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September 30, 1999

Mr. Paul Luebke

Wisconsin Department of Natural Resources
Bureau of Watershed Management

101 South Webster Street

P.O. Box 7921

Madison, WI 53707-7921

Dear Mr. Luebke:

Re: Crandon Project - Preliminary Engineering Report for Wastewater Treatment
Facilities

Nicolet Minerals Company (NMC) is pleased to submit the enclosed updated pages for the
Crandon Project's Preliminary Engineering Report for Wastewater Treatment Facilities
(PER). The update has been prepared on behalf of NMC by Foth & Van Dyke and
Associates, Inc.

NMC has distributed the information to appropriate state and federal agencies, to local
officials, and to various interested parties. It is our understanding that the Wisconsin
Department of Natural Resources (WDNR) and the U.S. Army Corps of Engineers
(USCOE) will be responsible for distribution of the updates to their appropriate staff
members.

The enclosed pages are considered to be an update to the project's PER according to Items
4 through 7 on the attached reference list. Items 1 through 3 were submitted previously.
The reference list serves as a log and reference identifying changes made to the PER by
NMC throughout the permitting process. If additional revisions are made, they will be
added to the attached list in sequential order, and the list will be forwarded with the
changes.
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Mr. Paul Luebke
Wisconsin Department of Natural Resources

September 30, 1999
. Page 2

If you or your staff have any questions regarding these updates, please contact me at
(715) 478-3393.

Sincerely,

Gordon Reid
Manager of Engineering
Nicolet Minerals Company
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April 9, 1999

Mr. Paul Luebke

Wisconsin Department of Natural Resources
Bureau of Watershed Management

101 South Webster Street

P.O. Box 7921

Madison, WI 53707-7921

Dear Mr. Luebke:
Re: Crandon Project - Preliminary Engineering Report for Wastewater Treatment Facilities

Nicolet Minerals Company (NMC) is pleased to submit the enclosed updated pages for the Crandon
Project's Preliminary Engineering Report for Wastewater Treatment Facilities (PER). The update
has been prepared on behalf of NMC by Foth & Van Dyke and Associates, Inc.

NMC has distributed the information to appropriate state and federal agencies, to local officials, and
to various interested parties. It is our understanding that the Wisconsin Department of Natural
Resources (WDNR) and the U.S. Army Corps of Engineers (USCOE) will be responsible for
distribution of the updates to their appropriate staff members.

The enclosed pages are considered to be an update to the project's PER according to Items 1

through 3 on the attached reference list. The reference list serves as a log and reference identifying
changes made to the PER by NMC throughout the permitting process. If additional revisions are
made, they will be added to the attached list in sequential order, and the list will be forwarded with the
changes.

If you or your staff have any questions regarding these updates, please contact me at (715) 478-3393.

Sincerely,

Gordon Reid
Manager of Engineering
Nicolet Minerals Company
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Mr. Paul Luebke

Wisconsin Department of Natural Resources v

Bureau of Watershed Management O (_(, =7 /
101 South Webster Street .L'I / 3 00 6‘
P.O. Box 7921

Madison, WI 53707-7921

Ms. Char Hauger

U.S. Army Corps of Engineers
St. Paul District

190 5th Street East

St. Paul, MN 55101-1638

Dear Mr. Luebke and Ms. Hauger:
Re: Crandon Project - Preliminary Engineering Report for Wastewater Facilities

Nicolet Minerals Company (NMC) is pleased to submit the attached updated report
titled Preliminary Engineering Report for Wastewater Treatment Facilities for its
Crandon Project. This report has been prepared in accordance with Chapter NR 108,
Wis. Admin. Code, and is submitted in conjunction with two additional updated
documents relating to surface water management. The first is a WPDES Permit
Application for the Crandon Project. The second is a Notice of Intent for Storm Water
Discharges Associated with the Crandon Project. The two documents have been
prepared pursuant to Chapter 147, Wis. Stat., and Chapter NR 216, Wis. Admin. Code,
respectively.

The report includes a brief description of the project, an identification of water and
wastewater streams associated with the project, and a discussion of how each of the
streams will be managed. Attached as appendices are three reports describing
completed treatability studies which provide data used in designing the project's
wastewater treatment facility. The final appendix includes a preliminary engineering
report for the project's proposed soil absorption system.
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Mr. Paul Luebke
Ms. Char Hauger -
November 24, 1998
Page 2

The Preliminary Engineering Report for Wastewater Treatment Facilities has been
prepared on behalf of NMC by Foth & Van Dyke and Associates, Inc. As noted on the
attached distribution list, NMC has distributed the document to appropriate state and
federal agencies, to local officials, and to various interested parties. It is our
understanding that the Wisconsin Department of Natural Resources (WDNR) and the
U.S. Army Corps of Engineers (USCOE) will be responsible for distribution to their
appropriate staff members.

NMC is requesting that the WDNR review this report as expeditiously as possible such
that permitting activities associated with the project can continue in a timely manner.

Sincerely,

Gordon Reid
Manager of Engineering
Nicolet Minerals Company

GR:cerl:lmc
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Nicolet Minerals Company
Preliminary Engineering Report for
Wastewater Treatment Facilities for the Crandon Project

Executive Summary

Introduction

Nicolet Minerals Company (NMC) plans to discharge treated water from its Crandon Project to a
soil absorption system located approximately 2 miles northeast of the project's plant site. Under
normal operating conditions, approximately 375 gallons per minute of treated mine water will be
discharged to the system. All discharged water will be treated and tested prior to discharge to
meet strict standards set by the Wisconsin Department of Natural Resources (WDNR). This
document describes the water management and water treatment systems that will be used to
comply with these strict standards.

Overview of Water Management Program

NMC's proposed water management program involves the reuse and recycling of water at the
project site to the maximum extent possible. Treatment facilities have been designed to protect
surface water and groundwater environments during construction, operation, and closure of the -
project.

Detailed water balances which reflect water inflow and outflow at each water management
facility on the project site have been developed. The water balances were prepared using
meteorological data, planned operating conditions, and expected mine inflow. The water balance
calculations consider average, minimum, and maximum conditions. The water balances helped
NMC to identify opportunities to maximize water reuse and recycling. The water balances also
identified that, despite water reuse and recycling, the project will generate an excess of water
which must be treated and discharged to the environment.

Alternatives Analysis

Several alternative discharge locations for treated water were reviewed for the project, including
a soil absorption system, Swamp Creek (downstream from Rice Lake), area lakes, the Wisconsin
River, and other area water bodies. As part of that process, water quality standards which apply
at each location and treatment technologies needed to meet the standards were evaluated. Based
on the initial evaluation, the following three alternatives were selected for a more detailed
evaluation:

. Discharge to a soil absorption system in the vicinity of the plant site.
. Discharge to Swamp Creek below Rice Lake.
. Discharge to the Wisconsin River at Hat Rapids Dam.

CER1\DML\LMC\93C049\GBAPP\64808.61\10000 ii



Discharge to a soil absorption system was selected as the recommended alternative based on the
following environmental, economic, and social factors:

. A discharge to groundwater would have no significant adverse effects on the
environment.

. A discharge to groundwater would avoid direct discharges to an ERW or ORW.

. The groundwater discharge option will assist in the mitigation of mine related

drawdown impacts on Swamp Creek.

. Implementation of the groundwater discharge concept would avoid interbasin
transfer of water.
. While not the least costly alternative, a discharge to groundwater is cost effective

given the other factors described above.

Description of Wastewater Treatment System

NMC evaluated a number of technologies to treat excess mine water for discharge including lime
precipitation, sulfide precipitation, ion exchange, reverse osmosis, and evaporation and
crystallization. Based on an evaluation of discharge sites, applicable technologies and discharge
standards, water treatment by lime and sulfide precipitation followed by filtration, reverse
osmosis, evaporation, monitoring and discharge to a soil absorption system was selected as the
most appropriate alternative. To confirm the selected technology, testing was conducted which
simulated the treatment of the types of waters to be encountered during project operation. This
work confirmed that the proposed treatment system will comply with applicable standards for
discharge to a soil absorption system and that there will be no significant adverse impact on the
environment. The proposed treatment system consists of reliable technology. The planned
facility will treat approximately 437 gallons per minute on average and have a maximum
capacity of approximately 726 gallons per minute. The treatment process will consist of:

. neutralization by the addition of lime to the wastewater;

. clarification where metals and other suspended solids are removed from the water;
. precipitation where sodium sulfide is added to further remove metals;

. filtration and a pH adjustment;

. advanced treatment through reverse osmosis and evaporation to further remove

dissolved metals and other constituents;

. ammonia removal from the evaporation condensate;

CER1\DML\LMC\93C049\GBAPP\64808.61\10000 iii




. final pH adjustment;
. monitoring of the water to verify that the strict WDNR standards are met; and
. discharge.

Treated water from the plant will be pumped to two ponds. Water in the ponds will be sampled
and analyzed to verify compliance with water quality limitations before any discharge to the soil
absorption system occurs.

The wastewater treatment system has also been designed to provide mitigation water that meets
strict WDNR standards for soft water bodies. Soft water body mitigation water will be produced
by the project's proposed evaporation system, followed by ammonia stripping. Because treated
mitigation water will be so clean, it will be stored in on-site enclosed tanks prior to use to prevent
contamination from dust and precipitation.
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1 Introduction

This document titled Preliminary Engineering Report for Wastewater Treatment Facilities for
the Crandon Project has been prepared in accordance with Chapter 144.04, Wis. Stat. and
Chapter NR 108.04(1), Wis. Admin. Code, which regulate the design and construction of the
wastewater treatment facilities. The treatment facilities addressed in this report are part of
Nicolet Minerals Company's (NMC) proposed underground zinc/copper mine in Forest County,
Wisconsin.

The Crandon Project will have an extensive water management program. The goal of this water
management program is to protect the surface water and groundwater environment. Water
recycling will be used wherever possible to achieve this goal. Runoff basins and other control
measures will be used to control sediment and erosion during construction activities. Mine
drainage and runoff during operation that has potential to come in contact with process
equipment, materials, and/or chemicals at the plant site will be sent to wastewater storage basins
before being treated in a wastewater treatment system (WWTS). The wastewater treatment
system will be used for removing metals in the wastewater before the treated wastewater is
reused, discharged to the soil absorption system, or used for mitigation. The water management
program will result in protection of water resources during construction, operation, and closure
of the project.

A number of parallel documents and permit applications have been or will be submitted to the
. Wisconsin Department of Natural Resources (WDNR) and the U.S. Army Corps of Engineers

(USCOE) in support of the Crandon Project permitting process. The major documents and
permit applications are listed below:

. Environmental Impact Report

. Air Pollution Control Permit Application

. High Capacity Well Permit Application

. Water Regulatory Permit Applications pursuant to Chapters 30 and 31, Wis. Stat.

. Water Regulatory Permit Application under Section 404 of the Federal Clean Water
Act

. Notice of Intent for Storm Water Discharges Associated with Construction Activities
under a General WPDES Permit

. Mine Permit Application
. Tailings Management Area Feasibility Report/Plan of Operation

. . Wisconsin Pollutant Discharge Elimination System (WPDES) Permit Application
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An attempt has been made during the preparation of these documents to avoid duplication. .
Therefore, this report refers to information provided in the above documents whenever possible.

The Mine Permit Application provides preliminary design and operating information concerning
the project, and can be used to understand how wastewater management issues are addressed
within the overall context of the project. Other documents such as the WPDES Permit
Application, the Storm Water Notice of Intent, the Tailings Management Area Feasibility
Report/Plan of Operation, and the applications for Water Regulatory Permits associated with
wastewater discharge structures, provide information concerning the discharge of wastewaters
from project facilities.

1.1 Background

The Crandon deposit was discovered in the mid-1970s using airborne geophysical techniques and
exploratory drilling. The deposit is located approximately 5 miles south of Crandon, Wisconsin.
Its size and quality of mineralization has been determined by core holes drilled from the surface.

In 1978, Exxon Minerals Company (EMC) submitted to the Wisconsin Department of Natural
Resources (WDNR) a Notification of Intent (NOI) to collect data to support a mining permit
application for its Crandon zinc and copper deposit. During the mid-1980s, EMC or its
successor company submitted the following major documents or applications to the Wisconsin
Department of Natural Resources: an Environmental Impact Report (EIR), a Mine Waste
Disposal Facility Feasibility Report, a Mine Permit Application, an Air Permit Application, a .
Wisconsin Pollutant Discharge Elimination System Permit Application, a High Capacity Well
Approval Application, a Mine Refuse Disposal Facility Feasibility Report, Chapter 30 and 31
permit applications, and supporting documents. Additional permit applications and plan
approvals were submitted by EMC to the Wisconsin Department of Transportation (WisDOT)
and local units of government, and to the Public Service Commission of Wisconsin (PSC) by
Wisconsin Public Service Corporation (WPSC). In late 1986, the Wisconsin Department of
Natural Resources issued a Final Environmental Impact Statement (FEIS) regarding the proposed
project. Subsequently, EMC withdrew its permit applications due to depressed metal prices.

In the fall of 1993 the permxttmg process for the Crandon Prolect was reinitiated by Crandon

s of Exxon Corporatlon and
two subsxdxanes of RlO Algom lelted Addltlonal data were collected and all of the required
documentation was again submltted to the WDNR and the USCOE Inl 998 the Exxon
subsidiaries withdrew and the pan:nershlp changed its name to Nicolet Minerals Company

(NMC). NMC continues the permitting and development of the Crandon Project.

As described in greater detail in Section 2 of this document, the deposit will be mined and

reclaimed in a similar fashion to that proposed in the 1980s, with the primary difference being

that the production rate will be reduced to 5,500 TPD. The current project has also been

modified to meet or be better than current day environmental standards and to incorporate design

changes to improve environmental protection. ‘ .
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2 General Project Description

. The main elements of the Crandon Project consist of an underground mine; ore concentrating
facilities; wastewater treatment facilities; a tailings management area; a soil absorption system; a
surface water mitigation system; and ancillary facilities such as an access road, a railroad spur
line, and other service and support facilities. An extensive description of the project is included
in the Mine Permit Application (Foth & Van Dyke, 1995/1998a). Following is a brief overview
describing the entire project. The overview discusses the location of the mining facilities, the
geology of the ore body, the mining process, and the major project components which will be
developed to operate and reclaim the proposed project in a manner which protects public health,
safety, and the environment. The project location and features are shown on Figure 2-1.

The anticipated rate of production, project life, and projected employment requirements for the

project are shown in Table 2-1. As with any industrial operation, the life of the facility could
change based on economic conditions.

Table 2-1

Anticipated Production and Operation Data

Average Daily Ore Production 5,500 tons
. Annual Ore Production 2,000,000 tons
Total Ore Production 55,000,000 tons
Total Estimated Project Life 35 years
Pre-production 3 years
Mining 28 years
Reclamation 4 years
Production Schedule 7 days/week
Employment (estimates)
Construction (Peak) 750
Operations 402-526

Prepared by: PAE
Checked by: JWS

Within this section there are numerous references to the "project area", "mine site", "plant site",
"soil absorption system", and the "tailings management area". These terms have specific
meanings as follows:
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. Project Area - The project area is defined by the boundaries delineated on
Figure 2-2.

J Mine Site - The mine site is defined by the limits of disturbance of project
facilities within the project area.

y Plant Site - The plant site is generally defined as the area within the mine site that
includes all mining, concentrating, wastewater treatment, administrative offices,
and storage facilities; portions of the railroad spur in the vicinity of the plant site;
portions of the access road in the vicinity of the plant site; and the project's water
supply well and its accompanying pipeline corridor. The plant site also includes
all surface water runoff and storage basins constructed in its vicinity.

. Soil Absorption System (SAS) - The "SAS" is defined as the area within the

"mine site" that includes the project's soil absorption cells and treated wastewater
discharge pipeline.

. Tailings Management Area (TMA) - The "TMA" is defined as the area within the

"mine site" that includes the project's three tailings cells, the reclaim pond, the
tailings and reclaim water pipeline and access road corridors, and contiguous
borrow and storage areas. The TMA also includes the surface water control
facilities constructed in its vicinity.

In addition, the project's wetland compensation site is located outside of the project area in
Shawano and Oconto Counties. Design information for the soil absorption system is included as
part of the wastewater treatment system engineering report prepared pursuant to Wisconsin
Administrative Codes. Design information relative to the wetland compensation site is included
as part of the Federal Clean Water Act Section 404 permit application. For completeness, the
description of the environmental aspects associated with these areas are included in the

project's Environmental Impact Report.

The boundaries of the project area, plant site, TMA, and the SAS are shown on Figure 2-2. The
estimated area of disturbance for the plant site, TMA, and SAS are 116, 282, and 90 acres,
respectively. The total area of disturbance, including the access road, railroad spur, surface water
mitigation system, and other facilities, is approximately 564 acres.

2.1 Site Location

The Crandon ore body is located in Forest County, Wisconsin. The civil land survey location is
Section 25, Township 35 North, Range 12 East, Town of Nashville, and Section 30, Township
35 North, Range 13 East, Town of Lincoln. The project area is located 5 miles south of the City
of Crandon, and approximately 2 miles east of both STH 55 and the Sokoagan Chippewa Indian
Reservation. The plant site is approximately % mile north of Little Sand Lake and 1 mile south
of Swamp Creek. The plant site will be located north of the ore body. The proposed plant site
layout is shown in Figure 2-3. Access to the plant site will be along a new access road from STH
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55 northwest of the site. A railroad spur line serving the plant site will be connected

. northeasterly to the existing Wisconsin Central Limited Railroad. The project's TMA will be
located approximately 1 mile southeast of the plant site. The project's SAS will be located
approximately 2 miles to the northeast of the plant site on land immediately north of Keith
Siding Road.

The project area shown in Figure 2-2 includes portions of property which Nicolet Minerals
Company has purchased, leased, optioned for purchase, or obtained by easements for use in the
development of the plant site, TMA, SAS, access roads, railroad spur line, and buffer areas. The
project area excludes publicly-owned land and roads.

2.2  Geology

The Crandon deposit is composed of two distinct mineralization types, zinc ore and copper ore.
The minerals were deposited during the Precambrian era, about 900 to 2,500 million years ago.
The deposit was formed at and just below the ocean floor by mineral-bearing fluids of volcanic
origin. Some of the materials deposited by this volcanic system were sulfide minerals which
accumulated in low spots on the ocean floor. Continued accumulation of other volcanic
materials and sediments occurred which buried the sulfide deposit. Deep burial, 33,000 to
50,000 feet, resulted in lithification and metamorphism which hardened and solidified both the
host rock and the sulfide deposit over time. Later, a mountain building phase occurred in the
region, tilting the volcanic layers and the deposit to a near vertical position. Thereafter, the
deposit may have been covered by younger sediments; however, weathering and erosion have

. removed these later rocks. The more recent geological process which has affected the deposit is
related to Pleistocene glaciation which left the bedrock buried under unconsolidated glacial
overburden deposits.

The Crandon ore body is long and tabular with an average width of 100 feet, north-south, and a
strike length of 4,900 feet, east-west. Based on the results of drilling, the ore body extends to an
approximate depth of 2,200 feet. The interpreted geologic stratigraphy and ore body
configuration are shown on Figures 2-4 and 2-5, respectively.

The bedrock in the hanging wall and in the footwall of the ore body consists of a series of
fragmental volcanic rocks, fine tuffs (solidified volcanic ash), debris flow (ocean floor and
volcanic-derived sediments), breccia (blocky, angular particles), lapilli tuffs (gravel sized
volcanic material), and flows. Overlying the bedrock is a sequence of unconsolidated glacial
sands, clays, and gravels. The rock in contact with the unconsolidated glacial overburden is
weathered to varying degrees. The amount of weathering ranges from simple staining to extreme
weathering near the surface which reduced the rock to a clay-like material called massive
saprolite. The glacial overburden consists of interbedded and co-mingled glacial till, which is
material deposited directly by the glacier, and glacial outwash deposited by streams emanating
from the glacier. These glacial deposits are found in various thicknesses in the area ranging from
75 feet to over 250 feet thick.
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- 23 Key Project Elements

2.3.1 Mine Development

Access to the mine will be through a main production/service shaft located north of the ore body.
The first of two ventilation shafts will be located east of this main production shaft.
Underground lateral development drifts will access the ore body at 200-foot vertical intervals.
These level development drifts are designed to provide access to the ore body. The lateral extent
of a mine level at a given point in time will depend upon the need for access to mining blocks,
ore passes, and ventilation raises. A typical schematic longitudinal section showing typical mine
level intervals and the initial stoping areas of the mine is shown on Figure 2-6.

An underground ramp will also connect some of the 200-foot spaced levels and the 400-foot
spaced main shaft stations to allow for movement of mobile equipment, supplies, and personnel
throughout the mine. This centrally-located ramp is also shown schematically on Figure 2-6.

Mine development will be divided into the following phases:

1. Site preparation and the sinking of the main production shaft and the east ventilation
shaft, and construction of a grouting drift at the top of the ore body and installation of
grout to reduce groundwater inflow to the mine. This phase is expected to take
19 months to complete.

2. The development of the underground ore handling and crushing system, lateral
development into the ore horizons, and development of the initial mining blocks (stopes).
An internal mobile equipment access ramp will connect the main production ore levels.
This phase of mine development is expected to take about 18 months to complete.

As shown on Figure 2-6, mine development and production will begin in areas chosen to avoid
weathered bedrock which are expected to be the primary conduits for water inflow into the mine
workings.

2.3.1.1 Phase I Development

Phase I development primarily includes simultaneous construction of two vertical shafts in the
hanging wall rocks. Each shaft will be concrete lined through the overburden and the weathered
subcrop rock. Collar construction through the glacial overburden will include stabilization and
hydraulic control by ground freezing or other suitable techniques, followed by the excavation and
concrete lining of the shaft into bedrock. As required, inert grout will be pumped under pressure
through holes in the collar into the rock to provide a watertight seal. When the collar section of
the main shaft and east ventilation shaft are completed, a headframe structure will be erected
over each shaft. Conventional shaft sinking by drilling and blasting techniques will then
commence at the main shaft and the east shaft concurrently.
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During shaft development, it is estimated that the drainage water from each shaft sinking will be
. controlled to less than 10 gallons per minute (gpm) by freezing and/or grouting. All shaft water
will be pumped to the surface water storage ponds.

To control mine water inflow over the underground development and operating period, a
grouting drift at the 260-foot mining level will be constructed below the crown pillar in the
Crandon Formation parallel to the strike of the ore body. This drift will progress westerly from
the East Ventilation Shaft. A 25-foot thick cement grout blanket will be constructed at and
above the 250-foot mine level by fan drilling in a vertical and horizontal plane from the grouting
drift. Primary grouting holes will be spaced at 20-foot intervals, while secondary and tertiary
holes may be drilled between these primary grout holes.

2.3.1.2 Phase II Development

Because the east ventilation shaft is smaller than the main production shaft, it will be completed
sooner. Upon its completion, horizontal level development, consisting of driving a horizontal
opening in the hanging wall rock to connect the east shaft to the main shaft (Figure 2-6), will be
initiated. After the two shafts are connected, level development can commence to access the ore
body.

The underground ore handling facilities will be constructed near the main production shaft
during this period. These facilities will consist of: (a) coarse ore and waste rock storage bins;
. (b) crusher facilities; (c) ore and waste handling systems; and (d) a loadout facility.

2.3.2 Mine Operations

Level development to the stoping areas will be driven at 200-foot vertical intervals. The primary
mining method will be blasthole open stoping with delayed backfill. However, other mechanized
mining methods, such as cut-and-fill, will also be used. Stopes (Figure 2-7) will average
approximately 200 feet high by 75 feet along the strike, and will vary with the width of the ore
body. Ore will be drilled in a stoping block, then blasted and removed. Top hammer or down-
the-hole drills will be used to drill blastholes on approximately 10-foot by 12-foot center spacing
for production stope blasting. Broken ore will be removed from the drawpoints at the bottom of
each stope using mechanized mining equipment which will then transfer the ore to the crushing
level below by means of ore pass raises. Primary crushed ore, at a top size of 8 inches, will be
conveyed to a skip loading pocket and hoisted to the surface.

A typical stope will contain approximately 170,000 tons of ore. At a 2,000,000-ton annual
production rate, approximately 12 stopes will be mined out each year, which exposes less than
5 percent of the footwall and hanging wall area of the ore body at any one time. Exact
production parameters will be based on the grade of the ore in the mined stope; the mechanical
characteristics of the rock in the stoping block, and the potential for inflow of water.

A permanent bridge, or crown pillar, of bedrock directly beneath the glacial overburden will be
. purposely excluded from mining activity. This bedrock barrier of a minimum of 100 feet thick,

CER1\DML\DCWALMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Faciliies ~ Foth & Van Dyke * 7
September 18, 1995 Updated November 24, 1998



along with the routine backfilling of mined-out stopes, will maintain surface stability and prevent

subsidence. .

In the uppermost mine levels where the ore and host rock may have been moderately weakened
by surficial weathering, mechanized cut-and-fill mining will be employed. This method is
commonly used by the industry and involves removal of horizontal lifts of ore of variable
thicknesses. The void created by each horizontal mining pass will be backfilled with cemented
paste tailings prior to mining the next upper lift. Less than 10 percent of the ore body will
require use of this mining method.

To provide support for the rock walls, a floor for subsequent mucking, and back support for pillar
mining, the planned mining methods provide for backfilling all stopes with pyritic paste tailings
following ore extraction. These practices, combined with the fact that 5 to 10 percent of the
potentially minable ore will be left in place as pillars throughout the mine, will provide perpetual
stability of the mine area bedrock and glacial overburden. Backfilling will also result in the
reduction of pathways for water migration as mining progresses.

Major advances have been made in backfill technology in the past 10 years. These advances will
allow the placement of whole tailings in the project's mined-out stopes as a cemented pyritic
paste backfill. The whole tailings will consist of pyrite concentrate produced at the mill from a
pyrite flotation process. The pyrite concentrate will be dewatered and the resulting paste will be
mixed with cement. The pyritic paste backfill will then be transported underground at a density
of about 84 percent solids for placement in mined-out stopes. Hydration of the cement, which
will be added to the paste at a rate ranging from 1 to 5 percent by weight, will consume the water
delivered with the fill, thereby reducing backfill drainage to negligible quantities

(i.e., <1 percent). It is estimated that the mined-out stopes will accommodate 75 percent of the
total tailings produced by the project.

The very low drainage water flow from the pyritic paste backfill will minimize stope preparation
requirements. Timber and shotcrete bulkheads will be constructed as ventilation barriers after
the depletion of a stope. Once bulkhead construction has been completed in a given stope,
backfilling can commence.

Waste rock will be generated from mine development activities during the pre-production and
operating phases of mining. Waste rock generated during pre-production, prior to construction
of the first TMA cell, will be hoisted to the surface and temporarily stockpiled on a lined pad at
the plant site. The stockpiled waste rock will be used later for construction inside of the TMA as
riprap, as the grading layer beneath the final cover system, or placed in the TMA as general fill.
Waste rock which is generated during the operating phase and after construction of the first TMA
cell will be transported directly to the TMA.

2.3.3 Mine Dewatering and Groundwater Inflow Control

Groundwater inflow will vary during the different stages of mine construction and operation.
The proposed mining plan for the Crandon Project avoids entry into weathered zones during the .
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initial operations, therefore deferring maximum and steady state inflow rates. During the initial

. operations, groundwater inflow is expected to be minimal and localized, occurring through
isolated bedrock fractures that have limited capacity to move water. During the pre-production
and mining phases, a grouting drift (Figure 2-8) will be developed in the Crandon Formation
below the crown pillar at the 260-foot mine level. As mine development progresses along the
drift, conical drilling techniques will be used to advance a 25-foot thick horizontal grout blanket.
The grout blanket will be keyed into the moderately weathered bedrock and will serve to control
inflow of groundwater to the mine.

Groundwater seepage that is not controlled by grouting will infiltrate the mine workings and
ultimately be recovered in the main sumps along with mine utility water and very small amounts
of backfill drainage.

Normal mine drainage collection will begin on each mine level where groundwater seepage and
utility water drainage will be ditched to small local sumps. Decant water from the local mine
level sumps will be piped or drained through boreholes or ditched to the main mine sumps
located adjacent to the production shaft.

The main mine sumps and pump station will generally be arranged as indicated on Figure 2-9.
Sumps will consist of downgrade excavations in the wall rock adjacent to the pump station.
These will function as pumping reservoirs with an outlet end bulkhead containing the pump
suction pipes.

. 2.3.4 Ore Processing

Ore mined from the Crandon deposit will be physically concentrated at the plant site by adding
water to the crushed ore and grinding it to the size of fine sand particles. After grinding, the ore
slurry will be pumped to a series of flotation circuits where reagents will be added for separating
metallic minerals from the ground-up ore. During this process, minerals will be selectively
"floated" to the top of the flotation cells and removed. A pyrite separation circuit will also be
included to produce pyritic tailings to be used for underground pyritic paste backfill purposes.
The remaining depyritized material, which is called depyritized tailings, will be pumped to the
TMA. Different flotation circuits require different reagents to concentrate specific individual
minerals. A schematic of the ore processing circuits is shown on Figure 2-10. Separate
concentrates of zinc, copper and lead minerals will be recovered by the flotation process. The
concentrate from these processes will be thickened and filtered to an 8 percent moisture content.

The tailings will range in size from sand to very fine particles. The whole pyrite tailings from
the separation circuits will be used to backfill the mined-out stopes. The depyritized fraction will
be sent to the TMA.

In the TMA, the tailings will settle to the bottom of the lined basin. Excess water will then be

pumped from the TMA basin to a reclaim pond for reuse in the ore processing facility. The ore

concentration process, TMA, and reclaim pond are designed to operate as a closed circuit. The
. concentration process normally requires the continuous addition of "makeup" water. Water in
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this circuit will not require treatment because a discharge will not normally take place. The
wastewater treatment system will be designed to treat tailings pond waters for discharge, if
necessary.

2.4 Infrastructure

2.4.1 Wastewater Treatment

A wastewater treatment plant will be constructed as part of project facilities. It will treat mine
water and, if needed, process water prior to discharge. Groundwater that enters the mine will be
commingled with other mine drainage water, such as the water used for flushing while drilling
the blast holes. All of these "contact waters" will be routed through the wastewater treatment
plant.

The wastewater treatment plant will include primary and advanced treatment processes. The
primary treatment process will include lime and sulfide precipitation with filtration and pH
adjustment. Advanced treatment will be used as required to meet water quality discharge limits.
A reverse osmosis (RO) system will provide advanced treatment of primary treatment system
effluent. High quality effluent from the RO system will be pumped to the discharge holding
ponds. Reject wastewater from the RO system will be further concentrated in an evaporator.
High quality evaporator condensate water will be either pumped to the discharge holding ponds
or to the mitigation storage tanks. Concentrated brine from the evaporator will be pumped to the
pyritic paste backfill system for placement underground. Treatment solids from the primary
treatment system will be placed along with the depyritized tailings in the TMA. Mine water will
be treated and sampled to meet Wisconsin Department of Natural Resources Water Quality
Standards before being discharged to groundwater by way of a soil absorption system.

Where required, wastewater treatment plant evaporator condensate will be used for mitigation of
nearby lakes impacted by groundwater drawdown associated with mine dewatering activities.
Groundwater provided from a small water well will be used for mitigating creeks. A detailed
analysis of mitigation requirements is available in the Crandon Project Surface Water Mitigation
Plan (Foth & Van Dyke, 1998a).

The treatment system is designed with two holding ponds to retain the treated water so it can be
sampled prior to discharge. This will confirm that all water meets discharge standards prior to
discharge.

Sanitary wastewater will also be generated at the facility. Sanitary wastewater will be handled
separately through a package sanitary wastewater treatment plant. The treated wastewater from
this plant will be pumped to the TMA.

2.4.2 Mining Waste Management

Crandon Project mining wastes will include waste rock, tailings, refuse, wastewater treatment
plant solids, and laboratory wastes.
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As discussed in Section 2.4.3 below, waste rock which is generated during pre-production will be

. hoisted to the surface and temporarily stockpiled. It will later be used for construction purposes
within the TMA containment areas, or as general fill in that facility. Waste rock which is hoisted
to the surface during operation will be transported directly to containment areas within the TMA
to be used as riprap or as general fill. As discussed in Section 2.4.4 below, during the zinc
mining phase, approximately 75 percent of the tailings generated by the project will be returned
to the mine as backfill, with the remaining 25 percent placed in the TMA.

During mining operations, on-site laboratories will be used to conduct metallurgical testing for
mining grade control and for production quality assurance testing related to milling operations.
Wastes generated from the performance of these tests will be placed in the TMA. Approximately
900 cubic yards of general refuse such as office wastes will be generated at the facility each year
during the 35 years of construction, operation, and reclamation. The reclaimable portion of this
waste will be recycled in accordance with state law. The remaining waste materials will be
disposed of by a contractor in an approved off-site landfill.

Solids will be generated from the primary treatment of project generated wastewaters. These
solids will be placed in the TMA with the tailings. Brine generated from advanced treatment of
project generated wastewaters will be placed underground with the pyritic paste backfill.

2.4.3 Pre-Production Ore/Waste Rock Storage Areas

As shown in Figure 2-3, a lined pre-production ore storage area will be located to the north of the

. main production shaft to stockpile pre-production ore and waste rock hoisted to the surface
during development of the mine. Prior to the commencement of underground crushing and the
start of mill operations, approximately 1.24 million tons of ore and waste rock of a maximum
size of 24 inches will be hoisted and temporarily stockpiled on this lined area. An unlined
construction storage area is to be located adjacent to and east of the ore/waste rock storage area
(Figure 2-3). This area will be used for various construction staging activities. This unlined area
may also be used to temporarily stockpile waste rock which is tested and shown to have very low
potential to generate acidic runoff.

Within the land area, a ridge will divide the pre-production ore from the waste rock stockpile on
a north-south line. Each side of the lined pad will slope away from the center. The pad will be
bounded by berms with runoff collection ditches which will route water to a lined water storage
basin. The base of the pre-production ore storage area will consist of a composite liner system
having a geomembrane overlying a geosynthetic clay liner. A protective soil layer will be placed
over the geomembrane. Once ore or waste rock is placed on the storage pad surface, water from
the area will be drained to a wastewater storage basin. The wastewater storage basin and
delivery system will be sized to hold the volume of water from a 100-year, 24-hour storm event.
Water from this basin will be either pumped to the TMA for use in ore processing or to the
project's wastewater treatment plant.
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The base of the construction material storage area will consist of a compacted layer of existing
on-site soil. The base will be sloped to drain toward a surface water runoff basin. Water from
this basin will be discharged to natural site drainageways.

2.4.4 Tailings Management Area

Depyritized tailings, hoisted waste rock, wastewater treatment plant solids, and a small amount
of laboratory wastes will be placed in the TMA. The TMA has been designed to provide
long-term, environmentally-safe containment. Low sulfide tailings and treatment plant solids
will be pumped to the TMA through a high density polyethylene (HDPE) pipeline. Waste rock
will be transported to the TMA by truck.

As shown on Figures 2-11 and 2-12, the TMA will consist of three cells, each of which will
consist of a composite liner at the base and along the sidewalls of the facility and will include a
leachate collection system. The three cells, referred to as TMA 1, TMA 2, and TMA 3, will each
be constructed and operated sequentially in two stages. An internal berm will be constructed to
separate TMA 1A and TMA 1B. TMA 1 is designed to contain the depyritized tailings from
processing the zinc ore. TMA 2 and TMA 3 will be used for the copper ore depyritized tailings.
The approximate capacities and site lives for each cell are shown in Table 2-2.

Table 2-2

Approximate Tailings Management Area Capacity

Capacity Approximate Site Life
TMA Cell (in millions of cubic yards) (years)
T™A 1 6 16
T™MA 2 4
TMA 3 4 6
Total 14 28

Prepared by: SAD2
Checked by: JWS

TMA cell development and operation will first involve constructing and filling TMA 1A. As the
tailings in TMA 1A approach the design elevation, TMA 1B will be built. As the tailings
approach the design elevation of TMA 1B, the second stage of TMA 1 will be built. When
approximately 1 to 2 years of capacity remain in the second stage of TMA 1, construction of the
first stage of TMA 2 will begin. After consolidation, reclamation of TMA 1 will begin, while
filling in the first stage of TMA 2 progresses. The same process will continue for the second
stage of TMA 2 and for TMA 3.
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The tailings slurry will be transported from the concentrator building to the TMA through an

. approximate 16-inch inside diameter HDPE aboveground pipeline. The location of the pipeline
is shown on Figure 2-2. The pipeline will lie above ground in a lined ditch. A 22-foot wide
access road will be located next to the pipeline for service and maintenance. Pumps used for
pumping the tailings slurry in the pipe will be located in the concentrator building. The pipeline
ditch will be sloped to lined sumps located at the plant site and approximately midway between
the plant site and the TMA to collect tailings and water in the event of leakage or to provide
storage if the pipe must be drained.

The tailings slurry will be deposited in the active TMA cell using spigots. The spigot discharge
point(s) will be regularly moved around the inner perimeter of the active cell to facilitate even
distribution of tailings and to keep the tailings saturated. The excess water that drains from the
slurry after the tailings have settled will flow to an area in the center of the cell and will be
pumped to the reclaim pond. Water in the reclaim pond will be retained for a short time and then
pumped to the mill for reuse in the process circuit. The tailings operating system is designed to
maximize tailings density.

The TMA cells have been designed to meet the standards contained in applicable State Statutes
and administrative codes which are written to protect the public health and welfare. Key TMA

design features include:
. An average 37-foot separation from the base of the TMA to groundwater.
. . A minimum 1,250-foot separation from the nearest lake or stream.
. A composite liner consisting of a low-permeability soil member and a

geomembrane liner.

. A leachate collection system over the bottom of each cell and extending up the
interior sidewalls of each cell.

. A reclaimed final composite cover consisting of the following components from
top to bottom.
- topsoil
- rooting layer
- biotic layer
- drainage layer
- cushioning geotextile
- geomembrane (60 mil HDPE) liner
- geosynthetic clay liner (GCL)
- low permeability (P40) soil layer
- grading layer

. Surface water control structures designed to accommodate a 100-year, 24-hour

. storm event.
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2.4.5 Access Roads

A site access road will be constructed from STH 55 to the plant site. A second access road will .
be constructed from the plant site to the TMA. The site access road will be approximately

3 miles long and consist of bituminous concrete with gravel shoulders. The TMA access road

will be approximately 1 mile long and will be gravel-surfaced. Pipelines for tailings and reclaim

water transport will be sited adjacent to the TMA access road in a lined ditch.

2.4.6 Railroad Spur

A 2.7-mile railroad spur line will be constructed from the plant site to the Wisconsin Central
Limited Railroad located to the northeast. The spur line will consist of a single track along most
of its corridor. A side track will be located near the point where the spur line connects with the
main railroad line. The sidetrack will be used for switching and rail car staging. The spur line
will be used to bring cement, lime and other materials to the plant, and to ship concentrates to
market. Concentrate will be shipped in enclosed cars or containers.

2.4.7 Utilities

Electrical service to the project site will be provided by Wisconsin Public Service Corporation
(WPSC) via an electric transmission line constructed between an existing substation near
Monico, Wisconsin, and a new substation to be located at the plant site. The substation near
Monico will be upgraded by WPSC as part of the extension of electrical power for the project.

The WPSC area distribution system, which will likely be located near the south end of Lake
Metonga, will supply natural gas for the project via a pipeline installed to the plant site. The
pipeline route will follow existing county roads, cross Swamp Creek north of the plant site, and
then follow the main plant access road into the site.

2.4.8 Soil Absorption System

An in-ground soil absorption system will be constructed to provide for groundwater discharge of
treated mine water from the advanced wastewater treatment system. The soil absorption system
will be located approximately 2 miles to the northeast of the plant site. A multiple cell, pressure
distribution system will be used. A treated water discharge pipeline will be constructed primarily
within the railroad spur line corridor from the treated water discharge lagoons to the soil
absorption system. The location of the pipeline and the soil absorption system is shown on
Figure 2-13.

2.4.9 Other Facilities

In addition to the project elements discussed above, other site facilities as listed below will be
constructed and used as part of the project:
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Administrative offices Surface maintenance shops

. Changehouse facilities Potable water supply and distribution system
Explosive storage areas Fire protection systems
Gate house Lubricant storage
Core logging and storage Bulk fuel storage
Covered storage area Lay-down areas
Truck weigh scale Railroad weigh scale
Fencing Mobile equipment fuel station
On-site roads Parking areas
Area lighting Material storage areas
Laboratory facilities

2.4.10 Surface Water Controls

Precipitation falling within the limits of the plant site will be collected and directed to one of a
number of water storage basins. Contact runoff will be directed to the wastewater treatment
plant or to the TMA. Non-contact runoff will be directed to existing natural drainage features
after passing through runoff basins. Precipitation falling within the TMA will co-mingle with
process water and become part of the water used in the mill circuit. Some of the surface water
drainage originating from outside the active mining area will be intercepted by a series of
drainage swales and directed to existing natural drainage features.

‘ 2.4.11 Wetland Compensation

Although mine facilities have been designed to minimize impacts on wetlands, as part of project
construction activities, approximately 26.7 acres of wetlands will be either excavated or filled.
To compensate, NMC will develop replacement wetlands on a site located in Shawano and
Oconto Counties. The selected site is in an area that was originally wetlands, but was converted
to cropland. The establishment of the compensation site involves reconverting it from cropland
back to wetlands.

2.4.12 Surface Water Mitigation

Potential impacts due to mining on nearby lakes and streams were assessed by a regional
groundwater flow model. A mitigation framework was developed from an assessment of these
potential impacts. The framework consists of a hierarchial system of classifying streams and
lakes based on the degree of potential impact. A Level I water body will require the construction
of a mitigation facility prior to commencement of mining, while a Level II water body will
require that detailed engineering work be completed as part of project permitting, such that the
mitigation system could be installed quickly if a need were to arise. Level III and IV water
bodies would require proportionally less planning since the potential for impacts would be
appreciably less.
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2.4.13 Mine Reclamation

Topsoil will be salvaged from disturbed areas for use in reclamation activities. Reclamation of .
the mining site will occur on an ongoing basis during construction and operation, and at the final

phase of the project. After mining, the area will be used for forestry and as open green space.

During construction, disturbed soil areas will be revegetated on a continual basis such that wind

and water erosion potential is significantly reduced. These areas will either be temporarily

reclaimed or finally reclaimed depending upon their location relative to future construction

activities.

Final reclamation of the plant site will begin after completion of mining. All open boreholes will
be sealed in compliance with applicable regulations. Salvageable equipment from the mine will
be brought to surface. Any equipment left underground will have potentially harmful fluids
removed. The shafts to the mine will be sealed with reinforced concrete plugs. Surface facilities
may be converted to other uses, if possible. If other uses are not feasible, these facilities will be
removed. The site area will be regraded and revegetated. Settling basins and ponds will be
drained and the area reclaimed. Containment structures will be removed. Disturbed areas will be
regraded and revegetated. The TMA will be reclaimed in phases during its lifetime. Final
closure of the last cell of the TMA will occur late in the sequence of project reclamation.

The wastewater treatment plant and associated pipelines will be removed after they are no longer
required. Salvageable equipment will be transported off-site. Treatment solids will be placed in
the TMA prior to closure of the final cell or disposed of in an approved landfill after the TMA
has been closed. Buried segments of pipelines will be flushed, the ends capped, and the pipeline
left in place. Above-grade pipelines will be removed. The wastewater treatment plant area and
pipeline routes will be graded and revegetated.

The soil absorption system will be reclaimed after there is no further need to discharge treated
wastewater. The ends of the piping to the soil absorption system will be capped and the pipeline
will be left in place.

On-site roads, the plant site access road, and the railroad spur line will be among the last items to
be reclaimed. Reclamation of these features would be dependent upon the final site use. If no
future use is anticipated, the construction materials will be removed. Bituminous pavement will
be salvaged for use elsewhere, if possible, or placed in an approved disposal facility. Rail will be
salvaged. The areas will be regraded and revegetated.

Utilities that service other customers along the route to the plant site will be left in place. The
portion of the utilities that extend onto the plant site will be removed if above ground, or remain
in service depending upon the final use of the site. Below-ground piping will be flushed as
required, capped and left in place, if no longer in service.
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3 Description of Wastewater Sources and Characteristics

As designed, the Crandon Project will have an extensive water management program.

Figures 3-1 and 3-2 show the locations in the vicinity of the plant site and TMA of the basins and
other facilities included in the water management program. Wastewater streams will be
generated during construction, operation, and closure of the Crandon Project. Each of the major
sources of wastewater are discussed in more detail below. The design of facilities to be used for
collection, treatment and disposal of these wastewaters are discussed in Section 6. Water
chemistry data referred to in the following discussion is contained in the Environmental Impact
Report for the Crandon Project (Foth & Van Dyke, 1995/1998a).

3.1 Site Water Balance

Three detailed water balances have been developed for the operational phase of the project. An
"average" water balance was developed to identify flow rates on an annual average basis
assuming long-term annual average weather conditions over a 30-year period, the best
engineering judgement concerning expected groundwater inflow to the mine, expected annual
average facility operating conditions, and long-term average operating conditions at the TMA. A
"maximum" water balance was developed to identify the maximum flow rates on an annual
average basis assuming weather conditions which would occur for an extreme wet year, the high
range groundwater inflow to the mine, expected annual average facility operating conditions, and
long-term average operating conditions at the TMA. A "minimum" water balance was developed

. to identify the minimum flow rates on an annual average basis assuming weather conditions
which would occur during an extreme drought year, the low range groundwater inflow to the
mine, expected annual average facility operating conditions, and long-term average operating
conditions at the TMA.

The three site water balances are shown on Figures 3-3, 3-4, and 3-5. The flow rates in the water
balances are based on the mine and mill operating normally at an ore production rate of two

million tons per year, having the largest tailings cell in service, and the assumptions shown in
Table 3-1.

Water flows associated with precipitation and runoff from non-contact areas of the site to the
runoff basins have been excluded from the water balances because these flows are solely
dependent on precipitation and will be routed to natural drainageways at the site. The small
amounts of evapotranspiration from the site have been excluded from the site water balances
because these flows are minor compared to the other water flows described previously, and
would not significantly affect the site water balances.
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Table 3-1

Assumptions for Site Water Balance

Water Balance Assumptions

Minimum Average Maximum
=F actor Condition Condition Condition
Precipitation rate (inches/year) 17.4! 30.4! 45!
Evaporation rate (inches/year) 39° 26* 154
Total groundwater inflow to the mine (gallons 2508 4527 600 ®

per minute) °

! Based on flow data from a 30-year period (1961-1990) at the Pelican Lake Station.

Based on data concerning evaporation by the U.S. Department of Commerce (1992) for lake
evaporation rates.

Maximum annual evaporation rate assumed to be 150 percent of the average annual evaporation rate.
Minimum annual evaporation rate assumed to be approximately 60 percent of the average annual
evaporation rate.

Model values from HSI GeoTrans (1998).

Based on Low Range Mine Inflow Estimate.

Based on Best Engineering Judgement Mine Inflow Estimate.

Based on High Range Mine Inflow Estimate.

@ N A W

Prepared by: HJA
Checked by: JJF1
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3.2 Water Management During Operation

Water sources and characteristics, facilities which collect, use, and treat water and wastewater,
facilities for disposal of wastewater, and discharge locations during operation are discussed
below.

3.2.1 Mine Drainage

Sources of water inflow to the mine will include groundwater infiltration into the mine, water
vapor contained in ventilation air entering the mine, well water used as a supply of potable water,
and water contained in the backfill. The flows from the mine will include mine drainage, water
vapor contained in ventilation air exiting the mine, and water retained in the ore hoisted to the
surface for processing in the mill. Water present in the pyritic paste backfill will be substantially
retained in the backfill; therefore, backfill drainage flows are anticipated to be less than 1 gpm.
Part of the mine drainage water will be used for utility water and for reuse in the mill as required.

Mine drainage water will primarily consist of groundwater that seeps into the mine and is
eventually collected in the mine sumps (mine contact water). The characteristics of the mine
drainage will be impacted by partial reuse of mine contact water for utility water purposes within
the mine. Groundwater inflow will initially consist of the drainage of water currently stored in
the available pore space within the ore body and bedrock. Stored water removal will be
conducted in a controlled fashion during the initial years of mining. The second component of
groundwater inflow will be a combination of water that moves vertically from the glacial
overburden through the till and massive saprolite into the mine workings and water that migrates
through the bedrock laterally into the mine workings. This component of inflow will increase
over time as mining is extended laterally along the strike and also as mining moves into the
weathered ore in the upper mining levels. As discussed in the project's Mine Permit Application
(Foth & Van Dyke, 1995/1998b) mine grouting techniques will be used to limit the inflow of
groundwater into the mine.

In addition to the above, groundwater inflow will occur both from the development of the main
shaft access to the mine and the development of the grouting drift. The inflow from shaft
development is expected to be less than 10 gallons per minute per shaft. This water will be
pumped continuously out of the shafts and directed to wastewater storage basins 6 and 7 and the
reclaim pond. The development of the 260 foot mine level grouting drift is expected to have an
average inflow over the period of drift development of approximately 75 gpm. This water will
also be pumped to the wastewater storage basins and the reclaim pond.

The predicted annual average rate of groundwater inflow to the mine ranges from a low range
(LR) value of approximately 250 gallons per minute (gpm) to a high range (HR) value of
approximately 600 gpm. For purposes of designing the underground mine water handling
systems, the mine will be managed to limit the maximum inflow to the 600 gpm rate. It is not
anticipated that this inflow rate will actually be encountered since it is highly unlikely that all the
assumptions included in the high range case analysis will be encountered in the field. Also, as
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explained in the project's Mine Permit Application (Foth & Van Dyke, 1995/1998b), NMC
intends to use proven engineering methods to control the rate of groundwater inflow. Figure 3-6
depicts a mine drainage schematic and water balance based on the best engineering judgement
(BEJ) groundwater inflow rate of 452 gpm.

Groundwater inflow to the mine will be predominantly through weathered bedrock structures.
The intensity and lateral extent of the bedrock weathering diminishes with depth. Initial mine
production has been planned for the lower mining levels which are well below the weathered
zones. Therefore, groundwater inflows to mine workings during the early years of mine
production are expected to be very limited and localized.

During the initial years of mining, ore extraction will take place primarily in weakly weathered
and unweathered rock. As such, there will be little water generated in active mining areas during
this period. The majority of the inflow to the mine during the initial years of operation is
anticipated to occur in the grout drift that is developed for construction of the grout blanket. The
grout blanket is designed to restrict vertical percolation of groundwater from the glacial
overburden to the mine workings.

Groundwater that seeps into the mine will eventually be collected in the mine sumps located on
each mine level. Such water is classified as mine contact water. A portion of the collected mine
contact water will be reused as mine utility water. Mine utility water will be used in the mine for
dust suppression and to provide drill water for the mining equipment. Utility water will drain to,
and be collected in, the mine sumps. Drainage flow from the pyritic paste backfill is anticipated
to be less than 1 gpm. This water will also drain to, and be collected in, the mine sumps. The
composite contact water/utility/backfill drainage water is referred to as mine drainage. Most of
the mine drainage will be pumped to wastewater storage basins 6 and 7, where it will be
combined with other waters for treatment. A portion of the mine drainage may also be pumped
to the mill process water tank for reuse in the mill process water system as required.

Table 3-2 contains a summary of estimated mine drainage water characteristics for the LR, BEJ
and HR mine inflow cases. The composite mine drainage characteristics were developed using a
mass balance of the various contributing water sources. The mass of each constituent present in
the utility water, the backfill drainage water, and the contact water flows were combined. The
total mass for each constituent was then equated to the total mine drainage flow to determine the
concentration of the respective constituent in the composite mine drainage. A discussion of the
methodology used to develop the characteristics of the utility water, backfill drainage water, and
the contact water follows.

Contact water will be groundwater that seeps into the mine and is subsequently collected in mine
sumps. Contact water will also 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. Based on the current mine plan, it is estimated that 75 percent of the contact
water will originate in the ore stopes, with 25 percent originating in the waste development
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Table 3-2

Estimated Average Mine Drainage Water Characteristics
for LR, BEJ, and HR Mine Inflows

Parameter!
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium

Calcium

Chloride

Chromium
Copper
Cyanide
Fluoride
Iron

Lead
Magnesium
Manganese
Mercury
Nickel

Nitrate + Nitrite
Nitrogen (Ammonia)
Nitrogen (Organic)
Nitrogen (Total)

@ LR Mine Inflow
Condition? (mg/L)

0.0041
0.065
0.060
<0.00006
N/A®
34
80
61
0.018
78
<0.0034
0.41
73
0.61
67
24
0.00041
0.24
25
10
NAS®
35

@ BEJ Mine Inflow
Condition® (mg/L)

@ HR Mine Inflow
Condition* (mg/L)

0.0030
0.045
0.042

<0.00006

NA3
2.8
58
45
0.011
64
<0.0034
0.30
54
0.50
51
1.8

0.00030

0.19

0.0027
0.040
0.037

<0.00006

NAS
2.6

42
41
0.0095
60
<0.0034
0.27
49
0.47
46
1.7
0.00027
0.18
9
3.6
NAS
13
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Table 3-2 (Continued)

@ LR Mine Inflow @ BEJ Mine Inflow @ HR Mine Inflow
Parameter! Condition? (mg/L) Condition® (mg/L) Condition* (mg/L)
Potassium 13.8 9 7.7
Selenium 0.102 0.082 0.076
Silver 0.012 0.0090 0.0081
Sodium 34 22 19
Sulfate 1,643 1,270 1,167
Thallium 0.022 0.017 0.015
Zinc 610 502 471

'The parameters listed include the inorganic constituents listed in NR 140, Wis. Admin. Code
’Based on a Low Range Mine Inflow Estimate of 250 gpm.
’Based on a Best Engineering Judgement Mine Inflow Estimate of 452 gpm.
‘Based on a High Range Mine Inflow Estimate of 600 gpm.

’Data not available.
®Data not available. There is no significant source for organic nitrogen in the system.

Prepared by: JJF1
Checked by: HJA
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headings. The composition of the contact water is considered to be equivalent to 25 percent of

. the average of the concentrations of the relevant constituents in the first two leachate samples
collected from leaching the Skunk Lake, Rice Lake, Upper Mole Lake and Lower Mole Lake
master waste rock composites, plus 75 percent of the average of the concentrations of the
relevant constituents in the first two leachate samples collected from leaching the unweathered
ore composite.

A portion of the mine contact water will be used in the mine as utility water for dust control and
drilling. The collected utility water will contain readily soluble substances, mineral oxidation
products, and colloidal materials that will result from the short-term reaction between water and
materials in the mine. Based on the current mine plan, it is estimated utility water will primarily
originate from waste development headings and ore stopes. The composition of the "first pass"
utility water is considered to be equivalent to 75 percent of the average of the concentrations of
the relevant constituents in the first two leachate samples collected from leaching the Skunk
Lake, Rice Lake, Upper Mole Lake and Lower Mole Lake master waste rock composites, plus 25
percent of the average of the concentrations of the relevant constituents in the first two leachate
samples collected from leaching the unweathered ore composite. The use of the results from the
first two leaching cycles is considered valid since the majority of utility water will be generated
in areas of active mining where fresh rock is continually being encountered. As indicated
previously, mine contact water will be collected and reused for utility water. Consequently, the
fraction of the spent utility water in the mine contact water which is again reused for mine utility
water purposes will be subjected to secondary contact with the mine workings. The quality of
this "second pass" utility water was estimated by adding the mass of each constituent in the mine

. contact water to the mass of the corresponding constituents in the "first pass" utility water. This
methodology allows the additional solutes in the utility water due to secondary contact with the
mine workings to be accounted for.

Mining operations will include backfilling mined out stopes with cemented pyritic paste tailings.
It is anticipated that pyritic paste backfill drainage flows will be less than 1 gpm. The pyritic
paste backfill will contain mill process water and brine from the evaporator system that is
included in the wastewater treatment system as an advanced treatment step. A mass balance
calculation was used to estimate the quality of the composite backfill drainage water by adding
the mass of each constituent present in the mill process water to the mass of the corresponding
constituents in the evaporator brine flow.

Ammonia and nitrates will also be present in the mine drainage water as byproducts from
blasting operations. During initial mine development, years 1 through 3 of construction, prior to
removing water from storage or mining in weathered zones, ammonia and nitrate concentrations
will each likely approach 20 mg/L to 50 mg/L, expressed as nitrogen. Water collected from the
mine during this period will be sent to the wastewater storage basins.

Based on information from another underground mine with an average mine drainage flow rate
of 200 gpm, ammonia and nitrate concentrations average approximately 10 mg/L and 25 mg/L as
. nitrogen, respectively, with a range of minus 75 percent to plus 100 percent. Using this
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" information, estimated ammonia and nitrate concentrations for the LR, BEJ and HR mine inflow
cases were determined. These concentrations are shown in Table 3-3. The average
concentrations of ammonia and nitrate shown in Table 3-3 are included in Table 3-2.

Table 3-3

Estimated Ammonia and Nitrate Concentrations in Mine Drainage
Water for LR', BEJ* and HR® Mine Inflow

Concentrations*
Ammonia (as N) Nitrate (as N)
Average Range Average iange
LR' 10.1 3t020 253 6to 51
BEJ? 5.0 1to 10 12.5 3t025
HR? 3.6 1to7 9.0 2t0 18

! Based on a Low Range Mine Inflow Estimate of 250 gpm.

2 Based on a Best Engineering Judgement Mine Inflow Estimate of 452 gpm.

3 Based on a High Rate Mine Inflow Estimate of 600 gpm.

4 All concentrations are mg/L. Concentrations calculated by using ratio of the total mine drainage flow
rate, divided into 200 gpm times 10 mg/L for ammonia (as N) and 25 mg/L for nitrate (as N),
respectively. Calculation assumes that mining and blasting rates are similar for the average mine
generating 200 gpm of mine water and the Crandon mine.

Prepared by: JJF1
Checked by: HJA

3.2.2 Mill Water Usage

Water will be used in the mill for reagent preparation, seal/gland water, ore grinding, flotation,
and other mill processes. It is estimated that an annual average of 3,896 gallons per minute will
be required for mill operations. The water leaving the mill will include water retained in the ore
concentrates, tailings slurry pumped to the TMA, thickener overflows, and water contained in
pyrite concentrate used to produce pyritic paste backfill. Mill process water from the reclaim
pond and the thickener overflows will be recycled to a process water tank at the mill to provide
most of the water needed for mill processes. However, additional water may be needed to make
up for water lost in the concentrates produced by the mill, water lost in the pyritic paste backfill,
and for water retained in the depyritized tailings placed in the TMA. Make-up water will be
comprised of mine drainage, fresh water, or treated effluent from the wastewater treatment
system.

CER1\DML\DCWALMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities ~ Foth & Van Dyke * 24
September 18, 1995 Updated November 24, 1998



Water recycled from the reclaim pond and the thickener overflows will be the primary source of

. water for all mill uses including process water, reagent water, and seal/gland water. Water for
uses requiring very low suspended solids contents, e.g., seal/gland water, will be filtered prior to
use. Normal operation will be for mine drainage water to be used to make up any water deficit at
the mill.

The option to use fresh water or wastewater treatment system effluent for mill make-up water
may be exercised if higher water quality is required for a given process, e.g., seal/gland water.
While the potential will exist to use fresh water from the fresh/fire water tank or effluent from the
wastewater treatment system as makeup water to the mill, this is not expected to be required.

The flow rates into and out of the mill under average, maximum, and minimum flow conditions
are shown on Figures 3-3, 3-4, and 3-5. Details regarding mill operations are described in the
project's Mine Permit Application (Foth & Van Dyke, 1995/1998b).

3.2.3 TMA and Reclaim Water Storage Facilities

At the mill, flows into the tailings pump box will include depyritized tailings slurry, wastewater

from laboratories and shops in the service building, solids and filter backwash from the

lime/sulfide portion of the wastewater treatment system, direct precipitation on that portion of

the tailings pipeline containment ditch sloped toward the mill, and treated effluent from the

sanitary sewage treatment plant. The tailings slurry and other wastewaters collected in the
. tailings pump box will be pumped to the tailings pond via the tailings pipeline.

At the TMA, water will be decanted in the tailings pond and pumped to the reclaim pond. The
reclaim pond will provide for additional removal of solids from the water by settling, and will
also provide surge capacity during periods of imbalance in flow rates between the water from the
TMA and the process water needs of the mill. Mill process water will be pumped from the
reclaim pond to the process water tank for recycling to the mill.

Mill process water may be routed from the reclaim pond to wastewater storage basins 6 and 7 or
to the wastewater treatment plant under the following circumstances:

. When the flow rate into the reclaim pond exceeds the demand for recycled water by
the mill process water system for a sustained period. This would occur during
periods of wet weather when precipitation on the tailings pond and reclaim pond
significantly exceeds evaporation from these ponds.

. In the event that there is a buildup of constituents in the mill process water which
interferes with the ore recovery process.

. During reclamation when the final tailings pond and the reclaim pond are being
drained of water prior to closure.
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Mill process water routed to wastewater storage basins 6 and 7 will be treated by the wastewater
treatment system. The treated mill process water may be reused in the mill. Treated mill process
water will be discharged only if it meets the New Source Performance Standards, (NSPS) for
discharge of mill process water and the applicable WPDES effluent discharge limitations. The
NSPS are discussed in Section 4 of this report. Details of the design of the project's TMA are
described in the TMA Feasibility Report and subsequent addenda (Foth & Van Dyke, 1995,
1996a and b, 1997, 1998a and b).

The anticipated water quality of the reclaim pond effluent is presented in Table 3-4. The
estimated characteristics were developed based on information obtained from analyses performed
on process water generated as part of the locked cycle tests performed by Lakefield Research,
Lakefield, Ontario, and on other information as noted.

3.2.4 Potable Water Supply, Sanitary Wastewater, Laboratory and Shop

The potable water system will be separate from the other water systems at the plant site. A
separate well, pump, fresh water tank, and distribution system will be provided for potable water.
The Project's High Capacity Well Permit Application (Foth & Van Dyke, 1995/1998c) provides
more detail on the capacity and operation of the potable water supply well.

Sanitary waste generated by toilets, sinks and showers at the site will be routed to an on-site
sewage treatment plant. The site will not have a cafeteria, so wastewaters from food preparation
and clean-up will not be generated. Chemical toilets will be used underground in the mine.
Containerized waste from the underground mine will be transported to the surface for treatment
at the sewage treatment plant. The sanitary wastes from the surface facilities will be transported
to the sewage treatment plant via a buried piping system. The flow rate of sanitary wastewater is
expected to average approximately 9 gallons per minute. The sewage treatment plant effluent
will discharge through a pipeline to the tailings pump box and thence to the TMA. Solids
generated in the sewage treatment plant will be removed as necessary by a licensed private
contractor for proper disposal.

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 either be reused in the mill,
disposed of off-site by a qualified contractor, or discharged to the tailings pump box for transport
to the TMA. The wastewater generated in the shops will include small amounts of grease and
oil, solvents, metal shavings, other particulate materials and wash water. Most of the grease will
be captured in traps. These wastewaters are expected to average less than 6 gallons per minute,
and will be routed to the tailings pump box.
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Table 3-4

Estimated Average Reclaim Pond Effluent Water Characteristics

Parameter

Aluminum?
Antimony?
Arsenic?
Barium?
Beryllium?
Cadmium?
Calcium?
Chromium?
Cobalt?
Copper?
Iron?
Fluoride?

Lead?

Magnesium?

Manganese?

Mercury?

Concentration’ Parameter Concentration'
<0.022 Molybdenum?® <0.040
0.0061 Nickel? 0.016
0.0025 Potassium? 27
0.028 Selenium? 0.024
<0.00033 Silver? 0.00028
0.0018 Sodium? 26
300 Thallium? <0.003
<0.00053 Zinc? 1.3
0.030 pH2 7.6
0.0017 Chloride? 33
<0.0023 Cyanide, Total? <0.0034
1.0 Alkalinity as CaCO;? 66
0.0044 Ammonia (as N)* 2.8
27 Nitrate (as N)* 8.7
1.2 Sulfate? 901
0.0000238 TOC as NPOC? 37

All concentrations are mg/L, with the exception of pH which is reported in standard units, and
conductivity which is reported as .S/cm. Metal concentration are expressed as the "dissolved" form.
Values from the EnChem, Inc. analysis of a May 20, 1998 water sample from Lakefield locked cycle
analyses of the Crandon Project master ore composite performed in February and March, 1998.
Values from the Wisconsin State Laboratory of Hygiene analysis of a June 16, 1994 sample from
Lakefield locked cycle analyses of the Crandon Project master ore composite.
Estimated value based on expected average mine drainage concentrations for ammonia and nitrate of
5.0 and 12.5 mg/L (as N), respectively. Estimated values determined by a mass balance calculation at
average water balance flow conditions.

Prepared by: JWS
Checked by: GJB1
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3.2.5 Runoff from Production Area

During operation, contact runoff will be generated by precipitation on the central runoff drainage
area of the plant site. This area is shown on Figure 3-7 and includes the concentrate thickeners,
the reagent bulk storage, the lubricant storage, the cold storage, the covered coarse ore storage
silo, the roof of the concentrator building, the roof of the wastewater treatment facilities building,
the bulk fuel storage area, and other areas in which the runoff could come in contact with process
equipment, materials, or chemicals. During operation of the mine and mill, contact runoff will
generally contain suspended solids and other substances related to the materials stored in the
area, and may also contain oil and grease from the gasoline and diesel fuel storage and handling
areas. Based on a 25-year, 24-hour rainfall event, the runoff from this area will be approximately
2.8 million gallons. The annual average flow rates of runoff under average, maximum, and
minimum conditions are shown on Figures 3-3, 3-4, and 3-5, respectively. This runoff will be
collected and routed to wastewater storage basins 6 and 7. A gravity oil-water separator will be
used to treat runoff collected from outdoor areas where gasoline, fuel oil, lubricating oils and
other oily materials are stored and handled.

During initial operation of the mine before the start of mill operations, ore and waste rock will be
placed in the pre-production ore storage area. Contact runoff will be generated by precipitation
on the pre-production ore storage area. This area is also shown on Figure 3-7. This contact
runoff will contain suspended solids and other constituents leached from the ore and waste rock
by precipitation. Based on a 100-year, 24-hour rainfall event, the runoff from this area will be
approximately 1.1 million gallons. The annual average flow rates of runoff under average,
maximum, and minimum conditions are shown on Figure 3-3, 3-4, and 3-5, respectively. The
runoff from the pre-production ore storage area will be collected in wastewater basin 5. This
basin will have pumps to transfer water to the wastewater storage basins 6 and 7. After the mill
begins operation and the stored waste rock is placed in the TMA, wastewater storage basin 5 and
the pre-production ore storage area may be removed and reclaimed.

A containment ditch shown on Figures 3-1 and 3-7 will be constructed for the tailings pipe and
the reclaim pond return pipeline. Wastewater collected in this containment ditch will include
contact runoff from rainfall on the pipeline ditch and access road, and may also include materials
which have leaked from the pipelines. Based on a 25-year, 24-hour rainfall event, the runoff
from this area will be approximately 0.47 million gallons per day. The annual average flow rates
of runoff under average, maximum, and minimum conditions are shown on Figures 3-3, 3-4, and
3-5, respectively. The ditch will empty into two drain down basins. One of these is at the mill,
while the other, basin 4, will be located adjacent to the tailings pipeline ditch, approximately
midway along its length. Basin 4 has been designed to hold two times the volume of that portion
of the tailings pipeline drainage to it and the precipitation falling on the ditch and adjacent
roadway. During operation, water accumulated in basin 4 will be transferred to the tailings pond.
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3.2.6 Wastewater Treatment and Discharge

. Wastewater will be stored in wastewater storage basins 6 and 7 prior to treatment in the
wastewater treatment system. The primary wastewater treatment system will include lime
treatment, clarification, sulfide treatment, filtration, and pH adjustment. This treatment concept
has proven to work well at the Flambeau Mine in Ladysmith, Wisconsin, and in the treatability
test work conducted on both mine drainage for the Crandon Project, and on an existing mill's
process water similar in character to the mill process water expected for the Crandon Project.
The results of the primary treatment system treatability testing are summarized in Section 6 of
this report.

In order to consistently meet projected water quality limits for discharge to groundwater, for all
effluent constituents, advanced wastewater treatment processes will be required. Effluent from
the primary treatment system will be routed to a reverse osmosis (RO) system. Rejected
wastewater from the RO system will be sent to an evaporator for volume reduction.
Concentrated wastewater (brine) from the evaporator system will be combined with the pyritic
paste backfill for placement underground in mined-out stopes. The product water (condensate)
from the evaporator will receive additional treatment for ammonia nitrogen removal. The
evaporator condensate and RO product water (permeate) will then be combined to form a
composite effluent which will be pumped to the discharge storage lagoons and eventually to the
soil absorption system. Two lined discharge lagoons will be provided. A process flow diagram
of the wastewater treatment system is shown on Figures 3-8 and 3-9. Detailed information on
. the wastewater treatment system is provided in Section 6 of this report.

Where required, treated water from the wastewater treatment system will be used for mitigation
of regional lakes impacted by groundwater drawdown associated with mine dewatering activities.
Water for mitigation of hard water bodies will be provided by wells and, therefore, this topic is
not discussed in this report. A detailed analysis of mitigation requirements is available in the
Crandon Project Surface Water Mitigation Plan (Foth & Van Dyke, 1998c).

Prior to discharge, the treated wastewater will be tested. If the treated water meets water quality
standards, it will be pumped through a pipeline for discharge to groundwater by way of a soil
absorption system. When soft water body mitigation is required, evaporator condensate will be
pumped directly to mitigation storage tanks, and then to the soft water bodies requiring
mitigation.

The effectiveness of an RO system with respect to treatment of effluent from the primary
wastewater treatment system was evaluated through a treatability study. The results of the RO
system treatability study are described in detail in Section 6 of this report. Briefly, the results
demonstrated that an RO system will provide a sufficient level of treatment to meet projected
groundwater discharge effluent limits.

Ammonia nitrogen is anticipated to be an effluent constituent which may require the use of an
. additional treatment process. While ammonia nitrogen is removed by RO systems, it is
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anticipated that ammonia nitrogen present in the RO reject water will be volatilized in the
evaporator system and be carried over to the evaporator condensate stream. In order to
consistently meet ammonia nitrogen effluent limits, an ammonia nitrogen removal process will
be added to treat evaporator condensate prior to mixing with the RO permeate or use as
mitigation water.

3.2.7 Non-Contact Runoff

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

. topsoil storage area;

. the mulch storage area;

. roadways to and from the site;

. railroad lines to and from the site;

. the parking lot;

. the main substation;

. the roof of the service building;

. the area adjacent to the discharge lagoon; and,
. the construction material storage area.

Non-contact runoff includes runoff from the southwest drainage area, the southeast drainage area,
the construction material storage drainage area, and the discharge lagoon drainage area at the
plant site. These four drainage areas and the accompanying runoff basins 1, 2, 3, and 8 are
shown on Figure 3-7. Water from the runoff basins will be discharged to on-site surface water
drainageways.

In addition, six runoff basins, numbered consecutively 9 through 14, will be ultimately
constructed around the perimeter of the TMA. The outflow from these non-contact basins will
be discharged directly to natural drainageways.

3.3 Water Management During Construction

During construction, wastewater will be generated from sinking of the mine shafts. Runoff will
also occur from areas of the site disturbed by construction activities. These sources and facilities
for collection, treatment, and disposal of wastewater during construction are discussed below.

3.3.1 Shaft Sinking Wastewaters

Minor water inflow will occur during the development period for the main shaft and the east and
west ventilation shafts. The inflow for each shaft is expected to be less than 10 gallons per
minute, and will be continuously pumped out of the shafts. The shaft water will contain
suspended solids. There is also a potential for this water to come in contact with oil. Water
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inflow, estimated to be about 75 gpm on average, will also occur during construction of the

. grouting drift.

The shaft and grouting drift water will be pumped to a temporary oil/water separator for removal
of free-floating oil, and then routed to wastewater storage basins 6 and 7 and the TMA reclaim
pond. These basins and pond will provide the needed capacity to store mine inflow water
generated during the pre-production period before the WWTS comes on-line. Once the WWTS
begins operation, the water stored in these basins will be treated and discharged to groundwater
by way of the soil absorption system.

3.3.2 Construction Runoff

Activities that will generate runoff include construction of roadways, the TMA, pipelines,
railroad lines, mill facilities, above ground mine facilities, ancillary plant site facilities, soil
absorption system, and the wetland compensation site. Equipment laydown and materials
storage areas used for construction of the mine, mill and TMA will also generate runoff during
construction. Typically runoff from disturbed areas will contain suspended solids. In the early
stages of construction, erosion will be controlled through the use of silt screens and temporary
water detention systems. Inspection, maintenance, and solids removal will be provided for these
controls. As the runoff basins are brought on-line, construction runoff will be diverted to these
basins. The treated runoff will be discharged from these basins to on-site drainageways. Details
regarding the project's erosion control features can be found in the project's Mine Permit

. Application (Foth & Van Dyke, 1995/1998b).

3.4 Water Management During Closure

Following the completion of mining, water will continue to be pumped from the mine until all
salvageable equipment has been removed and mine closure operations have been completed.
Water pumped from the mine will be treated prior to discharge. Water from the final tailings cell
will be pumped to the reclaim pond as in the operational phase of the project. Water will be
pumped from the reclaim pond to wastewater storage basins 6 and 7, then pumped to the
wastewater treatment system for treatment prior to discharge. The wastewater treatment system
and the soil absorption system will continue to operate during reclamation as long as required.
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4  Applicable Effluent Discharge Requirements

. The treated wastewater effluents that will be discharged during Crandon Project construction,
operation, and closure were discussed in Section 3 of this report. The purpose of Section 4 is to
review the effluent discharge requirements which are applicable to wastewater effluents from the
project. These requirements include the following:

. new source performance standards applicable to mill process wastewater and mine
drainage water;

. sanitary wastewater standards applicable to the treated wastewaters from the
sewage treatment plant;
. stormwater standards applicable to runoff during construction of the plant site,

TMA, and ancillary facilities, and runoff during operation at the plant site;
. water quality standards, and water quality based effluent discharge standards;

. groundwater quality standards applicable to treated wastewaters discharged to
groundwater by way of the soil absorption system; and

. water quality antidegradation standards applicable to discharge of treated
. wastewaters to Exceptional Resource Waters (ERW) and Outstanding Resource
Waters (ORW).

4.1 New Source Performance Standards

Mill process wastewater and mine drainage are subject to the New Source Performance
Standards (NSPS) for the Ore Mining and Dressing Point Source Category promulgated by the
U.S. Environmental Protection Agency (EPA) under 40 CFR 440 and the WDNR under Chapter
NR 270, Wis. Admin. Code. The Crandon Project is covered by the NSPS for the copper, lead,
zinc, gold, silver, and molybdenum subcategory of the Ore Mine and Dressing Point Source
Category.

Mine drainage, as defined in NR 270.002(9), includes any water drained, pumped, or siphoned
from a mine. Based on this definition, the groundwater infiltration into the mine, any water
released from stope backfill materials, and utility water used in the mine are the project
wastewaters which will be subject to the NSPS for mine drainage. NSPS effluent limitations for
discharges of mine drainage are shown in Table 4-1.
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Table 4-1

NSPS for Mine Drainage'

Effluent Limitations (in mg/L, except pH)

Average of Daily Values for

Effluent Characteristic Maximum for Any One Day 30 Consecutive Days
Total Suspended Solids 30.0 20.0
Cadmium 0.10 0.05
Copper 0.30 0.15
Lead 0.6 0.3
Mercury 0.002 0.001
Zinc 1.5 0.75
pH (S.U.) 6.0 - 9.0 6.0 - 9.0?

! From Chapter NR 270.104, Wis. Admin. Code.

2 Where the application of neutralization and sedimentation technology to comply with relevant metal
limitations results in an inability to comply with the pH range of 6.0 to 9.0, the permit issuer may allow
the pH level in the final effluent to slightly exceed 9.0 so that the copper, lead, zinc, mercury, and
cadmium limitations will be achieved.

Prepared by: RJC1
Checked by: HJA

As defined in NR 270.002(7), a "Mill" is a preparation facility within which the metal ore is
cleaned, concentrated, or otherwise processed before it is shipped. A mill includes all ancillary
operations and structures necessary to clean, concentrate, or otherwise process metal ore, such as
ore and gangue storage areas and loading facilities. Based on the preceding definition, the
following NMC project wastewaters will be subject to the NSPS for mill process wastewaters:

. mill process waters, including tailings slurry;
. contact runoff from production areas and the pre-production ore storage area;
. wastewater from labs and shops; and

. contact runoff from the tailings pipeline ditch and TMA access road.

The sanitary sewage treatment plant effluent will be routed to the tailings pump box and mixed
with the tailings slurry for pumping to the tailings pond. Although sanitary sewage does not
qualify as mill wastewater by the definition in NR 270.002(7), it will effectively be subject to the
NSPS by virtue of its inclusion in the mill process water system.
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The NSPS for the mill is no discharge of process wastewaters from the mill to
"navigable waters," except as follows:

. In the event that the annual precipitation falling on the treatment facility and the
drainage area contributing surface runoff to the treatment facility exceeds the annual
evaporation, a volume of water equal to the difference between annual precipitation
falling on the treatment facility and the drainage area contributing surface runoff to the
treatment facility and annual evaporation may be discharged subject to the effluent
limitations in Table 4-1.

. In the event that there is a buildup of contaminants in the recycle water which
significantly interferes with the ore recovery process and this interference cannot be
eliminated through appropriate treatment of the recycle water, the permitting authority
may allow a discharge of process wastewater in an amount necessary to correct the
interference problem after installation of appropriate treatment. This discharge shall
be subject to the limitations in Table 4-1.

The NSPS also includes the following provision for combining of waste streams:

. In the event that waste streams from various subcategories or segments of the Ore
Mining and Dressing point source category are combined for treatment and discharge,
the quantity and concentration of each pollutant or pollutant property in the combined
discharge that is subject to effluent limitations shall not exceed the quantity and
concentration of each pollutant or pollutant property that could have been discharged
had each waste stream been treated separately.

4.2 Sanitary Wastewater Discharge Standards

Effluent limitations, performance requirements, and monitoring provisions for facilities which
discharge treated sanitary wastewater to surface water are set forth in Chapter NR 210, Wis.
Admin. Code. Water quality based effluent limitations are discussed in detail in Section 4.4 of
this report. Effluent from sanitary sewage treatment facilities must, at a minimum, meet effluent
limitations for 5-day biochemical oxygen demand (BODj), total suspended solids (TSS), pH, and
fecal coliform bacteria.

Under the proposed NMC facility design, treated sanitary wastewater will be discharged to the
tailings pump box. The wastewater, including treated sanitary effluent, entering the TMA will
normally be recycled through the reclaim pond to the mill for use as mill process water.
Consequently, effluent limitations for treated sanitary wastewater will not normally be
applicable. However, the NMC facility design does include an option for sending excess mill
process water from the reclaim pond to the wastewater treatment system for treatment and
subsequent discharge to groundwater by way of the soil absorption system. The conditions for
discharge of excess mill process water were discussed previously in Section 3.2.3 and

Section 4.1 of this report.
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4.3 Stormwater Standards

Discharge of stormwater runoff is regulated under Chapter NR 216, Wis. Admin. Code. The .
intent of NR 216 is to "eliminate to the maximum extent practicable the discharge of pollutants

carried by stormwater runoff into waters of the state". Pursuant to NR 216, all potential

dischargers must obtain a WPDES permit prior to initiation of activities which will potentially

result in the discharge of stormwater runoff. Three general categories of runoff are defined in

NR 216: municipal stormwater, industrial stormwater, and construction site stormwater. NR 216

exempts non-contact runoff from regulation under the WPDES permit program. In the case of

the Crandon Project, only the requirements for industrial stormwater and construction runoff are

applicable. These requirements are discussed as follows.

43.1 Requirements for Industrial Stormwater Runoff

For the Crandon Project, industrial stormwater will consist of contact runoff during operation
and closure. As described previously in Section 4.1, contact runoff must meet the NSPS for mill
process wastewaters. Subchapter II of NR 216 contains additional requirements for contact
runoff. The primary requirement is the preparation and implementation of a Storm Water
Pollution Prevention Plan (SWPPP). The requirements for this plan are identified in NR 216.27.

4.3.2 Requirements for Stormwater Runoff Resulting from Construction

Subchapter I1I of NR 216 contains requirements for discharges of construction stormwater. A .
WPDES permit is required for discharges of runoff from any land disturbing construction

activity that results in the disturbance of 5 or more acres of total land area. The Crandon Project

will initially disturb approximately 400 acres during construction of the project site, plus

additional areas for construction of the soil absorption discharge system, the discharge pipeline to

the soil absorption system, and for construction at the wetland compensation site. As the project
progresses, additional tailings cells will be constructed throughout the life of the project. To -
obtain a WPDES permit for stormwater discharges associated with land disturbing construction
activities, a Notice of Intent must be submitted to the WDNR at least 14 days prior to

commencing any land disturbing construction activities. In addition, a Construction Site Erosion
Control Plan and a Storm Water Management Plan must be completed prior to submittal of the

Notice of Intent.

The Construction Site Erosion Control Plan must address soil erosion and sedimentation during
construction and up to the final stabilization of the site. The plan must describe appropriate
controls and measures that will be performed at the site to prevent pollutants from reaching
waters of the state. All activities required by the plan must be performed, and compliance with
the plan must be maintained during construction. The Storm Water Management Plan must
address storm runoff after construction is completed. The plan must describe what management
practices will be used to control peak flow, pollutants, and runoff volume that will occur after
construction operations have been completed. The Crandon Project Mine Permit Application

CERT\DML\DCWALMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities ~ Foth & Van Dyke ¢ 35
September 18, 1995 Updated November 24, 1998



(Foth & Van Dyke, 1995/1998b) includes the information needed to satisfy the requirements for
. a Construction Site Erosion Control Plan and a Storm Water Management Plan.

When a site has undergone final stabilization and all stormwater discharges associated with
construction site activities that were required to have a WPDES permit under NR 216,
Subchapter III, have ceased, a Notice of Termination must be submitted to the WDNR.

4.4 Water Quality Standards

Effluent limitations for the wastewater and mitigation waters discharged from the NMC
wastewater treatment system will include limitations needed for attainment and maintenance of
water quality standards in surface water and groundwater. Water quality standards for surface
water and groundwater within the state of Wisconsin have been established by the WDNR in
Chapters NR 102, NR 104, NR 105, NR 106, NR 140, and NR 207, Wis. Admin. Code.

The wastewater discharged via the soil absorption system will seep to groundwater and will
therefore be regulated by Chapter NR 140, Wis. Admin. Code. Mitigation water will be
discharged to surface waters. The mitigation water may also flow directly or indirectly into
outstanding resource waters and exceptional resource waters. Mitigation water that originates
from the wastewater treatment system will be regulated as a WPDES discharge, for which
standards developed under NR 102, NR 104, NR 105, NR 106, and NR 207, Wis. Admin. Code,
will be applied.

. 44.1 Groundwater Standards

Effluent limitations for the treated effluent discharged from the soil absorption system will
include limitations needed for attainment and maintenance of water quality standards in
groundwater. Following is a discussion of the state regulations applicable to a discharge of
wastewaters via a soil absorption system.

Chapter NR 140, Wis. Admin. Code, addresses groundwater quality standards for substances
entering the groundwater resources of the state. The standards are classified by the following
criteria:

. Public Health Groundwater Standards
. Public Welfare Groundwater Standards
. Indicator Parameter Groundwater Standards

The public health and public welfare groundwater standards have enforcement standards and
preventative action limits. The indicator parameter groundwater standards have only
preventative action limits. The enforcement standards and preventative action limits are
numerical values expressing the concentration of a substance in groundwater.
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44.2 Surface Water Quality Standards

Effluent limitations for the discharge of mitigation waters to soft water bodies include limitations .
needed for attainment and maintenance of water quality standards in surface water. Water

quality standards for surface water within the state of Wisconsin have been established by the

WDNR. Following is a discussion of the regulations applicable to surface water quality

standards for mitigation water discharges.

Chapters NR 102, NR 104, NR 105, NR 106, and NR 207, Wis. Admin. Code, address water
quality standards for surface waters based on the following criteria:

. Acute Toxicity Criteria for Aquatic Life

. Chronic Toxicity Criteria for Aquatic Life

. Wild and Domestic Animal Criteria

. Human Threshold Criteria

. Human Cancer Criteria and Human Threshold Criteria
. Taste and Odor Criteria

. Antidegradation Criteria

For each of the above criteria, the water quality standards vary in stringency depending on the
classification of the receiving water.

4.4.3 Outstanding Resource Water and Exceptional Resource Water Standards .

Effluent limitations for the discharge of mitigation water that originates from the project's
wastewater treatment system include limitations needed for attainment and maintenance of water
quality standards in outstanding resource waters (ORW), and exceptional resource waters
(ERW). Chapters NR 102 and NR 207, Wis. Admin. Code, address water quahty standards for
waters classified as either an ORW or an ERW.
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5 Alternatives Evaluation

Chapter NR 207, Wis. Admin. Code, requires a new point source discharger to evaluate
alternative discharge locations and alternative treatment technologies. The purpose of this
section of the report is to summarize the evaluation of alternative discharge locations and
alternative treatment technologies for the treated wastewaters to be discharged during operation
and closure of the Crandon Project. The section includes a discussion of the following:

. A description of alternative discharge locations and the treatment technologies needed
to meet water quality based limitations.

. A comparison of the environmental effects, economic costs, and other considerations
for treatment and disposal associated with each alternative discharge location.

. The selected discharge location and the basis for selection.

5.1 Description of Alternative Discharge Locations

Alternative discharge locations considered include discharges to various surface waters and
discharge to groundwater via a soil absorption system. Surface waters considered included Lake
Metonga, Little Sand Lake, the Wisconsin River, Swamp Creek, Neptune Creek, Haymeadow
Creek, Monico Creek, the Pelican River, and the headwaters of several other surface waters in

. the regions such as the Peshtigo and Oconto Rivers. An initial screening of these alternatives
resulted in three potential discharge locations: the Wisconsin River at the Hat Rapids Dam,
Swamp Creek below Rice Lake, and a discharge to groundwater via a soil absorption system.
The other river surface water locations were eliminated from further consideration because they
had low flow rates and thus provided no significant environmental or economic advantages
compared to discharging to the Wisconsin River or Swamp Creek. The lakes were eliminated
because they discharge to tributaries to the Wolf River and therefore they provided no significant
environmental or economic advantage compared to discharging to the Wisconsin River or
Swamp Creek. A discussion of the three alternatives remaining after the initial screening
follows.

5.1.1 Discharge to Groundwater via Soil Absorption System

For this alternative, treated wastewater would be land applied through the use of a soil absorption
system. Applied effluent would infiltrate through the soil, eventually reaching the underlying
groundwater aquifer. The absorption system would be located within the Fox-Wolf River
drainage basin.

For the evaluation of this discharge alternative, effluent limitations for discharge to the

absorption system would be based on groundwater quality standards as promulgated in Chapter

NR 140, Wis. Admin. Code. Groundwater standards include Public Health, Public Welfare, and
. Indicator categories. The public health and public welfare categories in NR 140 include both
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Preventative Action Limits (PALs) and Enforcement Standards (ESs). For the indicator
category, only PALs are included. ESs are the mandatory groundwater standards which must be
met at a compliance boundary determined by the WDNR. Discharged effluent must be, at a
minimum, of high enough quality to prevent exceedance of the ESs in the groundwater at the
compliance boundary. PALSs are more stringent than ESs and serve to inform the WDNR of
potential groundwater contamination problems. NR 140 requires that all discharges to
groundwater must be regulated to maintain compliance with PALs in the groundwater at the
compliance boundary unless it can be shown that compliance is not technically and/or
economically feasible. The WDNR may set alternative limits for any groundwater contaminants
which have been shown, through data collected during the groundwater sampling program, to
naturally occur in the native groundwater at levels exceeding the PALs or ESs. Based on
preliminary data, existing ambient groundwater concentrations for a number of NR 140
parameters in the vicinity of the Crandon Project exceed the established PALs. For such
substances, an exemption to the PAL may be granted provided that the enforcement standard for
that substance is not exceeded and provided that the wastewater treatment facility is designed to
provide the lowest possible effluent concentration economically and technically feasible.
Indicator standards are based on an allowable increase in the concentration of specified
parameters above groundwater background concentrations. Only PALs are established for
indicator parameters. Groundwater quality standards are available in NR 140. Final effluent
limits for the Crandon Project would be set by the WDNR as part of the WPDES permitting
process.

For the purposes of evaluating this alternative, it has been assumed that the treatment system
would need to produce an effluent quality that would meet the PALs for all parameters.

5.1.2 Discharge to the Wisconsin River

For the Wisconsin River discharge alternative, treated wastewater would be pumped from the
effluent discharge lagoon system at the Crandon Project site to the Wisconsin River via an
underground pipeline. The effluent would be discharged into the Wisconsin River at the Hat
Rapids Dam. The pipeline would follow existing road rights-of-way throughout its course. The
length of the pipeline would be approximately 38.3 miles.

Discharge of wastewater to the Wisconsin River would result in a transfer of water from the
Great Lakes drainage basin to the Mississippi River drainage basin. Interbasin diversions are
regulated by the State of Wisconsin under Chapter NR 142, Wis. Admin. Code. Criteria for an
interbasin transfer applicable to the discharge of effluent from the Crandon Project site to the
Wisconsin River are delineated in NR 142.03(3).

The Wisconsin River, in the region of the proposed discharge location, is classified as a Warm
Water Sport Fish Community. New dischargers to the river are required to comply with the
water quality standards as set forth in Chapter NR 105, Wis. Admin. Code, for Warm Water
Sport Fish Communities and the water quality anti-degradation standards as set forth in Chapter
NR 207, Wis. Admin. Code. Accordingly, weekly and monthly water quality based effluent
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limitations will be set based on one-third of the calculated available assimilative capacity of the
Wisconsin River for all substances regulated under the water quality standards. Note that daily
maximum limitations are based on acute toxicity criteria which are not based on assimilative
capacity and consequently are not subject to the one-third factor used for weekly and monthly
average limitations. In addition to water quality based effluent limits, a discharge to the
Wisconsin River must meet categorical limits for mine drainage in accordance with New Source
Performance Standards as promulgated in Chapter NR 270, Wis. Admin. Code. Where
categorical limits are more stringent than water quality based limits, the categorical limits will
govern.

In addition to effluent limits based on substances listed in NR 105, the WDNR has proposed
regulating discharge of sulfate to the Wisconsin River. While there are currently no water
quality standards applicable to discharge of sulfate to the Wisconsin River, the WDNR has
indicated that sulfate limits will likely be included in any discharge permit in order to minimize
"secondary impacts". The proposed regulation of sulfate is based on concern for wild rice
downstream of the Wisconsin River discharge location. Based on preliminary WDNR
comments, the sulfate concentration of effluent discharged from the Crandon Project would be
regulated to the extent that the sulfate concentration in the Wisconsin River, downstream of the
proposed discharge location, would not exceed 10 mg/L under the maximum effluent discharge
flow rate and under Q; ;, low flow conditions for the river.

Final effluent limitations for the Crandon Project would be set by the WDNR as part of the
WPDES permitting process.

5.1.3 Discharge to Swamp Creek

For the Swamp Creek discharge alternative, treated wastewater would be pumped from the
effluent discharge lagoon system at the NMC site to Swamp Creek via an underground pipeline.
Effluent would be discharged into Swamp Creek at a site located south of County Road M below
Rice Lake. The length of the pipeline would be approximately 5 miles.

Swamp Creek is classified as a Warm Water Sport Fish Community and, as such, would be
subject to the same effluent limit criteria as described for the Wisconsin River discharge
alternative. However, Swamp Creek is also a tributary to the Wolf River, which is classified as
an Outstanding Water Resource (ORW). Under Chapter NR 207, Wis. Admin. Code, effluent
limitations for ORWs are set equal to background levels as measured in the receiving body of
water upstream of the discharge location. Since Swamp Creek is not an ORW itself, effluent
limits for discharge to Swamp Creek should not be based directly on background levels in the
Wolf River. However, to meet the intent of NR 207, effluent limits for discharge to Swamp
Creek should be based on preventing any measurable degradation of the water quality based
criteria of the Wolf River. Calculation of effluent limits for discharge to Swamp Creek should
therefore take into consideration the background water quality of the Wolf River, the background
water quality of Swamp Creek, and the available dilution of discharged effluent prior to reaching
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the Wolf River. Additionally, a discharge to Swamp Creek would need to meet all applicable
limits based on NR 105 and NR 207 criteria for Warm Water Sport Fish Communities.

Final limitations would be set by the WDNR as part of the WPDES permitting process.
5.14 Surface Waters for Mitigation

Water may be required for mitigation of regional streams and/or lakes impacted by groundwater
drawdown associated with mine dewatering activities. Treated effluent from the wastewater
treatment plant may be used, if required, for the mitigation of soft water bodies, such as lakes.
Advanced treatment will be provided, if required, to meet effluent limits for the discharge of
mitigation water to soft water bodies. Effluent limits will be set by the WDNR based on
applicable sections of the Wisconsin Administrative Code. Water for mitigation of hard water
bodies will be provided by wells and, therefore, this topic is not discussed in this report.

5.2 Description of Alternative Treatment Technologies

The base wastewater treatment system for the Crandon Project facility will include hydroxide
precipitation, clarification, pH adjustment, sulfide precipitation, and filtration. While the base
treatment system will produce a high quality effluent, it is anticipated that all three discharge
options will require a level of treatment beyond the capability of the base treatment system.
Advanced treatment will sequentially follow the base system to provide treated wastewater that
consistently meets water quality standards. The advanced treatment system will include reverse
osmosis (RO) and evaporation.

With the exception of sulfate, all of the effluent limitations for discharge to the Wisconsin River
can be met using the base treatment system. Advanced treatment would only be required to
reduce effluent sulfate concentrations. In order to meet anticipated sulfate limits, approximately
50 percent of the base treatment system effluent would need to be treated by advanced treatment -
consisting of the RO and evaporation technologies; with the remaining base treatment system
effluent bypassing the advanced treatment system. Figure 5-1 shows a schematic flow diagram
of the treatment and disposal processes for this alternative.

The effluent limitations anticipated for the Swamp Creek and the groundwater soil absorption
system alternatives would also require advanced treatment following the base treatment system.
Advanced treatment would be required for reduction of some metals and other effluent
constituents. It is anticipated that 100 percent of the base treatment effluent flow would require
advanced treatment for these two discharge alternatives. Figures 5-2 and 5-3 show schematic
flow diagrams for the treatment and disposal processes for the Swamp Creek and groundwater
discharge alternatives, respectively.

For all three discharge alternatives, the treated effluent will be routed to one of two lined
discharge lagoons for temporary storage. The lagoon system will allow effluent quality to be
verified prior to final discharge. In the event that effluent stored in one of the lagoons does not
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meet discharge limitations due to treatment system operational problems, the effluent can be
recycled back through the treatment facility or routed to the TMA. Note that the discharge
lagoon design is identical for all three discharge alternatives. Design details for the discharge
lagoon system are discussed in Section 6 of this report. Following is a discussion of the
alternative treatment technologies for the Crandon Project wastewater treatment system.

5.2.1 Base Treatment System

Hydroxide precipitation is a well established, relatively inexpensive technology commonly used
to remove heavy metals from wastewater. For the Crandon Project wastewater treatment system,
lime will be used for neutralization and for precipitation of heavy metals. Most operating
metallic mines are currently operating similar systems for treatment of mine wastewaters.
Acidity in the wastewater is neutralized as illustrated below:

Eq. la 2H* +Ca(OH), = Ca”+2H,0
Eq. 1b 2HCO; +Ca(OH), = Ca*2+2CO0;?+2H,0

With lime treatment, metal removal occurs by adjusting the pH of the wastewater to the point
where metals exhibit minimum solubilities and precipitate as metal hydroxides. These
precipitates can then be removed through clarification. The effectiveness of hydroxide
precipitation is dependent on wastewater characteristics such as pH, the form of metal ions
present, and the presence of complexing agents. Metal removal for this process is limited by the
solubilities of the metal hydroxides generated. The minimum solubilities for most metal
hydroxides occur in the pH range of 9 to 11; hence metal precipitation, in general, is optimal
within this range. However, each metal hydroxide has a unique point of minimum solubility. At
pH values above or below this point, the metal solubility increases. The optimal pH for the lime
treatment process, corresponding to the maximum overall removal of heavy metals, was
determined for the Crandon Project wastewater through wastewater treatability testing. -The
treatability test methods and test results for the lime treatment process are summarized in
Section 6. Based on the results of the treatability testing, a system operating pH of 10.0 will be
used for design and initial operation of the lime treatment process.

The principal precipitation reactions which occur with lime treatment can be represented with the
following general equations:

Eq.2a M? + Ca(OH), = M(OH),! +Ca®
Eq. 2b 2M“+ 3Ca(OH), = 2M(OH),! + 3Ca™
Eq. 2¢ Ca?+ SO,? = CaSO,!

Eq.2d Ca2+ CO,? = CaCoO,!

where M*? includes divalent metals such as copper, zinc, lead, nickel, and cadmium, and M*?
includes trivalent metals such as aluminum and iron.
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In the lime treatment process, wastewater will be mixed with lime slurry in a lime precipitation
tank and will subsequently flow to a solids-contact type clarifier. Precipitation of heavy metals
will occur in the tank. Settling of the precipitates will occur within the clarifier, and will result in
the formation of metal hydroxide solids in the bottom of the clarifier. A solids inventory will be
maintained within the clarifier in order to optimize the settling process. Excess solids generated
by the precipitation process will be pumped from the clarifier to the tailings pump box. Note that
the lime treatment process design is identical for all three of the discharge alternatives. Design
details for the lime treatment process are discussed in Section 6 of this report.

As discussed previously, the effectiveness of lime treatment is limited by the solubility of the
metal hydroxides generated in the treatment process. The lime treatment process alone is not
expected to be able to meet the effluent limitations for all the proposed discharge alternatives.
Nevertheless, the lime treatment process will serve to remove a substantial fraction of the
dissolved metals and will reduce the amount of metals removal required of subsequent treatment
processes.

Following lime treatment and clarification, pH adjustment of the wastewater can be provided
through addition of sulfuric acid. Acid addition will occur in a separate tank prior to sulfide
treatment to minimize the potential for generation of hydrogen sulfide gas.

The sulfide treatment process will be used as a further treatment step in the wastewater treatment
system. This process will provide additional reduction of heavy metals in the wastewater. With
sulfide treatment, metals are precipitated as metal sulfides. The precipitated metals will be
subsequently removed through filtration. Typical metal precipitation reactions for the sulfide
precipitation process can be represented by the following general equation:

Eq.3a. M'+Na,S = MS! +2Na*

The very low solubility of metal sulfides is the key to the effectiveness of this process. The
theoretical solubilities of metal sulfides are several orders of magnitude lower than the
corresponding solubilities for metal hydroxides. As with hydroxide precipitation, the extent of
metals precipitation for the sulfide process is pH dependent. In general, metal sulfides exhibit
minimum solubilities in the pH range of 7 to 11. Operation within this pH range also minimizes
the potential for generation of hydrogen sulfide gas. The sulfide dosage for design and initial
operation of the sulfide treatment process was determined based on the results of treatability
testing. The treatability test methods and test results for the sulfide treatment process are
summarized in Section 6.

Following pH adjustment, the lime treated wastewater will flow to a sulfide reaction tank. The
wastewater will be mixed with a sodium sulfide solution resulting in the generation of metal
sulfide precipitates. Note that the sulfide treatment process design is identical for all three
discharge alternatives. Design details for the sulfide treatment process are discussed in Section 6
of this report.
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Effluent from the sulfide reaction tank will flow to a filter system. Precipitated metal sulfides
will be removed from the effluent by the filters. Filter backwashing will be used to periodically
remove the captured solids from the filter. Filter effluent stored in a clearwell will be used to
backwash the filters. Backwash water, with the solids removed from the filter media, will
normally be routed to the tailings pump box. Note that the filter design is identical for all three
discharge alternatives. Design details for the filters are provided in Section 6 of this report.

5.2.2 Advanced Treatment

As shown in Table 5-1, the lime/sulfide treatability testing indicates that a higher level of
treatment will be needed to produce an effluent of sufficient quality to meet discharge limitations
for the soil absorption system. Consequently, advanced wastewater treatment processes such as
reverse osmosis, ion exchange, and/or evaporation will be necessary for further reduction of
various constituents prior to discharge.

The selected advanced treatment process involves both two-stage reverse osmosis and
evaporation technologies. Reverse osmosis (RO) is a membrane process in which organic and
inorganic constituents can be removed from wastewater. The basic principles of operation are as
follows. A wastewater feed stream is passed tangentially across the membrane surface and is
driven by applied hydrostatic pressure through the membrane. Constituents present in the
wastewater are rejected at the membrane surface and become concentrated in the "reject" stream
while purified "permeate” passes through the membrane. This process separates the membrane
system feed stream into two new aqueous streams, the purified "permeate” stream and the
concentrated "reject” stream.

A dual-train reverse osmosis process will be used to produce water suitable for discharge to
groundwater. The first stage process will pass approximately 75 percent of the water, creating a
25 percent reject stream. The second stage reject water will be sent back to the front of the
reverse osmosis process. The combined losses from the system will be approximately

30 percent.

Between the first and second stage processes, the pH of the water will be automatically
controlled to increase the removal efficiency of cyanide. A higher pH in the second stage will
not result in increased fouling of the membrane because the feed water will be of much higher
quality, containing relatively low concentrations of scale forming constituents such as calcium
and sulfate. The water from this process will be suitable for discharge to the proposed soil
absorption system or will be sent to the evaporator for further treatment prior to use as mitigation
water.

The reject stream from the RO system will need further volume reduction. This reject stream
also contains the concentrated materials from the RO system. Evaporation technology was
determined to be a feasible process for reducing the volume of the RO reject stream and
producing a very high effluent quality that can be used for mitigation water. Using an evaporator
system, the RO reject will be reduced in volume by approximately 95 percent. The concentrated
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Table 5-1

Comparison of Groundwater Quality Standards and Estimated
Lime/Sulfide Treated Effluent Quality

Estimated
Lime/Sulfide  Estimated Effluent Limitations
Effluent
Parameter Units Quality! PAL? ES*
Antimony mg/L 0.0030 0.0012 0.006 -
Arsenic mg/L 0.0040 0.005 0.05
Barium mg/L 0.040 0.4 2
Beryllium mg/L <0.00006 0.0004 0.004
Boron mg/L <0.0028 24 —
Cadmium mg/L 0.0015 0.0005 0.005
Calcium mg/L 450 54 —
Chloride mg/L 44 125 250
Chromium mg/L 0.0050 0.01 0.1
Copper mg/L 0.010 0.13 1.3
Cyanide mg/L <0.0034 0.04 0.2
Fluoride mg/L 0.29 0.8 4
Iron mg/L 0.081 0.15 0.3
Lead mg/L 0.0030 0.0015 0.015
Magnesium mg/L 50 3P —
Manganese mg/L 0.064 0.025 0.05
Mercury mg/L 0.0000005 0.0002 0.002
Nickel mg/L 0.020 0.02 0.1
Nitrate + Nitrite mg/L 12 2 10
Nitrogen (Ammonia) mg/L 4.8 28 —_
Nitrogen (Organic) mg/L NA 24 —_
Potassium mg/L 8.5 54 —
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Table 5-1 (Continued)

‘ Estimated

Lime/Sulfide  Estimated Effluent Limitations

Effluent
Parameter Units Quality! PAL? ES?

Selenium mg/L 0.080 0.01 0.05
Silver mg/L 0.0010 0.01 0.05
Sodium mg/L 21 10
Sulfate mg/L 1200 125 250
Thallium mg/L 0.010 0.0004 0.002
Zinc mg/L 0.020 2.5 5
Alkalinity mg/L 17 230°
BOD 5 mg/L <10¢ 254
_Color color units  NA’ 7.5

. Conductivity umhos NA? NA? 15
COD mg/L <108 545
Foaming Agents mg/L NA’ 0.25 0.50
Odor mg/L NA’ 1.5 3
Total Dissolved Solids mg/L 1800 370°
Total Hardness mg/L 1300 225°
pH (field) S.U. _s 6.7-8.7

! Estimated treated effluent quality is based on treatment of mine water through the lime/sulfide process
under BEJ flow conditions. Based on the results of the 1995 Wastewater Treatability Study (Foth &
Van Dyke, 1995), and best professional judgement.

2 NR 140 Preventative Action Limit.

* NR 140 Enforcement Standard.

* Background water quality data are not currently available for this parameter. Stated value indicates
allowable increase in groundwater quality above background levels.

* Based on Paul Luebke, WDNR, memorandum of April 2, 1998 (WDNR, 1998a).

¢ Based on engineering judgement.

7 Data not available.

¥ pH will be controlled in the treatment process. Prepared by: JJF1

. Checked by: HJA
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evaporator brine will used as makeup water for the pyritic paste backfill. The cemented backfill
will stabilize the concentrated waste materials and provide an acceptable means of handling the
reject water.

Ammonia from the reverse osmosis reject water will be volatilized in the evaporator and carried
over to the evaporator condensate. After the evaporation process, ammonia concentrations will
be reduced by an air stripping process. After ammonia removal, the condensate from the
evaporator system will be of high enough quality for groundwater discharge via the seepage cell
system or for use in surface water mitigation.

5.3 Evaluation of Treatment and Discharge Alternatives
5.3.1 Environmental Considerations

The treatment systems selected for each discharge alternative would produce treated effluents
that would meet all water-quality based effluent limitations. Therefore, wastewater discharges
during operation and closure should have no significant adverse environmental effect on surface
or groundwater quality for any of these three alternatives.

The discharge pipeline for the Wisconsin River alternative would be constructed entirely on
NMC property, existing public road rights-of-way, or on the property of Wisconsin Public
Service Corporation at the Hat Rapids Dam. Because the pipeline would be buried, impacts
would be minimal and limited to the short period when the pipeline would be constructed. No
long-term environmental impacts would be expected from pipeline construction. It is expected
that no threatened or endangered species would be disturbed during pipeline construction. The
pipeline would discharge into the inlet piping of the turbines at the Hat Rapids Dam, so
construction activities in the Wisconsin River would be avoided. Therefore, there would be no
significant environmental impact on the Wisconsin River during construction.

Impacts associated with the Swamp Creek discharge pipeline are similar to those associated with
the Wisconsin River discharge alternative. However, unlike the Wisconsin River alternative,
much of the pipeline corridor to Swamp Creek traverses undisturbed habitat. The Swamp Creek
alternative would require an outfall structure at Swamp Creek. Measures would be taken to
minimize disturbances to wetlands and to Swamp Creek during pipeline construction. No
significant long-term environmental impacts would be expected from construction of the pipeline
and outfall structure.

The groundwater alternative would require the construction of the soil absorption system,
roadways, and ancillary facilities. The pipeline to the soil absorption system site would be
located primarily within the railroad spur disturbance corridor. No long-term environmental
impacts would be expected from the soil absorption system and pipeline construction. It is
expected that no threatened or endangered species would be disturbed during pipeline
construction. The soil absorption system cell locations would be on upland sites, so there would
be no disturbance of wetlands during soil absorption system cell construction. During project
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closure, when effluent discharge is no longer required, the soil absorption system will be
. reclaimed. No significant long-term environmental impacts would be expected from
construction and reclamation of the soil absorption system.

5.3.2 Economic Considerations

In order to evaluate the relative cost of each discharge alternative, capital and operating costs
were developed based on conceptual process designs. These designs were based on satisfying
the design wastewater flows, wastewater loads, and effluent limitation requirements. Capital
costs include equipment and materials, installation, engineering, and a contingency, and are
based on budget quotations from equipment vendors, quantity takeoffs using typical unit prices,
and miscellaneous costs typical for construction projects. Operation and maintenance costs are
based on estimated requirements for power, labor, chemicals, and maintenance based on vendor
information and treatment plant experience.

For each discharge alternative, a present worth cost was determined by calculating the present
worth of the operation and maintenance costs and adding this value to the capital cost. An

8 percent per year present worth rate and a 30 year design period were used in the present worth
evaluation.

The costs for each of the alternatives include a base treatment system consisting of lime
treatment, pH adjustment, sulfide treatment, and filtration. All three alternatives use this
identical base treatment system. Additionally, all three discharge alternatives utilize an identical

. discharge lagoon system. The differences in the costs are associated with the advanced treatment
and discharge systems used for each alternative.

For the Wisconsin River alternative, it is projected that the base treatment system, under
maximum water balance condition flows, would provide a level of treatment adequate to meet all
discharge limitations with the exception of sulfate. Under average water balance flow conditions
it is projected that the base treatment system would meet all effluent limits including sulfate.
Reverse osmosis (RO) treatment of about one-half of the wastewater flow, under maximum flow
conditions, would be required to meet sulfate limits. For the present worth analysis, a RO system
was included for the Wisconsin River Alternative. An evaporator system was also included to
provide volume reduction of the RO brine flow.

For the groundwater alternative, RO treatment will be required to meet effluent limits. The
entire base treatment system effluent flow will require RO treatment. An evaporator would also
be needed for volume reduction of the RO brine.

For discharge to Swamp Creek, 100 percent of the base treatment system effluent will require

evaporation treatment in order to meet the projected effluent limits. The cost for this alternative
includes total evaporation treatment of base treatment system effluent with no RO treatment.
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For the Wisconsin River and Swamp Creek alternatives, the costs also include capital and
operation and maintenance costs associated with the discharge pipeline. The approximate
pipeline distances are 38.3 miles and 5 miles, respectively. For the groundwater discharge
alternative, the costs associated with effluent discharge include capital and operation and
maintenance costs associated with the discharge pipeline and the soil absorption system. The
discharge pipeline will be approximately 3.6 miles long.

The estimated capital, O & M, and present worth costs for each alternative are summarized in
Table 5-2.

Table 5-2

Present Worth Analysis for
Discharge Alternatives

Annual O&M
Discharge Alternative Capital Cost Cost Present Worth Cost
Wisconsin River $21,760,000 $ 488,000/year $27,260,000
Swamp Creek $20,970,000 $1,370,000/year $36,360,000
Groundwater $18,490,000 $ 807,000/year $27,580,000

Prepared by: HJA
Checked by: JJF1

533 Other Considerations

In addition to the present worth analysis, the discharge alternatives were evaluated based on non-
economic considerations as described below.

The Wisconsin River discharge alternative would result in a transfer of water from the Great
Lakes basin to the Mississippi River basin. While the interbasin transfer is permittable, it has
generated significant public debate. While the discharge is allowed because of the small volume
of water transferred, the soil absorption and Swamp Creek discharge alternatives would keep the
discharge water in the Great Lakes basin.

The Swamp Creek discharge alternative keeps the water in the Wolf River watershed. However,
this alternative results in a discharge to a tributary of the Wolf River, which is classified as an
Outstanding Resource Water (ORW). The ORW classification provides encouragement to
search for an alternate discharge location. While a discharge to Swamp Creek is permittable, the
required treated effluent quality would be high, resulting in no measurable impact on the Wolf
River.
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Discharge of treated effluent by way of the soil absorption system has the potential to mitigate

. the impact of groundwater drawdown. Various locations were evaluated for the siting of the soil
absorption system. Some locations offered greater mitigation potential than others. Site specific
soil and geologic conditions, as well as mitigation potential, were considered in the site selection
process for a soil absorption system. This system is discussed in Section 6.8.

5.4 Alternative Selection

Based on the evaluation of environmental and economic considerations, a discharge to the
groundwater is the recommended alternative. This recommendation was based on the following:

. A discharge to groundwater would have no significant adverse effects on the
environment.

. A discharge to groundwater would avoid direct discharges to an ERW or ORW.

. The groundwater discharge option will assist in the mitigation of mine related
drawdown impacts on Swamp Creek.

. Implementation of the groundwater discharge concept would avoid interbasin
transfer of water.
. . While not the least costly alternative, a discharge to groundwater is cost effective
given the other factors described above.
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6  Wastewater Treatment Facilities Design

A wastewater management system will be provided for the collection, treatment, and discharge
of wastewaters generated during construction, operation, and closure of the mine, mill, TMA,
and ancillary facilities of the Crandon Project. During construction, the collection and treatment
facilities will include drainage ditches and runoff basins for collection and treatment of
construction runoff, with discharge of treated construction runoff to on-site drainageways.

During operation, collection and treatment facilities will be used for treatment and recycle/reuse
of treated wastewaters in the mill process water system and for collection and treatment of mine
drainage and contact runoff, with discharge of the treated wastewaters to groundwater by way of
a soil absorption system. The facilities used for treatment and recycle/reuse of the treated
wastewaters in the mill process water system will include the tailings ponds, the reclaim pond,
the tailings pipeline ditch, the drain down sump, and the sanitary sewage treatment plant. The
facilities used for treatment and discharge of mine drainage and contact runoff will include
wastewater storage basins 5, 6, and 7, the wastewater treatment system, the treated wastewater
discharge lagoons, the discharge pumping facilities, and the discharge soil absorption system and
associated conveyance pipeline. Treated wastewater will be used as required for mitigation of
surface water bodies (soft water) impacted by groundwater drawdown associated with mine
dewatering activities.

As the mine is being closed, water will continue to be pumped until all salvageable equipment

. has been removed and closure operations have been completed. Water pumped from the mine
will continue to be treated at the wastewater treatment plant. Water from the final tailings pond
will be pumped to the reclaim pond as in the operational phase of the project. Water will be
pumped from the reclaim pond at a controlled rate to wastewater storage basins 6 and 7, then
pumped to the wastewater treatment plant for treatment prior to discharge. The wastewater
treatment system and discharge soil absorption system will continue to operate during
reclamation as long as required.

A detailed discussion of the design of the various facilities included in the Crandon Project
WWTS is presented below.

6.1 Mill Process Water Treatment and Recycling/Reuse

6.1.1 Tailings Cells

The depyritized tailings slurry and other wastewaters will be transported from a pump box in the
concentrator building to the TMA through an aboveground tailings pipeline located in a lined
ditch. Tailings slurry will be discharged by spigots located on the perimeter of the cell with
water ponding near the center of the pond. The ponded water will be pumped to the reclaim
pond. Leachate will be collected in the sideslope riser sumps of each TMA cell, and will also be
pumped to the reclaim pond. Details of design for the tailings pipeline and tailings cells are
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presented in the project's TMA Feasibility Report and Addenda (Foth & Van Dyke, 1995, 1996a
and b, 1997, 1998a and b).

6.1.2 Reclaim Pond

The reclaim pond will receive the clarified tailings water and leachate from the tailings cells for
recycling back to the mill. The reclaim pond is located north of the tailings pipeline ditch and
west of the TMA as shown on Figure 3-1. The reclaim pond will perform the following
functions:

. Provide equalization of flows during short-term imbalances between the flow rate
out of the tailings pond and the demand for recycled water by the mill process
water system.

. Provide additional removal of total suspended solids by settling.

. Allow additional residence time for natural evaporation, oxidation, and biological
processes to occur, thereby reducing concentrations of certain chemical constituents
in the water recycled to the mill.

The reclaim pond will have the capacity to hold a minimum of three days of reclaim water at the
maximum design flow rate plus a 3 foot depth for solids storage plus 3 feet of freeboard. A plan
view and a section view of the reclaim pond are shown on Figure 6-1.

The reclaim pond will be constructed with a composite liner to minimize seepage to
groundwater. The composite liner will be constructed as shown on Figure 6-1, and consist of the
following from top to bottom:

. riprap along the pond inside side slopes to protect the till cover from erosion;
. a till cover over a geotextile to protect the geomembrane liner;

. a 60 mil geomembrane liner;

. a geosynthetic clay liner (GCL); and

. a low permeable soil over compacted natural soil.

The design of this liner will meet the requirements for wastewater lagoon liners in Subchapter 11
of Chapter NR 213, Wis. Admin. Code.

The reclaim pond bottom will be sloped toward the pond outlet to allow the pond to be drained,
if necessary. A pump station will be provided with two reclaim water pumps for pumping the
water from the reclaim pond to the process water tank at the plant site via a reclaim water
pipeline. One pump will be a standby unit. This pipeline will be located in the tailings pipeline
ditch next to the tailings pipeline. Piping will also be provided from the reclaim water pipeline
to wastewater storage basins 6 and 7. This piping will allow excess water to be removed from
the mill process water system for treatment by the wastewater treatment system.
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6.1.3 Tailings Pipeline Ditch

Although the tailings pipeline and the reclaim water pipeline will be designed to prevent spillage,
these pipelines will be installed in a lined ditch so potential spillage is fully contained and
recoverable. This ditch will also collect contact runoff from the TMA access road as well as
precipitation that falls on the ditch. The location of the TMA access road is shown on

Figure 3-1. Details of the ditch design are presented in the project's TMA Feasibility Report and
Addenda (Foth & Van Dyke, 1995, 1996a and b, 1997, 1998a and b).

Water that collects in the ditch on the plant site will flow to a collection sump at the mill, and be
pumped with the tailings slurry water and other wastewaters to the tailings pond via the tailings
pipeline. Water that collects in the ditch between the plant site and the TMA will flow to a drain
down sump.

6.1.4 Drain down Sump (Basin 4)

The drain down sump, also identified as basin 4, will be located adjacent to and on the south side
of the tailings pipeline ditch as shown on Figure 3-1. This basin will have the capacity to contain
the following:

. the runoff from a 25-year, 24-hour rainfall event; and
. two volumes of the tailings pipeline.

The basin will also have the capacity to hold 3 feet of accumulated solids, and will have 3 feet of
freeboard. A plan view and a section view of the basin are shown on Figure 6-2. The basin will
be provided with a composite liner similar to that described in Section 6.1.2 to minimize seepage
to groundwater.

An alternative to the proposed design is the construction of a concrete sump with design criteria
and a design capacity equal to that proposed for the earthen basin design. Selection of the design
concept, i.€., an earthen basin with a liner or a concrete sump, will be made before preparing
detailed plans and specifications for basin 4.

The water that accumulates in the basin will be placed in the tailings pond. A small sump is
included in the northeast corner of the basin. The basin bottom will be sloped toward this sump
to assist in removing the water from the basin.

6.2 Sanitary Wastewater

The sewage treatment plant (STP) will handle sanitary wastes from the surface facilities and the
underground mine. The sanitary sewage from the surface facilities will be transported to the STP
via buried piping. Containerized waste from underground will be transported to the surface for
discharge into the STP. The STP will include an activated sludge sequencing batch reactor
process. The STP design will be tailored to the hydraulic, BOD;, and total suspended solids
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loadings expected for the Crandon Project. The STP effluent will be disinfected before being
routed to the pump box in the mill for pumping to the TMA along with the mill tailings. A
sludge holding tank will be included for collection of waste activated sludge solids from the
sequencing batch reactor process. These solids will be occasionally hauled off-site for disposal.
Figure 6-3 shows a process flow diagram for the sewage treatment plant.

6.3 Pre-Production Ore Storage Area Runoff Collection

As described previously in Section 3.2.5, runoff will be generated from storage of ore and waste
rock in the pre-production ore storage area during construction and initial operation of the mill.
During initial construction, runoff from the pre-production ore storage area will be directed to the
temporary construction runoff basin located west of wastewater storage basin 5 as shown on
Figure 3-1. During the later stages of construction, in conjunction with the placement of ore and
waste rock on the lined pad, this runoff will be directed to wastewater storage basin 5 located
south of the pre-production ore storage area as shown on Figure 3-2. Wastewater storage basin 5
will continue to be used during the initial operations of the mill. Once ore and waste rock stored
on the pre-production ore storage area are removed, use of basin 5 will likely be discontinued and
the storage area and basin reclaimed. The design and use of the temporary construction runoff
basin is discussed in Section 6.10 below.

Wastewater storage basin 5 will provide storage of runoff from the pre-production ore storage

area as well as settling of suspended solids in the runoff. The basin will have the capacity per .
NR 182, Wis. Admin. Code, to hold the runoff from a 100-year, 24-hour rainfall event plus 3 feet
of solids storage and 3 feet of freeboard. A plan view and a section of the basin are shown on
Figure 6-4.

The elevation of the top of the berm will be at the same elevation as the berms around the pre-
production ore storage area, so events which could result in runoff rates in excess of a 100-year,
24-hour rainfall will result in the excess runoff being retained within the pre-production ore
storage area. '

A pump station with two pumps, one a standby unit, will be provided to transfer runoff collected
in the basin to wastewater storage basins 6 or 7. Each pump will have the capacity to remove the
volume of runoff from a 100-year, 24-hour rainfall event within four days, and the capacity to
remove a 1-year, 24-hour rainfall event in one day.

The basin will accumulate solids from settling of suspended solids contained in the runoff
entering the basin. The solids which accumulate in the basin will be removed as often as
necessary and placed in the TMA, or in the mill circuit. Both the pre-production ore storage area
and the basin will be provided with a composite liner similar to that described in Section 6.1.2 to
minimize seepage to groundwater.

After the mill begins operation the ore stored in the pre-production ore storage area will be
processed in the mill, and stored waste rock will be sent to the TMA. At this time wastewater
storage basin 5 will be taken out of service and the area reclaimed.
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. 6.4 Contact Runoff Collection System

After initial construction and during operation of the mine and mill, runoff will be generated
from the central area of the plant site which has the potential to come in contact with process
equipment, materials or chemicals in this area of the site. The management of runoff during the
initial construction period is addressed in Section 6.10 below. The central area is identified on
Figure 3-7. As discussed previously in Section 3.2.5, contact runoff will consist of the

following:
. Runoff from an area where fuels and oil are stored and handled. The runoff from
this area may occasionally contain oil and grease.
. Runoff from the remainder of this central area. The runoff from these areas is not

likely to contain significant concentrations of oil and grease.

The runoff from the area where gasoline and diesel fuel are stored and handled will be segregated

and routed to a gravity oil-water separator for removal of free-floating oil and grease. The oil-

water separator will be designed to handle the flow rate from a 25-year, 24-hour rainfall event of

runoff from this area. Oil and grease collected in the oil-water separator will be removed for off-

site disposal or reprocessing. The oil-water separator will be located near the fuel tanks and bulk

fuel storage area at the south end of the plant site. The effluent from the oil-water separator will
. be collected with the runoff from the remainder of the central area.

6.5 Wastewater Storage Basins 6 and 7

Wastewater storage basins 6 and 7 will receive the following wastewaters:

. water generated during grout drift construction and initial grouting;
. mine drainage;
. runoff from the pre-production ore storage area which is transferred from

wastewater storage basin 5;

. contact runoff from the central area of the plant site;

. excess water from the mill process water system;

. wastewaters collected by floor drains in the wastewater treatment facilities
building; and

. water from the wastewater treatment system which does not meet water quality

standards will be reprocessed and retested before being pumped to the soil
. absorption system.
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These two basins are designed to accomplish the following purposes: .

. provide for collection and storage of contact runoff both during construction and
operation;
. provide equalization of wastewater flows, including wastewater treatment system

effluent which needs reprocessing. This will assist in proper operation of the
wastewater treatment system by allowing a steady flow to the wastewater treatment
system even when flow rates into the basins are fluctuating;

. provide storage of wastewaters for short periods when the wastewater treatment
system is out of service;

. provide blending of wastewaters of differing quality. This will assist in operation
of the wastewater treatment system by reducing fluctuations in the quality of the
combined wastewater influent to the system; and

. provide for handling of the following when the tailings pipeline is not in service:
- wastewater treatment system clarifier solids; and
- filter backwash from the wastewater treatment system filters.

In addition, during the pre-production development of the mine, the wastewater generated from
mine shaft dewatering and grouting operations will be collected and stored in wastewater storage
basins 6 and 7 and the reclaim pond until the wastewater treatment system, the discharge
lagoons, the soil absorption system and associated conveyance pipeline, and ancillary facilities
are completed and ready for operation.

Basins 6 and 7 are designed for operation in parallel, i.e., wastewaters can be directed to either or
both basins, and one basin can be taken out of service for inspection or maintenance without
interfering with the operation of the other basin.

Each basin will provide capacity for storage of a minimum of four days of wastewater based on
the maximum flow to the wastewater treatment system. Each basin will also have the capacity
for 3 feet of solids storage plus 3 feet of freeboard. The location of the two wastewater storage
basins is shown on Figures 3-1 and 3-2. A plan view and a section view of the basins are shown
on Figure 6-4.

Each basin will be provided with a composite liner system similar to that described in

Section 6.1.2 to minimize seepage to groundwater. The basins will accumulate solids from the
settling of suspended solids contained in the runoff and other wastewaters entering the basin.
The solids that accumulate in the basins will be removed as often as necessary and placed in the
TMA, or in the mill circuit.
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6.6 Wastewater Treatment System

. A wastewater treatment system will be provided for treatment of the wastewaters collected in
wastewater storage basins 6 and 7. The wastewater treatment system will be designed to produce
treated effluents which will meet the effluent limitations for discharge to groundwater by way of
a soil absorption system and effluent limitations for discharge to soft water mitigation sites. The
wastewater treatment facilities will include a base treatment system and an advanced treatment
system. The base treatment system will serve to substantially reduce the mass of contaminants
present in the raw wastewater. The advanced treatment system will serve as a polishing step to
further reduce the concentrations of contaminants in the base treatment system effluent to levels
low enough to consistently meet effluent limitations. The advanced treatment system will also
serve to remove those contaminants not removed by the base treatment system.

The base wastewater treatment system will include equipment, piping, instrumentation and
controls for the following treatment processes:

. addition of lime for neutralization of low pH wastewaters and precipitation of
dissolved metals as metal hydroxides;

. removal of metal precipitates and other suspended solids by settling, assisted by the
addition of a polymer to aid in settling;

. . first stage wastewater pH adjustment with acid as needed to enhance metal sulfide
precipitation;
. addition of sodium sulfide for precipitation of dissolved metals remaining in the

wastewater as metal sulfides; and

. removal of metal sulfide precipitates and other suspended solids in the wastewater
by filtration, assisted by the addition of a polymer to aid in filtration.

The advanced wastewater treatment system will include equipment, piping, instrumentation and
controls for the following treatment processes:

. reverse osmosis system to consistently reduce the concentrations of metals and
other contaminants in the lime/sulfide treatment system effluent to levels meeting
limitations for groundwater discharge;

. evaporator system for concentration and volume reduction of reject brine from
reverse osmosis treatment system;

. air stripper system for removal of ammonia present in condensate from the
evaporator system, as required, to meet effluent limitations for groundwater

. discharge;
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. pH adjustment systems using acid and/or caustic, as required, to optimize .
performance of the reverse osmosis, evaporator, and air stripper systems; and

. final wastewater pH adjustment with acid and/or caustic, as required, to achieve the
pH effluent limitations for groundwater or soft water mitigation discharges.

Reverse osmosis permeate and evaporator condensate will be pumped to the discharge lagoons
and subsequently pumped to the soil absorption system for final discharge. When soft water
body mitigation is required, evaporator condensate will be pumped to the mitigation water
storage tanks and subsequently pumped to the mitigation sites.

The wastewater treatment system design presented below is based on the following:

. results of a wastewater treatability study for base treatment system,;
. results of wastewater treatability studies for the advanced treatment systems;
. anticipated effluent limitations for discharge to groundwater and to soft water

mitigation water bodies;

. anticipated wastewater flow rates and untreated wastewater concentrations; and

. typical design criteria for the major equipment in the wastewater treatment system.
6.6.1 Lime/Sulfide Wastewater Treatability Study Results

Wastewater treatability testing, with respect to the lime/sulfide treatment system, was conducted
on mine drainage water from the Crandon Project and on mill process water from an operating
zinc/copper mine in Canada. The purposes of the wastewater treatability testing were to
determine the level of treatment which can be attained with the selected treatment processes; to
determine design pH setpoints and design chemical dosages for lime, sodium sulfide and sulfuric
acid; and to evaluate the whole effluent toxicity of the treated wastewaters. The test methods and
test results of the treatability testing are described in Appendix A of this report. The test results
indicate that, with respect to some effluent constituents, advanced treatment will be required to
consistently meet effluent limitations based on groundwater standards.

6.6.2 Reverse Osmosis Treatability Study Results

The primary technology for the treatment of mine water is the lime and sulfide chemical/physical
treatment process which will reduce metals in the water to levels suitable for discharge to
specific surface water bodies. However, not all the cations and anions will be reduced to levels
suitable for discharge to groundwater or for use at all potential mitigation sites by the
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lime/sulfide process. Therefore, advanced treatment will be provided for the cations and anions
of concern such that the treated water will meet the standards set by the WDNR.

A detailed work plan outlining the proposed study was submitted to the WDNR (Foth &
Van Dyke, 1998d). A report describing the results of the test work is contained in Appendix B.

Using the estimated effluent concentrations from the lime/sulfide treatment process and the
results from the RO treatability study, RO permeate effluent concentrations for a full scale RO
system were derived as follows. The first step in the derivation was to calculate a passage rate
for each constituent for both the first and second passes in the treatability study. For constituents
where data was not available from the treatability study, engineering judgement was used to
estimate the passage rates. Passage rates were then increased by 100 percent to account for
decreasing performance of the RO membranes as they age. The derived passage rates were then
applied to the estimated constituent concentrations for the lime/sulfide effluent to develop the
estimate of the full scale RO permeate constituent concentrations.

The results of the reverse osmosis evaluation indicate that the RO system will produce an
effluent which meets water quality standards for a groundwater discharge. However, some of the
constituent concentrations in the RO effluent may exceed projected effluent limitations for some
of the soft water mitigation sites. Evaporation technology may therefore be required to meet
effluent limits for some potential soft water mitigation sites. An evaporator treatability study
was conducted and is discussed in Section 6.6.3. Projected reverse osmosis effluent quality is
discussed in Section 6.6.4 along with projected groundwater discharge limits.

6.6.3 Evaporator Wastewater Treatability Study Results

The reject water from the reverse osmosis system will be pumped to an evaporator for further
treatment. The evaporator will produce a high quality condensate stream and a concentrated
brine stream. The brine stream will be incorporated into the cemented pyritic paste backfill for
ultimate disposal. The primary purpose of the evaporator is to concentrate the solutes present in
the reverse osmosis reject stream into a small volume which will be mixed with the pyritic paste
backfill for placement underground in mined-out stopes. The second purpose of the evaporator
is to provide a high quality water which can be used, as required, for mitigation of soft water
bodies impacted by groundwater drawdown associated with mine dewatering activities.

Evaporators typically produce a high quality condensate with low dissolved solids content.
However, evaporator condensate will contain small amounts of constituents which are carried
through the evaporator's demisting section. Volatile constituents in the feed stream may also be
present in the condensate. A study was completed to estimate the amount of constituents which
will be present in the condensate and to determine if the condensate quality will meet projected
effluent limits for mitigation of soft water bodies.

A detailed work plan for the proposed evaporation study was submitted to the WDNR (Foth &
Van Dyke, 1998¢). A report describing the results of the test work is contained in Appendix C.
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Since the brine will be concentrated to a comparable degree in the full scale evaporation system
as used in the treatability study, the evaporation treatability study produced data that can be
directly used to estimate the constituent concentrations in condensate produced by a full scale
evaporation system. The full scale evaporation system will be designed such that the total
dissolved solids in the condensate will be less than the total dissolved solids in the treatability
study concentrate. Therefore, treatability study data conservatively predicts full scale
evaporation system performance.

Based on the results of the evaporation study, and engineering evaluation of evaporation
technology, the evaporator condensate, with the exception of ammonia, will meet effluent limits
for potential soft water mitigation bodies. As discussed above, an air stripper is included in the
system design to remove ammonia. Projected mitigation limits and projected evaporator
condensate quality are discussed further in Section 6.6.4.

6.6.4 Projected Effluent Quality and Effluent Limitations

Treated Crandon Project wastewater will be sampled and, if it meets water quality standards, it
will be discharged to groundwater by way of a soil absorption system and/or used for mitigation
of soft water bodies impacted by regional groundwater drawdown associated with mining
activities. When mitigation is not required, the treated wastewater from the WWTS reverse
osmosis and evaporator systems will be discharged to the discharge lagoons and subsequently
pumped to the soil absorption system for final discharge. When mitigation is required,
condensate flow from the evaporator system will be pumped to the mitigation water storage tanks
and subsequently pumped to the soft water bodies requiring mitigation. Reverse osmosis
effluent, along with any evaporator condensate not needed for mitigation purposes, will be
pumped to the discharge lagoons and ultimately discharged to the soil absorption system.

Effluent quality for the lime/sulfide, reverse osmosis, and evaporator treatment systems have
been estimated based on results of the respective treatability studies for each system and on
engineering judgement.

Table 6-1 presents a comparison of projected effluent quality for the WWTS reverse osmosis
system and projected effluent limitations for groundwater discharge. WWTS effluent quality is
shown for the cases where mine drainage is being treated in the WWTS and where mill process
water is being treated in the WWTS. Values shown for WWTS effluent quality are based on
projected reverse osmosis permeate quality. Table 6-1 indicates that the reverse osmosis
permeate quality will meet groundwater discharge limitations when mine water is treated. Note
that during times when surface water mitigation is not required, the WWTS effluent will be a
composite of reverse osmosis permeate and evaporator condensate. Based on the treatability
testing, the quality of the evaporator condensate/reverse osmosis permeate composite effluent
will meet groundwater discharge limitations under either case. The data in the table also shows
that it may be necessary to process the RO effluent by evaporation at the end of the project when
mill process water is treated if antimony in the RO effluent would exceed the PAL.

CERT\DML\DCWALMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities ~ Foth & Van Dyke * 60
September 18, 1995 Updated November 24, 1998



Table 6-1

Comparison of Estimated Treated Effluent Quality to Estimated
Effluent Limitations

Estimated Treated Effluent Estimated Effluent
Quality’ Limitations
Mill Process

Parameter Units Mine Water Water  PAL? ES?
Antimony mg/L 0.0—0_6777 0.0016° o 0.0012 0.006
Arsenic mg/L 0.000064 0.000040 0.005 0.05
Barium mg/L <0.0054 <0.00054 0.4 2
Beryllium mg/L <0.00006 0.000062 0.0004 0.004
Boron mg/L <0.0028 <0.0028 24 —
Cadmium mg/L <0.000007 <0.000007 0.0005 0.005
Calcium mg/L 3.6 3.6 54 —
Chloride mg/L <0.14 <0.14 125 250
Chromium mg/L 0.00015 <0.000047 0.01 0.1
Copper mg/L 0.0016 0.0011 0.13 1.3
Cyanide mg/L <0.0034 <0.0034 0.04 0.2
Fluoride mg/L <0.014 <0.014 0.8 4

~ Iron mg/L <0.039 <0.039 0.15 0.3
Lead mg/L <0.000025 <0.000025 0.0015 0.015
Magnesium mg/L 0.35 0.19 37° —
Manganese mg/L <0.00043 <0.00043 0.025 0.05
Mercury mg/L <0.00000006  <0.00000006 0.0002 0.002
Nickel mg/L 0.00017 0.00014 0.02 0.1
Nitrate + Nitrite mg/L 0.21 <0.026 2 10
Nitrogen mg/L 0.29 <0.061 2’ —
(Ammonia)
Nitrogen (Organic) mg/L NA NA 24 —
Potassium mg/L 0.16 0.49 54 —
Selenium mg/L 0.00067 <0.00033 0.01 0.05
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Table 6-1 (Continued)

Estimated Treated Effluent Estimated Effluent
Quality! Limitations
Mill Process

Parameter Units Mine Water Water PAL? ES?
Silver mg/L 0.00042 <0.00032 0.01 0.05
Sodium mg/L 0.45 0.55 104 —
Sulfate mg/L 14 11 125 250
Thallium mg/L 0.00020 0.000059 0.0004 0.002
Zinc mg/L <0.0039 <0.0039 2.5 5
Alkalinity mg/L 6.4 6.4 230° —
BOD 5 mg/L <10¢ <10¢ 254 —
Color color units NA’ NA’ 7.5 —
Conductivity umhos/cm NA? NA? NA’ 15
COD mg/L <10¢ <108 545 —
Foaming Agents mg/L NA? NA’ 0.25 0.50
Odor mgll  NA’ NA’ 1.5 3
Total Dissolved mg/L 16 16 370° —
Solids
Total Hardness mg/L 10 9.8 225° —
pH (field) suU.  —* s 6787  —

! Estimated treated effluent quality is based on treatment through the reverse osmosis process under BEJ
flow conditions.

2 NR 140 Preventative Action Limit.

> NR 140 Enforcement Standard.

¢ Background water quality data are not currently available for this parameter. Stated value indicates
allowable increase in groundwater quality above background levels.

* Based on Paul Luebke, WDNR, memorandum of April 2, 1998 (WDNR, 1998a).

Based on engineering judgement.

Data not available.

¥ pH will be controlled in the treatment process.

? The mill process water will be treated by evaporation if the treated effluent quality for

antimony exceeds the PAL.
Prepared by: JjF1
Checked by: HJA
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Table 6-2 presents a comparison of projected effluent quality for the WWTS evaporator and
projected effluent limitations for soft water body mitigation sites. WWTS effluent quality is
shown for the case where mine drainage is being treated in the WWTS. Values shown for
WWTS effluent quality are based on projected evaporator condensate quality. The ammonia
levels in the projected evaporator condensate reflect ammonia reduction through air stripping
following the evaporation process. Table 6-2 shows that evaporator condensate quality will meet
discharge limitations for the mitigation sites.

6.6.5 Treatment System Design Basis

An evaluation was conducted to determine the effect of variations in the rate of groundwater
inflow to the mine, annual precipitation and evaporation, and reuse of various wastewaters as
make-up to the mill process water system on the volumes of wastewater to be generated by the
project. Water balances were then developed for the project to determine raw wastewater flows
to the wastewater treatment system under average, maximum, and minimum conditions. These
three water balances were described in Section 3 and shown on Figures 3-3, 3-4, and 3-5. Based
on the evaluation and the resulting three water balances, flow rates to the wastewater treatment
system could range from a low of 79 gpm to a high of 726 gpm.

The maximum estimated flow rate to the wastewater treatment system of 726 gpm would occur
only if the following conditions were to happen simultaneously:

. the groundwater inflow to the mine were to be at the high range (HR); and

. the maximum precipitation and minimum evaporation rates shown on Figure 3-4
were encountered.

In the unlikely event the combined conditions listed above are exceeded, NMC will implement
measures to reduce the flow rate to the wastewater treatment system. These measures will
include the following:

. cease transferring excess mill process water from the mill process water system to
wastewater storage basins 6 and 7, and temporarily store excess mill process water
in the TMA;

. temporarily store wastewaters in the TMA by transferring wastewaters collected in

wastewater storage basins 6 and 7 to the TMA. The rate of transfer could be
controlled to reduce the wastewater flow rate to below the wastewater treatment
system design capacity; and

. grout additional portions of the mine walls to reduce groundwater inflow to a flow
rate which can be handled by the WWTS.
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Table 6-2

Estimated Water Quality Based Effluent Limitations for Mitigation Waters

Estimated Estimated Estimated Estimated
Treated Water  Little Sand  Duck Lake  Skunk Lake

Parameter' Units Quality? Lake Limits® Limits* Limits*
Arsenic ] mg/L  0.000083 0.0050 0.017 0.017
Cadmium mg/L  <0.000007 0.000071 0.00010 0.00010
Copper mg/L 0.00017 0.00098 0.00041 0.00041
Cyanide mg/L  <0.0034 NA 0.0038 0.0038
Lead mg/L  <0.000025 0.00045 0.00070 0.00070
Mercury mg/L 0.000000071  0.0000023 0.0000040  0.0000033
Nickel mg/L  0.00014 0.030 0.0028 0.0028
Zinc mg/L  <0.0039 0.022 0.0049 0.0049
Nitrogen mg/L  0.05° NA NA NA
(Ammonia)
BOD 5 mg/L <5¢ 7 5 15

! The parameters listed are from the May 20, 1998, Jim Schmidt, WDNR, draft memorandum for Duck
Lake and Skunk Lake (WDNR, 1998b).

? The estimated treated effluent quality is based on average water balance flows and engineering
Jjudgement. Effluent quality based on evaporator system condensate.

* The Little Sand Lake limits are set to the maximum background concentrations for the 1994-1995 time
period as reported in EIR Table 3.7-36 (Foth & Van Dyke, 1995/1998a).

¢ The Duck Lake and Skunk Lake limits are from the May 20, 1998, Jim Schmidt, WDNR, draft
memorandum for Duck Lake and Skunk Lake (WDNR, 1998b). The most stringent of the daily,
weekly, or monthly limits are listed in this table.

5 The ammonia concentration is after the air stripping unit operation.

¢ Based on engineering judgement.

NA = Not available Prepared by: JJF1
Checked by: HJA
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To accommodate the range of flow rates, to the WWTS of from 79 to 726 gpm, the WWTS
. design will consist of two parallel treatment trains, with each train designed to treat up to

50 percent of the maximum estimated flow of wastewater. When both treatment trains are in

operation the wastewater treatment system will be able to treat up to 100 percent of the

maximum estimated flow of wastewater.

The proposed design WWTS capacity of approximately 730 gpm will provide 170 percent of the
capacity required under the average condition of the approximately 440 gpm to the WWTS (see
Figure 3-3). The WWTS capacity for one train of approximately 370 gpm will provide

460 percent of the capacity required under the minimum condition of approximately 80 gpm to
the WWTS (see Figure 3-5). Under minimum conditions the plant will operate intermittently
with wastewater stored in wastewater storage basins 6 and 7.

A process flow diagram of the wastewater treatment system is shown on Figures 3-8 and 3.9.
Setpoint pHs and chemical dosages for design and initial operation of the wastewater treatment
system are summarized in Table 6-3. Design criteria for the major wastewater treatment system
equipment are summarized in Table 6-4. Following is a description of the design and operation
of the wastewater treatment system. Although the treatment system will consist of two parallel
treatment trains, for ease of understanding only one train will be described, except where
equipment will be used in common by both trains.

6.6.6 Wastewater Wet Well and Wastewater Treatment System Feed Pumps

. As described previously in Section 6.5, wastewaters to be treated by the wastewater treatment
system will be collected in wastewater storage basins 6 and 7. The wastewaters from both basins
will flow into a common wet well and will be subsequently pumped to the wastewater treatment
system. Wastewater treatment system feed pumps will pump the wastewaters to the lime
precipitation tanks. Three pumps will be provided with each pump having a capacity of
approximately 50 percent of the WWTS design capacity; one pump will provide back-up service.
The wastewater pumping system will have variable flow capacity to allow for flexibility in
WWTS operation. Facilities will be provided to continuously measure and record the flow rate
and pH of the wastewater entering the lime precipitation tank for process control.

6.6.7 Lime Precipitation Tanks

Lime slurry will be added to the wastewater in the lime precipitation tank for neutralization of
wastewaters and precipitation of metals as metal hydroxides. The chemistry of lime treatment
was discussed previously in Section 5. The lime precipitation tank will provide mixing of the
lime slurry with the raw wastewaters and allow time for pH adjustment and formation of the
metal hydroxide precipitates. The tank will have a mixer for mixing of the lime slurry with the
raw wastewater. A pH meter and automated pH control system will also be provided to control
the feed rate of lime slurry into the tank based on the pH setpoint for the wastewater in the tank.
The pH setpoint will be adjustable by the operator.
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Table 6-3

Design Setpoint pHs and Chemical Dosages
for the Wastewater Treatment System!

Chemical Dosage?
Treatment Process Location for Chemical Wastewater
Addition Setpoint pH? Chemical Form Dosage (mg/L)

* Neutralization/Metal Lime precipitation 10.0° Lime 100% 820 (average)
hydroxide precipitation tanks Ca(OH), 1000 (maximum)
490 (minimum)
 Settling Solids-contact clarifiers — Polymer 100% 1.0 (average)
Polymer 2.0 (maximum)
0.5 (minimum)

* pH adjustment Prior to sulfide reaction 10.0* Sulfuric acid  93% H,SO, as needed

tanks

» Metal sulfide precipitation Sulfide reaction tanks — Sodium 60% Na,S 8.1 (average)
sulfide 40.6 (maximum)
2.0 (minimum)
* Filtration Prior to gravity filters — Polymer 100% 1.0 (average)
Polymer 2.0 (maximum)
0.5 (minimum)

 pH adjustment Prior to 1st Pass 6.0° Sulfuric Dilute as needed

Reverse Osmosis Acid H,SO,

* Reverse Osmosis Prior to 1st Pass — Antiscalent 100% 5 (average)
Reverse Osmosis Antiscalent 10 (maximum)

1 (minimum)
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Table 6-3 (Continued)

Chemical Dosage?

Treatment Process Location for Chemical Wastewater
Addition Setpoint pH? Chemical Form Dosage (mg/L)
* pH adjustment Prior to 2nd Pass 6.0 Sodium 50% NaOH as needed
Reverse Osmosis Hydroxide
* pH adjustment Prior to Evaporation 6.5 Sulfuric 93% H,SO, as needed
Acid
* pH adjustment Evaporator condensate 10.5% Sodium 50% NaOH as needed
prior to air stripping Hydroxide
* pH adjustment Prior to effluent wet 8.0° Sulfuric acid Dilute as needed
well or Sodium  H,SO,, 50%
Hydroxide NaOH

= Y L )

removal is required in second stage RO system.
7 May vary based on results during start-up of the WWTS. Adjustment of pH as required to minimize concentration of carbonate in evaporator feed.
¥ May be adjusted over range of 10.0 to 11.0 as required for optimization of ammonia stripping process.
® May be adjusted over the range of 6.5 to 8.5.

Based on the results of the treatability testing and experience with other wastewater treatment systems.
For design and initial operation of the wastewater treatment system.

May be adjusted over the range of 9.0 to 10.5 based on results during initial start-up of the WWTS.
May be adjusted over the range of 8.0 to 10.0 based on results during initial start-up of the WWTS.
Adjustment of pH as required to inhibit membrane scaling. May be adjusted over range of 5.5 to 6.5 based on operating conditions.

May be adjusted over range of 5.5 to 8.5 based on operating conditions. Adjustment of pH between RO stages will normally only be used if enhanced cyanide
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Table 6-4

Design Criteria for Major Wastewater Treatment System Equipment

Equipment Design Criteria'

Lime Precipitation Tanks Detention Time = 15 minutes

Solids - Contact Clarifiers Hydraulic Loading = 0.3 gallons/minute-square foot
Rate

Sulfide Reaction Tank 1 Detention Time = 5 minutes

Sulfide Reaction Tank 2 Detention Time = 5 minutes

Filters Hydraulic Loading = 3.0 gallons/minute-square foot
Rate

Clearwells Total water storage capacity of all clearwells sufficient to

backwash one filter, based on the following:

- backwash flow
rate during water

backwash
- duration of water
backwash
Reverse Osmosis Flow Rate
Evaporators Flow Rate
Air Strippers Flow Rate

15 gallons/minute-square foot

10 minutes

100% of filtered water at
maximum design flow

100% of reverse osmosis reject at
maximum design flow

100% of evaporator condensate at
maximum design flow

! Design criteria based on proposed WWTS raw wastewater inflow of 730 gpm.

Prepared by: JJF1
Checked by: HJA
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6.6.8 Lime Feed System

. The treatment system will include a temporary lime feed system which will be constructed at the
same time the rest of the treatment system is constructed, and a permanent lime feed system
which will be constructed later during construction of the mill. The temporary lime feed system
will operate from the start of operation of the treatment system until the permanent lime feed
system is in operation. .

The permanent lime feed system will use quicklime, i.e., calcium oxide (CaO), as the form of

lime used at the wastewater treatment system. The permanent lime feed system will include the

following:

. bulk storage of quicklime;

. feeding and slaking of quicklime to form a lime slurry;
. storage of the lime slurry; and

. feeding lime slurry to the lime precipitation tanks.

Lime slurry will be used both in the wastewater treatment system and in the mill. Therefore, the
equipment for storage, feeding and slaking of quicklime, storage of lime slurry, and pumping
lime slurry in a "milk-of-lime" pipe loop to the points in the mill and wastewater treatment where
lime slurry will be used will be in a common system shared by the mill and the wastewater
treatment system.

. Quicklime will be delivered in bulk and unloaded into a lime silo for storage. The lime silo is
located as shown on Figure 3-2. A dry lime feeder will feed quicklime from the lime silo to a
lime slaker where water will be mixed with the quicklime to form a lime slurry. The lime slurry
will normally contain approximately 15 percent lime (as CaO) by weight. The lime slurry
produced by the lime slaker will be stored in a lime feed tank. A mixer will be used to keep the
lime slurry in suspension in this tank. S

A recirculating system will be used for the lime slurry to maintain a sufficient velocity in the
lime slurry feed piping and thus prevent lime solids from settling out and plugging this piping.
The recirculating system will consist of two lime feed pumps, one a standby unit. The system
will pump lime slurry from the lime feed tank back into the lime feed tank in a mill milk-of-lime
pipe loop that will pass near the two lime precipitation tanks. At each lime precipitation tank, a
control valve will be located on bleed-off piping from the pipe loop into the lime precipitation
tank. Each control valve will automatically control the flow rate of lime slurry through the valve
and bleed-off piping into its lime precipitation tank based on the pH of the wastewater in that
lime precipitation tank.

The temporary lime feed system will include the following:

. bulk storage of hydrated lime, i.e., calcium hydroxide [Ca(OH),];
. . mixing of hydrated lime and water to form a lime slurry;
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. storage of lime slurry; and
. feeding of lime slurry to the lime precipitation tanks.

The temporary lime feed system will be similar to the permanent system, except that because
hydrated lime will be used as the lime source, a hydrated lime mixing tank will be used instead
of a lime slaker for preparing the lime slurry.

6.6.9 Solids-Contact Clarifiers and Solids Pumps

Wastewater will flow from the lime precipitation tank to a clarifier for removal of metal
hydroxide precipitates formed in the lime precipitation tanks and suspended solids present in the
raw wastewater. Solids-contact clarifiers are a proven technology for settling of metal hydroxide
precipitates, and were selected over other types of clarifiers based on their demonstrated ability
to provide excellent performance over a wide range of flow rates and influent concentrations.
Polymer will be added to the clarifier as needed to promote flocculation and settling of the metal
hydroxide precipitates and other suspended solids in the clarifiers. The polymer feed system will
be designed to allow polymer to be added at the clarifier influent piping, the rapid mix zone of
the clarifier, or the flocculation zone of the clarifier. Selection of the optimum location for
polymer addition will be made based on the results of full-scale testing during system start-up.
The polymer feed system is described later in Section 6.6.13.

Solids will accumulate in the clarifiers as a result of settling of the metal precipitates and other
suspended solids. A pump will be provided to convey the solids from each clarifier to the
tailings pump box in the mill. The solids will be mixed with the tailings slurry in the tailings
pump box and then pumped with the tailings slurry to the tailings pond. During construction of
the mill, tailings pipeline, and TMA, and whenever the tailings pipeline is out of service during
operation of the mill, the pump will convey the solids to wastewater storage basins 6 and 7.

6.6.10 Sulfide Reaction Tanks

Clarified wastewater will flow from the solids contact clarifier through a static mixer. Sulfuric
acid will be added, if required, prior to the static mixer and the wastewater will then flow to a
series of two sulfide reaction tanks, where a sodium sulfide solution will be added to the
wastewater if needed for sulfide precipitation of dissolved metals remaining in the wastewater
following lime treatment. The tanks will be in series with the effluent of the first tank entering
the second tank. The chemistry of sulfide treatment was discussed previously in Section 5 of this
report. Each tank will have a mixer for mixing the sodium sulfide solution with the wastewater.
Each tank will be covered and vented outside the WWTS building to protect workers against the
potential release of hydrogen sulfide gas.

6.6.11 Sulfide Feed System

The sulfide feed system will include two sulfide solution tanks with mixers for making up and
storing sodium sulfide solutions and three sulfide feed pumps for feeding sulfide solutions to the
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sulfide reaction tanks. Sodium sulfide is commercially available as a dry solid with a strength of

. approximately 60 percent as Na,S. The dry sodium sulfide will be delivered to the WWTS
building. The sulfide feed system will be designed so that sodium sulfide solutions can be made
up using dry sodium sulfide, and solutions can be fed from either sulfide solution tank.
Normally, the wastewater treatment system operators will manually make up concentrated
sodium sulfide solutions in one sulfide solution tank, while feeding a previously-prepared
solution from the other tank. Each solution tank will have a mixer to promote rapid dissolution
of the dry sodium sulfide. Each solution tank will have sufficient capacity to hold the volume of
sulfide solution required for one day of treatment at the maximum wastewater flow rate. Treated
effluent from the wastewater treatment system will be used for preparing the solutions. The
sodium sulfide solution strength will normally be in the range of 1 to 10 percent. The sulfide
solution tanks will be covered to minimize the potential release of hydrogen sulfide gas.

In addition to the solution tanks, the sulfide feed system will include two chemical feed pumps.
Under normal operation, one pump will be used to feed sodium sulfide solution to each sulfide
reaction tank, with the second pump as a standby unit. Each chemical feed pump will be
automatically controlled to feed sodium sulfide solution proportional to the raw wastewater flow
rate to its train.

Based on the results of the wastewater treatability study, a sulfide dosage of up to 50 mg/L of
sodium sulfide as Na,S¢9H,0O (which is equivalent to 27 mg/L as 60 percent Na,S) provided
effective treatment for metals removal. However, based on experience of facilities operating

. similar treatment systems, it is anticipated that the operating sulfide dosage will be significantly
less than that used in the treatability testing. The actual sulfide dosage will be selected based on
full-scale testing during operation.

6.6.12 Gravity Filters

Effluent from the sulfide reaction tanks will flow to gravity filters operating in parallel. Metal
sulfide precipitates formed during sulfide treatment will be removed by the filter media as the
wastewater flows through the filters. Polymer will be introduced into the wastewater between
the sulfide reaction tanks and the gravity filters as needed to promote flocculation of the metal
sulfide precipitates and other suspended solids and therefore increase the removal of these solids
by the filter media. Details of polymer feed system number two are provided in Section 6.6.13.

Periodic backwashing of the filter media will be required to remove the metal sulfide precipitates
and other suspended solids trapped in the media. An air scour and a reverse flow water system
using filter effluent will be used for backwashing. Two positive displacement blowers will
provide the air required for air scouring during backwash, with one of the blowers as a standby.

During normal operation of the filters, the effluent from the filters will flow into clearwells

mounted above the filters. These clearwells are storage compartments which store clean water to

be used for backwashing a filter. The clearwells for all the filters will be interconnected so that
. the clearwells act as a single clean water storage compartment. When the clearwells are filled,
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the excess filter effluent will overflow the clearwells and will flow to the reverse osmosis system.
When a filter starts to become clogged with solids trapped by the filter media, the water level
will build up in the influent piping to that filter. The filter will then be taken out of service for
backwashing by closing a valve on the influent to the filter.

The backwash sequence will be as follows. Before backwashing with water, an air blower will
blow air into the bottom of the filter to loosen the media and dislodge solids caught on the media.
Then the dirty backwash outlet valve on the filter will be opened, the air blower will be turned
off, and clean backwash water stored in the clearwells will reverse flow, i.e., up through the filter
media, to fluidize the media and wash the solids out of the filter through the dirty backwash
outlet piping to the mill tailings pumpbox. After the filter has been backwashed, the dirty
backwash outlet valve will be closed and the cleaned filter will be ready for operation. The
filters and clearwells will be covered and vented outside the WWTS building to protect workers
against the potential release of hydrogen sulfide gas.

6.6.13 Polymer Feed Systems

As described in Sections 6.6.9 and 6.6.12, the wastewater treatment system will include two
polymer feed systems, one to assist flocculation and settling in the solids-contact clarifiers, and
another to assist flocculation and filtration in the gravity filters. Due to differences in the
characteristics of metal hydroxides and metal sulfides, there is the potential that different types of
polymers will be used for each application. Consequently, two separate polymer systems will be
provided.

The polymer feed system for the solids contact clarifiers will be automatically controlled to feed
polymer to each train at a rate proportional to the raw wastewater flow rate to that train. The
polymer feed system for the gravity filters will be automatically controlled to feed polymer at a
rate proportional to the total wastewater flow rate to the filters.

6.6.14 Acid Feed Systems

As shown in Figures 3-8 and 3-9, sulfuric acid will be used as needed for pH adjustment of
wastewater. An acid feed system will be provided for this purpose. This system will include two
dilute sulfuric acid storage tanks, acid feed pumps, and pH control instrumentation.

Concentrated sulfuric acid will be delivered to the wastewater treatment system in bulk trucks
and unloaded into a sulfuric acid bulk storage tank. This tank will be located outside the WWTS
building in an area east of the clarifiers. Sulfuric acid from the bulk storage tank will be fed to
dilute sulfuric acid storage tanks and mixed with dilution water. This will be used to supply
dilute sulfuric acid used for pH adjustment.

Sulfuric acid will be fed to the following locations:
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. The effluent pipeline from each solids contact clarifiers. The pH will be lowered,
. as required, to minimize metal sulfide solubility.

. The common line feeding the reverse osmosis system. The pH will be lowered, as
required, to assist in the prevention of membrane scaling.

. The evaporator feed tanks. The pH will be lowered, as required, to maximize
carbonate removal.

. The RO effluent pipeline prior to the effluent wet well. The pH will be lowered, as
required, to meet discharge limits.

. The evaporator effluent pipeline. The pH will be lowered, as required, to meet
discharge limits.

6.6.15 Caustic Feed System

Sodium hydroxide (caustic) will be used as needed for pH adjustment of wastewater. A caustic
feed system will be provided for this purpose. This system will include a caustic storage tank,
chemical feed pumps, and pH monitoring and control systems.

Concentrated sodium hydroxide will be delivered to the wastewater treatment system in totes.

. Since sodium hydroxide will be used for pH adjustment of high purity effluent, it is anticipated
that usage rates will be relatively low and tote storage will be sufficient. The totes will be
located inside the WWTS building and will be used to supply the concentrated caustic to the
chemical feed pumps.

Sodium hydroxide will be fed to the following locations:

. The permeate from the first pass RO system. The pH will be increased, as
required, to increase the second pass RO system removal efficiency for certain
constituents such as cyanide.

. The condensate stream from the evaporator prior to the air stripper. A high pH is
required in the air stripper to optimize ammonia removal.

. The evaporator effluent prior to discharge to the evaporator effluent wet well. As
described in Section 6.6.14, an acid feed system will also be installed at this point.
Both systems will be available to control the effluent pH.

. The reverse osmosis effluent prior to discharge to the main WWTS effluent wet
well. As described in Section 6.6.14, an acid feed system will also be installed at
this point. Both systems will be available to control effluent pH.
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The caustic chemical feed pumps will be automatically controlled to feed caustic at the rate
needed to maintain each pH set point.

6.6.16 Reverse Osmosis Treatment System

Wastewater will flow from the clearwell of the gravity filters to the reverse osmosis system. The
reverse osmosis equipment will consist of antiscalent chemical feed equipment, acid feed
equipment, prefilters, high pressure feed pumps, reverse osmosis membranes and associated
piping, instrumentation, and controls.

The filter effluent water will be conditioned with an antiscalent chemical to assist in preventing
the precipitation of salts on the reverse osmosis membrane. Precipitation of salts on the
membrane will increase pressure drop across the membrane and may require premature
replacement of membranes. An antiscalent feed system will be provided for this purpose. The
system will include an antiscalent storage drum, chemical metering pump, and control system.
The antiscalent will be pumped from the storage drum to the reverse osmosis feed line using the
chemical metering pumps.

The filter effluent water will also be pH adjusted to assist in preventing the precipitation of salts
on the reverse osmosis membrane. Dilute sulfuric acid will be used as the pH adjustment
chemical.

Prefilters (5 micron) will be placed ahead of the RO membranes to remove any solids present in
the filter effluent which may damage the membranes or clog the membrane passages. High-
pressure pumps will provide the necessary driving force for operation of the reverse osmosis
membranes. The feed water will be pressurized by the high-pressure pumps and enter the first
pass reverse osmosis units. The membranes selectively allow certain molecules such as water to
pass through the membrane and be collected in a permeate. The feed portion which does not
pass through the membrane is the reject water. The reverse osmosis membranes will be
configured to operate in series with the permeate from the first in the series (first pass) being the
feed for the second in series (second pass).

The reject water from the first pass will be pumped to the evaporators. The pH of the second
pass feed may be increased to assist in the removal of cyanide. Sodium hydroxide (caustic) will
be used to increase the pH, if necessary. The first pass permeate will be pressurized by high-
pressure pumps and enter the second pass reverse osmosis units. The wastewater will be further
purified in the second pass membranes. The concentrate from the second pass will be mixed into
the feed stream of the first pass unit. The permeate from the second pass will be pH adjusted and
then flow to the effluent wet well.

6.6.17 Evaporation Treatment System

The reject water from the reverse osmosis operation will be pumped to an evaporator for further
treatment. Prior to entering the evaporator, the pH of the water may be lowered by adding
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sulfuric acid. Lowering the pH of the water assists in controlling the fouling of the evaporator
. heat exchange surfaces. The reverse osmosis reject water is then pumped through a heat
exchanger which recovers the heat from the evaporator condensate water. The heated reject
water then flows through a deaerator vessel which removes dissolved air from the feed water.
The dissolved air is then vented to atmosphere and the feed water flows into the evaporator.

The evaporator concentrates the constituents in the feed water by using the heat generated from a
condensing vapor. The evaporator will use heat recovery processes associated with a vapor
recompression process and heat exchangers. The recompression process will be driven by
electrical compressors. The concentrated brine will collect in the evaporator sump and will be
maintained at the proper concentration by bleeding a waste stream from the sump.

The condensate from the evaporator will contain small amounts of constituents which are carried
through the evaporator's demisting section. Volatile constituents in the feed stream may also be
present in the condensate. The remainder of the constituents from the reverse osmosis reject
water will leave the evaporator with the waste brine. The brine will be mixed with pyrite
concentrate and cement as a minor part of the pyritic paste backfill for the mine.

6.6.18 Final Stage pH Adjustment

The reverse osmosis permeate and evaporator condensate will be pH adjusted, if required, by
injection of either sodium hydroxide or dilute sulfuric acid. Following this addition, an in line

. static mixer will provide mixing of the base or acid with the treated wastewater. A pH meter and
automated pH control system will be provided to control the feed rate of the base or acid based
on the pH setpoint for the treated wastewater. The pH setpoint will be adjustable by the operator
to maintain compliance with the WPDES discharge permit. Details of the feed systems are
discussed in Section 6.6.14 and 6.6.15.

6.6.19 Air Stripper (Ammonia Removal)

Ammonia will be rejected by the reverse osmosis system and concentrated in the RO reject
water. This water will be sent to the evaporator for treatment. Due to its relatively high vapor
pressure, the ammonia in the evaporator feed water may be volatilized and carry over into the
evaporator condensate. In order to meet effluent limits for discharge to groundwater and/or
mitigation sites, ammonia must be removed from the evaporator condensate. An air stripper
system will be provided for this purpose. The air stripper will include a stripping tower and
aeration blowers. Two units will be provided with each unit capable of handling the peak
evaporator flow. The air strippers will be designed based on the maximum anticipated ammonia
feed concentration and on the maximum design evaporator condensate flow rate. The units will
be designed with sufficient turn down to accommodate the design flow range of the evaporator
system. Each unit will be provided with a dedicated aeration blower. The pH of the evaporator
condensate will be raised prior to the air stripper to optimize ammonia stripping.
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6.6.20 Effluent Wet Wells and Effluent Pumps

Effluent from the reverse osmosis system will flow to the RO effluent wet well. Effluent from .
the evaporator system will flow to the mitigation storage tanks. A small portion of the

wastewater in the RO effluent wet well will be reused within the wastewater treatment system for

make-up of sulfide solutions, dilution of sulfuric acid, and for other non-potable water needs

within the wastewater treatment system.

When surface water mitigation is not required, evaporator condensate will report to the RO wet
well and will be pumped to the discharge lagoons. When surface water mitigation is required,
evaporator condensate will be pumped to the mitigation storage tanks while RO effluent will be
pumped from the RO effluent wet well to the discharge lagoons.

Wastewater treatment system effluent can be pumped from the RO effluent wet well to the mill
for reuse in the following applications:

*  To the mill for reuse as reagent make-up water.
*  To the mill for reuse as seal/gland water for pumps and other equipment.

Pumps will be provided to transfer the reverse osmosis system effluent from the RO effluent wet
well to the discharge lagoons or to the mill for reuse. The pumps will be sized based on
maximum WWTS flow conditions.

Pumps will be provided to transfer the evaporation system effluent from the mitigation storage
tanks to the surface water mitigation sites or to the wastewater treatment storage basins. The
pumps will be sized based on maximum WWTS evaporator flow conditions.

6.6.21 Wastewater Treatment System Instrumentation and Controls

The wastewater treatment system will include computerized automated control of the wastewater
treatment system components. Displays associated with the computerized automated controls
will provide the wastewater treatment system operators with information concerning key
wastewater treatment system operating data such as wastewater flow rates and pHs; the levels of
the wastewater storage basins, discharge lagoons, and chemical feed tanks; and the operating
status of the major wastewater treatment system equipment and alarms. The operator will also be
able to control the major wastewater treatment system operating functions, such as starting and
stopping equipment, adjusting setpoint pHs and dosage rates for treatment chemicals, and
selecting automatic or manual control of key treatment equipment and processes.

6.6.22 Wastewater Treatment System Building

The wastewater treatment system will be housed in a WWTS building located as shown on
Figure 3-2. The WWTS building will also include the following:
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. A control room where the computerized automated controls and displays will be
located.

. An electrical room for the electrical equipment needed for the WWTS.

. A floor drain system with a sump for collecting wastewater generated from leaks
and spills in the WWTS building. Two sump pumps, one a standby, will be used
to pump the wastewaters collected in the sump to wastewater storage basins 6 and
7 or directly to the lime precipitation tank.

. A non-potable water supply system for various non-potable water uses in the
WWTS building, including the following:
- water for making up sodium sulfide solutions;
- dilution water for the sulfuric acid feed systems; and
- water for cleaning, flushing, and other maintenance activities in the WWTS

building.
. Building heating, ventilating, fire protection, and lighting systems.
. A system for supplying instrument-quality air where needed in the wastewater

treatment system, e.g., for operation of air-actuated valves. The system will
include dual instrument air compressors with air filters and dryers.

. Facilities for delivery, handling, and storage of treatment chemicals, including
facilities for containment and clean-up of chemical leaks and spills inside the
WWTS building.

. With the exception of the reactor clarifiers, the lime silo, and the evaporators, the

WWTS equipment will be located in the WWTS building.

6.7  Discharge Lagoons, Discharge Pump Station and Discharge Pipeline
6.7.1 Discharge Lagoons

Treated wastewaters will be pumped from the wastewater treatment system to the two discharge
lagoons. The treated wastewaters held in these lagoons will be sampled and analyzed to verify
compliance with the effluent limitations before being pumped from the lagoons. The lagoons
will be operated on an alternating basis. Treated wastewater will flow into and be held in one
lagoon while wastewater which has been sampled and analyzed is being pumped from the other
lagoon.

Each lagoon will have the capacity to store 24 hours of treated effluent at a flow rate of
636 gallons per minute, plus 3 feet of freeboard. The location of these two lagoons is shown on
Figures 3-1 and 3-2. A plan view and a section view of the lagoons are shown on Figure 6-5.
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Each lagoon will be provided with a composite liner to minimize seepage to groundwater. The
composite liner will be as shown on Figure 6-5, and will consist of the same components as
described in Section 6.1.2. The design of the liner will meet the requirements for wastewater
lagoon liners in Subchapter II of Chapter NR 213, Wis. Admin. Code.

Each lagoon bottom will be sloped toward the lagoon outlet to allow the lagoon to be drained.
Piping will be provided to allow the wastewater to flow from each lagoon to a discharge wet
well.

6.7.2 Discharge Pump Station and Discharge Pipeline

If the treated wastewater in a discharge lagoon meets the effluent limitations, discharge pumps
will transfer the treated wastewater from the discharge wet well through the discharge pipeline to
the soil absorption system. Facilities will be provided for continuous monitoring of the
discharge flow rate and composite sampling of the treated wastewater discharged to the SAS. If
analysis shows that the wastewater held in a lagoon will not meet the effluent limitations, this
wastewater will be pumped back to wastewater storage basins 6 and 7 using the discharge pumps
for reprocessing by the WWTS. The discharge wet well, discharge pumps, and discharge
monitoring facilities will be located inside a pump station. The pump station will be located
south of the discharge lagoons as shown on Figures 3-2 and 6-5.

The discharge pipeline will begin at the discharge lagoon pump station on the plant site and
follow the proposed railroad spur to the north and east to the SAS site. The approximate total
length of the proposed pipeline is 3.2 miles. Refer to Figure 2-13 for the pipeline route. The
pipeline will be installed in public rights-of-way, easements, or on NMC property.

The pipe will have a nominal diameter of 10 inches and will be buried below frost depth. Most
of the pipeline will be installed by the open-cut method of construction. Where wetland and/or
stream crossings are required, directional drilling methods will be used.

The pipeline is designed as a sealed system. Once installed and prior to backfilling, the pipeline
will be pressure and leak tested using either air or water to verify that all joints and connections
are properly sealed and there are no leaks. If water is used, it will either be treated water from
the project's wastewater treatment plant or water from a potable source. Water used for testing
will be left in the pipe.

During operation, pipeline flow rates will be monitored at the discharge lagoons. Pipeline flow
rates will also be monitored at the soil absorption system. The total flow from the discharge
lagoons can be compared to the total flow rate to the soil absorption system. If a leak is
identified, the system will be shut down and the leak repaired. A leak in the discharge pipeline is
highly unlikely during the duration of the project.
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6.8  Soil Absorption System

. Final treated water from the wastewater treatment system will be discharged to groundwater by
way of the soil absorption system. A detailed discussion of the SAS design criteria and
description of the SAS facilities is available in the Preliminary Engineering Report for the
Crandon Project Soil Absorption System (Foth & Van Dyke, 1998f). A copy of this document is
provided in Appendix D of this report. A brief description of the SAS facilities is provided
below.

Treated wastewater from the WWTS will be transferred to the discharge lagoons. Once the
treated wastewater quality has been verified to be in compliance with the WPDES effluent
limitations, the treated wastewater will be pumped to the SAS. A pump station, located at the
discharge lagoons will pump the effluent to the SAS central distribution station. The treated
wastewater will enter the influent channel at the central distribution station and flow by gravity
into one of six wet wells. Flow control into the wet wells will be provided by adjustable weirs.
Each of the six wet wells is designated to discharge to one of six soil absorption cells. Flow
from the wet wells to the seepage cells will be by gravity.

Up to six absorption cells will be provided for distribution of treated wastewater. Each cell will
include a pipe distribution network to provide even distribution of the treated wastewater across
the cell area. Each cell will operate independently of the other cells. This will be accomplished
through the use of cell designated water delivery systems. The treated wastewater will discharge

. into a gravel bed and will then infiltrate down into an underlying highly permeable outwash sand
stratum. The distribution piping will be covered with soil to prevent dust and fines from entering
the gravel and sand layers and reducing the permeability of these layers. The soil above the
piping will also help to insulate the cells and minimize freezing problems.

6.9  Mitigation Treatment System

Wastewater treatment system effluent will be used for mitigation of surface waters impacted by
groundwater drawdown associated with mine dewatering activities. A detailed analysis of
mitigation requirements is available in the Crandon Project Surface Water Mitigation Plan
(Foth & Van Dyke, 1998c). Where required, water for mitigation of soft water surface water
bodies will be provided from the wastewater treatment system. It is anticipated that the
evaporator condensate will be used as the source of mitigation water. The reverse osmosis
permeate may also be used as the source of the mitigation water if the permeate meets effluent
discharge limits. A blend of the evaporator condensate and the reverse osmosis permeate may
also be used as the source of the mitigation water if this blended water meets effluent discharge
limits. Based on evaporation treatability testing results, and on engineering evaluation, the
evaporation system will produce an effluent meeting mitigation discharge limits

Since the WWTS, as designed to treat mine/mill related wastewaters, will produce an effluent
suitable for mitigation purposes, additional treatment processes will not be required specifically
. for mitigation. Additional facilities associated with soft water body mitigation will primarily be
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related to temporary storage of mitigation water and transfer of mitigation water to the discharge
sites.

Evaporator condensate will be processed through an air stripper for ammonia removal and will
then flow to the mitigation storage tanks or the effluent wet well. Acid/caustic will be added in-
line between the air stripper and the storage tanks for final pH adjustment. The effluent will flow
to the mitigation storage tanks, if mitigation is required at the time, or flow to the main WWTS
effluent wet well for transfer to the discharge lagoons if mitigation is not required at the time.

Multiple mitigation storage tanks will be provided. Each tank will provide storage of one day of
peak mitigation flow. The multiple tank arrangement will allow the contents of one tank to be
tested for compliance with effluent limits while the second tank is being filled. Once the effluent
in the storage tank has been verified to be in compliance with the discharge permit limits, the
stored effluent will be discharged to the mitigation site(s).

A mitigation pumping and conveyance system will be constructed for transfer of effluent from
the mitigation storage tanks to the mitigation site(s). A detailed description of this system is
provided in the Crandon Project Surface Water Mitigation Plan (Foth & Van Dyke, 1998c).
Additional information on the mitigation facilities is also available in the referenced document.

Any effluent which does not meet discharge permit limits will be pumped back to wastewater
storage basins 6 and 7 for reprocessing in the WWTS. The pump will be sized to transfer the
contents of one of the storage tanks back to the wastewater basins over a 12-hour period.

6.10 Construction Runoff Control Measures and Treatment

As described in Section 3.3.2, runoff will be generated from the following areas during project
construction activities:

. plant site;
. TMA, reclaim pond, and tailings pipeline ditch/access road; and
. other areas, including the plant site access road, railroad spur, wastewater

discharge soil absorption system and associated pipeline, and the wetland
compensation site.

Control measures and treatment for construction runoff from each of these areas are discussed as
follows. Note that the following discussion addresses non-contact runoff generated during the
construction period. As discussed in Sections 6.3, 6.4 and 6.5, contact runoff generated during
construction will be directed to the wastewater treatment plant.
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6.10.1 Plant Site

As discussed previously in Section 3.3.2 and as shown on Figure 3-7, the plant site will include
six drainage areas. Construction runoff from each of these drainage areas will be routed to basins
1,2, 3, and 8 and the temporary construction runoff basin shown on Figure 3-1. During
construction, these basins will remove sediment and other settleable material in the runoff.
Basins 1, 2, and 8 will remain as non-contact runoff basins after plant start-up and will therefore
be sized, per NR 132, Wis. Admin. Code, to handle the construction runoff from a 25-year,
24-hour rainfall event. Since basin 3 will ultimately receive runoff from the area used to
potentially store waste rock, it has been designed, per NR 182, Wis. Admin. Code, to handle
runoff from a 100-year, 24-hour rainfall event. During the initial stages of construction prior to
placement of ore and/or waste rock on the pre-production ore storage area and prior to startup of
the wastewater treatment plant, non-contact construction runoff generated in the central runoff
drainage area and pre-production ore storage area will be directed to the temporary construction
runoff basin. Once ore and/or waste rock are placed on the pre-production ore storage area and
the wastewater treatment plant comes on-line, the use of the temporary construction runoff basin
will be discontinued and the basin area will be converted to use as a construction lay down area.
Since this basin will receive non-contact runoff, it has been designed per NR 132, Wis. Admin.
Code, for runoff from a 25-year, 24-hour rainfall event. Sediment which accumulates in the
basins during construction will be removed from the basins as often as necessary and reused
during construction, if possible, or placed on the soil stockpile at the plant site for reuse during
reclamation.

During construction, runoff from the basins will be discharged to on-site drainageways via the
outfalls as shown in Table 6-5. Runoff basins 1, 2, 3, and 8 and the temporary construction
runoff basin will be constructed of compacted till. The inlets and outlets of these basins will be
riprapped for erosion protection. Figures 6-6 and 6-7 show a section view of the basins.

Several areas of the plant site outside these six drainage areas will also be disturbed during
construction. In these areas, silt fences, hay bales, or other control measures will be used to
minimize the amount of sediment and other settleable solids contained in the runoff. Details of
the control measures to be taken for these areas are presented in the project's Mine Permit
Application (Foth & Van Dyke, 1995/1998b).

6.10.2 TMA, Reclaim Pond, and Tailings Pipeline Ditch/Access Road

As discussed previously in Section 3.3.2 and as shown on Figure 3-7, runoff will occur from a
drainage area associated with the tailings pipeline ditch and access road. This construction
runoff will be routed to the drain down sump (basin 4). During construction, this basin will
remove sediment and other settleable material in the runoff. The basin will be able to handle the
construction runoff from a 25-year, 24-hour rainfall event. The design of basin 4 was described
previously in Section 6.1.4. During construction, runoff from this basin will be discharged to on-
site drainageways via outfall 004. After plant start-up, basin 4 will handle runoff from the TMA
access road and the tailings pipeline ditch. Collected runoff will be pumped to the TMA.
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Table 6-5

Construction Runoff Discharges

Routed to Basin Discharged to
Runoff Drainage Area Number Outfall Number'
Plant site - southwest area——— 1 001
Plant site - southeast area 2 002
Plant site - construction material storage area 3 003
Tailings pipeline ditch/TMA access road? 4 004
Plant site - pre-production ore storage area’ TCRB 005
Plant site - central area’ TCRB 005
Plant site - northwest area 8 008
TMA site - discharge lagoon 9 009
TMA site - southern area 10 010
TMA site - east area 11 011
TMA site - northeast area 12 012
TMA site - northern area 13 013
TMA site - northwest area 14 014

! Qutfall 007 is the discharge to the soil absorption system of treated wastewaters generated during
operation and closure of the mine and mill. The project does not include an outfall 006.

2 During operation, runoff from this drainage area will not be discharged to the outfall shown. Instead,
the runoff will be collected and routed to the TMA.

* During operation, runoff from this drainage area will not be discharged to the outfall shown. Instead,
the runoff will be collected and routed to the wastewater treatment system, with discharge of the
treated effluent to the soil absorption system via outfall 007.

TCRB = Temporary construction runoff basin.

Prepared by: PAE
Checked by: JWS
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As discussed previously in Section 3.3.2, runoff will occur during construction of the reclaim
. pond and each of the TMA cells. Construction runoff from the six TMA drainage areas listed in
Table 6-5 will be routed to runoff basins 9, 10, 11,12, 13, and 14. During construction, these
basins will remove sediment and other settleable solids in the runoff. Each basin is designed, per
NR 182, Wis. Admin. Code, to handle the construction runoff from a 100-year, 24-hour rainfall
event. Details of the design of runoff basins 9 through 14 are presented in Addendum No. 5 to
the project's TMA Feasibility Report (Foth & Van Dyke, 1998b). During construction, runoff
from these six basins will be discharged to on-site drainageways via the outfalls listed in
Table 6-5.

The outside slopes of the tailings pipeline ditch and the TMA access road will also be disturbed
during construction. In these areas silt fences, hay bales, or other temporary control measures
will be used to minimize the amount of sediment and other settleable solids contained in the
runoff. Details of the control measures to be taken for these areas are presented in the project's
Mine Permit Application (Foth & Van Dyke, 1995/1998b).

6.10.3 Other Areas

Other areas will be disturbed during construction. These areas include the plant site access road,
the railroad spur, and the wastewater discharge soil absorption system and associated conveyance
pipeline. In these areas silt fences, hay bales, or other temporary control measures will be used
to minimize the amount of sediment and other settleable solids contained in the runoff. Details

. of the control measures to be taken for these areas are also presented in the project's Mine Permit
Application (Foth & Van Dyke, 1995/1998b).

6.11 Non-Contact Runoff Collection and Discharge During Operation

As described in Section 3.2.7, runoff will also be generated during operation from areas of the
plant site and TMA which will not come in contact with raw materials, intermediate products,
finished products, by-products, or waste materials from the plant site. As discussed in
Section 4.3, this "non-contact" runoff will not require a WPDES permit. Non-contact runoff
basins 1, 2, 3, 8, and 9 through 14 may be retained after construction is complete, if required.
See Section 6.10 for a description of the design of these basins.
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7 Wastewater Treatment Facilities Operation and Maintenance

. This section addresses operation and maintenance for the Crandon Project wastewater treatment
facilities. Issues discussed include operation, maintenance, and staffing.

7.1 Operation

Proper operation of the wastewater treatment facilities will be essential to consistently producing
a high quality effluent which meets the discharge limitations. Efficient facilities operation will
also be essential in minimizing operating costs. The general duties associated with operation will

include:
. Monitor the operating status of wastewater treatment processes and equipment.
. Monitor the wastewater influent and effluent quality and make necessary process

adjustments to maintain the required level of treatment.
. Collect samples for testing.
. Daily inspection of equipment.
. Record keeping.
. . Coordination of routine maintenance or repairs.

. Troubleshooting.
. Facilities management.

7.2 Maintenance

Preventative maintenance will be a priority for the project. The treatment facilities will only
perform as designed if equipment is maintained in good working order. Additionally,
maintenance of equipment can, in the long term, lead to reduced operating costs. Facility
systems which will require routine maintenance include the following:

. Monitoring/Control instrumentation.

. Chemical storage, handling, and feeding systems.

. Electrical distribution system.

. Plant utilities, e.g., heating, ventilating, instrument air, non-potable water.
. Pumps and process equipment.
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7.3 Wastewater Treatment Facilities Staffing

An estimate of the staffing needs for the Crandon Project wastewater treatment facilities was .
based on staffing needs reported for existing facilities of similar size and design. Staffing

requirements will include personnel for operation, maintenance, supervision, clerical work, and

laboratory analysis. These requirements are discussed below.

7.3.1 Operation of Facilities

Plant operators will be available whenever the wastewater treatment system is operating. The
operators will be State certified and will have comprehensive training in the processes used in the
wastewater treatment system. Operators will need to monitor the performance of treatment
equipment and processes, make adjustments as needed to maintain satisfactory treatment system
performance, and confirm that the wastewater is adequately treated prior to discharge. They will
also need to coordinate with the mill in regard to chemical or water recycle needs. Supervisory
duties will be handled within the mill organizational structure.

7.3.2 Laboratory

Laboratory analysis will be required for each shift, seven days per week for analysis of
wastewater and solids samples.

7.3.3 Maintenance

The operation staff will be available to meet routine plant operation and maintenance needs.
Additional personnel will be periodically required to assist in labor intensive maintenance or
repair work. Due to the infrequency of the need for additional maintenance personnel, an
additional full time employee will not be needed. Required personnel can be drawn from the
surface facilities maintenance pool for this need as necessary.
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8 Schedule

. Construction of the wastewater treatment facilities described in Section 6 will be carried out so
that these facilities will be available for use when needed during construction, operation, and
closure of the mine, mill, TMA, and ancillary facilities.

The following is a description of the schedule for construction and operation of the wastewater
treatment facilities in relation to construction, operation, and closure of the mine, mill, and TMA.
Additional information concerning the schedule for other facilities and activities during
construction, operation, and closure are presented in the project's Mine Permit Application

(Foth & Van Dyke, 1995/1998b).

8.1 Initial Plant Site Construction

During initial plant site construction, the wastewater generated will be limited to construction
runoff. Therefore, initial site construction activities will include construction of runoff basins 1,
2, 3, and 8, and wastewater storage basin 6. These five basins will be used to treat non-contact
plant site construction runoff from areas of the plant site disturbed during initial construction.
The runoff from these runoff basins will be discharged to on-site drainageways via outfalls 001,
002, 003, 006, and 008. Wastewater storage basin 7 will also be constructed during initial plant
construction so that it is completed prior to the initiation of mine shaft sinking.

. 8.2 Mine Shaft Sinking
During sinking of the mine shafts, water from mine shaft dewatering will be collected and stored
in wastewater storage basins 6 and 7 while the following wastewater treatment facilities are
being constructed:
. the wastewater treatment system and WWTS building;

. the two discharge lagoons;

. the wastewater pumping facilities, discharge pumping facilities, discharge
monitoring facilities, and the pump station used to enclose these facilities;

. the soil absorption system; and

. the discharge pipeline to the soil absorption system.
During mine shaft sinking, a temporary oil/water separator will be used to remove oil that comes
in contact with the shaft water. Any oil removed by the oil/water separator will be disposed of

off-site. Waste rock from the development of the mine shafts will be placed on the lined pre-
production ore storage area. Runoff from this area will be collected in runoff basin 5 and
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pumped to basins 6 and 7. Construction of the pre-production ore storage area berms and lining
will be completed prior to initiation of shaft sinking. .

8.3 Mine Development

During mine development, mine drainage will be pumped to wastewater storage basins 6 and 7
and then to the wastewater treatment system for treatment and discharge to the soil absorption
system. Therefore, the wastewater treatment system, the two discharge lagoons, the pumping
and monitoring facilities in the pump station, the soil absorption system, and the discharge
pipeline to the soil absorption system will be completed prior to beginning mine level
development.

Ore produced during mine development will be stored in the pre-production ore storage area.
Prior to commencing storage of ore in the pre-production ore storage area, the discharge pipe
from wastewater storage basin 5 to on-site drainageways will be closed, and the discharges to
outfall 005 will cease. At approximately the same time, production activities associated with
handling of ore will occur in the central area of the plant site, i.e., the area that drains runoff to
wastewater storage basin 6. Because contact runoff will result from precipitation on this area, the
discharge pipe from wastewater storage basin 6 to on-site drainageways will also be closed and
the discharges to outfall 006 will cease. Beginning at that time, runoff collected in wastewater
storage basin 5 will be transferred to wastewater collection basins 6 and 7 and mixed with the
contact runoff and mine drainage collected in basins 6 and 7. The combined wastewaters
collected in basins 6 and 7 will then be pumped to the wastewater treatment system for treatment
and discharge to the soil absorption system.

Therefore, during mine development, the following wastewaters will be treated and discharged to
the soil absorption system via outfall 007:

. mine shaft dewatering wastewaters collected in wastewater storage basin 7 during
shaft sinking;

. mine drainage generated during mine development;

. runoff from the pre-production ore storage area; and

. contact runoff from the central area of the plant site.

8.4 Mill and TMA Development

Development of the mill, TMA, tailings pipeline, reclaim pond, and associated facilities will
overlap with the development of the mine. During this time, the drain down sump (basin 4) will
be constructed and used to treat construction runoff from the tailings pipeline ditch and access
road, with the treated runoff from the sump discharged to on-site drainageways adjacent to the
sump via outfall 004.
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Construction of cell 1 of the TMA will result in construction runoff. Therefore, initial

. construction activities at the TMA will include construction of runoff basin 9. This basin will be
used to collect construction runoff from cell 1 of the TMA. The runoff from this basin will be
discharged to on-site drainageways at the TMA via outfall 009.

8.5 Plant Operation

After completing construction of the mill, TMA, tailings pipeline, reclaim pond, and associated
facilities, the mill will begin operation. Wastewater may be used as a source of water for initial
testing and start-up of the mill process water system. Prior to commencing use of the tailings
pipeline, the discharge pipe from the drain down sump to on-site drainageways will be closed,
and discharges to outfall 004 will cease. Beginning at that time, wastewater collected in the
drain down sump will be stored in the sump until it can be pumped to the TMA. Prior to initial
start-up of the mill, the wastewater treatment facilities and mill process water recycle facilities
will have been completed and in full operation.

8.6 Surface Water Mitigation

Surface waters impacted by regional groundwater drawdown associated with mine dewatering
activities will be mitigated as required. A mitigation system will be constructed as required.
Details on mitigation requirements, and construction of the mitigation system, are provided in the
Crandon Project Surface Water Mitigation Plan (Foth & Van Dyke, 1998c).

. 8.7 Site Closure

At the end of operation of the mine and mill, water will remain in the mill process water circuit
which will need to be treated. Additionally, precipitation falling on the TMA, the reclaim pond,
and the plant site, prior to final reclamation, will result in generation of contact water which will
require treatment. These wastewaters will be routed to the wastewater treatment system for
treatment and discharge to the soil absorption system. Therefore, the wastewater treatment
system, the soil absorption system, and the discharge pipeline to the soil absorption system will
remain in operation until after the final cover has been placed on the TMA and TMA drainage is
discontinued, and until the plant site and TMA have been reclaimed.
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PINE FORMATION ( pn )
Cherty tuff and argillite.

LINCOLN FORMATION ( In)
Quartz porphyritic rhyoclite flows with minor interflow tuff, chert
and argillite.

SWAMP CREEK GROUP

SKUNK LAKE FORMATION ( sk )

Predominantly fine to coarse ash chert tuff, some cherty and
very minor argillite.

RICE LAKE FORMATION ( rc)

Volcanic debris flows { blocky chloritic and minor siliceous
lapilli and breccia size debris ) and eutaxitic ash flows, some chert.

OAK LAKE FORMATION ( ok )
Sequence of cherty tuff and sericitic tuff.
MOLE LAKE FORMATION ( ml )

Predominantly mafic ash tuff.

PROSPECT MEMBER ( mip )
Volcanic debris flow consisting of siliceous,
lapilli size debris.

EAGLE MEMBER ( mie )
Volcanic greywacke.

HEMLOCK CREEK GROUP

CRANDON FORMATION ( cr)
Laminated, bedded & replacement sulfides ( zinc ore )
interbedded with pyritic argillite, pyritic felsic tuff and chert.

SAND LAKE FORMATION ( sd )
Sequence of fine felsic tuffs and minor felsic debris
& lava flows.
TOWNSHIP MEMBER ( sdt)
Volcanic vent breccia affected by muiltiple stage
hydrothermal alteration and suifide enrichment.

NASHVILLE FORMATION ( nh)
Feldspar porphyritic mafic flows. ‘

DUCK LAKE GABBRO (dg )

Fresh, 2 pyroxene gabbra.
Cross cuts nh and sd.
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Appendix A
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for the
Crandon Project

A.1 Introduction

Crandon Mining Company intends to develop an underground mining facility near Crandon,
Wisconsin. Engineering efforts associated with development of the Crandon Project have
indicated that mine drainage, intercepted groundwater, and excess mill process water will be
discharged from the project site.

The proposed discharge site for treated wastewater is the Wisconsin River. Wastewaters
discharged from the project site will be required to meet effluent limitations that will be set by
the Wisconsin Department of Natural Resources (WDNR) for discharge to the Wisconsin River.
To meet these limitations, wastewater will require treatment prior to discharge. Based on the
estimated characteristics of the mine drainage and mill process water, and on estimated effluent
limitations for discharge to the Wisconsin River, a treatment system process design was selected.
The treatment system will include lime precipitation, gravity settling, sulfide precipitation,
filtration, and pH adjustment. To evaluate the treatment processes selected for the Crandon
Project, a wastewater treatability study was conducted. This Appendix provides a summary of
the test procedures and their results.

The data presented in this Appendix are designed to demonstrate the effectiveness of the
proposed treatment system. All treatability testing was conducted at the Foth & Van Dyke
Green Bay offices. Analytical testing of wastewater samples was performed by Pace
Incorporated of Minneapolis, Minnesota, and Northern Lakes Service, Inc. of Crandon,
Wisconsin. Whole effluent toxicity testing was performed by Integrated Paper Services, Inc. of
Appleton, Wisconsin.

A2 Overview of the Wastewater Treatability Study

The processes for treatment of wastewaters generated at the Crandon Project includes lime
precipitation, gravity settling, sulfide precipitation, filtration, and pH adjustment. The primary
objectives of the wastewater treatment system are neutralization and the removal of heavy metals
and suspended solids present in the wastewater. The present study was designed to evaluate the
adequacy and efficiency of the treatment processes for these purposes.

The wastewater treatability study included three separate phases. In the first phase, the selected
treatment processes were evaluated for treating mine drainage. The evaluation included
optimization of the lime precipitation process, and optimization of the sulfide precipitation
process. Additionally, the effectiveness of the combined treatment process and the whole
effluent toxicity of the treated effluent were evaluated. Phase II of the treatability study further
evaluated the selected treatment processes when treating mine drainage. The purpose of this
phase was to further optimize the sulfide precipitation process, to verify the results of Phase I,
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and to obtain additional information on whole effluent toxicity of the treated mine wastewater
effluent. Phase III of the treatability study evaluated the selected treatment processes when
treating mill process wastewater. Phase III included sulfide optimization and whole effluent
toxicity testing of the treated mill process water.

A2.1  Wastewater Treatability Study - Phase |

Phase I of the wastewater treatability study simulated each step of the treatment process when
treating mine drainage, sequencing the various treatment processes in the order in which they are
planned to occur. Effluent samples were analyzed after each level of treatment to determine the
treatment capabilities of each individual treatment process. The level of treatment for each
treatment process was optimized before proceeding to evaluation of the next treatment process.
This sequencing of optimization was followed throughout the Phase I testing. Thus, each level of
treatment was built upon the optimal performance of the previous treatment process.

The following discussion described the four steps completed as part of Phase I of the treatability
study. The first step in the study was generation of wastewater to be used in the evaluation of
the selected treatment processes. Steps II, III, and IV involved testing of the lime precipitation,
the sulfide precipitation, and the filtration processes, respectively.

A2.1.1 Step I - Wastewater Generation

Because mining activities have not commenced, the wastewater used for Phase I of this study was
generated in the laboratory following the leaching procedures used in the waste characterization
evaluation as described in Chapter 4.3.16 of the Crandon Project’s February 1994 Notification of
Intent to Collect Data & Detailed Scope of Study and as described in a number of letters
subsequently forwarded to the WDNR. Details regarding the leaching procedures used were also
discussed with the WDNR prior to initiation of the process and during the performance of the
leaching effort. WDNR personnel were present during the performance of some portions of the
treatability studies. WDNR personnel also took part in the selection of materials to be used in
the generation of contact waters.

Engineering efforts associated with development of the mine plan for the Crandon Project have
identified the following as major sources of inflow to the mine:

. Contact water - Groundwater which will come in contact with weathered and
unweathered bedrock and ore. Based on waste characterizations studies, contact
water will be a composite of groundwater coming in contact with unweathered ore,
groundwater coming in contact with unweathered Type II waste rock, and water
coming into contact with weathered bedrock and ore.

. Utility Water - A portion of the intércepted groundwater referred to as utility water
used in the mine for dust control and equipment operation.

. Cemented backfill drainage - Drainage water from cemented backfilled stopes.

. Uncemented backfill drainage - Drainage water from uncemented backfilled stopes.

Five separate streams, generated in the laboratory, were used to prepare the composite mine
drainage water used in the Phase I treatability study. The relative proportions of each
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wastewater were calculated from the average water balance. For the purposes of the treatability
study, utility water was assumed to be chemically equivalent to contact water. The proportions
of the five streams used to prepare the composite were:

. Contact Water
- Weathered Bedrock and Ore 8%
- Unweathered Ore 36%
- Unweathered Type II Waste Rock 36%
. Uncemented Backfill Drainage 8%
. Cemented Backfill Drainage 12%

The unweathered ore wastewaters and unweathered Type II waste rock wastewaters were
generated over a period of weeks and were refrigerated until used for treatability testing. The
weathered bedrock and ore wastewaters and backfill drainage wastewaters were generated the
day prior to use in the treatability study. The untreated composite mine drainage water
generated for each step of the Phase I treatability study was made up fresh on each day of
testing from those wastewaters.

A.2.1.2  Step II - Lime Treatment

The first stage of the treatment process is lime treatment. This process results in the
precipitation of heavy metals as metal hydroxides. The extent of precipitation is dependent on
the characteristic solubilities of metal hydroxides at a given wastewater pH. Optimal removal of
metals for this process generally occurs in the pH range of 9 to 10 where many metal hydroxides
exhibit minimum solubilities. The objective of this step of the bench test was to determine the
pH, and the corresponding lime dosage, at which the highest overall removal of heavy metals
occurs for the mine drainage water.

The first task in this step of the treatability study was the development of a lime titration curve.
This curve was used to delineate the buffering characteristics of the wastewater and to determine
the relationship between lime dosage and pH. The procedures used were as follows.

A 500 ml glass beaker was filled with 250 ml of wastewater. The sample was continuously stirred
while increments of 0.5 percent lime solution were added. A low strength lime solution was used
in this step to provide sensitivity in pH adjustment. After each addition of lime solution, the pH
of the sample was measured and recorded. The titration was conducted over a pH range of 5.5
(raw wastewater pH) to 11.0. The titration procedure was repeated to verify the results. The
resulting titration curves are presented in Figure A-1.

After the lime titration curves were developed, the next task was to determine the effectiveness
of lime treatment at pH values of 9.0, 9.5, and 10.0. Following is a description of the procedures
used for this task.

A. A series of four, two-liter glass beakers were set up. Each beaker was filled with 1.8
liters of wastewater. Wastewater for this test was drawn from a 30 gallon plastic tank
used for make up and temporary storage of the wastewater. Prior to the withdrawal
of samples, the contents of the tank were thoroughly mixed so that sample uniformity
was achieved.

MLD2\93C049\REPORTS\R-WWTSAP\4000
September 18, 1995 A-6




S661 ‘gL 19quiaydag

000\dVSLMM-U\SLIOdIY\6¥0DE6\CATW

Lv

pH

11

10

Figure A-1
Step Il - Lime Titration Curve

54
0

T

20

40

60 80 100 120 140 160 180 200
Lime Dosage (mg/L)

—— Test 1 —&— Test2




F.

Each of the four samples was continuously stirred while increments of a one percent
lime solution were added to raise the pH of the samples to the desired level. Mixing
was provided by magnetic stir plates and teflon-coated stir bars. All four samples
were adjusted to an identical pH level. Four separate samples were used in order to
obtain a sufficient volume of treated wastewater for chemical analysis. The volumes
of lime solution required to raise the pH of the various samples to the desired level
are reported in Table A-1.

All lime solutions used in the treatability study were prepared using calcium hydroxide
[Ca(OH),] obtained from The Cutler-Magner Company and deionized water. A one
percent lime solution was used in this step of the treatability study to allow for
sensitivity in pH adjustment.

After the desired solution pH was established, a 10 minute reaction time was allowed.
Samples were continuously stirred during this time using magnetic stir plates and
teflon-coated stir bars. The reaction time used in the lime treatment test reflects
proposed operating parameters for the full scale wastewater treatment facility.

After the reaction period, the samples were allowed to settle. Supernatant from the
settled samples was subsequently filtered through a 0.45 pm filter using a vacuum
filtration apparatus. Sample filtering was performed to determine the fraction of
metals remaining in solution. While filtering does not precisely reflect the actual
treatment process, the objective of this step is only to evaluate the ability for soluble
metals to react with hydroxide to form insoluble metal hydroxide precipitates.

After filtering, the four samples were combined into a single composite sample.
Samples for analytical testing were then withdrawn from the composite sample. The
lime solids generated during this step of the treatability study were dewatered through
gravity settling and retained for future analysis.

It should be noted that it was not necessary to evaluate polymers as part of this test
because the lime floc readily settled, resulting in a visually clear supernatant.

Four sets of samples were sent to the lab for analysis. These were a raw wastewater
sample and wastewater samples treated at pH values of 9.0, 9.5, and 10.0.

The results of the laboratory analysis were evaluated to determine the pH level, and
the corresponding lime dosage, which resulted in the optimal treatment efficiency.

Table A-1 shows the average lime dosage required to obtain wastewater pH values of 9.0, 9.5,
and 10.0 respectively. Table A-2 shows the analytical results for the four wastewater water
samples tested. Figures A-2 and A-3 are plots of selected heavy metal concentrations versus pH.
These figures illustrate the variability in the lime treatment process as a function of treatment

pH.

The results from the laboratory analysis were evaluated and it was determined that a pH level of
10.0 provided the optimal level of heavy metals removal. The calculated removal efficiencies at
pH 10 are reported in Table A-3.
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