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Mine Water Sources and Characteristics
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1. Description of Mine Water Sources and Characteristics

le Project will have an extensive water management program. Figure 1 shows the

wastewater treatment plant (WWTP), and the treated water infiltration system (TWIS). Mine
water streams will be generated during construction, operation, and closure of the Eagle Project.
Each of the major sources of mine water is discussed in more detail below.

1.4 Operational Water Sources and Characteristics
1.1.1 Mine Drainage

Sources of water inflow to the mine will include groundwater infiltration into the mine, water
vapor contained in ventilation air, utility water used in mining operations, and water contained in
the mine backfill material. The flows from the mine will include mine drainage, water vapor
contained in ventilation air exiting the mine, and water retained in the ore brought to the surface

for processing.

The mine drainage water will primarily consist of a composite of groundwater that infiltrates into
the mine and utility water used in the mine for dust suppression and for operation of mining
equipment. Drainage from the mine backfill material is anticipated to be negligible and is not
included in the water balar The mine drainage water will be collected in underground sumps
and will be pumped to the CWBs.

Two sources of groundwater are anticipated to be encountered during development and operation
of the mine. The primary source will be groundwater that flows from the upper bedrock into the
upper mining levels. The upper bedrock groundwater is expected to be encountered during both
the mine development and mine operation phases and will represent the bulk of the water
pumped from the mine. The second source of groundwater is saline water, that is contained
ithin weakly connected and widely spaced fractures in the lower bedrock formation, and which
untered most significantly during development of the mine.

For WWTP design purposes it has been assumed that 250 oundwater will be flowing

into the mine. This inflow rate exceeds the upper bound or p ow estimate (o > gpm).

The chemical characteristics of the groundwater in the area of the Eagle Project were determined
from background groundwater sampling and analysis work conducted by Golder Associates, Ltd.
and is

-acteristics for the upper bedrock groundwater. Samples from testing of deep
tion holes were used to determine the chemical characteristics of the stored saline water
\ cted and widely spaced fractures in the lower bedrock. Table 1-1 summarizes
the groundwater sampling data for both the upper bedrock groundwater and the stored saline
groundwater in the lower bedrock.
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Table 1-1

Mine Drainage Water Characteristics
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Sodium, pg/l 970,000 1,000
Strontium, pg/l 4.800 A 20
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Thallium, pg/l not analyzed not analyzed 8.0
Vanadium, pg/l not analyzed not analyzed 7.0
Zinc, pg/l ) 165
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-114 m in Attachment 1)
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Incremental change is estimated increase due to blasting residuals.
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Prepared by: JJF1
Checked by: SVDI
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The chemical characteristics of the composite mine drainage water will depend on the

backgrounc teristics of the groundwater that infiltrates into the mine and the impact of
groundwater contact with the mine workings. The mine drainage water will contain readily
soluble substances, mineral oxidation products, and colloidal materials that will result from the
short-term reactions between water and materials within the mine. The incremental increases in
the concentrations of the various constituents of the groundwater, due to contact with the mine
workings. were calculated based on geochemical characterization studies conducted by
Geochimica. Inc. as described in Attachment 2 and summarized in Table 1-1.

The estimated chemical characteristics of the mine drainage water are shown in Table 1-1. The
values shown were calculated as a composite of the upper bedrock groundwater and the saline
groundwater in the lower bedrock using the indicated constituent concentr ations for each
groundwater source and using the indicated percentage of total mine inflow indicated for each
groundwater source. Additionally, the mine drainage water chemical characteristics include the
incremental increases in the concentrations of the individual chemical constituents due to contact
of the groundwater with the mine workings. The distribution of groundwater inflow to the mine
from the two groundwater sources was based on the mine inflow modeling by Golder Associates,
Ltd.. provided in Attachment 3 and represents the worst case condition where the stored saline
water is at a maximum percentage of the total mine inflow. Table 1-1 conservatively assumes
that 45% of the inflow is saline water from the deep bedrock. The mine utility water is estimated
to have the same water chemistry as the composite mine drainage water.

Although ammonia and nitrates are not anticipated to occur in the groundwater in significant

concentrations, they will be present in the mine drainage water as byproducts from blasting
operations. Ammonia and nitrate concentrations in the mine drainage water were estimated
based on information supplied by Kennecott from other representative mines. The estimated
ammonia and nitrate concentrations for the mine drainage water are shown in Table 1-1.

1.1.2 Water from Temporary Development Rock Storage Area

Rock removed during development of the mine access workings will be stored at the tempor
development rock storage area (TDRSA) as shown on Figure 1. This material will be ame

with limestone and temporarily stored during the operations of the mine. The amended
development rock will ultimately be used as mine backfill material. The TDRSA will be a lined
facility designed to capture any precipitation falling within the perimeter of the storage area.

Any water that accumulates in the TDRSA will be transferred to the CWBs and discharged to the
WWTP.

Water coming in contact with the stored development rock may contain readily soluble
substances. mineral oxidation products, and colloidal materials that will result from the short-
term reactions between water and rock materials. The chemical characteristics of the TDRSA
contact water were calculated based on characterization studies conducted by Geochimica. Inc.
and are included in Attachment 2. The chemical characteristics for the contact water from the
TDRSA are shown in Table 1-2.
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Table 1-2
Contact Water Characteristics

N TDRSA Contact Influent
W astewa ter®
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- A ——————

Aluminum, |
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Thallium
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Composite mine drainage water characteristics are from Table 1-1 of this report.
Attachment 2
@ Attachment 4
Prepared by: JJF1
Checked by: SVDI
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1.1.3 Runoff from Other Areas of the Mine Site

The main operations area is shown on Figure 1 and includes the fuel storage area, the ore crusher
area, the laydown area, the truck wash and scale area, the lab and maintenance building, and
other areas in which the runoff could come in contact with process equipment and materials.
Storm water runoff from the main operations area will generally contain suspended solids and
other substances related to the materials stored in the area. The runoff from the main operations
area will be collected in the CWBs and, for design purposes, is conservatively estimated to have
the same water chemistry as the combined contact water listed in Table 1-2.

During construction and operation of the mine, non-contact storm water runoff will be generated
in areas where the runoff will not come in contact with process equipment. materials, or
chemicals. Non-contact storm water runoff will be generated in areas such as:

Construction staging/soil storage area
Roadways to and from the site

Employee parking lot areas

Roof of mine office and warehouse building

The non-contact runoff areas are shown on Figure 1. Four non-contact water infiltration basins
(NCWIB) will be provided to accommodate runoff. One basin will be located in the northwest
area of the main site and will receive runoff from the construction s i

second and third basins will be located southeast of the main site along the acc oad and will
receive runoff from the office/warehouse and emplo ot areas. The fourth basin will
be located at the aggregate backfill site and will receive runoff from the clean backfill surface
facility.

Note that the CWBs and NCWIBs are d

combined rapid snow melt and spri

capacity exists to store peak runoff from the main ope .

WWTP. In the case of the NCWIBs, tl sins have been sized to accommodate peak runoff
events from non-contact areas. NCWIBs are designed to allow the collected storm water to
infiltrate to groundwater.

1.1.4 Potable Water Supply and Sanitary Wastewater

A potable water system will be provided to supply potable water to the site buildings, the lab,
and to the mine. A well, pump, fresh water tank, and distribution system will be provided for
potable water. KEMC plans to use well QAL011D (See Figure 1 in Section 1) as a potable well
for the project and will apply for a Type II Non-Transient Non-Community Water Supply Permit
from the Marquette County Health Department.

Sanitary waste generated by toilets, sinks and showers at the site will be routed to on-site septic
system. The septic system will include settling tanks and buried infiltration fields per R
323.2210(a)(ii). KEMC plans to apply for a septic system permit from the Marquette County
Health Department.
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Wastewater will be generated from the laboratory and shops. The wastewater generated in the
laboratory will include small amounts of laboratory chemicals used in ore analysis and in
analysis of wastewaters. Wastes generated in the laboratories will be disposed of off-site by a
qualified contractor or will be discharged to the CWBs and processed though the WWTP.

Wastewater generated in the shops will include small amounts of grease and oil, metal shavings,
other particulate materials, and wash water. Most of the grease will be captured in traps. These
wastewaters will be discharged to the CWBs and processed through the WWTP.

1.2 Water Balance

A detailed water balance has been developed for the Eagle Project. Water inputs for the water
balance include groundwater inflow to the mine, water contained in ventilation air entering the
mine, and storm water runoff from the main operations area. Water uses shown on the water
balance include mine utility water. truck washing, ore crushing operations, and mine backfilling
operations. Water discharges for the water balance include evaporation fi ,
retained in the mine backfill material, water contained in ventilation air exiting the mine, and
treated water discharged to the TWIS.

Potable water for sanitary uses will be obtained from an on-site well. Sanitary wastewater will
be collected, treated, and disposed of separately from mine groundwater inflow water and storm
water runoff from the main operations area.

The water balance on Figure 2 shows peak water flow conditions. The key parameters used in
development of the water balance are as follows:

¢+ The WWTP design basis groundwater inflow into the mine of 250 gpm. This exceeds
the upper bound inflow of 215 gpm based on modeling by Golder Associates, Ltd.
(Attachment 3).

Annual average operations area storm water runoff is based on maximum annual

precipitation of 54 in/yr for record period from 1948 to 2004; (Data source: National

oration of 19 in/s
Data Source: USDA, Natural R 3 >e). Marquette County
evaporation rates were used as they are likely the most representative of annual
evaporation losses at the site.

Mine ventilation inflow and exhaust water rates.
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The water balance on Figure 3 shows average annual precipitation and expected case mine
inflow conditions. The key parameters used in development of the average inflow water balance
are as follows:

Expected groundwater inflow into the mine of 75 gpm based on modeling by Golder
Associates, Ltd. (Attachment 3).

Annual average operations area storm water runoff is based on average annual
precipitation of 33 in/yr for record period from 1948 to 20 Data source: National
Weather Service, Houghton, Michigan). Precipitation data from Houghton was used
since it receives similar amounts of snowfall as the Project Site.

Average annual evaporation losses from CWBs based on average annual free water
surface evaporation of 19 in/yr; (Average Annual Evaporation for Marquette County,
Data Source: USDA, Natural Resources Conservation Service). Marquette County
evaporation rates were used as they are likely the most representative of annual
evaporation losses at the site.

Mine ventilation inflow and exhaust water rates.

Water flows associated with precipitation and runoff from non-contact areas of the site have been
excluded from the water balances because these flows are solely dependent on precipitation and
will be routed to natural drainage ways at the site. The small amounts of evapotranspiration

from the site have been excluded from the site water balance because these flows are minor
compared to the other water flows described previously and would not significantly affect the
site water balance.
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