogen and total phosphorus.

Source: Appendix G.
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Applicable Nonsignificance Criteria Outside of a Mixing Zone

Ambient Construction BHES i 0 0
Parameter c . Closure Phase | Order Ambient Trigger 15% of Lowest 10%/40% of
oncentration Phase Limitt Concen- 9g€] 0 by Lowest
2 Value Standard 5
tration Standard
Total dissolved solids <23 <29 <36 100
Ammonia, as N <0.050 <0.068 <0.16 TIN=1
Nitrate, as N <0.053 <0.95 <0.38 TIN=1
Total inorganic nitrogen | <0.10 <1.0 <0.54 1
Total nitrogen <0.22 <11 <0.66 0.0275/0.11
Total phosphorus <0.0099 <0.011 <0.012 0.0025/0.01
Aluminum - T <0.010 <0.011 <0.016 0.03 0.013
Antimony-T <0.00050 <0.00053 <0.0011 0.0004 0.00084
Arsenic-C <0.00050 <0.00067 <0.00050 <0.00050
Barium-T <0.0064 <0.0071 <0.011 0.002 0.15
Beryllium-C <0.00020 <0.00020 <0.00020 <0.00020
Cadmium-T <0.000040 <0.000044 <0.000065 0.0001 0.0000145
Chromium-T <0.0010 <0.0010 <0.0010 0.005
Copper-T <0.0010 <0.0010 <0.0011 0.003
Iron-H <0.050 <0.050 <0.051 0.1
Lead-T <0.000045 <0.000048 <0.000068 0.0001 0.000082
Manganese <0.00089 <0.0018 <0.025 0.05
Mercury-T <0.000020 <0.000020 <0.0000020 <0.000020
Nickel-T <0.00050 <0.00050 <0.00055 0.0005 0.0024
Selenium-T <0.0010 <0.0010 <0.0010 0.0006 0.00075
Silver-T <0.00020 <0.00034 <0.00024 0.0002 0.000056
Zinc-T <0.0031 <0.0035 <0.0035 0.025

All concentrations are mg/L. All metal concentrations are for total recoverable metals except aluminum, which is dissolved.
Method used to derive representative ambient water quality concentrations described in ERO 2011c.
Concentrations presented with a < symbol had at least one sample with a reported concentration less than the detection limit used in calculating representative values; detection limit used in
calculating representative value when reported concentration was below the detection limit.
No discharges to LAD Areas are projected to occur during the Operations Phase.

Predicted concentrations greater than BHES Order limits or applicable nondegradation criteria without additional primary treatment before land application are shown in bold.

L BHES Order limits apply to only to those parameters for which limits were set in 1992: total dissolved solids, nitrate, chromium, copper, iron, manganese, and zinc.
2 No increase in ambient concentrations outside of a mixing zone designated by the DEQ applies to degradation determination in nondegradation review for arsenic beryllium, and mercury.
® Trigger values apply to degradation determination in nondegradation review for aluminum, antimony, barium, cadmium, lead, nickel, selenium, and silver.
4 15% of lowest standard only applies to degradation determination for concentrations of toxins (aluminum, antimony, barium, cadmium, copper, lead, nickel, selenium, and silver) outside of a
mixing zone designated by the DEQ if the change in water quality exceeds the trigger value.
% 10% and 40% of lowest standard applies to degradation determination review for total nitrogen and total phosphorus.

Source: Appendix G.
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Table 127. Predicted Concentrations with Land Application Treatment after Mixing at LB-1000, Alternative 2.

Applicable Nonsignificance Criteria Outside of a Mixing Zone

Ambient Construction BHES i
Parameter Concen- Closure Phase | Order Ambient Trigger 15% of Lowest 10%/40% of
tration Phase Limit: Concen- val Standard® Lowest
tration” alue andar Standard®
Total dissolved solids <33 <43 <50 100
Ammonia, as N <0.030 <0.10 <0.17 TIN=1
Nitrate, as N <0.034 0.62 0.29 TIN=1
Total inorganic nitrogen <0.064 <0.72 <0.46 1
Total nitrogen <0.11 <0.0.66 <0.37 0.0275/0.11
Total phosphorus <0.0070 <0.0074 <0.0082 0.0025/0.01
Aluminum - T <0.017 <0.024 <0.029 0.03 0.013
Antimony-T <0.00050 <0.00056 <0.00090 0.0004 0.00084
Arsenic-C <0.00020 <0.00030 <0.00022 <0.00020
Barium-T 0.0066 <0.024 <0.032 0.002 0.15
Beryllium-C <0.00020 <0.00020 <0.00020 <0.00020
Cadmium-T <0.000060 <0.000058 <0.000069 0.0001 0.000015
Chromium-T <0.0010 <0.0014 <0.0016 0.005
Copper-T <0.00046 <0.00074 <0.00089 0.003
Iron-H <0.017 <0.027 <0.031 0.1
Lead-T <0.000054 <0.000082 <0.00010 0.0001 0.000082
Manganese <0.00099 <0.0076 <0.023 0.05
Mercury-T <0.000020 <0.000019 <0.000019 <0.0000020
Nickel-T <0.00050 <0.00072 <0.00082 0.0005 0.0024
Selenium-T <0.0010 <0.0011 <0.0011 0.0006 0.00075
Silver-T <0.00020 <0.00030 <0.00025 0.0002 0.000056
Zinc-T <0.0044 <0.0069 <0.0076 0.025

All concentrations are mg/L. All metal concentrations are for total recoverable metals except aluminum, which is dissolved.
Method used to derive representative ambient water quality concentrations described in ERO 2011c.
Concentrations presented with a < symbol had at least one sample with a reported concentration less than the detection limit used in calculating representative values; detection limit used in
calculating representative value when reported concentration was below the detection limit.
No discharges to LAD Areas are projected to occur during the Operations Phase.

Predicted concentrations greater than BHES Order limits or applicable nondegradation criteria without additional primary treatment before land application are shown in bold.

L BHES Order limits apply to only to those parameters for which limits were set in 1992: total dissolved solids, nitrate, chromium, copper, iron, manganese, and zinc.
2 No increase in ambient concentrations outside of a mixing zone designated by the DEQ applies to degradation determination in nondegradation review for arsenic and mercury.
® Trigger values apply to degradation determination in nondegradation review for aluminum, antimony, barium, cadmium, lead, nickel, selenium, and silver.
4 15% of lowest standard only applies to degradation determination for concentrations of toxins (aluminum, antimony, barium, cadmium, copper, lead, nickel, selenium, and silver) outside of a
mixing zone designated by the DEQ if the change in water quality exceeds the trigger value.
® 10% and 40% of lowest standard applies to degradation determination review for total nitrogen and total phosphorus. For total nitrogen, the variance of 15 mg/L in the draft renewal permit would

apply.
Source: Appendix G.
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Nitrate and ammonia concentrations were added together to evaluate compliance with the BHES
Order limit for total inorganic nitrogen (TIN). The BHES Order TIN limit (1 mg/L) during the
Evaluation and Construction Phases at RA-400 and RA-600 are predicted to be exceeded without
nitrogen pre-treatment. The mass balance analysis also predicted exceedances of BHES Order
limits or applicable nondegradation criteria for antimony, arsenic, total nitrogen, total phosphorus,
and silver at RA-400. The mass balance analysis predicted exceedances of BHES Order limits or
applicable nonsignificance criteria for antimony, arsenic, total nitrogen, total phosphorus and
silver at RA-600 and PM-1200, and arsenic, total nitrogen, and total phosphorus at LB-1000. If
land application of excess water resulted in BHES Order limit or nonsignificance criteria
exceedances, MMC would treat the additional water at the Water Treatment Plant instead of
discharging it to the LAD Areas.

In the draft renewal MPDES permit, the DEQ preliminarily determined the size, configuration,
and location of the mixing zones in Libby Creek for Outfalls 001, 002, and 003. The chronic
groundwater mixing zone for Outfalls 001 and 002 authorized in the 1997-issued MPDES permit
and continued in the 2006-issued MPDES permit was retained in the draft renewal MPDES
permit. The mixing zone for Outfalls 001 and 002 extends from their point of discharge to Libby
Creek downgradient to monitoring station LB-300 for these parameters: nitrate + nitrite, total
inorganic nitrogen, chromium, copper, iron, lead, manganese, and zinc. For Outfalls 001, 002, and
003, the DEQ preliminarily authorized a chronic mixing zone, at 25 percent of the 7Qyo, from the
point of discharge two stream widths for the following parameters: nitrate + nitrite, total inorganic
nitrogen, chromium, copper, iron, lead, manganese, and zinc. For Outfalls 001, 002, and 003, the
DEQ also preliminarily authorized a nutrient mixing zone, at 100 percent of the 14-day, 5-year
low flow (14Qs), from the point of discharge two stream widths for the following parameters:
total nitrogen, and total phosphorus. MMC did not request a mixing zone for any discharges from
Outfalls 004 through 008; any applicable effluent limitations must be met at the end-of-pipe
discharge. The DEQ did not authorize a mixing zone for any parameters discharged from Outfalls
004 through 008 in the draft renewal permit. The draft renewal permit (DEQ 2015b) contains the
water quality assessment required before the DEQ could authorize a mixing zone. The final
MPDES permit will contain DEQ’s final determination regarding mixing zones.

The Water Treatment Plant uses ultrafiltration to remove metals sorbed onto particulates
suspended in the influent, which removes suspended sediments. Outfall 001 is a percolation pond,
which allows for solids to settle and flows to groundwater and Outfall 002 is a drainfield with
three infiltration zones discharging into groundwater. Discharges to Outfalls 001 and 002 would
have no effect on sediment concentrations in Libby Creek or fine sediment levels in the Libby
Creek substrate.

MMC has not reported a discharge from Outfalls 002 and 003 during the term of the 2006-issued
permit. Outfall 003 for direct discharge to Libby Creek is included in the existing and draft
renewal MPDES permit. The median total suspended solids concentration from samples collected
quarterly from Libby Creek at LB-300 between 2006 and 2010 (141 samples) as part of the
existing MPDES permit requirements is less than 1 mg/L (Appendix K). In the Kootenai-Fisher
TMDL development, the DEQ and the EPA (2014) used a total suspended solids concentration of
1 mg/L for Water Treatment Plant discharges directly to Libby Creek from Outfall 003. Assuming
an average total suspended solids concentration of 1 mg/L and a year-long discharge rate of 500
gpm (the Water Treatment Plant’s capacity), the estimated maximum sediment load from the
Water Treatment Plant would be 1.1 tons/year. The average annual discharge during the
Evaluation Phase is estimated to be 260 gpm (Table 14); the average annual sediment load from
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the discharges would be proportionally less (0.6 ton/year). For the reasons described under
Alternative 3 in section 3.13.4.3.2, Effects of Discharges, it is expected that discharges from the
Water Treatment Plant to Outfall 003, if they were to occur, would not increase suspended
sediment concentrations in Libby Creek or fine sediment levels in the Libby Creek substrate.

Effects of Stormwater Runoff, Erosion, and Sedimentation. MMC would request an amendment
to its MPDES permit for Alternative 2. Within the mine permit area boundary, all stormwater
runoff from roads and mine facilities would be captured by ditches and sediment ponds designed
for the 10-year/24-hour storm and directed to MPDES-permitted outfalls. Precipitation and runoff
from the Libby Adit pad area would be collected and directed to Outfall 001. Stormwater from
the impoundment site would be more likely discharged in Alternative 2 than the other alternatives
because MMC would use mine and adit water in the mill and would have less need for make-up
water from the impoundment site. In Alternative 2, MMC indicated that below the tailings
impoundment, ditches containing runoff would be directed, where possible, toward the Seepage
Collection Pond; otherwise, appropriate BMPs would be used to handle stormwater that was not
classified as mine drainage water or process water. Discharges from the outfalls to Libby, Ramsey
Poorman, and diverted Little Cherry creeks would be monitored, and would be required to meet
applicable effluent limits.

MMC would implement a SWPPP to minimize erosion and sedimentation from disturbed areas
during the Construction and Operations Phases. The plan would address stormwater runoff from
mine-related facilities for soil stockpiles, access/haul roads, adit pads, and parking lots. The plan
would describe the potential sources of stormwater pollution, pollution prevention practices,
sediment and erosion control measures, runoff management, inspections, and reporting. BMPs
would include ditches, sediment traps, and sediment retention ponds.

All clearing before construction at the LAD Areas would be located 300 feet or more from Libby,
Poorman, and Ramsey creeks. MMC would shut off sprinklers during periods of stormwater
runoff, snowmelt, or saturated ground conditions, and MMC would not operate the LAD Areas in
a manner that produced runoff or increased spring flow. With these measures in place, increases
in sediment directly to Libby, Poorman, or Ramsey creeks from tree thinning or use of the LAD
Areas are not expected.

A Diversion Dam in Little Cherry Creek would be constructed to divert flow above the dam
around the tailings impoundment. After the Diversion Dam was constructed during the
Construction Phase, water in Little Cherry Creek above the tailings impoundment would be
diverted to Libby Creek via a 10,800-foot long Diversion Channel to ensure that it would not
contact any mine wastewater, waste rock, or tailings. The channel would be sized to divert large
flood flows safely around the tailings impoundment. The Diversion Channel would consist of an
upper channel, and two existing natural drainage channels that flow toward Libby Creek. Two
natural drainages would be used to convey water from the upper channel to Libby Creek. The
northern drainage (Drainage 10) is currently a 9,000-foot long intermittent drainage that is
primarily unchannelized in the upper part and has perennial channelized segments interspersed
with unchannelized wet and dry segments in the lower part. The southern drainage (Drainage 5) is
about 3,000 feet long with similar characteristics to Drainage 10. Flow in Drainage 5 does not
reach Libby Creek (Kline Environmental Research 2012).

During the Construction Phase, the flow in Drainages 5 and 10 would increase and would change
to perennial flow. Because the tributaries are not large enough to handle the expected flow
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volumes, downcutting, and increased sediment delivery to Libby Creek is expected to occur as
the channel stabilized. In the event of heavy precipitation during construction of the channel,
substantial erosion and brief increases in sedimentation to the lower drainage and Libby Creek
would occur. Where possible, MMC would construct some bioengineered and structural features
in the two drainages to reduce flow velocities, stabilize the channels, and create fish habitat. An
energy dissipater would be constructed at the outlet section of both drainages to reduce flow
velocity of water entering Libby Creek. Short sections of these two drainages are steep, and it
may be difficult to access such sections to complete any channel stabilization work. In addition,
some sections of these two drainages have thick vegetation that may require clearing before
starting channel stabilization, which may temporarily create erosion and increase sediment
delivery to the drainages.

For roads outside the mine permit area boundary, the agencies’ analysis of sediment erosion from
access roads and their buffer areas to streams compared existing conditions to the action
alternatives (Table 132). In Alternative 2, the Bear Creek Road (NFS road #278) would be
completely paved and the road widened to 20 to 29 feet. High erosion rates typically occur during
the first years of vegetation establishment after disturbance (Megahan and Kidd 1972, Grace
2007). The movement of sediment from Alternative 2 roads to RHCAs would be minimized
through the use of BMPs to reduce road sediment erosion and flow velocities (MMC 2008).
Because the BMPs were not specified, they cannot be modeled using the WEPP:Road Batch
model, but they would further reduce sediment leaving the roads and buffers. The WEPP:Road
Batch model predicted that paving and widening all of the Bear Creek Road would increase the
amount of sediment leaving the buffer. Other users of the model have found it over-predicts
erosion from paved roads (Breibart et al. 2007), and research indicates that paved roads generate
the least sediment and typically have the shortest distance of sediment transport away from a road
bed compared to gravel or unimproved roads (Riedel et al. 2007).

MMC did not propose improvements to the Libby Creek Road during the Evaluation Phase and
first year of the Construction Phase, so existing sediment yield from the Libby Creek Road would
not change. A road-by-road summary of predicted erosion from roads at stream crossings is
provided in a technical memorandum (ERO Resources Corp. 2015b). The WEPP:Road Batch
model is not an exact numeric predictor of sediment delivery and is best used as a comparative
tool between different road designs.

The two road closures proposed in Alternative 2 for grizzly bear mitigation would not reduce
sediment reaching streams because they are not available for closure. One road proposed for
closure, NFS road #4784 (upper Bear Creek Road) would be closed for mitigation of the Rock
Creek Project and would only be closed for the Montanore Project if it was not already closed
before Forest Service approval to initiate the Evaluation Phase. The other road proposed for
closure, NFS road #4724 (South Fork Miller Creek), would be used in constructing transmission
line Alternatives D-R and E-R. Upgrades to NFS road #278 (Bear Creek Road), part of which is
adjacent to the impaired section of Big Cherry Creek, are discussed in section 3.13.4.3.5, Effect
on Impaired Streams. Effects of the transmission line alternatives on the impaired sections of
Libby Creek and the Fisher River are discussed in sections 3.13.4.8, Alternative B — MMC
Proposed Transmission Line (North Miller Creek Alternative).

The movement of sediment from Alternative 2 roads to RHCAs would be minimized through the
use of BMPs to reduce road sediment erosion and flow velocities (MMC 2008). Because the
BMPs were not specified, they cannot be modeled using the WEPP:Road Batch model, but they
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would further reduce sediment leaving the roads and buffers. Surface water monitoring would
include regular sampling for total suspended solids and turbidity.

As part of its proposed Fisheries Mitigation Plan, MMC may conduct a sediment-source
inventory in the watershed, and stabilize, recontour, and revegetate priority sediment-source
areas, which are typically roadcuts in the watersheds of Libby, Hoodoo, Poorman, Midas, and
Crazyman creeks. MMC’s proposed mitigation is not reflected in the sediment rates shown in
Table 132. Implementation of this measure would reduce the sediment delivery to area streams.
MMC also may rehabilitate habitat upstream from the mouth of Howard Creek through creation
of pool and hiding cover habitat, stabilization of old mining spoils, and channel narrowing. The
installation of grade control structures in streams to improve aquatic habitat may increase
sediment concentrations in streams temporarily. After the activities were completed, and the
improvements stabilized, sediment delivery to area streams would decrease below existing levels.

3.13.4.2.2  Operations Phase (Years 6 through 25)

Groundwater
Mine Area

Groundwater in the vicinity of the adit and mine would flow toward the mine and adit voids, so
groundwater quality surrounding the adits and mine would not be affected by the mine. Adit,
mine, and tailings impoundment water would be collected and used for milling purposes.

Libby Adit Area

No mine or adit water would be treated at the Water Treatment Plant and discharged during
operations because all water would be used in the mill. If no water were treated and discharged,
groundwater quality below the Libby Adit percolation pond or infiltration gallery would return to
pre-mine conditions soon after discharges to the percolation pond or infiltration gallery during the
Construction Phase ceased.

Tailings Impoundment Area

During the Operations Phase, it is estimated that a maximum of 25 gpm of water would seep to
groundwater under the tailings impoundment (Klohn Crippen 2005). The existing groundwater
quality would be altered because tailings seepage would have higher concentrations of nutrients,
some metals, and total dissolved solids than existing groundwater.

Using the DEQ’s approach for determining a standard mixing zone (ARM 17.30.517), MMC
estimated a groundwater flux of 10 gpm. An additional 25 gpm was added to the estimated flux to
account for flow in the buried alluvial channel (Geomatrix 2007b). The hydrologic and geologic
conditions of the Little Cherry Creek Tailings Impoundment Site are complex. The agencies used
a groundwater flux of 35 gpm in the agencies’ mass balance calculations for Alternative 2 as a
reasonable estimate of flux beneath the impoundment site. Results of the mass balance analysis
are provided in Table 128. The predicted groundwater concentrations were compared to the
BHES Order limits, where applicable, or applicable nondegradation criteria.

738 Final Environmental Impact Statement for the Montanore Project



3.13 Water Quality

Table 128. Predicted Concentrations in Groundwater after Mixing beneath the Tailings
Impoundment without Attenuation, Alternatives 2 and 4.

Post- Applicable Nonsignificance Criteria
Ambient Opera- | Closure at Outside of a Mixing Zone
Parameter Concen- tions Stabilized | BHES | Ambient , 15% of
tration Phase Flow Order | Concen- | 19981 | | owest
Conditions | Limit! | tration? | V&Y€ | standard®

Total 60 146 86 100
dissolved
solids
Nitrate, as N | <0.10 55 1.7 TIN=1
Antimony-T <0.0030 <0.011 <0.0055 0.0004 [ 0.0009
Arsenic-C <0.0030 <0.0025 <0.0028 <0.0030
Barium-T <0.040 <0.069 <0.049 0.002 0.15
Beryllium-C <0.0010 <0.0010 <0.0010 <0.0010
Cadmium-T <0.00010 <0.00046 <0.00021 0.0001 | 0.000075
Chromium-T | <0.00074 <0.00085 <0.00077 0.005
Copper-T <0.0012 <0.012 <0.0043 0.003

Iron-H <0.010 <0.027 <0.015 0.1

Lead-T <0.00028 <0.0020 <0.00080 0.0001 | 0.0023
Manganese <0.077 <0.26 <0.13 0.05

Mercury-T <0.000030 <0.000020 | <0.000027 <0.000030
Nickel-T <0.010 <0.010 <0.010 0.0005 [ 0.015
Selenium-T <0.0010 <0.0011 <0.001 0.0006 | 0.0075
Silver-T <0.00050 <0.0010 <0.00064 0.0002 [ 0.015
Zinc-T <0.0064 <0.0079 <0.0069 0.025

All concentrations are mg/L. All metal concentrations are for dissolved metals.

Method used to derive representative ambient water quality concentrations described in ERO 2011c.

Concentrations presented with a < symbol had at least one sample with a reported concentration less than the detection
limit used in calculating representative values; detection limit used in calculating representative value when reported
concentration was below the detection limit.

Predicted concentrations greater than BHES Order limits or applicable nondegradation criteria are shown in bold.

L BHES Order limits apply to only to those parameters for which limits were set in 1992: total dissolved solids, nitrate,
chromium, copper, iron, manganese, and zinc.

2 No increase in ambient concentrations outside of a mixing zone designated by the DEQ applies to degradation
determination in nondegradation review for arsenic beryllium, and mercury.

® Trigger values apply to degradation determination in nondegradation review for antimony, barium, cadmium, lead,
nickel, selenium, and silver.

415% of lowest standard only applies to degradation determination for concentrations of toxins (antimony, barium,
cadmium, copper, lead, nickel, selenium, and silver) outside of a mixing zone designated by the DEQ if the change in
water quality exceeds the trigger value.

Source: Appendix G.

During operations, elevated antimony and manganese concentrations are predicted to occur in
groundwater beneath and downgradient of the tailings impoundment. The manganese exceedance
of the BHES Order limit is due in part to the ambient groundwater manganese concentration
exceeding the BHES Order limit. Based on analyses of the Troy Mine decant pond disposal
system by Land and Water Consulting (2004), Hydrometrics (2010) and Camp, Dresser and
McKee (2010), the agencies anticipate natural attenuation and removal of metals in the tailings
water infiltrated at the tailings impoundment. Assuming that geochemical conditions would be
similar at Montanore as at the Troy Mine, groundwater metal concentrations beneath the
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impoundment area are expected to be less than those predicted by the mass balance calculations
(Table 128). Nitrate would not be attenuated or removed as mine water infiltrated to groundwater.

In a 2004 study, Land and Water Consulting (2004) evaluated the fate and movement of copper
beneath the Troy Mine decant ponds. Geologic material beneath the decant ponds was analyzed
for total copper to identify the composition of copper minerals and to identify which mineral
phases contain the most copper. Study results indicated that copper was attenuated within the
upper foot of soil primarily through the precipitation of secondary copper minerals (carbonates,
silicates, and oxides) and through the secondary adsorption of copper onto organic matter.
Precipitation is the formation of a solid (mineral) from dissolved constituents in groundwater, and
adsorption is a process where dissolved metal adheres to the surface of organic particles (USDA
Forest Service and DEQ 2012).

The geochemical conditions at the Troy Mine tailings impoundment conducive to metals
attenuation and removal included neutral to alkaline pH, oxidizing conditions, the presence of
moderate amounts of dissolved silica, bicarbonate, and low to moderate amounts of organic
material (Hydrometrics 2010). The metals that were attenuated or reduced at the Troy Mine
tailings impoundment area included antimony, arsenic, copper, and lead. Comparing decant pond
water concentrations to those collected in the adjacent downgradient groundwater at the Troy
Mine, Hydrometrics (2010) reported a 50 percent reduction in antimony concentrations, an order
of magnitude (10 times) reduction in copper concentrations, and reduction to undetectable
concentrations for arsenic. Cadmium, mercury, and silver were not detected in either the Troy
Mine decant pond water or the underlying shallow groundwater. Based on scientific literature,
Hydrometrics (2010) concluded that if higher concentrations of cadmium, mercury, or silver
occurred in the decant pond water, the necessary geochemical conditions existed to attenuate and
remove these metals.

Camp Dresser and McKee (2010) completed a study of the Troy Mine decant ponds for the DEQ
designed to evaluate whether other attenuation or removal mechanisms of metals that would
occur in the event that the initial mechanisms, such as precipitation, became less effective. These
secondary attenuation processes would occur when oxygen-rich mine water from the decant
ponds mixed with groundwater. When oxygen-poor groundwater contains iron, dissolved iron
precipitates from solution as iron hydroxide (a solid mineral). When the iron hydroxide
precipitates, it facilitates removal of other metals from water by co-precipitation. Specifically, the
2010 Camp, Dresser and McKee study evaluated the following: whether dissolved iron in
groundwater would precipitate as iron hydroxide; whether dissolved iron that precipitates would
help remove copper and other metals (co-precipitation) from mine waters; and the quantity of
other metals that would be removed with the iron. The evaluation consisted of computer
geochemical modeling based on the quality of mine water and the groundwater under the tailings
impoundment; and bench-scale jar testing using varying proportions of mine water and
groundwater. The computer modeling showed that between 98 and 100 percent of the iron would
precipitate in response to mixing of the waters, while the laboratory tests showed that
precipitation of the iron resulted in the removal of 73 to 98 percent of the copper and 11 to 59
percent of the antimony (Camp Dresser and McKee 2010).

Schafer developed a paste tailings seepage model (Schafer 2014) for the tailings facility proposed
for the Rock Creek Project. In general, chemical loading in groundwater beneath the paste facility
would increase throughout the Operations Phase as the tailings footprint expanded, reaching a

peak near the end of operations. Nitrate would have the largest relative increases in concentration.
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Other parameters for which concentrations would increase are sodium, potassium, chloride,
sulfate, ammonia, and aluminum. The model predicted virtually no changes in ambient
groundwater concentrations of arsenic, antimony, cadmium, copper, lead, and silver beneath the
paste facility due to the significant sorption capacity for these parameters in the glaciolacustrine
materials beneath the proposed Rock Creek Project tailings facility. Similar glaciolacustrine
materials underlie the center and eastern portion of the both Montanore impoundment sites
(Figure 65). Although site differences preclude a direct comparison between the tailings facility at
the Troy Mine and the Rock Creek Project, studies at both sites suggest attenuation may
significantly reduce some metal concentrations in groundwater at the Little Cherry Creek and
Poorman Impoundment Sites.

Based on the mass balance calculations, seepage of impoundment water is predicted to increase
the manganese concentration in groundwater under the tailings impoundment. Oxygenation of the
water stored as surface water in the impoundment would cause the precipitation of manganese
oxide and a decrease in the dissolved manganese concentration in the impounded water.
Therefore, the predicted manganese groundwater concentration based on the mass balance
calculation may be higher than would actually occur. The predicted manganese concentration
exceeds the BHES Order limit. Although the manganese concentration may exceed the BHES
Order limit beneath the impoundment, all groundwater containing elevated concentrations would
be intercepted by the pumpback wells and returned to the mill or treated and discharged. The
pumpback well system would minimize the effect to groundwater quality and prevent the
movement of the tailings seepage water to any surface water.

In all mine alternatives, a MPDES permitted outfall would not be required for the tailings
impoundment seepage because seepage reaching groundwater would be collected by the
pumpback system and not discharged to surface water. The discharge to groundwater beneath the
impoundment would be authorized by a DEQ Operating Permit and a seepage recovery zone
would encompass the impoundment footprint and extend to the pumpback wells, if installed.
MMC requested a source-specific groundwater mixing zone for the tailings impoundment in
Alternative 2 (Geomatrix 2007b). The DEQ would make the same determinations regarding a
mixing zone as it would for discharges at the LAD Areas.

LAD Areas

Groundwater quality beneath the LAD Areas would not be affected because discharge to the LAD
Areas would not occur during operations.

Surface Water
West Side Streams, Lakes, and Springs

Mine dewatering and the resulting drawdown of bedrock groundwater may subtly change the
water quality of various water bodies, such as the East Fork Rock Creek, Rock Lake, East Fork
Bull River, and springs and seeps. Reducing the source of deeper groundwater may reduce the
concentration of some anions and cations in surface water, such as sodium, calcium, potassium,
bicarbonate, magnesium, chloride, and sulfate. If such a water quality change occurred, it would
be detectable only during low flow periods when bedrock groundwater is the major source of
supply to surface water. Even at low flows, the changes in water quality may be difficult to
measure.
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Maximum modeled nitrogen emissions from the exhaust adit at the Libby Adit Site during
operations in Alternative 2 are predicted to exceed deposition analysis thresholds at Upper Libby
Lake, Lower Libby Lake, and Rock Lake. Maximum sulfur deposition impacts were less than the
deposition analysis thresholds at Lower Libby Lake and Rock Lake and greater than the
deposition thresholds at Upper Libby Lake (see Table 55, p. 307). Upper Libby Lake with very
low ANC values would be at risk of becoming more acidic in Alternative 2. Deposition of sulfate
to sensitive watersheds may result in leaching of base cations, soil acidification, and surface-
water acidification. In some soils, sulfate adsorption may result in delayed acidification of surface
waters. Deposition of excess nitrogen species (nitrate and ammonium) to both terrestrial and
aquatic systems can result in acidifying streams, lakes, and soils. Increased nitrogen deposition
can cause phytoplankton species that use nitrogen more efficiently to eventually dominate a lake
(USDA Forest Service et al. 2010).

East Side Streams, Lakes, and Springs

Mine Dewatering and Discharges. The effects on streams, springs, and seeps due to mine
dewatering would be the same as described for west side surface water. No lakes in the Libby
Creek watershed would be affected by mine dewatering. Discharges of mine, adit and tailings
impoundment water from the LAD Areas and the Water Treatment Plant during operations were
not proposed because the water would be used for milling purposes. If sustained inflows higher
than those predicted by the 3D model occurred during the Operations Phase, MMC would
implement excess water contingency actions, such as increased grouting, increased sprinkler
evaporation at the impoundment, increased storage in the impoundment, or, if necessary,
treatment and discharge at the Water Treatment Plant. Discharges would likely be less than the
rates during the Construction, Closure, and Post-Closure Phases, and water quality effects would
be less than predicted for those phases. If no water were treated and discharged during operations,
Water Treatment Plant discharges in Alternative 2 would not affect suspended sediment
concentrations in Libby Creek or fine sediment levels in the Libby Creek substrate.

The pumpback wells downslope of the Little Cherry Creek tailings impoundment would reduce
streamflow in Libby, Little Cherry and likely Bear creeks. The pumpback well system would
likely eliminate the 7Q;, flow in the diverted Little Cherry Creek and substantially reduce the 7Q,
flow. Flow below the Seepage Collection Dam in the former Little Cherry Creek channel would
also be substantially reduced. Shallow groundwater at the impoundment site has higher total
dissolved solids, nitrate, and metal concentrations than Libby Creek. The flow reduction in Libby
Creek and Bear Creek would be less than 10 percent of the estimated 7Qy, flow. It is likely that
changes in the water quality of Libby Creek and Bear Creek during operation of the pumpback
wells would not be detectable.

Effects of Runoff from Roads. Sediment delivery from access roads to analysis area streams
would be the same as discussed for the Construction Phase. BMPs and monitoring would be
implemented to minimize sediment reaching streams. Road closures proposed in Alternative 2
would not reduce sediment reaching streams.

As part of MMC’s Fisheries Mitigation Plan (see section 2.4.6.2, Fisheries), MMC may conduct a
sediment-source inventory in the watershed, and stabilize, recontour, and revegetate priority
source areas, which are typically roadcuts in Libby, Hoodoo, Poorman, Midas, and Crazyman
creeks. If selected as part of the Fisheries Mitigation Plan, these measures would reduce sediment
to area streams.
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Risks of Impoundment Failure during Construction, Operations, and Closure. The agencies
evaluated the risks associated with impoundment failure during the Construction, Operations, and
Closure Phases using a failure modes effects analysis (Klohn Crippen Berger 2009). The analysis
identified potential failure modes of all project components. For each failure mode, the agencies
estimated the likelihood of occurrence and likely consequences to determine an overall risk level.
The risk level integrated likelihood and consequences. The analysis included a discussion of risk
management plans.

The assessment evaluated the main dam, the impoundment and associated facilities, tailings and
water transport, and closure. Most of the risks associated with impoundment construction,
operations, and closure were low or inconsequential. The assessment identified three failure
modes for the Little Cherry Creek impoundment with moderately low risks that had the potential
to cause water quality effects. The effect of these failure modes would adversely affect
groundwater quality beneath the impoundment or surface water in former Little Cherry Creek or
Libby Creek.

The failure mode with the highest consequence was failure of the tailings dam due to the
liquefaction of the loose glacial outwash layer beneath the tailings impoundment under seismic
loading (result of an earthquake). The likelihood of liquefaction of the glacial outwash layer is
discussed in section 3.14.3 of the Geotechnical section. Should such a failure occur, sediment,
tailings, and impoundment water would be uncontrollably released to the environment. The
volume of material released and the effect of the release on the environment cannot be predicted,
and would depend on many factors, including the type of failure, size of the tailings
impoundment at the time of failure, volume of water associated with the failure, and the initial
volume and character of the sediments, and the character of concurrent releases from other
sources. Under the worst-case scenario, tailings impoundment water containing dissolved metals
and reagent residues, and large masses of tailings and sediment would flow into the Libby Creek
stream channel. Some of the material would probably remain in the channel for an undefined
period of time following failure, while the liquid and remaining solids would be carried
downstream. Water quality would be substantially affected. Subsequent to any such failure,
seasonal high flows would continue to wash most of the remaining material downstream. Most of
the fine sediment from any such catastrophic failure would probably persist in the Libby Creek
watershed for many years.

Another potential risk is the release of tailings from a tailings pipeline leak. For example, at the
Troy Mine, a recent failure released about 45 tons of tailings into a nearby creek. Suspended
sediments were briefly observed for more than 14 miles downstream to the Kootenai River. The
failure was caused by a 2-centimeter hole in tailings pipeline. This section of pipe now is
equipped with a secondary containment structure. The Troy Mine pipeline is polymer lined
single-walled pipe buried over much of its length, with a pressure-sensitive leak detection system.
The line has some secondary containment at its midpoint, and some secondary containment at
stream crossings. In Montanore, the greatest risk would be at the crossings of Ramsey Creek and
Poorman Creek. The pipelines would not be buried at the Ramsey Creek or Poorman Creek
crossings, but would be in a lined, covered trestle adjacent to the bridge. The creek crossings
would have secondary containment built into the crossings besides the double-walled pipe. The
containment would be covered and drain toward a designed sump or tank system. Valves would
be installed on either side of the crossings to minimize the quantity of tailings that would reach
the creek. Should the tailings reach a creek, water quality would be substantially affected.
Subsequent to any such failure, seasonal high flows would wash most of the remaining material
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downstream. Most of the fine sediment from any such failure would probably persist in the Libby
Creek watershed for many years.

Risk of Water Collection and Treatment System Failure. The agencies analyzed the risk and
potential effects of water collection and treatment system failure (ERO Resources Corp. 2015c).
In Alternative 2, MMC committed to implementing seepage control measures, such as pumpback
recovery wells, if required to comply with applicable standards. The pumpback well system could
fail to operate as designed because of a power failure or pump failure. Backup generators at the
Libby Adit would be available for pumping should the transmission line be unable to provide
power. Individual pump failure would be managed by maintaining an inventory of spare pumps.
Groundwater pumping would create a large cone of depression downgradient of the
impoundment. Should the pumpback well system completely fail, water levels would slowly rise
and tailings seepage mixed with groundwater would flow toward the monitoring wells, where
increased concentrations may be detected. Groundwater would then flow toward former Little
Cherry Creek and Libby Creek in Alternative 2. In the Little Cherry Creek Tailings Impoundment
Site, the hydraulic conductivity of the glaciofluvial deposits ranges 0.0028 to 5.3 ft/day
(Geomatrix 2006c). The former Little Cherry Creek channel would be 1,200 feet from the toe of
the impoundment or 900 to 1,100 feet from the pumpback wells. A prolonged power outage or
equipment failure would be necessary before groundwater levels recovered sufficiently to allow
tailings seepage to reach surface water.

The effect on metal concentrations in Alternative 2 would not be detectable if metals were
attenuated as suggested by the Rock Creek Project seepage model or Troy Mine monitoring. The
extent of attenuation at either impoundment site may be less than modeled at the Rock Creek
Project site. If no metal attenuation occurred, predicted concentrations of cadmium, copper, and
lead in the former Little Cherry Creek would exceed chronic aquatic life standards; the acute
aquatic life standard for copper in former Little Cherry Creek is also predicted to be exceeded.
Nitrogen and phosphorus compounds would not be expected to be attenuated and total nitrogen
and total phosphorus standards in former Little Cherry Creek are predicted to be exceeded. No
exceedances of aquatic life standards are predicted for Libby Creek in Alternative 2.

MMC would use the Water Treatment Plant at the Libby Adit Site or install a new water treatment
facility at the Ramsey Plant Site if necessary to meet MPDES permitted effluent limits. The Water
Treatment Plant would not be used during the Operations Phase in Alternative 2. The agencies
concluded that two scenarios—discharge of untreated mine, adit, or tailings water because of a
loss of all power and discharge of untreated mine, adit, or tailings water because of inadequate
capacity—are not supported by credible scientific evidence (ERO Resources Corp. 2015c). The
only plausible water treatment plant failure scenario for which credible scientific evidence exists
is a brief failure of the water treatment plant to operate as designed. MMC would likely cease
discharges if the plant failed, and store the water until the plant was repaired and the discharge
water quality met effluent limits. The draft renewal MPDES permit (DEQ 2015b) requires weekly
sampling and analysis of some parameters and monthly sampling and analysis for metals, so any
exceedances of the effluent limits would not last longer than about a month.

During plant malfunction, chronic aquatic life standards for total nitrogen, total phosphorus,
cadmium, copper, and lead are predicted to be exceeded in Libby Creek at and below LB-300 in
all alternatives. Exceedances of chronic aquatic life standards for total phosphorus, cadmium,
copper, and lead would extend to LB-2000. Chronic aquatic life standards are based on a 96-hour
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exposure and can only be exceeded, on average, once in a 3-year period (DEQ 2012a). No acute
aquatic life standards are predicted to be exceeded.

The draft renewal MPDES permit requires MMC to notify the DEQ as soon as possible, but no
later than 24 hours from the time MMC first became aware of the circumstances of any serious
incident of noncompliance with the MPDES effluent limits. Serious incidents include any
noncompliance which may seriously endanger health or the environment; any unanticipated
bypass which exceeds any effluent limitation in the permit; or any upset which exceeds any
effluent limitation in the permit. In all alternatives, the Water Treatment Plant operator would
have a Montana Water and Wastewater Operator Certification. The operator would oversee the
daily operation of the plant. The MPDES permit conditions and required certification would
reduce the potential for exceedances of water quality standards from a Water Treatment Plant
malfunction.

Risk of Accidental Spills and Ruptures. In all alternatives, MMC would use non-hazardous and
small amounts of hazardous materials in its operations, including reagents during milling
(potassium amyl xanthate, methyl isobutyl carbinol, and polyacrylamide), lubricants, fuel, and
blasting agents. Material safety data sheets for the proposed reagents are presented in MMC’s
Plan of Operations (MMI 2005a, MMC 2008).

The agencies evaluated the risk associated with several possible accidental spill failure modes,
such as loss of fuel at the plant site from equipment failure or operator error, spills of materials
along access roads from accidents or operator error, and spills of concentrate between the plant
site and Libby Loadout (Klohn Crippen Berger 2009). A spill or release may result in short-term
water quality degradation of area streams. The effect would depend on the response time for
cleanup, the toxicity of the material spilled, the size of the spill, how much entered the creek, and
how much dilution occurred within the stream. The risk level for the evaluated accidental spill
failure modes was low or inconsequential (Klohn Crippen Berger 2009). MMC would implement
an Emergency Spill Response Plan in the event of any spill or release.

A rupture or break in either the proposed tailings slurry or return water pipelines may result in
short-term water quality degradation. All pipelines would be encased in larger pipes at stream
crossings, and emergency storage areas would be provided in critical reaches along the utility
corridor. Slurry lines would be continuously operated and monitored at the ore concentrator at the
mill. In the event that pipeline leakage occurred, the system would be shut down and immediately
repaired. Impacts for major ruptures would depend on the location of the rupture and the response
time for cleanup. The agencies evaluated the risk associated with tailings slurry or return water
pipelines. Based on the proposed pipeline design, the risk level associated with failure of tailings
slurry or return water pipelines leading to the Little Cherry Creek impoundment was low (Klohn
Crippen Berger 2009).

3.13.4.2.3  Closure and Post-Closure Phases (Years 25+)

Groundwater

Mine Area

During the Closure Phase in Alternative 2, the adits would be plugged at the surface, and
groundwater would begin to fill the mine and adit void. The 3D model predicted that the mine

void and adits would require about 490 years to fill. Groundwater in the vicinity of the mine
would continue to flow toward the mine void until the regional potentiometric surface recovered
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to near pre-mining conditions after a predicted 1,150 to 1,300 years after mining ended. The
actual time to recover to steady state may be shorter or longer based on actual adit and mine
inflow rates and adit plug locations, and would be re-evaluated using the 3D model after
additional data were collected during the Evaluation Phase. Groundwater quality would not be
affected during the Closure Phase.

For adits from which water may discharge after mine closure, a water-retaining plug would be
installed in competent bedrock. Design of the water-retaining plug would be determined by
hydrologic and geotechnical data. Because water-retaining plugs can be located deeper into the
adit than a dry plug, the adits from the portal to the plug would be backfilled. Final plugging
design for “wet” openings would be prepared for the agencies’ approval before cessation of
operations.

The agencies anticipate the quality of the post-closure mine water would be similar to the Troy
Mine water quality when it was not operating (Appendix K-8). The potentiometric surface would
begin to recover, but water would continue to flow toward the mine void for hundreds of years.
Eventually, water may begin to flow out of the mine void, mix with groundwater in saturated
fractures, react with iron oxide and clay minerals along an estimated 0.5-mile or greater flow
path, undergo changes in chemistry due to sorption of trace elements and mineral precipitation,
and, without mitigation, and flow at a predicted rate of 0.07 cfs (32 gpm) as baseflow to the East
Fork Bull River. Using all available hydrologic data collected during mining, mitigation (low
permeability barriers in the mine) would be designed to minimize post-mining streamflow
changes in the East Fork Rock Creek and East Fork Bull River.

Tailings Impoundment Area

During the Closure Phase, the tailings would continue to consolidate and MMC would begin
reclamation of the impoundment. MMC estimates it would take up to 20 years for settling and
consolidation at the tailings impoundment to stop and to completely reclaim the tailings
impoundment surface. MMC would continue to operate the seepage collection system and
pumpback wells until BHES Order limits or applicable nondegradation criteria were met without
treatment. As adjacent compliance wells met applicable standards, individual pumpback wells
may be shut down and adjacent compliance wells would continue to be monitored. As a result,
long-term water treatment and surface water and groundwater quality monitoring may be
required. The Water Treatment Plant and LAD Areas would continue to be used for treatment of
water collected by the seepage collection and pumpback well systems. Effects on groundwater
guality would be similar to the Operations Phase.

Seepage from the tailings impoundment reaching groundwater is estimated to decrease from 25
gpm to 17 gpm about 10 years after closure, stabilizing at 5 gpm at steady state conditions (Klohn
Crippen 2005). The effect on groundwater quality under the tailings impoundment at a seepage
rate of 25 gpm during the Operations Phase and 5 gpm when the seepage rate is estimated to
stabilize is provided in Table 128. Water quality effects during the Closure and Post-Closure
Phases when the seepage rate would be decreasing, before stabilizing at 5 gpm, would be less
than shown for operations and greater than shown for steady state conditions. The analysis
predicted that the water quality standard for antimony and the BHES Order limit for manganese
would be exceeded at both the 25 gpm and 5 gpm seepage rates. The manganese exceedance of
the BHES Order limit is due in part to the ambient groundwater manganese concentration
exceeding the BHES limit. As discussed under the Operations Phase, the predicted antimony and
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manganese groundwater concentrations based on the mass balance calculation may be higher than
would actually occur because of attenuation. Water quality beneath the impoundment would
improve slowly over time as infiltrated precipitation mixed with water retained in the
impoundment, and water quality concentrations in groundwater after mixing beneath the tailings
impoundment would be less than shown in Table 128. MMC would maintain and operate the
necessary seepage collection facilities (underdrain system and pumpback wells) until BHES
Order limits or applicable nondegradation criteria were met, without treatment, in all receiving
waters. MMC also would continue water monitoring as long as the MPDES permit was in effect.
As long as post-closure water treatment was required, the agencies would require a bond for the
operation and maintenance of the water treatment facilities. The length of time these closure
activities would occur is not known and may be decades or more.

LAD Areas

The projected effects on groundwater under the LAD Areas after mill operations ceased are
provided in Table 124. Total dissolved solids, nitrate, and dissolved antimony, arsenic, barium,
beryllium, cadmium, and manganese concentrations are predicted to exceed one of the applicable
criteria. The manganese exceedance of the BHES Order limit is due in part to the ambient
groundwater manganese concentration exceeding the BHES Order limit. The predicted dissolved
metal concentrations may be higher than would actually occur because they may be attenuated or
removed. As infiltrated precipitation mixed with water in the tailings impoundment, the quality of
collected tailings seepage water sent to the LAD areas would improve, and the concentrations
beneath the LAD Areas would be less than those shown in Table 125, Table 126, and Table 127.
The length of time tailings water may be discharged at the LAD Areas is not known and may be
decades or more. Water quality beneath the LAD Areas would return to pre-mine conditions soon
after discharges to the areas ceased.

Libby Adit Area

Water treated at the Water Treatment Plant (up to 500 gpm in Alternative 2) may be discharged to
groundwater via a percolation pond or infiltration gallery located in the alluvial adjacent to Libby
Creek. The expected quality of the treated water would be below groundwater BHES Order limits
and nondegradation criteria. The length of time water may be discharged from the Water
Treatment Plant is not known and may be decades or more. Groundwater quality would return to
pre-mine conditions soon after discharges to the percolation pond or infiltration gallery ceased.

Surface Water
West Side Streams, Lakes, and Springs

Effects on west side streams, lakes, and springs would persist through the Closure and Post-
Closure Phases as mine dewatering would continue to reduce the potentiometric surface. Without
mitigation, the largest reductions in deep bedrock groundwater discharge to springs, the East Fork
Rock Creek, Rock Lake, and East Fork Bull River would occur about 16 years after mine closure.
After that time, groundwater discharges to surface would begin to increase as the potentiometric
surface was recovering. Reduced bedrock groundwater entering surface water may reduce the
concentration of some anions and cations in surface water, such as sodium, calcium, potassium,
bicarbonate, magnesium, chloride, and sulfate. Whether water quality changes would be
detectable or could be separated from natural variability is unknown. Based on previous studies
of Rock Lake (Gurrieri 2001, Gurrieri and Furniss 2004), the water quality in Rock Lake may
change due to the reduction in deep bedrock groundwater, and may be detectable if mitigation to
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reduce effects on Rock Lake were not implemented. The lake could become somewhat more
acidic, could lose some of its buffering capacity, and the loads of nutrients (especially nitrate),
sulfate, calcium, magnesium, sodium, and silicon dioxide could be reduced. These changes could
reduce nutrient availability to phytoplankton in Rock Lake.

If mine void water flowed to the East Fork Bull River after mine closure, it is not likely that
changes in water quality in the river would be detectable. The effect cannot be accurately
quantified without additional information from the underground mine. To develop a quantitative
estimate of the actual effect, MMC would monitor the chemistry within the underground
workings, evaluate downgradient groundwater flow and chemistry within bedrock fracture
systems, and monitor baseflow in the East Fork Bull River (see Appendix C, Water Resources
Monitoring).

Nitrogen and sulfur emissions from the mine’s exhaust adit at the Libby Adit Site would
substantially decrease when underground mining ceased and would end when all underground
mobile equipment ceased operating.

East Side Streams, Lakes, and Springs

Water Quality. Without mitigation, the largest reductions in deep bedrock groundwater discharge
to springs and streams in the Libby Creek watershed would occur about 3 years after mine
closure. Reduced bedrock groundwater entering surface water may reduce the concentration of
some anions and cations in surface water, such as sodium, calcium, potassium, bicarbonate,
magnesium, chloride, and sulfate. Whether water quality changes in Libby Creek above the Wa