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“Rhinelander Office: 7 N. Brown Street, 3rd Floor * Rhinelander, WI 54501-3161 © Ph: 715.365.1450 ¢ Fax: 715.365.1457 

Crandon Office: 104. W. Madison Street, P.O. Box 336 « Crandon, WI 54520-0336 ¢ Ph: 715.478.3393 ¢ Fax: 715.478.3641 

Web Site: www.crandonmine.com 

September 30, 1999 

Mr. Paul Luebke 
3 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 | 
Bureau of Watershed Management « f 9 j CO & ‘ oy 
101 South Webster Street | ( “ 0 (p ‘| 
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_ - o 
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 
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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 i



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; © 
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° 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 permitting process for the Crandon Project was reinitiated by Crandon 
Mining Company (CMC), a partnership comprising two subsidiaries of Exxon Corporation and 
two subsidiaries of Rio Algom Limited. Additional data were collected and all of the required 
documentation was again submitted to the WDNR and the USCOE. In 1998 the Exxon 

(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 

eee 

Average Daily Ore Production 5,500 tons 

6 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 mo 

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: 

eee 
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° Project Area - The project area is defined by the boundaries delineated on 

Figure 2-2. | © 

° Mine Site - The mine site is defined by the limits of disturbance of project 

facilities within the project area. 

° 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 1s 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 '4 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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2.3. 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: 

l. 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, 
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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 

6 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. 7 . 

© 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 © 

TMA Cell (in millions of cubic yards) (years) 

TMA 1 6 16 

TMA 2 4 6 

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. 

e 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. 

meee 
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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 6 

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. 

eee 
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Table 3-1 

Assumptions for Site Water Balance 

Water Balance Assumptions 

Minimum Average Maximum 

Factor Condition Condition Condition 

Precipitation rate (inches/year) 17.4! 30.4! 45! 

Evaporation rate (inches/year) 39° 267 15* 

Total groundwater inflow to the mine (gallons 250° 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. 
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 

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke © 19 
September 18, 1995 Updated November 24, 1998



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 1s 

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 

@LR Mine Inflow @BEJMineInflow @HR Mine Inflow 
Parameter! Condition’ (mg/L) Condition? (mg/L) Condition’ (mg/L) 

Antimony 0.0041 0.0030 0.0027 

Arsenic 0.065 0.045 0.040 

Barium 0.060 0.042 0.037 

Beryllium <0.00006 <0.00006 <0.00006 

Boron N/A? : NA? NA° 

Cadmium 3.4 2.8 2.6 

Calcium 80 58 42 

Chloride 61 45 41 

Chromium 0.018 0.011 0.0095 

@ Copper 78 64 60 

Cyanide <0.0034 <0.0034 <0.0034 

Fluoride 0.41 0.30 0.27 

Iron 73 54 49 

Lead 0.61 0.50 0.47 

Magnesium 67 51 46 

Manganese 2.4 1.8 1.7 

Mercury 0.00041 0.00030 0.00027 

Nickel 0.24 0.19 0.18 

Nitrate + Nitrite 25 12 9 

Nitrogen (Ammonia) 10 5 3.6 

Nitrogen (Organic) NA° NA° NA° 

Nitrogen (Total) 35 17 13 

oe 
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Table 3-2 (Continued) / - 

@LR Mine Inflow @BEJMinelInflow ©@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 

eee 
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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) 

erage Range Average Range 

LR! 10.1 3 to 20 25.3 6 to 51 

BE? 5.0 1 to 10 12.5 3 to 25 

HR? 3.6 1 to7 9.0 2 to 18 

' 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 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. 
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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 

eee 

Parameter Concentration! Parameter Concentration! 
——aaEeaaEeEeEeEESESESEEEEESESESEE 

Aluminum? <0.022 Molybdenum? <0.040 

Antimony” 0.0061 Nickel? 0.016 

Arsenic’ 0.0025 Potassium? 27 

Barium? 0.028 Selenium? 0.024 

Beryllium? <0.00033 Silver? 0.00028 

Cadmium? 0.0018 Sodium? 26 

Calcium? 300 Thallium? <0.003 

Chromium? <0.00053 Zinc? 1.3 

Cobalt? 0.030 pH? 7.6 

Copper’ 0.0017 Chloride? 33 - 

6 Iron? <0.0023 Cyanide, Total? <0.0034 
Fluoride? 1.0 Alkalinity as CaCO,’ 66 

Lead? 0.0044 Ammonia (as N)* 2.8 

| Magnesium? 27 Nitrate (as N)* 8.7 

Manganese? 1.2 Sulfate? 901 

Mercury? 0.0000238 TOC as NPOC? 37 eee 

' All concentrations are mg/L, with the exception of PH which is reported in standard units, and 
conductivity which is reported as wS/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 F ebruary 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 
).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 

eee 
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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 1s 

eee 

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities  Foth & Van Dyke © 29 
September 18, 1995 Updated November 24, 1998



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. 

CER1\DML\DCWLMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke * 32 
September 18, 1995 Updated November 24, 1998



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 (BOD,), 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. 

4.3.1 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 III 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 a 

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 
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(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. 

© 4.4.1 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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4.4.2 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 quality 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. PALs 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 1s 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. 

5.1.4 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 © 

pee 
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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‘t?+2H,O 

Eq. 1b 2HCO; + Ca(OH), = Ca*?+2CO,;*+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. 2c Ca*?+ SO,? + CaSO,! 
Eq. 2d Ca*?+ CO,” = CaCO,! 

where M” includes divalent metals such as copper, zinc, lead, nickel, and cadmium, and M*? 
includes trivalent metals such as aluminum and iron. 

ee 
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In the lime treatment process, wastewater will be mixed with lime slurry 1n 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 1n 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 

mo 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 

eee 
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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 me/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 37° — 

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 2° — 

Nitrogen (Organic) mg/L NA 24 — 

Potassium mg/L 8.5 54 — 

© 
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| Table 5-1 (Continued) 

e oS 
Estimated ae 

Lime/Sulfide | Estimated Effluent Limitations 

Effluent 
Parameter Units Quality! PAL? ES? SSS ————==_ 

Selenium mg/L 0.080 0.01 0.05 

Silver mg/L 0.0010 0.01 0.05 

Sodium mg/L 21 104 

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° 25 

Color color units NA’ 7.5 

@ Conductivity umhos NA’ NA’? 15 | 
COD mg/L <10° 54° 

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. 8 6.7-8.7 
eee 

' 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. 

? 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. Prepared by: JJF1 

© 
Checked by: HJA 

eee 
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evaporator brine will used as makeup water for the pytitic 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. 

eee 
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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 

5.3.3 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. 

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke * 49 

September 18, 1995 Updated November 24, 1998



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 
WWITS 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 

eee 
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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 II 
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.e., 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, 1.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 

-asoil 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 
6 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, 1998e). A report describing the results of the test work is contained in Appendix C. 

eee 
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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 1s included 1n 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. 
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_ 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 0.00077 0.0016’ 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 

_ Tron 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 10° — 

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/em NA’ NA’ NA’ 15 

COD mg/L <10° <10° 54° — 

Foaming Agents mg/L NA’ NA’ 0.25 0.50 © 

Odor mg/L NA’ NA’ 1.5 3 

Total Dissolved mg/L 16 16 370° — 
Solids 

Total Hardness mg/L 10 9.8 225° — 

PH (field) S.U. —§ — 6.7-8.7 — 

' 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 © 

ee 
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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 

WWITS 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  LittleSand §DuckLake Skunk Lake 

Parameter! Units Quality’ Lake Limits? Limits* Limits* 
EEE EEE 

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 ee 

' 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 - | 
judgement. 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. 

> The ammonia concentration is after the air stripping unit operation. 
° Based on engineering judgement. 

NA = Not available Prepared by: JJF1 
Checked by: HJA 

ee 

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke ° 64 
September 18, 1995 Updated November 24, 1998



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 10.04 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 6.57 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,SQ,, 50% 

Hydroxide NaOH 

' Based on the results of the treatability testing and experience with other wastewater treatment systems. 

2 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 

removal is required in second stage RO system. 

” 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. 

Prepared by: JJF1 
Checked by: HJA 
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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 = 15 gallons/minute-square foot 

rate during water 

backwash © 

- duration of water 

backwash = 10 minutes 

Reverse Osmosis Flow Rate = 100% of filtered water at 

maximum design flow 

Evaporators Flow Rate = 100% of reverse osmosis reject at 

maximum design flow 

Aur Strippers Flow Rate = 100% of evaporator condensate at 
maximum design flow 

' Design criteria based on proposed WWITS raw wastewater inflow of 730 gpm. 
Prepared by: JJF1 
Checked by: HJA 

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke * 68 

September 18, 1995 Updated November 24, 1998



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. ‘ . 

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 wo 

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,Se9H,O (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: | 

eee 
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° The effluent pipeline from each solids contact clarifiers. The pH will be lowered, 

6 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 @ 

eee 
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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. 

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke © 75 
September 18, 1995 Updated November 24, 1998



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 WWYTS 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 ina WWTS building located as shown on 

Figure 3-2. The WWTS building will also include the following: 

CER1\DML\DCWA\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke * 76 
September 18, 1995 Updated November 24, 1998



° 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 
WWYTS building. 

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

CER1\DML\DCW\LMC\93C049\GBAPP\64808.61\10000 Preliminary Engineering Report for Wastewater Treatment Facilities | Foth & Van Dyke * 77 
September 18, 1995 Updated November 24, 1998



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. 

meee 
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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 l 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 

' Outfall 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. 
? 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. 
3 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. 

a 
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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 

eee 
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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. © 

RE 
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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 ) 
a. nS Cherty tuff and argillite. 
— 
© ee | x 
So " ~ 7° *<4 

x * 4 ‘4 ~ : 

we Pt oe) | LINCOLN FORMATION ( In ) 
© 4 A =~" Quartz porphyntic rhyolite flows with minor interflow tuff, chert 

& +, and argillite. 
= 1, * 
< . . \ 

4 ou 
~ \“ 

SKUNK LAKE FORMATION ( sk ) 

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

atte) RICE LAKE FORMATION ( rc ) | 
ded vee. Volcanic debris flows ( blocky chloritic and minor siliceous _ 

vet oon ge lapilli and breccia size debris ) and eutaxitic ash flows, some chert. 

tp core Ls 

a. “Ok * th ie OAK LAKE FORMATION ( ok ) 
5 4 ‘4b Yee ns Sequence of cherty tuff and sericitic tuff. 

5 sien MOLE LAKE FORMATION ( ml ) 
ef PSS ts Predominantly mafic ash tuff. 

a / eeeml et 
re a PROSPECT MEMBER ( mip ) 

~~ or | Volcanic debris flow consisting of siliceous, 

S eet! lapilli size debris. 
mea See EAGLE MEMBER ( mie } 
= TRS pos: Volcanic greywacke. 

= i een mile 
}Cr a CRANDON FORMATION ({ cr ) 

eee Laminated, bedded & replacement sulfides ( zine ore ) 
pase interbedded with pyritic argillite, pyritic felsic tuff and chert. 

SEE JA SAND LAKE FORMATION ( sd ) | 
eeesd } Fs Sequence of fine felsic tuffs and minor felsic debris 

a FS & lava flows. 
TEhey Opes TOWNSHIP MEMBER ( sdt) 
Bt, FS Volcanic vent breccia affected by multiple stage 

X ~ gis tl hydrothermal! alteration and sulfide enrichment. 

mAh *u® vo NASHVILLE FORMATION (nh ) 
if x A h Feldspar porphyritic mafic flows. 

wa 0 -* “ | 
piel ste ’ DUCK LAKE GABBRO (dg ) 

— Fresh, 2 pyroxene gabbro. 

Cross cuts nh and sd. 
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Appendix A 

Wastewater Treatability Study 
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. 

A.2 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. 

A.2.1 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. 

A.2.1.1 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 intercepted 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 mi 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.  Aseries 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. 
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B. 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. 

C. 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. 

D. After the reaction period, the samples were allowed to settle. Supernatant from the 

settled samples was subsequently filtered through a 0.45 ym 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. 

E. 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. 

F. 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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@ Table A-1 

Phase | Treatability Study 
Step Il - Raw Wastewater Lime Demand” 

Sample No. Adjusted pH Lime Solution Added (ml)? 

la 9.0 16.9 

1b 9.0 17.0 

1c 9.0 17.0 

1d 9.0 16.9 

2a 9.5 18.1 

2b 9.5 18.2 

2c 9.5 18.1 

2d 9.5 18.1 
3a 10.0 19.7 

3b 10.0 19.8 

3c 10.0 19.8 

© 3d 10.0 19.9 

1A 0.5 percent lime solution was used in this step. 

*Wastewater pH was measured at 5.5 S.U. prior to addition of lime solution. 

‘Lime solution added to 1.8 L of wastewater. 

© 
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Table A-2 

Phase | Treatability Study © 
Step II - Lime Treatment'” 

en 

Parameter Units Untreated Lime Treated Wastewater 

Wastewater pH 9.0 pH 9.5 pH 10.0 

Antimony mg/L <0.05 <0.050 <0.05 <0.050 

Arsenic mg/L 0.920 0.0076 0.0054 0.0055 

Beryllium mg/L <0.01 <0.010 <0.01 <0.010 

Cadmium mg/L 0.160 0.035 0.009 <0.003 

Chromium, Total mg/L 0.018 <0.005 <0.005 <0.005 

Copper mg/L 12 0.089 0.088 0.068 

Cyanide mg/L <0.02 <0.020 <0.020 <0.020 

Lead mg/L 0.180 <0.050 0.075 <0.050 

Mercury mg/L 0.0018 <0.0002 <0.0002 <0.00020 | 

Nickel mg/L 0.053 <0.030 <0.030 <0.030 © 

Selenium mg/L 0.250 0.210 0.210 0.210 

Silver mg/L 0.018 <0.010 <0.01 <0.010 

Thallium mg/L 0.015 0.012 <0.01 <0.010 

Zinc mg/L 42 0.690 0.350 0.270 

1A]l lime treated samples were filtered through a 0.45 yum filter prior to analysis. 

2Raw wastewater was not filtered prior to analysis. 

© 
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@ Table A-3 

Phase | Removal Efficiencies for Lime Treatment Process 
Step Il - Treatment pH at 10.0 

Parameter Removal Efficiency 

Antimony BADL' 

Arsenic 99.4% 

Beryllium BADL' 

Cadmium > 98.1%’ 

Chromium, Total > 72.2%’ 

Copper 99.4% 

Cyanide BADL' 

Lead > 72.2%’ 

Mercury > 88.9%? 

Nickel > 43.4%? 

Selenium 16% 

© Silver > 44.4%? 

Thallium > 33.3% 

Zinc 99.4% 

1 BADL indicates parameter for raw wastewater was determined to be below the analytical level of 
detection used by the laboratory for this analysis. 

2 For efficiencies reported in greater than form (">"), value indicated is minimum removal efficiency. For 
these parameters, lime treated wastewater was below analytical level of detection used by the laboratory 
for this analysis. Consequently actual treatment efficiency may be higher than indicated for these 

parameters. 
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A.2.1.3 Step III - Sulfide Precipitation 

The soluble sulfide (Na,S) process will be used for the Crandon Project wastewater treatment @ 

system. In this process, the sulfide ion reacts with metal ions to form metal sulfide precipitates. 

In general, metal sulfides exhibit minimum solubilities in the pH range of 7 to 10. 

The objective of this step of the Phase I treatability study was to determine the sulfide dosage 

which provided the highest level of overall metal removal. Sulfide treatment was initially 

evaluated at dosages of 3.5, 7.0, and 14.0 mg/L as Na,S°9H,O. Analysis of treated samples , 

indicated that minimal levels of treatment were provided at these sulfide dosages. Consequently, 

the procedure was repeated using dosages of 100, 250, and 400 mg/L as Na,S°9H,O. Note that 

the sulfide is approximately 13 percent of the total weight of hydrated sodium sulfide. 

Therefore, a dosage rate of 400 mg/L hydrated sodium sulfide is equivalent to approximately 53 

mg/L of sulfide ion. A detailed description of the procedures used to evaluate the sulfide 

precipitation process is presented below. 

A. The first task in this step of the treatment process was the generation of a sufficient 

quantity of lime treated wastewater with which to conduct the sulfide precipitation 

evaluation. Nine liters of raw wastewater were made up in a five gallon plastic tank. 

The raw wastewater used for Phase I, Step III testing was based on the following 

proportions of the five streams used to prepare the composite: 

° Contact Water 

| - Weathered Bedrock and Ore 8.4% : 

- Unweathered Ore 33.55% 

- Unweathered Type IT Waste Rock 33.55% © 

° Uncemented Backfill Drainage 9.8% 

° Cemented Backfill Drainage 14.7% 

These proportions were selected to more closely reflect the proportions of utility 

water, contact water, and backfill drainage predicted by the water balance under the 

annual average conditions. 

The wastewater was continuously stirred while five percent lime solution was added to 

reach the optimum pH level of 10.0 as determined in Step II of the Phase I 

treatability study. A ten minute reaction period was then provided with continuous 

stirring. After the reaction period, the wastewater was allowed to settle for 3 hours. 

The reaction time and settling time used in this step were selected based on design 

criteria planned for the full scale treatment system. After settling, the supernatant 

was decanted into a second five gallon plastic tank using a peristaltic pump. Care was 

taken so that the settled solids were not disturbed during the decanting procedure. 

The solids remaining after decanting were dewatered by gravity settling and saved for 

future analysis. 

B. The pH of the lime treated wastewater was adjusted to 7.0 using commercial grade 

sulfuric acid. Thirty milliliters of 0.09 normal sulfuric acid were added to six liters of 

wastewater to lower the pH to 7.0. One liter of the pH adjusted wastewater was 

removed for analysis. 
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C. _ A fresh one percent stock solution of sodium sulfide was prepared by dissolving ten 

© grams of reagent grade sodium sulfide (Na,S*9H,O) in 700 milliliters of deionized 
water and then diluting to 1000 milliliters. This allowed the addition of one milliliter 
of sulfide solution to the wastewater with an equivalent weight of ten milligrams of 
hydrated sodium sulfide. 

D. 1.2 liters of treated wastewater generated in task B was transferred from the five 
gallon pH adjustment tank to a two liter glass beaker. The supernatant in the five 
gallon tank was thoroughly mixed prior to sample withdrawal so that each sample 
withdrawn was equal in physical and chemical characteristics. The contents of the 
beaker were continuously stirred while stock sodium sulfide solution was added to 
attain the desired sulfide dosage. 

A 15 minute reaction time, with continuous stirring, was then provided to allow for 

formation of metal sulfides. Mixing was provided using a magnetic stir plate. The 
length of the reaction time was based on design criteria planned for the full scale 
treatment system. After the reaction period, the wastewater was 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 was only to 
evaluate the ability of soluble metals to react with sulfide to form insoluble 
precipitates. Step IV evaluates the filtration process for removal of solids. 

EB Step D was repeated for three separate sulfide dosages. The dosages used were 100, 
© 250, and 400 mg/L as Na,S°9H,O. 

F. The three sulfide treated samples and a lime treated control sample were sent to a 
laboratory for metals analysis. The results of the analysis are reported in Table A-4. 

G. The results from the laboratory data were evaluated to determine which sulfide dosage 
resulted in the optimum removal of heavy metals. 

Table A-4 shows the analytical results of the sulfide treatment process. Figure A-4 shows the 

effluent concentrations of selected metals as a function of sulfide dosage. This figure illustrates 

the variability of the sulfide treatment process effectiveness as a function of sulfide dosage. 

Based on evaluation of the lab data provided in Table A-4, a sulfide dosage of 250 mg/L was 

selected for Step IV of Phase I of the treatability study. 

It should be noted that the levels of selenium in the composite mine drainage water used for 

testing during this stage were excessive as a result of the method by which the backfill drainage — 

water was generated. Simulated mine drainage was made up in the lab through the addition of 

selenium and other chemicals. Excessive amounts of selenium were added at this point. Waste 

characterization studies have shown that the level of selenium will be much less than shown in 

this test run. 
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@ Table A-4 | 

Phase | Treatability Study 
Step Ill - Sulfide Treatment’ 

Parameter Unit Lime Treated Sodium Sulfide Dosage? 
Wastewater> sew" 4100. Na,S 250. Na,S_ 400 Na,S 

Antimony mg/L 0.056 0.063 <0.050 0.120 

Arsenic mg/L 0.0043 <0.004 0.0041 <0.004 

Beryllium mg/L <0.005 <0.005 <0.005 <0.005 

Cadmium mg/L 0.0027 0.0013 0.00095 0.0017 

Chromium, Total mg/L <0.005 <0.005 <0.005 <0.005 

Copper mg/L 0.049 0.026 0.014 0.016 

Lead mg/L 0.0045 <0.003 0.0031 <0.003 

Mercury mg/L <0.0002 <0.0002 <(0.0002 <0.0002 

Nickel mg/L <0.020 <0.020 <0.020 <0.020 

Selenium mg/L 0.690 0.6904 0.6704 0.6804 

© Silver mg/L <0.00030 <0.00030 <0.00030 <0.00030 

Thallium mg/L <0.010 <0.010 <0.010 <0.010 

Zinc mg/L 0.160 0.098 0.075 0.130 

pH S.U. 7.1 9.84 10.45 10.78 

’ All samples were filtered through a 0.45 yum filter prior to analysis. 
* Sample analyzed after adjusting the pH of the lime-treated wastewater with sulfuric acid. 
> Sodium sulfide dosages shown are in mg/L as Na,S*9H,O. 
* Concentration of selenium shown is not representative of the concentrations anticipated in mine 

drainage during mine operation. See text of Appendix A for a discussion concerning the selenium 
concentrations in the raw wastewater used in this step. 
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A.2.1.4 Step IV - Filtration 

Filtration will be used in the wastewater treatment system to remove the solids present in the © 

wastewater after the sulfide precipitation process. The objective of this step of the treatability 

study was to evaluate both the performance of the filtration process and the efficiency of the 

overall treatment process train. 

The laboratory filter used for the treatability study was constructed using a plexiglass column 

with a four inch inside diameter. The filter media consisted of a six inch layer of filter grade 

gravel (1/4" x 1/8") followed by a four and one half foot layer of filter grade sand with an 

effective sand size of 0.6-0.65 mm. Approximately two feet of head space remained in the 

column after the gravel and sand were in place. The gravel and sand were both obtained from 

Red Flint Sand and Gravel. 

Although a laboratory unit was used for the filtration test, the loading rate approximated actual 

design criteria planned for the full scale system. A detailed description of the procedures used in 

evaluation of the sand filter follows. 

A. The gravel used in the filter test was thoroughly rinsed with deionized water prior to 

placement in the column. After the gravel was loaded into the column, deionized 

water was allowed to continuously flow into the column while sand was gradually 

added. This procedure allowed uniform settling of the sand and minimized the 

formation of air voids in the sand column. After the gravel and sand beds were in 

place, deionized water was flushed through the column for seven and one half hours 

at a rate of approximately one liter per minute. At the end of the filter flush cycle, 

filter effluent was collected for analysis. This sample served as a filter blank and was © 

used to verify that wastewater did not pick up contaminants while passing through the 

filter media. The results of filter blank analysis are presented in Table A-5. 

B. A 95 liter sample of mine wastewater was made up in a 30 gallon plastic tank. This 

wastewater was made up using the proportions of contact waters and backfill drainage 

used in the Phase I, Step III testing. Seven liters of this wastewater were removed for 

analysis. 

C. The remaining 88 liters of wastewater was stirred continuously while 125 ml of a five 

percent lime solution was added. This raised the wastewater pH to the optimum level 

of 10.0 as determined in Step II. Following a ten-minute reaction time with 

continuous stirring, the wastewater was allowed to settle for three hours. Both the 

reaction time and the settling time were selected to approximate actual design criteria 

planned for the full scale treatment facility. | 

Following the settling period, supernatant from the lime treatment process was 

decanted into two 15-gallon plastic tanks. The supernatant was decanted using two 

siphon tubes. Of the 88 liters of wastewater subjected to lime treatment, 78 liters 

were recovered as supernatant while ten liters was left in the tank with the lime solids. 

After the decanting process, a glass beaker was used to equalize the volume of 

supernatant in the two tanks. After volume equalization, the volume of supernatant in 

each tank was about 39 liters. The lime solids remaining in the 30 gallon tank after 

the decanting process were dewatered by gravity settling and saved for analysis. The 

results of the solids analysis are presented in Table A-6. © 
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Phase | Treatability Study 
Step IV - Full Treatment’ 

es 

Parameter Unit Raw Lime Sulfide Filter Blank 

Wastewater Treated Treated Filter 
Effluent? 

i 

Antimony mg/L <0.050 0.057 <0.050 <0.064 

Arsenic mg/L 0.400 0.0069 0.0048 <0.004 

Beryllium mg/L <0.005 <0.005 <0.005 <0.005 

Cadmium mg/L 0.062 0.0019 0.0013 <0.001 

Chromium, Total mg/L 0.015 0.009 <0.005 <0.005 

Copper mg/L 6 0.110 0.005 <0.005 

Cyanide mg/L <0.020 <0.020 0.026 N/A 

Lead mg/L 0.840 0.011 0.0055 <0.003 

Mercury mg/L 0.000558 <0.0002 <0.0002 <0.0002 

© Nickel mg/L 0.210 <0.020 <0.020 <0.020 

Selenium mg/L 0.120 0.130 0.120 <0.005 

Silver mg/L 0.0064 0.0049 0.00097 0.0011 

Thallium mg/L 0.011 <0.010 <0.010 <0.010 

Zinc mg/L 17 0.220 <0.020 <0.020 

Suspended mg/L N/A N/A 8.0 N/A 

Solids 

BOD, mg/L <3 3 32 N/A 

COD mg/L 15 <10 33 N/A 

TKN mg/L 0.8 0.8 0.8 N/A 

Sulfide mg/L <0.4 0.6 17 N/A | 

pH S.U. 6.5 7.2° 10.5* N/A 

N/A = No Test Performed. 
1 All values for metals expressed as "total" metal. 
2 Except for pH, the sulfide treated wastewater was not analyzed prior to filtration during Step IV of the 

treatability study. Refer to Table A-4 for analysis of sulfide treated wastewater for Step III of study. 

3 After pH adjustment with sulfuric acid. The pH prior to acid addition was 10.0. 

e 4 After sulfide addition and metals precipitation, but before filtration. 
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Table A-6 

Phase | Treatability Study ® 
Step IV Lime Solids Analysis 

Parameter Unit Concentration in Lime Solids 

Antimony mg/kg <5 

Arsenic mg/kg 90 

Beryllium mg/kg <0.5 

Cadmium mg/kg 6.6 

Chromium, Total mg/kg 2.3 

Copper mg/kg 640 

Cyanide mg/kg 0.2 

Lead mg/kg 110 

Nickel mg/kg 2.5 

Selenium mg/kg <7 

Silver mg/kg 1.2 

Thallium mg/kg <8 © 

Zinc mg/kg 1,700 

| Suspended Solids mg/L 56,000 

© 
MLD2\93C049\REPORTS\R-WWTSAP\4000 Prepared by: HJA 
September 18, 1995 A-20 Checked by: RJC1



D. The pH of the lime treatment supernatant was adjusted from 10.0 to 7.2 using 

© commercial grade sulfuric acid. Thirty milliliters of 0.43 normal sulfuric acid solution 

were added to each of the tanks to effect the pH adjustment. After the pH 

| adjustment procedure, three liters of supernatant were removed from each of the two 

tanks for analysis. 

E. Ninety milliliters of ten percent hydrated sodium sulfide stock solution, prepared fresh 

one day prior to use, were added to each tank to achieve the optimum sulfide dose of 

250 mg/L as determined in Step III. The total volume of sulfide treated wastewater 

was about 72 liters with the volume being split equally between the two tanks. 
Following sulfide addition, a ten minute reaction period with continuous stirring was 
provided. Six liters of the sulfide treated wastewater were removed for analysis after 

the reaction period. 

F. The sulfide treated wastewater generated in Step E was filtered through the sand 

filter. A diaphragm hand pump was used to transfer the wastewater from the sulfide 

reaction tanks to the sand column. The flow rate of the wastewater through the sand 
column was determined to be approximately one liter per minute. The first 33 liters 
of sulfide treated wastewater were used to flush the filter. This portion of the filter 
effluent was discarded. The following 33 liters of effluent were collected for chemical 
analysis and for whole effluent toxicity testing. Samples were split with WONR 
representatives who were present during this step of the treatability study. The 
chemical analyses for wastewater samples from this step of the treatability study are 
presented in Table A-5. It should be noted that effluent from the sand filter had a 
distinct yellow coloration. Since effluent from the sulfide treatment process did not 

© exhibit any observable color, it is probable that the yellow coloration of the filter 
effluent was caused by leaching of the filter media. Evaluation of the analysis of the 
final effluent indicated that no apparent increase in the concentration of chemical 
parameters were measured as a result of the effluent discoloration. 

A.2.1.5 Results - Phase I 

Based on evaluation of the results obtained in Steps II, III, and IV of Phase I of the treatability 

study, the following conclusions were reached. 

° Based on the results of Step II, an operating pH of 10.0 resulted in the most effective 

overall removal of metals from the raw mine wastewater by lime treatment. 

° Based on the results of Step III, the removal efficiencies for cadmium, copper, and 

zinc were enhanced through sulfide treatment. The remaining metals were below | 

detection limits after lime treatment or showed no significant improvement with 

subsequent sulfide treatment. The laboratory analyses indicate that a sulfide dosage 

of 250 mg/L resulted in the greatest increase in removal for copper, cadmium, and 

zinc. 

° From the analysis of the final effluent in Step I, it can be seen that both BOD, and 

COD in the final effluent were significantly higher than in the raw wastewater. The 

increase in these parameters is believed to the result of the relatively high residual 

© concentration of sulfide in the final effluent. 
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° Whole effluent toxicity tests were performed by in accordance with U.S. EPA effluent 

toxicity test protocols. The tests on the final effluent showed acute toxicity in 100 © 

percent effluent, but also showed no chronic toxicity at all dilutions up to 10 percent 

effluent. It is believed that the acute toxicity at 100 percent effluent may have been 

caused by the relatively high concentration of residual sulfide in the final effluent. It 

is also important to note that acute toxicity testing was conducted only with 50 percent 

and 100 percent effluent, and therefore does not therefore reflect a realistic allowance 

for a zone of initial dilution. To further address the whole effluent toxicity of the 

treated effluent, whole effluent toxicity tests were performed for the final effluent 

generated for Phase II of the treatability study. 

A.2.2. Wastewater Treatability Study - Phase II 

In Phase II of the wastewater treatability study the performance of the selected treatment 

processes when treating mine drainage was further evaluated. The objectives of Phase II were to 

further optimize the sulfide treatment process, and to verify the results of Phase I. Another 

objective of Phase II was to obtain information on the whole effluent toxicity of the treated 

effluent under conditions which more nearly simulated the expected discharge from the full-scale 

system than the conditions used in Phase I. 

Phase II of the wastewater treatability study included three steps. These were wastewater 

generation, sulfide optimization, and complete wastewater treatment including the lime, sulfide, 

and filtration processes. The following discussion contains a description of the three steps 

completed as part of Phase II of the treatability study. 

A.2.2.1 Step I - Wastewater Generation © 

For the sulfide optimization step of Phase II, the proportions used to generate the raw mine 

wastewater were identical to that used in Phase I, Step III. However, due to the limited 

availability of tailing materials used to generate cemented and uncemented backfill drainage, it 

was necessary to make minor adjustments to the composite mine wastewater recipe for the full 

treatment step of Phase II. Specifically, the relative contributions of the cemented and 

uncemented backfill drainage components of the composite mine wastewater were reduced. The 

modified composite mine wastewater recipe used for the full treatment step of Phase II was 

based on the following proportions: 

° Contact Water 
- Weathered Bedrock and Ore 8.4% 
- Unweathered Ore 39.0% 
- Unweathered Type II Waste Rock 39.0% | 

° Uncemented Backfill Drainage 5.4% 
° Cemented Backfill Drainage 8.2% 

It should be noted that the above modifications to the wastewater recipe did not significantly 

impact the chemical characteristics of the composite mine wastewater. The concentrations of 

metals and inorganics in the wastewater generated using the modified proportions for the full 

treatment step of Phase II were within the range of values reported for the various batches of 

mine wastewater generated during Phase I of the treatability study. The only significant change 

noted in the chemical character of the wastewater was a pH of 3.3 compared to the pH of 6.5 © 

observed for the composite mine wastewater generated in Step IV of Phase I. This difference in 
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pH can be accounted for by the decreased contribution of the high pH cemented backfill 
© drainage component to the composite wastewater. 

Fresh wastewater was generated for both the sulfide optimization and the full treatment steps of 
Phase II of the treatability study. As in Phase I, the weathered bedrock and ore and backfill 
wastewaters were generated on the day prior to testing and the other contact waters were taken 
from a composite tank containing water generated over a period of weeks. The composite 
wastewater was made up on the day of testing. 

A.2.2.2. Step II - Sulfide Optimization 

The objective of Step II of Phase II was to further define the relationships between sulfide 
dosage, treatment pH, and effluent quality when treating mine wastewater. The general 
approach used in this evaluation was to adjust the pH of lime treated wastewater to various pH 
levels and then treat the wastewater at various sulfide dosages. Ten different pH-sulfide dosage 
combinations were evaluated covering the pH range of 8.0 to 10.0 and covering sulfide dosages 
from 10 to 400 mg/L as Na,S*°9H,O. This methodology is illustrated in Figure A-5. 

A. _ The first task in Step II of the sulfide optimization process was the generation of a 
sufficient quantity of lime treated wastewater with which to conduct the sulfide 
treatment evaluation. Fifteen liters of raw composite mine wastewater was made up 
in a five-gallon plastic tank. The wastewater was continuously stirred while a five 
percent lime solution was added to reach the optimum treatment pH level of 10.0 as 
determined in Phase I of the treatability study. A ten minute reaction period was 

| then provided with continuous stirring. After the reaction period, the wastewater was 
© | allowed to settle for three hours. The reaction time and settling time used in this step 

are consistent with design criteria planned for the full scale treatment facility. After 
settling, the lime supernatant was decanted into another five-gallon plastic tank using 
plastic siphon tubing. Gravity decanting was used. Care was taken so that the settled 
solids were not disturbed during the decant process. 

B. A fresh one percent stock solution of sodium sulfide was prepared by dissolving ten 
grams of reagent grade hydrated sodium sulfide (Na,S°9H,O) in 700 milliliters of 
deionized water and then diluting to 1000 milliliters. 

C. 1.0 liter of lime supernatant generated in Task A was transferred from the five-gallon 
tank into a two-liter glass beaker. The supernatant in the five-gallon plastic tank was 
thoroughly mixed prior to sample withdrawal so that each sample withdrawn was equal 
in physical and chemical characteristics. 

D. The pH of the wastewater was adjusted to the desired pH using 0.09 normal sulfuric 
acid. 

E. A one percent sodium sulfide stock solution was added to the wastewater to achieve 
the desired sulfide dosage. A fifteen minute reaction period, with continuous stirring, 
was then provided to allow formation of metal sulfides. Mixing was provided using a 
magnetic stir plate. 
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F. After the reaction period, the wastewater was 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 after sulfide treatment. While filtering does not 
precisely reflect the actual treatment process, the objective of this step was only to 
evaluate the ability for soluble metals to react with sulfide to form insoluble metal 
sulfide precipitates. Step III of Phase II of the treatability study evaluated the 
filtration process for removal of suspended solids. 

G. Tasks C through F were repeated for ten different pH-sulfide dosage combinations 
covering the pH range of 8.0 to 10.0 and sulfide dosages ranging from 10 to 400 mg/L 
as illustrated on Figure A-5. Note that pH on Figure A-5 refers to the adjusted 
wastewater pH after lime treatment, but prior to sulfide addition. 

H. All ten sulfide treated wastewater samples were sent to a laboratory and analyzed for 
zinc, copper, and cadmium. Additionally, a sample of raw wastewater and lime 
treatment decant were analyzed. The results of the analyses are shown in Table A-7. 

From the sample analyses presented in Table A-7, it can be seen that the highest level of 
treatment was provided by treatment adjusting the wastewater pH to 10 and feeding sulfide at a 
dosage of 400 mg/L. However, the level of treatment at a dosage of 50 mg/L was not 
significantly different than at 400 mg/L. Therefore a pH of 10.0 and a sulfide dosage of 50 mg/L 
as Na,S°9H,O was selected for full treatment of Phase II. 
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Table A-7 

Phase II Treatability Study 
Step II - Sulfide Optimization 

a 

Wastewater Concentrations 
3 

Sulfide Dosage gy 

Sample pH’ (mg/L) Copper Zinc Cadmium 
ie Se —_ 

Raw Wastewater 5.9 N/A 11 26 0.110 

Lime Treated 10 N/A 0.13 0.29 0.0023 

Sulfide Treated 10 10 0.069 0.20 0.0015 

Sulfide Treated 10 100 0.077 0.28 0.0017 

Sulfide Treated 10 250 0.047 0.23 0.0012 

Sulfide Treated 10 400 0.013 0.12 <0.0010 

Sulfide Treated 9 50 0.059 0.23 0.0015 | 

Sulfide Treated 9 150 0.067 0.26 0.0016 

Sulfide Treated 8 10 0.052 0.14 0.0012 

Sulfide Treated 8 100 0.065 0.22 0.0016 © 

Sulfide Treated 8 250 0.048 0.22 0.0014 

Sulfide Treated 8 400 0.024 0.16 <0.0010 

N/A = No Test Performed. 

1 pH shown for sulfide treated samples is the adjusted pH prior to sulfide addition. 

2 Sulfide dosages stated as Na,S°9H,O. 
3 All samples, with exception of raw wastewater, were filtered through a 0.45 ym filter prior to analysis. 
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e A.2.2.3 Step III - Full Treatment 

The objectives of the full treatment step of Phase II of the wastewater treatability study were to 

verify the results obtained in Phase I and to develop more detailed data on the whole effluent 

toxicity of the treated effluent. With the following exceptions, the procedures used in the full 

treatment step of Phase II were essentially identical to Step IV of Phase I. 

° The pH of the lime treated wastewater was not adjusted with sulfuric acid prior to 

sulfide treatment. Omission of the pH adjustment step was based on the results of 

the sulfide optimization step of Phase II which indicated that sulfide treatment was as 

or more effective at higher pH levels. 

° A sulfide dosage of 50 mg/L as Na,S*9H,O was used. This dosage was selected for 
several reasons. First, the results of the sulfide optimization step indicate that a 
dosage of 50 mg/L should be sufficient to provide the level of treatment needed to 
meet the estimated effluent limitations. Second, the results of the whole effluent 
toxicity testing in Phase I suggest that high residual levels of sulfide in the treated 

effluent may contribute to acute toxicity. Consequently, it will be advantageous to use 
the minimum sulfide dosage required to consistently meet effluent limitations. This 
would reduce the potential for the treated effluent to cause toxicity in the acute whole 

| effluent toxicity test results. Third, based on the experience of operating mine 
wastewater treatment facilities treating similar wastewaters, it is anticipated that the 
dosage of sulfide required to provide effective wastewater treatment will be less than 
50 mg/L. 

© ° The final effluent from the filter was held in a refrigerator for 24 hours to reflect the 
holding time the treated effluent will receive in the effluent lagoons at the full scale 
treatment facility before discharge. 

The tasks used in Step III, full treatment, were as follows: 

A. A106 liter sample of raw mine wastewater was made up in a 30-gallon plastic tank 

using the proportions as described in Section A.2.2.1. Six liters of wastewater were 

removed for analysis. 

B. The raw wastewater was continuously stirred while 280 milliliters of a five percent 

lime solution was added. This raised the wastewater pH to the optimum level of 10.0 

as determined in Phase I of the treatability study. The volume of wastewater treated 

was about 100 liters. Following a ten minute reaction time with continuous stirring, 

the wastewater was allowed to settle for three hours. Both the reaction time and | 

settling time were selected to approximate the design criteria planned for the full scale 

facility. 

C. Following the settling period, approximately 84 liters of supernatant from the lime 

treatment process was decanted into two 15-gallon plastic tanks. Decanting was by 

gravity using two plastic siphon tubes. Care was taken during the decanting process so 

that settled solids were not disturbed. Samples of the lime decant were removed and 

retained for analysis. After sampling, the volume of wastewater in the two decant 

© tanks was equalized using a glass beaker. 

MLD2\93C049\REPORTS\R-WWTSAP\4000 
September 18, 1995 A-27



D. Twenty-one milliliters of a 10 percent stock sodium sulfide solution was then added to 

each 15-gallon tank resulting in an applied dosage of 50 mg/L as Na,S°9H,O. The © 

total volume of sulfide treated wastewater was about 84 liters with the volume being 

split equally between the two tanks. Following the sulfide addition, a 15 minute 

reaction time was provided during which the wastewater was continuously stirred. 

E. The sulfide treated wastewater was then filtered through a sand filter. The sand filter 

used in Phase I of the treatability study was reused in this phase. A physical 

description of the sand filter can be found in Section A.2.1.4. 

Prior to filtration of treated wastewater, the sand filter was flushed with deionized 

water for a period of 4.5 hours. At the end of the deionized water flush cycle, filter 

effluent was sampled. This control sample was sent to the lab for metals analysis. 

After the deionized water filter flush cycle, sulfide treated effluent was filtered 

through the sand filter. The first 42 liters of wastewater served as a filter flush. This 

portion of the effluent was discarded. The second 42 liters of filter effluent was 

collected and a portion was sent for chemical analysis. The remainder of the filter 

effluent was then held for approximately 24 hours to simulate the full-scale treatment 

system, which will hold the treated effluent in a discharge lagoon for one day before 

discharge. After this 24-hour holding period, samples of the filter effluent were sent 

for whole effluent toxicity testing. 

A.2.2.4 Results - Phase II 

The laboratory analytical results for the raw mine wastewater, the supernatant from the lime © 

treatment process, the final effluent, and the sand filter control are presented in Table A-8. In 

general, the concentrations of metals in the final effluent are equal to or lower than those 

reported for the final effluent from Phase I of the treatability study. Additionally, BOD, levels 

in the final effluent are below the level of detection and COD levels are at the level of detection. 

The results of the acute and chronic whole effluent toxicity testing of the treated effluent from 

the Phase II full treatment are summarized in Tables A-9, A-10, A-11, and A-12. Acute and 

chronic toxicity were evaluated with respect to both aquatic invertebrates and aquatic vertebrates. 

Acute toxicity in these tests was defined as greater than 50 percent mortality in Ceriodaphnia 

dubia or Daphnia magna at 48 hours exposure, or to Pimephales promelas at 96 hour exposure. 

Chronic toxicity is determined using the U.S. EPA IC,, endpoint and is defined as a 25 percent 

reduction, from control, in Ceriodaphnia dubia reproduction or in Pimephales promelas growth as 

measured using linear interpolation. Controls used in the whole effluent toxicity testing included 

Wisconsin River water obtained at the Hat Rapids Dam and lab culture water. Acute toxicity ) 

was evaluated at 100%, 75%, 50%, 25%, 10%, and 1% effluent dilutions. Chronic toxicity was 

evaluated at 10.0%. 5.0%, 2.5%, 1.25%, and 0.6% effluent dilutions. Dilutions were made using 

Wisconsin River water. 

The results showed that the treated effluent is not toxic, with = 90 percent acute survival for all 

species in 100 percent effluent, all chronic test effluent dilutions passing all the chronic toxicity 

criteria. 
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@ Table A-8 

Phase II Treatability Study 
Step III - Full Treatment’ 

Parameter Unit Wastewater Treated Effluent Control 

Arsenic mg/L 0.15 <0.004 <0.004 <0.004 

Cadmium mg/L 0.13 <0.005 <0.005 <0.005 

Calcium mg/L 110 180? 170? 0.11? 

Chromium, Total mg/L 0.007 <0.005 <0.005 <0.005 

Copper mg/L 8.4 0.043 <0.005 <0.005 

Cyanide mg/L N/A N/A <0.01 N/A 

Hardness mg/L 700 640 640 N/A 

Iron mg/L 19 0.056 <0.020 0.022 

Lead mg/L 0.64 <0.003 <0.003 <0.003 

Magnesium mg/L 39 33 32 0.040 

© Mercury mg/L 0.0002 <0.0002 <0.0002 <0.0002 

Nickel mg/L 0.030 <0.020 <0.020 <0.020 

Selenium mg/L 0.064 0.052 0.055 0.0066? 

Silver mg/L <0.005 <0.005 <0.005 <0.005 

Sulfate mg/L 460 460 500 N/A 

Total Dissolved Solids mg/L 880 N/A 860 <10 

Zinc mg/L 33 0.20 <0.020 <0.02 

Total Suspended Solids mg/L 75 N/A <10 <10 

BOD, mg/L <6 N/A <6 N/A 

COD mg/L <10 <10 10 <10 | 

Sulfide mg/L. <0.4 0.6 1.6 N/A 

pH S.U. 3.3 10.0 10.5 N/A 

N/A = No Test Performed. 
‘All values for metals expressed as "total" metal. 

2Parameter found in the laboratory blank as well as in the sample. 

© 
MLD2\93C049\REPORTS\R-WWTSAP\4000 Prepared by: HJA 

September 18, 1995 A-29 Checked by: RJC1



Table A-9 

Phase II Treatability Study e 

Step Ill - Summary of Bioassay Acute Toxicity Test Data for Full Treatment Step’ 

Organism Test Solution Mean % 
Survival 

Ceriodaphnia dubia Secondary Control? 100 

Primary Control? 100 

1% Effluent* 100 

10% Effluent* 100 

25% Effluent* | 100 

50% Effluent* 100 

75% Effluent* 100 

100% Effluent* 95 

Daphnia magna Secondary Control? 100 

Primary Control? 100 

1% Effluent* 100 

10% Effluent* 100 

25% Effluent* 100 © 

50% Effluent* 100 

75% Effluent* 100 

100% Effluent* 90 

Pimephales promelas Secondary Control? 90 

Primary Control? 100 

1% Effluent* 100 

10% Effluent* 100 

25% Effluent* 100 

50% Effluent* 95 | 

75% Effluent* 100 

100% Effluent‘ 100 

'Tests conducted in accordance with EPA protocols for acute toxicity testing. 
2Flow through lab culture water. 
5Wisconsin River water from Hat Rapids Dam. 
‘Effluent mixed with Wisconsin River water in proportion indicated. 

© 
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@ Table A-10 

Phase II Treatability Study 
Step Ill - Ceriodaphnia dubia Chronic Test Data 

(Third-Brood Endpoint Reproduction Data) 
for Full Treatment Step' 

Test Solution Mean Neonates?” 

Secondary Control? 31.7 

Primary Control* 27.9 

0.6% Effluent? 23.9 

1.25% Effluent? 24.3 

2.5% Effluent* 28.2 

5.0% Effluent? 31.3 

10% Effluent? 29.8 

"Tests conducted in accordance with EPA protocols for chronic toxicity testing. 
Ten replicates per test. 
°Flow through lab culture water. | 

© “Wisconsin River water from Hat Rapids Dam. 
Effluent mixed with Wisconsin River water in proportion indicated. 
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Table A-11 

Phase II Treatability Study : 

Step III - Pimephales promelas Chronic Test 
(Mean Biomass Data) 

for Full Treatment Step’ 

a 

Test Solution Mean Biomass? OSE OO 

Secondary Control? 0.36 

Primary Control‘ 0.32 

0.6% Effluent? 0.34 

1.25% Effluent? 0.33 

2.5% Effluent” 0.34 

5.0% Effluent” 0.37 

10% Effluent’ 0.38 
een 

1 Tests conducted in accordance with EPA protocols for chronic toxicity testing. 

2 Four replicates per test. Mean Biomass = (total replicate dry weight/number larvae used to initiate the 

replicate). | 

3 Flow through lab culture water. 
4 Wisconsin River water from Hat Rapids Dam. 

5 Effluent mixed with Wisconsin River water in proportion indicated. 
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Phase II Treatability Study 
Step III - Pimephales promelas Chronic Test 

(Mean Survival Data) 
for Full Treatment Step’ 

Test Solution % Survival? 

Secondary Control? 98 

Primary Control‘ 98 

0.6% Effluent? 98 

1.25% Effluent? 98 

2.5% Effluent” 98 

5.0% Effluent? 100 

10% Effluent? 100 

1Tests conducted in accordance with EPA protocols for chronic toxicity testing. 

Four replicates per test. 
*Flow through lab culture water. 

© “Wisconsin River water from Hat Rapids Dam. 
"Effluent mixed with Wisconsin River water in proportion indicated. 
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A.2.3 | Wastewater Treatability Study - Phase III 

Phase III of the wastewater treatability study evaluated the performance of the selected © 

treatment processes when treating mill process water. Under normal operating conditions, mill 

process water will not be discharged. However, the New Source Performance Standards allow 

mill process water to be discharged during periods when rainfall exceeds precipitation or in the 

event that buildup of contaminants in the process water significantly interferes with the ore 

recovery milling process. In addition, mill process water remaining in the TMA and reclaim 

pond at the time the Crandon Project permanently ceases milling activities will be treated and 

discharged to the Wisconsin River. 

The following discussion contains a description of the various steps completed as part Phase III 

of the wastewater treatability study. These steps include collection of the process water, lime 

treatment, optimization of the sulfide treatment process, evaluation of polymers, and full 

treatment. 

A.2.3.1 Step I - Collection of Process Water 

The process water used for this phase of the treatability study was obtained from the Inmet 

Mining Corporation’s operating zinc/copper mine located in Winston Lake, Ontario, Canada. 

The decision to use process water from the Inmet mine for the Crandon Project treatability study 

was based on similarities between the Inmet ore and milling processes and the proposed Crandon 

Project. It is believed that Inmet process water simulates the actual Crandon Project mill 

process water sufficiently for purposes of treatability testing. Process water was sampled in the 

Inmet mill at the return pipeline from the tailings pond. Sampling at this location simulates the 

Crandon Project, where process water will be treated after decanting in the TMA, stored in the © 

reclaim pond, and then stored in wastewater storage basins 6 and 7 before being treated at the 

project’s wastewater treatment facility. The process wastewater was collected in 25 five-gallon 

plastic containers and transported back to the Foth & Van Dyke Green Bay offices where it was 

stored in a walk-in refrigerator until use. 

A.2.3.2 Step II - Lime Treatment 

An optimization study of the lime treatment process was not conducted for this phase of the 

treatability study. The operating pH for the lime treatment process was selected based on data 

from a treatability study conducted by the Canadian mine from which the wastewater was 

obtained. Based on this data a pH of 10 was selected for lime treatment. The treatment 

efficiency of the lime treatment process was evaluated based on samples generated during the 

sulfide optimization and full treatment steps of this phase of the treatability study. This 

information is presented later in this report. | 

A.2.3.3 Step III - Sulfide Optimization 

The objective of this step of Phase III was to define the relationships between sulfide dosage, 

treatment pH, and effluent quality when treating mill process water. The general approach used 

in this evaluation was to adjust the pH of lime treated wastewater to various pH levels and then 

treat the wastewater at various sulfide dosages. Ten different pH-sulfide dosage combinations 

were evaluated covering the pH range of 8.0 to 10.0 and covering sulfide dosages from 10 to 400 

mg/L as Na,S°9H,O. This methodology is identical to that used previously in Phase II, and is © 

illustrated in Figure A-5. 
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A. The first task in this step of the sulfide optimization process was the generation of a 
© sufficient quantity of lime treated wastewater with which to conduct the sulfide 

treatment evaluation. Three liters of mill process water were withdrawn from each of 
six of the water containers brought back from the Canadian mine for a total of 18 
liters. This water was placed in a five gallon plastic tank. The contents of the water 
containers were thoroughly mixed prior to sample withdrawal to resuspend settled 
solids and to provide sample uniformity. 

B. The wastewater was continuously stirred while a five percent lime solution was added 
to reach the selected treatment pH of 10. A ten minute reaction period was then 
provided with continuous stirring. After the reaction period, the wastewater was 
allowed to settle for three hours. The reaction period and settling time used in this 
step are consistent with design criteria planned for the full scale treatment facility. 

C. At the end of the settling time it was noted that there were few settled solids on the 
bottom of the tank and that a substantial amount of solids were still in suspension. 
Because the presence of these solids, in the concentrations observed, would interfere 
with evaluation of the sulfide treatment process, it was decided to filter out the 
suspended solids prior to the sulfide optimization step. The lime treated wastewater 
was filtered using a vacuum filtration apparatus. Although filtration does not 
accurately reflect the actual treatment process, the goal of this step was only to 
evaluate removal of dissolved metals in the sulfide treatment process. The use of 
polymers to enhance solids settling in the lime treatment process was evaluated in the 
next step of Phase III. 

© D. A fresh one percent stock solution of sodium sulfide was prepared by dissolving ten 
grams of reagent grade hydrated sodium sulfide (Na,S°9H,O) in 700 milliliters of 
deionized water and then diluting to 1000 milliliters. 

E. 1.0 liter of filtered wastewater from the lime treatment process was placed into a two- 
liter glass beaker. The pH of the wastewater was then adjusted to the desired pH 
using 0.09 normal sulfuric acid. 

F. Sodium sulfide stock solution was added to the wastewater to achieve the desired 
sulfide dosage. A fifteen minute reaction period, with continuous stirring, was then 
provided to allow formation of metal sulfides. 

G. After the reaction period, the wastewater was 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 after sulfide treatment. While filtering does not | 
precisely reflect the actual treatment process, the objective of this step was only to 
evaluate the ability of soluble metals to react with sulfide to form insoluble metal 
sulfide precipitates. Step IV of this phase of the treatability study evaluated the 
filtration process for removal of suspended solids. 

H. Tasks E through G were repeated for ten different pH-sulfide dosage combinations 
covering the pH range of 8.0 to 10.0 and sulfide dosages ranging from 10 to 400 mg/L 
as illustrated in Figure A-5. Note that pH on Figure A-5 refers to the adjusted 

©@ wastewater pH after lime treatment, but prior to sulfide addition. 
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I. All ten sulfide treated wastewater samples were sent to a laboratory and analyzed for 

zinc, copper, and cadmium. Additionally, a sample of raw wastewater and lime © 

treated decant were analyzed. The results of the analysis are shown in Table A-13. 

As can be seen in Table A-13, the raw process water contained relatively low concentrations of 

zinc, copper, and cadmium prior to any treatment. After lime treatment, both cadmium and 

copper were both below analytical levels of detection. Consequently, only zinc concentrations 

were available for comparative purposes. Based on the zinc data, the highest level of treatment 

appears to have been provided at the higher sulfide concentrations (400 mg/L). However, the 

difference between the level of treatment at the highest and lowest sulfide dosages is minor. 

Additionally, based on the available data, it appears that the sulfide treatment was typically more 

effective at a pH level of 10.0. 
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Phase III Treatability Study 
Step III - Sulfide Optimization 

Wastewater Concentrations 
3 

Sulfide Dosage es 
Sample pH’ (mg/L) Copper Zinc Cadmium 

Raw Wastewater 7.2 N/A 0.017 0.34 0.013 

Lime Treated 10 N/A <0.005 0.048 <0.001 

Sulfide Treated 10 10 <0.005 0.051 <Q.001 

Sulfide Treated 10 100 <0.005 0.035 <Q.001 

Sulfide Treated 10 250 0.005 0.044 <0.001 

Sulfide Treated 10 400 <0.005 0.033 <0.001 

Sulfide Treated 9 50 <0.005 0.047 <Q.001 

Sulfide Treated 9 150 <0.005 <0.020 <0.001 

Sulfide Treated 8 10 0.005 0.066 <Q.001 

© Sulfide Treated g 100 <0.005 0.069  <0.001 
Sulfide Treated 8 250 <0.005 0.056 <Q.001 

Sulfide Treated 8 400 <0.005 0.045 <0.001 

N/A = No Test Performed. 
| ‘pH shown for sulfide treated samples is adjusted pH prior to sulfide addition. 

Sulfide dosages stated as Na,S°9H,O. 
>All samples, with exception of raw wastewater, were filtered through 0.45 ym filter prior to analysis. 
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A.2.3.4 Step IV - Evaluation of Polymers 

As previously indicated, the solids generated during lime treatment of the process water exhibited @ 

poor settling characteristics. In the full scale treatment system, polymer will be fed to the 

wastewater prior to settling as needed to assist in the settling process. The objective of this step 

of the treatability study was to provide a preliminary evaluation of polymers which could serve 

this purpose. 

Two polymers were evaluated, including a low charge anionic polymer (POL E-Z-2706) and a 

high charge anionic polymer (POL E-Z-8736). The polymers were obtained from the Calgon 

Corporation in the emulsion form. Both polymers were evaluated at dosages of 0.5, 1.0, 2.5, and 

5.0 mg/L. The following is a description of the tasks used in the evaluation: 

A. Dilute (0.1 percent volume/volume) solutions of each polymer were made up in 

accordance with Calgon polymer solution preparation instructions. The polymer 

solutions were made up on the day of use. 

B. Ten liters of raw process water was placed in a five-gallon plastic tank and a five 

percent lime solution was added to raise the pH to 10.0. A ten minute reaction 

period, with continuous stirring was then provided. One liter of the lime treated 

wastewater was then removed from the tank and placed into a two liter glass beaker. 

The settling characteristics of this sample were observed and compared with polymer 

treated samples. 

C. The contents of the lime treatment tank were thoroughly mixed and one liter of 

wastewater was transferred into each of four glass beakers. Dilute polymer solution © 

was then added to each beaker while the contents of the beakers were continuously 

stirred. Stirring was provided by magnetic stir plates. Polymer dosages of 0.5, 1.0, 2.5, 

and 5.0 mg/L were evaluated. After polymer addition, the wastewater was mixed at a 

high stir rate for three minutes and at a slow stir rate for an additional two minutes. 

D. Mixing of the wastewater was then discontinued and the settling characteristics of the 

solids were observed over a thirty minute settling time. After the thirty minute 

settling time, thirty milliliters of supernatant was pipetted from each glass beaker, 

placed into a glass vial, and allowed to settle. The quantity of settled solids in the 

bottom of each vial of supernatant were visually evaluated at the end of 24 hours. 

E. Tasks C and D were performed for both of the polymers evaluated. 

F. Polymer effectiveness was based on a visual assessment of the quantity of solids which 

settled during the 30 minute settling phase, on the clarity of the supernatant after the 

thirty minute settling time, and on the quantity of settled solids in the supernatant 

sample after 24 hours. 

Based on the results of this preliminary polymer evaluation the following comments can be made. 

° All polymer treated samples showed some increase in the quantity of settled solids 

relative to the lime treated sample without polymer. 
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° For both polymers evaluated, the clarity of the sample after polymer addition 

© appeared to increase with polymer dosage. In both cases, the greatest difference in 
clarity occurred between the 0.5 and 1.0 mg/L polymer dosages. 

° There was no distinguishable difference noted in the settling rates of any of the 
polymer treated samples relative to the sample without polymer. 

A.2.3.5 Step V - Full Treatment 

The objective of this step in Phase III of the wastewater treatability study was to evaluate both 
the performance of the filtration process and the performance of the overall treatment process. 
The procedures used in the full treatment step of Phase III were similar to those used in Phase 
II of the treatability study, with the major exceptions being the source of the wastewater and the 
addition of polymer based on the results of Step IV. The tasks followed for the full treatment 
step are as follows. 

A. A 106 liter sample of raw process water was made by transferring water from seven of 
the water containers brought back from the Canadian mine referenced in Section 
A.2.3.1 into a 30-gallon plastic tank. The water containers were thoroughly mixed to 
resuspend settled solids prior to transfer to the tank. Six liters of process water were 
removed for analysis. 

B. The raw process water was continuously stirred while 65 milliliters of a five percent 
lime solution were added. This raised the water pH to the selected level of 10.0. The 
volume of water treated was about 100 liters. A ten minute reaction period with 
continuous stirring was provided. 

C. Calgon polymer POL E-Z-2706 was used to make up a 0.1 percent polymer solution 
following Calgon procedures. Following the lime reaction period, 100 ml of 0.1 
percent polymer solution was added to the wastewater. After the polymer was added, 
a two minute rapid mix period and an eight minute slow mix period were provided. 

D. — Following polymer addition, a three hour settling period was provided. 

E. After the settling period, supernatant from the lime treatment process was decanted 
into two 15-gallon plastic tanks. Decanting was by gravity using two plastic siphon 
tubes. Care was taken during the decanting process so that settled solids were not 
disturbed. Samples of the lime decant were removed and retained for analysis. After 
sampling, the volume of wastewater in the two decant tanks was equalized using a 
glass beaker. | 

F. Nineteen and one half milliliters of a 10 percent stock sodium sulfide solution was 
then added to each 15-gallon tank resulting in a dosage of 50 mg/L as Na,S°9H,O. 
The total volume of sulfide treated wastewater was about 78 liters, with the volume 

being split equally between the two tanks. Following the sulfide addition, a 15 minute 
reaction period was provided during which the wastewater was continuously stirred. 

G. The sulfide treated wastewater was then filtered through a sand filter. The sand filter 

© used in Phase I and II of the treatability study was reused in this phase. A physical 

description of the sand filter can be found in Section A.2.1.4. 
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The sand filter was flushed with deionized water for a period of three hours prior to 

filtration of treated wastewater. At the end of the deionized water flush cycle, filter © 

effluent was sampled. This control sample was sent to the lab for chemical analysis. 

After the deionized water filter flush cycle, sulfide treated effluent was filtered 

through the sand filter. The first 39 liters of wastewater served as a filter flush. This 

portion of the effluent was discarded. The second 39 liters of filter effluent was 
collected and saved for chemical analysis and whole effluent toxicity testing. 

A.2.3.6 Results - Phase III 

The laboratory analytical results for the raw process water, the supernatant from the lime 

treatment process, the final effluent, and the sand filter control sample are presented in Table 

A-14. 

The results of the acute and chronic whole effluent toxicity testing of the treated effluent from 

full treatment in Phase III are summarized in Tables A-15, A-16, A-17, and A-18. Acute and 

chronic toxicity were evaluated with respect to both aquatic invertebrates and aquatic vertebrates. 

Acute toxicity in these tests was defined as greater than 50% mortality in Ceriodaphnia dubia or 

Daphnia magna at 48 hours exposure, or to Pimephales promelas at 96 hour exposure. Chronic 
toxicity was determined using the EPA IC,, endpoint and is defined as a 25 percent reduction, 
from control, in Ceriodaphnia dubia reproduction or in Pimephales promelas growth as measured 
using linear interpolation. Controls used in the whole effluent toxicity testing included Wisconsin 
River water obtained at the Hat Rapids Dam and lab culture water. Acute toxicity was 
evaluated at 100%, 75%, 50%, 25%, 10%, 1% effluent dilutions. Chronic toxicity was evaluated 

at 10.0%, 5.0%, 2.5%, 1.25%, and 0.6% effluent dilutions. Dilutions were made using Wisconsin 

River water. © 

The treated wastewater exhibited no chronic toxicity at any of the effluent dilutions tested. The 
acute toxicity results on daphnids showed no toxicity. The fathead minnow acute toxicity test 
indicated marginal survival at 75 percent effluent and significant toxicity (10 percent survival) in 
100 percent effluent. Minimal toxicity was noted at 50 percent effluent. The cause of the acute 
toxicity at the 100 percent and 75 percent effluent concentrations was uncertain. However, the 
concentration of ammonia in the final effluent was relatively high at about 6 mg/L (as N), and 
may have contributed to the acute effluent toxicity. 
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@ Table A-14 

Phase III Treatability Study 
Step V - Full Treatment Step’ 

Parameter Unit Water Treated Effluent Control 

Ammonia (as N) mg/L 6.6 N/A N.A N/A 

Arsenic mg/L 0.0064 <0.004 <0.004 <0.004 

Cadmium mg/L <0.006? 0.005 <0.005 <0.005 

Calcium mg/L 580 540 520 0.79 

Chromium, Total mg/L <0.005 <0.005 <0.005 <0.005 

Copper mg/L 0.028? 0.015 <0.005 <0.005 

Cyanide mg/L <0.010 <0.010 <0.010 <0.010 

Hardness mg/L 1,400 1,500 1,500 N/A 

Iron mg/L 0.915? 0.260 <0.020 <0.020 

Lead mg/L <0.003 <0.003 <0.003 <0.003 

Magnesium mg/L 12 11 13 0.073 

© Mercury mg/L <0.0002 <0.0002  <0.0002 <0.0002 
Nickel mg/L <0.020  <0.020 <0.020 <0.020 
Nitrate + Nitrite (as N) mg/L 6.6 N/A 5.5 N/A 

Selenium mg/L 0.097 0.093 0.076 <0.005 

Silver mg/L <0.005 <0.005 <0.005 <0.005 

Sulfate mg/L 1,200 1,500 1,600 N/A 

Total Dissolved Solids mg/L 2,600 2,600 2,700 <10 

Zinc mg/L 0.44? 0.29 0.023 <0.020 

Total Suspended Solids mg/L <10 <10 <10 <10 

TKN mg/L 6.7 N/A 7.7 N/A 

BOD, mg/L 8 N/A N/A N/A 

COD mg/L 23 18 20 <10 

Sulfide mg/L N/A 1.1 1.5 1.4 

pH S.U. 7.1? 10.0 9.8 N/A 

N/A = No Test Performed. 
All values for metals expressed as "total" metal. 

Ps Average of analyses for samples collected on two separate days prior to beginning full treatment. 
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Table A-15 

Phase III Treatability Study ® 

Step V - Summary of Bioassay Acute Toxicity Test Data for Full Treatment Step’ 

Organism Test Solution Mean % Survival 

Ceriodaphnia dubia Secondary Control? 95 

Primary Control? 100 

1% Effluent* 95 

10% Effluent* 100 

25% Effluent* 100 

50% Effluent* 95 

75% Effluent* 100 

100% Effluent* 85 

Daphnia magna Secondary Control? 100 

Primary Control? 100 

1% Effluent* 100 

10% Effluent* 100 : 

25% Effluent® 100 © 

50% Effluent* 100 

75% Effluent‘ 100 

100% Effluent* 100 

Pimephales promelas Secondary Control 100 

Primary Control? 95 

1% Effluent* 95 

10% Effluent* 100 

25% Effluent‘ 95 

50% Effluent* 85 

75% Effluent* 55 | 

100% Effluent‘ 10 

'Tests conducted in accordance with EPA protocols for acute toxicity testing. 

Flow through lab culture water. 
3Wisconsin River water from Hat Rapids Dam. 

4Effluent mixed with Wisconsin River water in proportion indicated. 
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e Table A-16 

Phase III Treatability Study 
Step V - Ceriodaphnia dubia Chronic Test 
(Third-Brood Endpoint Reproduction Data) 

for Full Treatment' 

a 

Test Solution Mean Neonates? 
rs ne enn nnn nnn eS 

Secondary Control’ ) 26.5 

Primary Control* 31.7 

0.6% Effluent? 34.4 

1.25% Effluent? 32.8 

2.5% Effluent’ 35.0 

5.0% Effluent° 39.7 

10% Effluent? 31.6 

‘Tests conducted in accordance with EPA protocols for chronic toxicity testing. 

Ten replicates per test. 
5Flow through lab culture water. 

® ‘Wisconsin River water from Hat Rapids Dam. 
‘Effluent mixed with Wisconsin River water in proportion indicated. 
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Table A-17 ; 

Phase III Treatability Study 
Step V - Pimephales promelas Chronic Test 

(Mean Biomass Data) 
for Full Treatment’ 

ee 

Test Solution Mean Biomass? 
oe 

Secondary Control’ 0.36 

Primary Control‘ 0.35 

0.6% Effluent? 0.26 

1.25% Effluent” 0.36 

2.5% Effluent? 0.39 

5.0% Effluent? 0.37 

10% Effluent? 0.39 
a 

1 Tests conducted in accordance with EPA protocols for chronic toxicity testing. 

2 Four replicates per test. Biomass = (total replicate dry weight/number larvae used to initiate the 

replicate). 
3 Flow through lab culture water. 
4 Wisconsin River water from Hat Rapids Dam. 

5 Effluent mixed with Wisconsin River water in proportion indicated. 
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e@ Table A-18 

Phase III Treatability Study 
Step V - Pimephales promelas Chronic Test 

(Mean Survival Data) 
for Full Treatment' 

we 

Test Solution % Survival’ 
RE 

Secondary Control? 95 

Primary Control* 92 

0.6% Effluent* 100 

1.25% Effluent? 100 

2.5% Effluent? 100 

5.0% Effluent? 100 

10% Effluent? 100 

‘Tests conducted in accordance with EPA protocols for chronic toxicity testing. 

Four replicates per test. 
‘Flow through lab culture water. 

© ‘Wisconsin River water from Hat Rapids Dam. | 
‘Effluent mixed with Wisconsin River water in proportion indicated. 
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A.3. Summary and Conclusions 

The wastewater treatability study was conducted to evaluate the effectiveness of the treatment © 

processes selected for treatment of wastewaters generated by the Crandon Project. The study 

included three separate phases. The first two phases evaluated treatment of mine drainage water 

and the third phase evaluated treatment of mill process water. The following provides a 

summary of the results of the treatability study. 

A.3.1 Mine Drainage Water 

Phase I of the wastewater treatability study evaluated the selected treatment processes when 

treating mine drainage water. The first step in this phase was the generation of mine drainage 

water. This wastewater was generated in the laboratory of Foth & Van Dyke using geologic 

materials obtained from the Crandon Project site. The second step was optimization of the lime 

treatment process with respect to the overall removal of heavy metals. The third step was 

optimization of the sulfide treatment process with respect to the overall removal of heavy metals. 

Finally, the effectiveness of the full treatment process, including lime treatment, sulfide 

treatment, and filtration, was evaluated. At each step of Phase I of the treatability study, 

wastewater samples were analyzed for metals and other inorganic constituents both before and 

after treatment. Additionally, a sample of the final effluent from the full treatment step was sent 

to a laboratory for assessment of whole effluent toxicity of the treated effluent. 

In Phase II of the wastewater treatability study, the selected treatment processes were evaluated 

further for treatment of mine drainage water. The objectives of this phase were to further 

evaluate optimization of the sulfide treatment process, to verify the results obtained in Phase I, 

and to obtain more information on the whole effluent toxicity of the treated effluent. In the © 

sulfide optimization step of this phase, the impact of both treatment pH and sulfide dosage were 

evaluated. The full treatment step of Phase II re-evaluated the efficiency of the entire treatment 

process with several modifications to the treatment used in Phase I. Modifications used in the 

full treatment step of Phase II included omission of the pH adjustment step following lime 

treatment and the use of a lower sulfide dosage. Whole effluent toxicity testing of the treated 

effluent was expanded to evaluate toxicity at a wider range of effluent dilutions. Following is a 

discussion of the results from Phases I and II of the treatability study. 

Phase I of the treatability study evaluated lime treatment at treatment pH levels of 9.0, 9.5, and 

10.0. Based on the results obtained during this step, lime treatment for the mine drainage water 

was most effective, with respect to the overall removal of metals, at a treatment pH of 10.0. 

Optimization of the sulfide treatment process was evaluated in both Phase I and II of the | 

treatability study. The impact of both treatment pH and sulfide dosage were evaluated. Ten | 

different pH-sulfide dosage combinations were evaluated covering the pH range from 8.0 to 10.0 

and covering sulfide dosages ranging from 10 to 400 mg/L as Na,S°9H,O. The results of the 

optimization process indicate that sulfide treatment is generally more effective at higher pH 

levels. The results of the optimization process also indicated that a higher level of metals 

removal resulted at the higher sulfide dosages evaluated. However, based on the results of this 

study, it is anticipated that the level of treatment required to meet the estimated effluent 

limitations can be produced at sulfide dosages of 50 mg/L or lower. It is also important to note | 

that operating mines, treating mine wastewater in full scale facilities, have reported effective 

metals removals at sulfide dosages of less than 10 mg/L as Na,S¢9H,O. © 
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Full treatment of mine wastewater was evaluated in both Phase I and Phase II of the treatability 
© study. In Phase I, the full treatment process included lime treatment at a pH of 10.0, pH 

adjustment to 7.3 with sulfuric acid after lime treatment and settling, sulfide treatment at 250 
mg/L as Na,S°9HLO, and filtration. In Phase II, the full treatment process included lime 
treatment at a pH of 10.0, sulfide treatment at 50 mg/L Na,S°9H,O, and filtration. The 
omission of the pH adjustment step in Phase II was based on the results of the sulfide 
optimization step in Phase II which indicated that treatment was more effective at higher pH 
levels. The use of a lower sulfide dosage in Phase II was based on establishing a balance 
between treatment effectiveness and effluent toxicity. Results from the whole effluent toxicity 
tests performed on treated effluent from Phases I and II suggest that the acute effluent toxicity 
observed in Phase I may have been the result of a high residual sulfide concentration in the 
effluent. Consequently, the sulfide dosage for Phase II was adjusted to provide a level of 
treatment adequate to meet estimated discharge limitations while minimizing the potential for 
effluent toxicity due to residual sulfide. 

The analyses of the various effluents generated in the full treatment steps of Phases I and II are 
reported in Table A-19. Comparing this data and the estimated effluent limitations for a 
discharge to the Wisconsin River at a discharge flow rate of 1,200 gallons per minute as shown in 
Table 6-1, it can be seen that the lime treatment process alone will produce an effluent that will 
meet the estimated effluent limitations for all parameters with the possible exceptions of copper 
and cadmium. The data also shows that the effectiveness of the lime treatment process is 
relatively independent of the concentrations of the parameters in the raw wastewater. This 
conclusion is reached by comparing the range of analytical results for the raw wastewater and the 
lime treated effluent. The comparison shows considerable variation in the concentrations of 
parameters in the raw wastewater, while relatively little variation is seen the effluent from the 

© lime treatment process. 

The effluent data in Table A-19 represents the mine wastewater subjected to full treatment 
including lime treatment, sulfide treatment, and filtration. The results of the full treatment tests 

indicate that the selected treatment processes can produce an effluent that meets or exceeds the 
estimated effluent limitations for the Wisconsin River. It is important to note that the estimated 
limitation for mercury is 0.000014 mg/L while the reported detection level is 0.0002 mg/L. This 
level of detection is based on the approved analytical method for mercury which is to be used for 
effluent monitoring in the WPDES permit program. Consequently, the effluent limitation for 
mercury is effectively equivalent to the level of detection for the currently accepted analytical 
method. Based on the use of the currently accepted analytical method for mercury detection, the 
concentration of mercury in the final effluent meets the anticipated effluent limitations. 

Treated effluents from both Phase I and Phase II were evaluated for whole effluent toxicity in 
accordance with EPA testing protocols. Acute and chronic toxicity were evaluated with respect — 
to both aquatic invertebrates and aquatic vertebrates. Controls used in the whole effluent 
toxicity included Wisconsin River water obtained from the Hat Rapids Dam and lab culture 
water. Acute toxicity for the Phase I effluent was evaluated at 100 percent and 50 percent 
effluent dilutions. Acute toxicity for the Phase II effluent was evaluated at 100%, 75%, 50%, 

25%, 10%, and 1% effluent dilutions. Chronic toxicity, for both Phase I and II effluents, was 

evaluated at 10%, 5%, 2.5%, 1.25%, and 0.6% effluent dilutions. Dilutions were made using 
Wisconsin River water. 

© For Phase I effluent, all acute toxicity tests showed that the effluent would be toxic, i.e., with <5 

percent survival in 100 percent effluent for all species tested. Chronic toxicity tests showed no 
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toxicity for both species within the range of effluent dilutions evaluated. Results of the Phase I 

whole effluent toxicity testing suggest that the relatively high sulfide residual in the effluent may © 

have been the principal effluent component contributing to effluent toxicity. Consequently, the 

full treatment step, including whole effluent toxicity testing of the effluent, was repeated in Phase 

II with the sulfide dosage in Phase II lowered to 50 mg/L as Na,S°9H,O. This dosage was 

selected to provide a level of treatment adequate to meet effluent limitations while minimizing 

the potential for whole effluent toxicity. | 

For the effluent from Phase II of the treatability study, all results showed no toxicity, with >90 

percent acute survival for all species in 100 percent effluent, and with no chronic toxicity at any 

of the effluent dilutions tested. These results indicate that the selected treatment processes are 

capable of generating a final effluent which will meet estimated whole effluent toxicity 

requirements. Additionally, these results suggest that effluent toxicity observed in effluent 

generated in Phase I of the treatability study was due to a relatively high concentration of 

residual sulfide contained in the treated effluent resulting from a high sulfide treatment dosage. 

Because Phase II of this study demonstrated that the estimated effluent limitations can be met at 

lower sulfide dosages, it is anticipated that the estimated whole effluent toxicity requirements of 

the WPDES permit can be met for the discharge of treated mine drainage water from the 

Crandon Project. 

A.3.2 Mill Process Water 

Phase III of the wastewater treatability study evaluated the selected treatment processes when 

treating mill process water. The first step in this phase was the collection of mill process water 

from an operating zinc/copper mine in Canada similar to that planned for the Crandon Project. 

The second step was optimization of the sulfide treatment process with respect to the overall © 

removal of heavy metals. Finally, the effectiveness of the entire treatment process, including 

lime treatment, sulfide treatment and filtration was evaluated. At each step of the Phase III 

treatability study, wastewater samples were analyzed for metals and other inorganic constituents 

both before and after treatment. Additionally, a sample of the effluent from the full treatment 

step was tested for whole effluent toxicity. Following is a discussion of the results from Phase III 

of the treatability study. 

Optimization of the lime treatment process was not conducted for this phase of the treatability 

study. The lime treatment operating pH was selected based on the results of treatability studies 

conducted by, and actual operating experience of, the Canadian mine from which the process 

water was obtained. However, the sulfide treatment process was optimized. The impact of both 

treatment pH and sulfide dosage on metals removal were evaluated. Ten different pH-sulfide 

dosage combinations were evaluated covering the pH range from 8.0 to 10.0 and covering sulfide 

dosages ranging from 10 to 400 mg/L as Na,S°9H,O. The results of the optimization process | 

indicated that sulfide treatment was generally more effective at higher pH levels. The results of 

the optimization process also indicated that a higher level of metals removal resulted at the 

higher sulfide dosages evaluated. However, based on the results of this study, it is anticipated 

that the level of treatment required to meet the estimated effluent limitations can be produced at 

sulfide dosages of 50 mg/L Na,S°9H,O or lower. 

In the final step of this phase of the treatability study, full treatment of mill process water was 

evaluated. The full treatment process included lime treatment at a pH of 10.0, sulfide treatment 

at 50 mg/L Na,S°9H,0O, and filtration. From the analyses of the wastewaters generated during © 

full treatment, it can be seen that the lime treatment process alone will produce an effluent that 
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will meet the estimated effluent limitations for all parameters, with the possible exception of 
© cadmium. 

The filter effluent data in Table A-14 represents the process water subjected to full treatment 
including lime treatment, sulfide treatment, and filtration. The results of the full treatment tests 

indicate that the selected treatment processes can produce an effluent that meets the estimated 
effluent limitations for the Wisconsin River. 

The effluent was evaluated for whole effluent toxicity. Whole effluent toxicity testing was 
performed as described previously for the mine wastewater. Chronic tests showed that the 
effluent is not toxic at any of the effluent dilutions tested. Daphnid acute toxicity tests showed 
no toxicity. The Pimephales promelas acute test indicated marginal survival at 75 percent 
effluent and acute toxicity in 100 percent effluent. However, 85 percent Pimephales survival was 
observed at an effluent dilution of 50 percent and greater than 95 percent survival was observed 
for the 25%, 10%, and 1% dilutions. The cause of the observed acute toxicity at the higher 

effluent dilutions was uncertain. The concentration of ammonia in the final effluent was 
relatively high at about 6 mg/L (as N) and may have contributed to the acute effluent toxicity. 

A test which shows that the effluent is toxic should be defined as acute toxicity at the percent 
effluent which would occur at the edge of the zone of initial dilution or chronic toxicity at less 
than the instream waste concentration. For the maximum discharge to the Wisconsin River of 
1,200 gallons per minute and a Q,,, of 304 cfs, a 3.5 percent effluent dilution would occur at the 
edge of the zone of initial dilution, and a 0.9 percent effluent dilution would be the instream 
waste concentration. The proposed discharge location for treated wastewater from the Crandon 
Project is the Wisconsin River at the Hat Rapids Dam, so a zone of initial dilution is applicable 

® for the Crandon Project. Given the small flow of wastewater relative to the flow of river water 
through the dam and given the rapid and extensive degree of mixing which will occur under the 
turbulent flow patterns characteristic of dam hydraulic systems, the wastewater will be 
substantially diluted before it is discharged from the dam into the river. Consequently, acute 
toxicity for the treated wastewater should be evaluated on a criterion of significantly less than a 
100 percent effluent dilution. Using a conservative effluent dilution of ten percent for the acute 
toxicity criterion, the effluent generated in Phase III of the treatability study would be not be 
considered toxic. 
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Table A-19 

Treatability Study © 

Summary of Results for Phases | and II’ 

a 

Parameter Unit Raw Wastewater? Lime Treated’ Effluent’ 

Antimony mg/L <0.050 <0.057 <0.050 

Arsenic mg/L 0.150-0.400 <0.004-0.0069 <0.004-0.0048 

Beryllium mg/L <0.005 <0.005 <0.005 

Cadmium mg/L 0.062-0.130 <0.005 <0.005 

Chromium, Total mg/L 0.007-0.015 <0.005-0.009 <0.005 

Copper mg/L 6-8.4 0.043-0.110 <0.005-0.005 

Cyanide mg/L <0.020 <0.020 <0.010-0.026 

Lead mg/L 0.640-0.840 <0.003-0.011 <0.003-0.0055 

Mercury mg/L _0.0002-0.000558 <0.0002 <0.0002 

Nickel mg/L 0.030-0.210 <0.020 <0.020 

Selenium mg/L 0.064-0.120 0.052-0.130 0.055-0.120 | 

Silver mg/L <0.005-0.0064 <0.005 <0.005-0.00097 

Thallium mg/L 0.011 <0.010 <0.010 © 

Zinc mg/L 17-33 0.200-0.220 <0.020 

Total Suspended Solids mg/L 8-75 N/A <10 

N/A = No Test Performed. 

1 All values for metals expressed as "total" metal. 

2 Based on analysis of wastewater generated in Step IV of Phase I and Step III of Phase II. 

3 Based on analysis of fully treated wastewater with a sulfide dosage of 250 mg/L as Na,S°9H,O from 

Step IV of Phase I and a sulfide dosage of 50 mg/L as Na,S°9H.O from Step III of Phase II. 

© 
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1 Introduction 

e Nicolet Minerals Company (NMC) is planning to develop a zinc/copper mine near Crandon, 

Wisconsin. As part of project operations, treated effluent from the mine will need to be 
discharged to waters of the state. The Wisconsin Department of Natural Resources (WDNR) will 

establish specific standards that the discharge waters will need to meet. These standards are 

specific to discharge type and location. A discharge to a stream may be assigned different 

standards than a discharge to groundwater or to a mitigation site. Standards for discharging to 

each selected water body will be set individually by the WDNR. 

The primary technology proposed for the treatment of mine water is a lime/sulfide filtration 
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 by the 

lime/sulfide process to levels suitable for discharge to groundwater or for use at all potential 

mitigation sites. Therefore, advanced treatment may be necessary to provide additional treatment 

for the cations and anions of concern such that the treated water will meet the standards set by 
the WDNR. One of the treatment technologies under consideration by NMC 1s reverse osmosis 
(RO). A bench scale treatability study has been completed to assess the ability of the RO 

technology to meet WDNR standards. The implementation of this study does not preclude 

techniques that may replace or complement the RO technology. 

A detailed work plan outlining the proposed study was submitted to the WDNR on May 8, 1998. 

© This document is titled Bench Scale Evaluation of Reverse Osmosis Method for Wastewater 

Treatment. A detailed report describing the completed study is presented in this document. 

Section 2 of this report provides background information pertaining to treatability studies 

previously completed for the project. Section 3 of this report discusses feed water generation for 

the study. Section 4 discusses the treatability protocol and the treatability results. Section 5 

presents information relating to the planned use of the generated data. 
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2 Previous Treatability Studies 

Previous studies evaluating the performance of lime/sulfide treatment were presented in the © 

Preliminary Engineering Report (PER) (Foth & Van Dyke, 1995/1998) completed for the 

Crandon Project. This evaluation characterized the untreated wastewater which is anticipated 
from the proposed project and evaluated the ability of the lime/sulfide process to treat wastewater 

to levels acceptable for discharge to the Wisconsin River. These previous studies were not 

intended to be used to demonstrate the ability of lime/sulfide treatment to meet groundwater 

discharge standards or standards for discharge to surface waters needing mitigation. 
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3 Feed Water Preparation 

© The RO system treatability study was undertaken to assess the ability of RO treatment 
technology to produce an effluent suitable for discharge to groundwater or for use as mitigation 
water. The feed water used for the test was prepared (Table 3-1) based on the maximum 

_ anticipated concentration for each individual constituent that may be present in the effluent from 
the lime/sulfide treatment process. Due to the solubility of individual constituents, and the ionic 
strength of the total solution, the final concentrations in the feed water of some of the 
constituents are likely not achievable due to precipitation. The feed water was produced by 
mixing the reagents listed in Table 3-1 with deionized water or water that has been passed 
through an RO system. 

Osmonics, Inc., Minneapolis, Minnesota, a manufacturer of RO membranes and treatment 
systems, completed the RO treatability test. The procedure involved two batch tests. The first 
involved a single pass through the RO system. The second involved a double pass through the 
RO system. Two separate batches of feed water, approximately 55 gallons each, were generated 
at EnChem, Inc., a Green Bay, Wisconsin, commercial laboratory, and transported to Osmonics' 
Minneapolis facility in new 5 gallon plastic containers by Foth & Van Dyke. 

A sample of the prepared feed water from each batch was analyzed for the analytes listed in 
Table 3-1 to document their concentration in the feed water and to use as a basis of comparison 
to other samples taken for analysis during the performance of the test. The samples were 

© forwarded to EnChem, Inc. for analytical testing. The majority of the testing was performed by 
EnChem, Inc. Low level metal and sulfate analyses were performed on behalf of EnChem, Inc. 
by the Battelle Marine Science Lab, Sequim, Washington, and Commercial Testing & 
Engineering Company, Denver, Colorado, respectively. The feed water sample for each test 
batch was collected at the Osmonics facility after emptying the 5 gallon containers for each batch 
into a separate 55 gallon container which was used as the feed source for the RO apparatus. The 
sample was collected as described in Appendix A. The analytical results are shown in Table 3-1. 

Differences in Table 3-1 between target concentrations and actual feed water concentrations are 
likely attributable to the effects discussed above. A much higher level of mercury was noted in 
the feed water. An investigation found that a greater quantity of HgSO, was inadvertently added 
during the feed water preparation. Sulfate levels were approximately one half of the target 
concentration. The investigation into this matter showed that less Na,SO, was added to the feed 
water than desired. The actual concentrations of sodium and chloride are respectively 70% and _ 
130% higher than the target concentrations for the batch 2 feed water. The additional 

concentration of sodium chloride may likely have originated from either equipment 
contamination or an error in the makeup of the feed water. Since the data produced by the tests 
provides removal efficiency information which can be used to project full scale effluent quality, 
the differences do not impact the value of the pilot test. 
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Table 3-1 | 

© 
Feed Water Preparation 

Batch 1 Actual Batch 2 Actual 

Target Feed Water Feed Water 

Concentrations Concentrations Concentrations Chemical 

Parameter (mg/l) (mg/l) (mg/l) Additive 

Antimony 0.01 0.000213 0.000336 SbCl, 

Arsenic 0.01 <0.0033 0.0089 AsO, 

Barium 0.16 0.026 0.014. BaSO, 

Cadmium 0.002 0.00225 0.0023 3CdSO,° 8H,O 

Chromium 0.01 0.00609 0.00234 CrCl,-6H,0 

Copper 0.08 0.0694 0.0664 CuSO, ° 5H,O 

Lead 0.006 0.00563 0.0046 PbSO, 

Mercury 0.000040 0.000424 0.000245 HgSO, 

Nickel 0.04 0.0392 0.0339 NiSQ, - 6H,O © 

Selenium 0.29 0.28 0.24 SeO, 

Silver 0.002 0.0032 0.0021 Ag,SO, 

Thallium 0.02 0.0182 0.0161 TICNO,); - 3H,O 

Iron 0.081 0.054 0.015 FeSO, - 7H,O 

Manganese 0.064 0.087 0.086 MnSO, : 4H,0 

Zinc 0.1 0.11 0.1 ZnSO, ° 7H,0 

Ammonia 7 4.5 4.1 (NH,), SO, 

Calcium 190 150 190 CaSO, | 

Magnesium 87 45 73 MgSO, 

Potassium 14 14 24 K,SO, 

Sodium 51 16 87 —! 

Chloride 47 <0.14 110 — 

Sulfate 1246 641 639 Na,SO,° 6 
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Table 3-1 (Continued) 

Batch 1 Actual Batch 2 Actual 

Target Feed Water Feed Water 

Concentrations Concentrations Concentrations Chemical 

Parameter (mg/l) (mg/1) (mg/l) Additive 

Cyanide 0.13 0.12 0.12 NaCN 

_ Fluoride 0.21 0.24 2.4 NaF 

Nitrate + Nitrite 11 6.1 NR NaNO, 

Nitrite 11 — — NaNO, 

Alkalinity 17 23 170 NaHCO, 

''Na is added with Na,SO,, NaCN, NaF, NaNO,, NaNO., and NaHCO,,. 
? Cl is added with SbCl, and CrCl, -6H,0. The synthetic concentration of Cl is less than the target 

concentration because adding additional Cl will cause a corresponding cation (Na) increase above the 
cation (Na) target level. The target concentration of Cl is already below the PAL concentration without 

the RO treatment, therefore, the control of chloride is not a relevant issue to the RO performance test. 
> SO, is added with various other chemicals. Na,SO, is added to increase the SO, to the target level. 

NR = No results Prepared by: JJF1/MLD2 
Checked by: JJF1 
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4 Treatability Study Protocol 

The RO manufacturer, Osmonics, completed the treatability study in conjunction with Foth & © 

Van Dyke. The treatability study was completed in phases at the Osmonics site. The study 

included evaluation of single pass and multiple pass RO processes to reach the desired water 

quality. The first phase was a single pass through an RO system. The second phase was a double 

pass through an RO system. 

Foth & Van Dyke collected the necessary samples for analytical testing and coordinated shipment 

to EnChem, Inc. Since the levels of detection needed for this evaluation were below those 

normally used, Foth & Van Dyke used clean techniques for the collection, preservation and 

handling of the samples. The sample collection and handling procedures are presented in 

Appendix A. Two representatives of the WDNR were in attendance at Osmonics during the RO 

treatability study. 

4.1 Facility Preparation 

The Osmonics testing facility was prepared for the study by reducing potential sources of 

contamination such as airborne dust. The ventilation to the test room was turned off and the 

ventilation ducts were sealed with plastic. The subsequent reduction in air movement lowered the 

possibility of dust particles contaminating the permeate samples. 

As a further precaution, a plastic cover was placed over the permeate container and was partially @ 

removed only during sampling. Plastic was also placed over the floor near the permeate and bench 

staging area, and plastic was placed over the test facility working bench. 

4.2 Phase 1, Single Pass RO Evaluation 

A preliminary evaluation was completed to determine the optimum operating level of RO 

reject/permeate versus effluent quality, and technical and economic feasibility. The RO membrane 

used in this evaluation was an Osmonics Model No. 192T-MS12 polyamide thin film composite 

membrane. The study involved the collection of samples for laboratory analyses. Sample size, 

| preservation methods, and laboratory analytical methods are contained 1n Tables 4-1 and 4-2. 

Before the tests commenced, a new membrane was installed in the RO unit and a citric acid 

solution was run through it for 20 minutes to clean the unit. Deionized water was then run through 

the RO test unit for 105 minutes to further flush out potential contaminates. The source of the 

deionized water was RO permeate generated at the Osmonics facility from another RO unit. The 

RO unit generating the deionized water used city water as the feed. Samples from the permeate of 

this blank run were taken and analyzed for possible contamination. The analytical results are 

presented in Table 4-3. The sample was labeled NMC-RO-1. 
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Table 4-1 

© 
Reverse Osmosis Complete Chemical Characterization Testing Schedule 

A) Parameter List 

Detection 
Parameter Limit Units Method Laboratory 

Antimony 0.006 ug/l SW 846-1638 Battelle 

Arsenic 0.0021 mg/l 206.2 EnChem 

Barium 0.00040 mg/1 EPA 200.7 EnChem 

Cadmium 0.000006 mg/l SW 846-1638 Battelle 

Chromium (Total) 0.0003 mg/l] SW 846-1638 Battelle 

Copper 0.000030 mg/l SW 846-1638 Battelle 

Cyanide (Total) 0.0034 mg/l EPA 335.4 EnChem 

_ Fluoride 0.075 mg/l SM 4500FC EnChem 

© Lead 0.000002 mg/l] SW 846-1638 Battelle 

Nickel 0.00003 mg/l SW 846-1638 Battelle 

Mercury 0.10 ng/l SW 846-1631 Battelle 

Nitrate + Nitrite 0.026 mg/l EPA 353.2 EnChem 

Selenium | 0.0023 mg/l EPA 270.2 EnChem 

Silver 0.0020 mg/l EPA 272.2 EnChem 

Thallium 0.0033 yg/l SW 846-1638 Battelle 

Chloride 0.14 mg/l] EPA 200.7 EnChem 

Iron 0.025 mg/l EPA 200.7 EnChem , 

Manganese 0.00024 mg/l] EPA 200.7 EnChem 

Sulfate 1 mg/l SM4500 SO, C CTE 

(Gravimetric) 

Zinc 0.0035 mg/l EPA 200.7 EnChem 

Alkalinity 6.4 mg/l EPA 310.2 EnChem 

© Ammonia Nitrogen 0.061 mg/l EPA 350.3 EnChem 
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Table 4-1 (Continued) 

Detection 

Parameter Limit Units Method Laboratory 

Boron 0.076 mg/l] EPA 200.7 EnChem 

Calcium 0.016 mg/l EPA 200.7 EnChem 

Conductivity 10 mg/l EPA 120.1 EnChem 

Total Hardness 0.3 mg/l EPA 200.7 EnChem 

Magnesium 0.0056 mg/l EPA 200.7 EnChem 

Organic Nitrogen 0.061 mg/l EPA 350.3/351.4 EnChem 

pH — SU EPA 150.1 EnChem 

Potassium 0.012 mg/l EPA 200.7 EnChem 

Sodium 0.260 mg/l] EPA 200.7 EnChem 

Total Dissolved 2.0 mg/l EPA 160.1 EnChem 
Solids 

Total Nitrogen 0.053 mg/l EPA 351.4 EnChem © 

Total Phosphorus 0.005 mg/l EPA 365.1 EnChem 

B. Sample Size and Preservation Requirements 

Metals, Hardness : 

1000 ml plastic preserved with nitric acid to pH<2 

Cyanide 

250 ml preserved with sodium hydroxide and ascorbic acid to pH>12 

Fluoride, Chloride, Sulfate, Conductivity, Alkalinity, Total Dissolved Solids, pH | 

1000 ml unpreserved 

Nitrate + Nitrite Nitrogen, Ammonia Nitrogen, Organic Nitrogen, Total Nitrogen, 

Total Phosphorus 

1000 ml preserved with sulfuric acid to pH<2 

Prepared by: RTJ 
Checked by: GJB1/JF1 @ 
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Table 4-2 

© 
Reverse Osmosis Partial Chemical Characterization Testing Schedule 

Parameter Limit Units Method Laboratory 

-Cyanide 0.0034 mg/l EPA 335.4 EnChem 

Nitrate + Nitrite 0.026 mg/l EPA 353.2 EnChem 

Selenium 0.0023 mg/l EPA 270.2 EnChem 

Thallium 0.0033 ug/l EPA 1638N SW 846-1638 Battelle 

Sulfate 1 mg/l SM4500 S0,-C CTE 

(Gravimetric) 

Calcium 0.016 mg/l EPA 200.7 EnChem 

Magnesium 0.0056 mg/l EPA 200.7 EnChem 

Barium 0.00040 mg/l EPA 200.7 EnChem 

TDS 2.0 mg/I EPA 160.1 EnChem 

@ Conductivity 10 mg/l EPA 120.1 EnChem 

Antimony 0.006 ug/l SW 846-1638 Battelle 

Cadmium 0.000006 mg/l SW 846-1638 Battelle 

Chromium 0.0003 mg/l SW 846-1638 Battelle 

(Total) 

Copper 0.000030 mg/l] SW 846-1638 Battelle 

Lead 0.000002 mg/] SW 846-1638 Battelle 

Nickel 0.00003 mg/] SW 846-1638 Battelle 

Prepared by: RT) 
Checked by: GJB1/JJF1 

© 
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Table 4-3 

Phase 1 Laboratory Analytical Data 

Blank Feed Water 50% Recovery 70% Recovery 75% Recovery 80% Recovery 

NMC-RO-1 NMC-RO-2 NMC-RO-3 NMC-RO-4 NMC-RO-5 NMC-RO-6 
Parameter (mg/l) (mg/1) (mg/l) (mg/l) (mg/l) (mg/l) 

Antimony 0.0000569 0.000213 0.0000271 ! 0.0000325 0.0000413 0.0000405 

Arsenic 0.0035 <0.0033 NR NR NR 0.004 

Barium 0.00051 0.026 <0.00015 <0).00015 <0.00015 <0.00015 

w Cadmium 0.00000971 0.00225 0.00000719 ! 0.00000818 0.00000949 <0.000007 

N Chromium 0.00138 0.00609 0.0000502 ! <0.000047 <0.000047 0.000123 

Copper 0.000263 0.0694 0.00918 ! 0.0137 0.0193 0.00953 

Lead 0.000105 0.00563 <0.0000296 ' <0.000025 <0.000025 <0.000025 

Mercury 0.00000154 0.000424 NR NR NR 0.0000116' 

Nickel 0.00441 0.0392 0.000282 0.000452 0.000594 0.000363 

Selenium <0.00044 0.28 0.0017 0.0024 0.0033 0.0014 

Silver <0.00058 0.0032 NR NR NR <0.00058 

Thallium <0.0000013 0.0182 0.000617 ' 0.00108 0.0016 0.000595 

Iron <0.0023 0.054 NR NR NR <0.0023 

Manganese 0.0015 0.087 NR NR NR 0.0006 
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Table 4-3 (Continued) 

Blank Feed Water 50% Recovery 70% Recovery 75% Recovery 80% Recovery 

NMC-RO-1 NMC-RO-2 NMC-RO-3 NMC-RO-4 NMC-RO-5 NMC-RO-6 

Parameter (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

Zinc 0.002 0.11 NR NR NR <0.00095 

Ammonia <0.061 4.5 NR NR NR 0.18 

Calcium 0.26 150 0.4 0.57 0.9 0.35 

Magnesium 0.082 45 0.12 0.18 0.28 0.11 

Potassium 0.0098 14 NR NR NR 0.46 

w Sodium 0.23 16 NR NR NR 0.66 
oe 

* Chloride 1.4 <0.14 NR NR NR <0.14 

Sulfate 2 641 2 3 7 3 

Cyanide <0.0034 0.12 0.034 0.038 0.044 0.027 

Fluoride <0.014 0.24 NR NR NR <0.014 | 

Nitrate + 0.11 6.1 0.23 0.34 0.48 0.22 

Nitrite 

Alkalinity <6.4 23 NR NR NR <6.4 

NR = _ No Test Performed. Prepared by: MLD2 
Checked by: JJF1 

' Replicate data is averaged 
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After completion of the blank run, 50 gallons of batch 1 feed water was added to the feed tank 

for the RO test unit. An antiscalent, 0.39 ml of Flowcon 260, was added to simulate a full scale © 

production dosage of approximately 5 ppm. A makeup quantity of lead consisting of 104 ml of 

10,000 ppb of lead as lead sulfate was also added. The lead was added to correct a feed water 

shortage of lead. 

A sample of the feed water was taken from the feed tank. A complete chemical characterization 

as per Table 4-1 was completed on the sample. The analysis results are presented in Table 4-3. 

The sample was labeled NMC-RO-2. 

Following sample collection, the reverse osmosis pumps were turned on and the feed water was 

pumped through the reverse osmosis unit. At the 50% recovery point, a sample of the permeate 

was taken from the permeate collection hose. A partial chemical characterization as per 

Table 4-2 was completed on the sample. The analytical results are presented in Table 4-3. The 

sample was labeled NMC-RO-3. 

The reverse osmosis pumps continued to run, and at the 70% recovery point a sample of the 

permeate was again taken from the permeate collection hose. A partial chemical characterization 

as per Table 4-2 was completed on the sample. The analytical results are presented in Table 4-3. 

The sample was labeled NMC-RO-4. 

The reverse osmosis pumps continued to run, and at the 75% recovery point a sample of the 

permeate was taken from the permeate collection hose. A partial chemical characterization as © 

per Table 4-2 was completed on the sample. The analytical results are presented in Table 4-3. 

The sample was labeled NMC-RO-S. 

The reverse osmosis pumps continued to run, and at the 80% recovery point the pumps were shut 

down. A sample of the composite permeate was taken from the permeate collection tank. A 

complete chemical characterization as per Table 4-1 was completed on the sample. The 

analytical results are presented in Table 4-3. The sample was labeled NUC-RO-6. This 

concluded the Phase 1 testing. A summary of the Phase 1 testing is presented in Table 4-4. 

4.3. Phase 2, Multiple Pass RO Evaluation 

The RO membrane used in this evaluation was the same as that used for the Phase 1 testing, an 
Osmonics Model No. 192T-MS12 polyamide thin film composite membrane. Deionized water | 

was run through the RO test unit for 10 minutes. The source of the deionized water was RO 
permeate generated at the Osmonics facility from another RO unit. The RO unit generating the 

deionized water used city water as the feed. 

After completion of the blank run, 50 gallons of batch 2 feed water were added to the feed tank 

for the RO test unit. An antiscalent, 0.40 ml of Flowcon 260, was added to simulate a full scale 

production dosage of approximately 5 ppm. A makeup quantity of lead consisting of 104 ml of 

10,000 ppb of lead as lead sulfate was also added. The lead was added to correct a feed water © 
shortage of lead. 
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© Table 4-4 

Phase 1 Sample Descriptions 

Sample ID Testing Description 

NMC-RO-1 Complete, per Blank Permeate: The sample 1s from the composite 

Table 4-1 permeate using deionized water as the feed. 

NMC-RO-2 Complete, per Synthetic wastewater: The sample is from the feed tank 

Table 4-1 after mixing all of the Batch 1 feed water samples in the 

feed tank. 

NMC-RO-3 Partial, per Permeate, 50% recovery: The sample is from the permeate 

Table 4-2 hose at the 50% recovery point of Phase 1 testing. 

NMC-RO-4 Partial, per Permeate, 70% recovery: The sample is from the permeate 

Table 4-2 hose at the 70% recovery point of Phase | testing. 

NMC-RO-5 Partial, per Permeate, 75% recovery: The sample is from the permeate 

Table 4-2 hose at the 75% recovery point of Phase 1 testing. 

NMC-RO-6 Complete, per Composite permeate, 80% recovery: The sample is from 

© Table 4-1 the permeate collection tank at the 80% recovery point of 

Phase | testing. 

Prepared by: JJF1 
Checked by: HJA 
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A sample of the feed water was taken from the feed tank. A complete chemical characterization 

as per Table 4-1 was completed on the sample. The analytical results are presented in Table 4-5. © 

The sample was labeled NMC-RO-7. 

The reverse osmosis pumps were turned on and the synthetic wastewater was pumped through 

the unit. The pumps were shut down at the 75% recovery point. A sample of the composite 

permeate was taken from the permeate collection tank. A complete chemical characterization as 

per Table 4-1 was completed on the sample. The analytical results are presented in Table 4-5. 

The sample was labeled NMC-RO-8. 

The permeate from the first pass was set aside and the reverse osmosis membrane was replaced 

with the same Model No. 192T-MS12 poly amide thin film composite membrane. Deionized 

water was then run through the RO test unit for 66 minutes. Samples from this blank run were 

taken and analyzed for possible contamination. A complete chemical characterization as per 

Table 4-1 was completed on the sample. The analytical results are presented in Table 4-5. The 
sample was labeled NMC-RO-9. 

The remaining RO deionized water used to rinse the system and to test for membrane leakage 

after membrane replacement was removed from the feed tank. The permeate from the first pass 

was then pumped into the feed tank. The transfer pump and hose were previously cleaned with 

citric acid and deionized water before the first pass permeate was transferred into the feed tank. 

The second pass was then run to 80% recovery. Duplicate samples of the composite permeate © 

were taken from the permeate collection tank. A complete chemical characterization as per 

Table 4-1 was completed on the samples. The analytical results are presented in Table 4-5. The 

samples were labeled NUC-RO-10 and NMC-R-11. This concluded the Phase 2 testing. A 

summary of the Phase 2 testing is presented in Table 4-6. 
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® © © 

Table 4-5 

Phase 2 Laboratory Analytical Data 

| Feed Water Ist Pass Permeate Blank 2nd Pass Permeate 2nd Pass Duplicate 

NMC-RO-7 NMC-RO-8 NMC-RO-9 NMC-RO-10 NMC-RO-11 

Parameter (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

Antimony 0.000336 0.0000518 0.0000367 0.0000221 0.00003 12 

Arsenic 0.0089 0.000155 0.0000512 0.0000355 0.0000338 

Barium 0.014 <0.000067 <0.000067 <0.000067 <0.000067 

w Cadmium 0.0023 <0.000007 0.000023 1 0.00000773 0.00000993 

Ss Chromium 0.00234 <0.000047 0.000329 0.00029 0.000307 

Copper 0.0664 0.00523 0.00077 0.00266 0.00272 

Lead 0.0046 <0.000025 0.0000315 <0.000025 <0.000025 

Mercury 0.000245 0.00003 16 0.00000333 0.00000256 0.00000212 

Nickel 0.0339 0.000196 0.000827 0.000559 0.000565 | 

Selenium 0.24 0.0015 0.0018 0.0005 0.0005 

Silver 0.0021 <0.00059 <0.00059 <0.00059 <0.00059 

Thallium 0.0161 0.000475 0.000407 0.00008 0.0000754 

Iron 0.015 <0.0028 <0.0028 <0.0028 <0.0028 

Manganese 0.086 <0.00014 0.00055 <0.00014 <0.00014 | 
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Table 4-5 (Continued) 

Feed Water Ist Pass Permeate Blank 2nd Pass Permeate 2nd Pass Duplicate 

NMC-RO-7 NMC-RO-8 NMC-RO-9 NMC-RO-10 NMC-RO-11 
Parameter (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

Zinc 0.1 0.0011 0.0023 0.0035 0.0014 

Ammonia 4.1 0.25 0.12 <0.061 <0.061 

Calcium 190 0.45 1.3 0.38 0.37 

Magnesium 73 0.18 0.48 0.13 0.14 

Potassium 24 0.61 0.45 0.11 0.096 

t Sodium 87 2.1 1.5 0.46 0.4 

~ Chloride 110 <0.14 <0.14 <0.14 <0.14 

Sulfate 639 <1 4 <1 l 

Cyanide 0.12 0.021 0.011 0.012 0.013 

Fluoride 2.4 <0.014 <0.014 <0.014 <0.014 

Nitrate + Nitrate NR NR NR NR <0.026 

Alkalinity 170 <6.4 <6.4 <6.4 <6.4 

NR = NoResults Prepared by: MLD2 
Checked by: JJF1 
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; Table 4-6 

Phase 2 Sample Description 

Sample ID Testing Description 

NMC-RO-7 Complete, per Synthetic wastewater: The sample is from the feed tank 
Table 4-1 after mixing all of the Batch 2 feed water samples in the 

feed tank. 

NMC-RO-8 Complete, per Composite permeate, 75% recovery: The sample is from 

Table 4-1 the permeate collection tank at the 75% recovery point of 

Phase 2, first pass testing. 

NMC-RO-9 Complete, per Blank Permeate: The sample is from the composite 

Table 4-1 permeate using deionized water as the feed. This blank run 

was completed after a new membrane was installed at the 

end of the first pass. 

NMC-RO-10 Complete, per Composite permeate, 80% recovery: The sample is from 

Table 4-1 the permeate collection tank at the 80% recovery point of 

Phase 2, second pass testing. 

© NMC-RO-11 Complete, per Duplicate composite permeate, 80% recovery: The sample 

Table 4-1 is from the permeate collection tank at the 80% recovery 

point of Phase 2, second pass testing. 

Prepared by: JJF1 
Checked by: GJB1 
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5 Data Use | 

The data generated from the RO treatability study can be used to calculate system passage rates. : 

The passage rates can then be used to estimate effluent characteristics for a full scale RO system. 

These calculations and estimates are presented in Section 6 of the project's Preliminary 

Engineering Report for Wastewater Treatment Facilities for the Crandon Project (Foth & 

Van Dyke, 1995/1998). 

CER1\93CO49\GBAPP\69239.61\10000 Reverse Osmosis Treatability Study for the Crandon Project Foth & Van Dyke * 18 
November 20, 1998 

B-20



@ 6 References 

Foth & Van Dyke, September 1995/1998. Preliminary Engineering Report for Wastewater 
Treatment Facilities for the Crandon Project. 

Foth & Van Dyke, May 1998. Bench Scale Evaluation of Reverse Osmosis Method for 

Wastewater Treatment. 

CER1\93CO49\GBAPP\69239.61\10000 Reverse Osmosis Treatability Study for the Crandon Project Foth & Van Dyke * 19 
November 20, 1998 

B-21



Appendix A e 

Treatability Study Analytical Sampling and Testing Protocol 
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; Treatability Study Analytical Sampling and Testing Protocol 

The intent of this detailed sampling procedure is to prevent contamination from being introduced 

into the samples prior to analysis. It is the responsibility of the sample collection team to 

continuously look for potential sources of contamination and eliminate them. 

A.1 Sampling Considerations - Low-Level Metals 

A.1.1 Equipment 

The primary concern for equipment is cleanliness. Clothing and equipment used 

in this study should be dedicated to the study. If equipment or clothing becomes 

soiled, it must be replaced. 

Sample bottles, preservatives, and other associated equipment will be supplied by 
the laboratory. The laboratory is responsible for proper preparation of the 
equipment. The sample bottles and other equipment will be sealed in plastic bags. 

These bags must not be opened until the time of sample collection. 

A.1.2 Sample Area Preparation 

A clean area for sample handling is to be established by eliminating sources of 
© contamination and by laying down plastic in the area where the study is conducted 

and where samples are collected and prepared for shipment to the laboratory. 

A.1.3. Personnel Preparation 

The sampling program will require, at a minimum, two team members: one to act 

as a sampler; the other will assist. The sampler will don clean outer garments. 

One set of shoulder-length gloves will be put on by both the assistant and the 

sampler. A second set of shoulder-length gloves will be donned by the sampler. 

After the gloves are on, the team members must only touch clean items. If the 

sampler touches anything that is not clean, the outer pair of gloves shall be 
removed and replaced with a clean set of gloves. If the assistant has to leave the 

clean area, a new pair of gloves shall be donned when returning. | 

A.1.4 Sampling Procedure 

It is the intent to collect all samples by hand with a gloved person. The assistant 

shall pick up a double-bagged sample bottle and open the outer bag. The sampler 

shall reach into the outer bag and open the inner bag, removing the sample bottle. 
The cap for the sample bottle shall remain securely closed until the actual sample 
is collected. At the time of sample procurement, the cap is removed and the 

© sample bottle is filled. The sample bottle will then be immediately recapped. The 

contents shall be shaken and then discarded. The sample bottle will then be 
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refilled to approximately 90% of its volume to allow for the introduction of the 

preservative. The sampler will recap the bottle and proceed to the clean area © 

where the preservative will be added. The assistant will then open the outer bag 

for the preservative vials, allowing the sampler to reach in and open the inner bag, 

removing the appropriate preservative. The sampler will remove the bottle cap 

(placing it in a contaminant-free area), add the preservative to the sample, and 

recap the sample. The single bottle will be placed into the inner bag of the double 

bag system and the inner bag will be closed by the sampler. The bag and bottle 

will then be put into the outer bag and closed by the assistant. The bottle will then 

be put into a cooler and iced. 

A.2 Sampling Considerations - Standard Analytes 

There will be minor differences between the methods for sampling low-level metals and 

those used for standard analytes. The methods described for low-level metals will be 

followed for the standard analytes except as provided below. 

A.2.1 Sampling Bottles 

The sampling bottles and preservatives are to be provided by the laboratories 

completing the analyses. The sample containers and preservative vials will not be 

double bagged. The bottles will be sealed and the integrity maintained by keeping 

them in the coolers provided by the laboratory. © 

A.2.2 Personnel Preparation 

As with the sampling program for low level metals, two team members will work 

together to complete the sampling. However, in the case of standard parameters, 

this is for convenience, not because of the need to have one of the team members . 

isolated from potential contamination. 

The sampling team members may wear one set of shoulder length gloves for 

protection and to provide cleanliness during the sampling. There will be no need 

to have the sampling personnel wear two sets of gloves. If the sampler were to 

touch anything that was not clean, such as the ground or vegetation, while 

entering a stream, the pair of gloves are to be removed and replaced with a clean | 

set of gloves. 

A.2.3 Sampling Procedure | 

It is the intent to collect all of the samples by hand with a gloved person. There 

will be no need to double bag sample bottles; therefore, the addition of 

preservatives will be completed utilizing the coolers as a clean work surface. All 

other sampling procedures will remain the same. © 
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A.3 Sample Documentation 

© Personnel shall use only bound field logbooks for the maintenance of field records. Other 
bound logbooks, such as bound surveyors logbooks, are acceptable so long as pages 
cannot be removed without tearing them out. 

A log book will be dedicated to this project. The field technician's name, project name, 
and project code will be entered on the inside of the front cover of the logbook. All 
entries will be dated and time of entry recorded. At the end of each day's activity, or 
entry of a particular event if appropriate, the field technician will draw a diagonal line at 
the conclusion of the entry and initial indicating the conclusion of the entry or the day's 
activity. 

All aspects of sample collection and handling as well as visual observations shall be 
documented in the field logbooks. All sample collection equipment (where appropriate), 
field analytical equipment, and equipment used to make physical measurements shall be 
identified in the field logbooks. All calculations, results, and calibration data for field 
sampling, field analytical, and field physical measurement equipment shall also be 
recorded in the field logbooks. All field analyses and measurements must be traceable to 
the specific piece of field equipment used and to the field investigator collecting the 
sample, making the measurement, or analyses. 

© All entries in field logbooks shall be dated, shall be legible, and shall contain accurate 
and inclusive documentation of an individual's project activities. Since field records are 
the basis for later written reports, language will be objective, factual, and free of personal 
feelings or other terminology which might prove inappropriate. Once completed, these 
field logbooks become accountable documents and must be maintained as part of project 
files. 

A.4 Sample Preservation 

Table A-1 indicates the parameter, container type, minimum sample volume, preservation 
requirements and holding times. 

Those samples requiring thermal preservation will be cooled with wet ice to 
reduce/maintain the sample container environment at 4°C. The ice should be wetted ice — 
that is in full contact with the sample containers. (Blue ice is not acceptable.) For 
samples which require pH adjustment as a means of preservation, EnChem, Inc. will 
provide sample containers with preservatives and sufficient additional preservative from 
the same source such that the field sampler can add additional preservatives if necessary. 
The pH of the sample will be checked by removing an aliquot of the sample, checking the 
pH with pH paper and adjusting the pH by adding additional preservative (if necessary). 
If equipment blanks are to be collected, the same amount of acid is added to the blank as 

© to the sample. 
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If the samples arrive at the laboratory with water and ice remaining in the cooler, the 

laboratory can assume that the sample temperature is 4°C. If no ice remains, the © 

laboratory shall make a temperature reading and record the temperature reading. 

A.5 Sample Dispatch 

Samples collected are to be placed into insulated shipping containers and prepared for 

delivering to the laboratory. The sample containers, within the shipping container, shall 

be placed such that there was no movement of sample containers. Samples requiring — 

thermal preservation shall be transported with wet ice. Strapping tape is to be used to 

seal the containers along with numbered seals to provide sample security. Containers 

shall be appropriately labeled for shipment. 

— Shipment containers shall be delivered to the laboratory by the sampling team, shipped via 

courier or shipped via common carrier to the laboratory for analysis. Copies of the chain-of- 

custody form and any shipping forms shall accompany the samples. The laboratory is to be 

notified in advance of the forthcoming shipment. 
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@ Table A-1 

Sample Container, Preservation Methods, Holding Times 
eee 

Sample Container Volume 
Parameter Type (ml) Preservative? Holding Time‘ 

Alkalinity P,G 100 cool, 4°C 14 dy 

Bicarbonate P,G 100 cool, 4°C 14 dy 
Alkalinity 

Carbonate P,G 100 cool, 4°C 14 dy 
Alkalinity 

Chloride P,G 50 none 28 dy 

Cyanide P,G 250 NaOH,pH>12! 14 dy 

Fluoride P,G 300 none 28 dy 

Hardness P,G 100 HNO,,pH<2 6 mo. 
| cool, 4°C 

© Nitrogen 

Ammonia P,G 500 H,SO,,pH<2 28 dy 
cool, 4°C 

Kjeldahl P,G 500 H,SO,,pH<2 28 dy 
cool, 4°C 

Nitrate P,G 50 cool, 4°C 48 hr 

pH P,G 25 none immediate 

Phosphorous 
total P,G 100 H,SO,,pH<2 28 dy 

cool, 4°C 

Solids 

total P,G 100 cool, 4°C 7 dy 
suspended P,G 100 cool, 4°C 7 dy 
dissolved P,G 100 cool, 4°C 7 dy 

Sulfate P,G 100 cool, 4°C 28 dy 

Turbidity P,G 100 cool, 4°C 48 hr 
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Table A-1 (Continued) 

_________. @ 
Sample Container Volume 

Parameter Type (ml) Preservative’? Holding Time’ 

Metals 
total P 2000 HNO,, pH <2 6 mo 

Mercury P 500 HNO,, pH <2 28 dy 

P = Plastic Prepared by: RT) 

PE = Pre-extraction Checked by: GJB1 

G = Glass 
C = Completion 

HNO, = Nitric Acid 
HCl = Hydrochloric Acid 

NaOH = Sodium Hydroxide 

! If residual chlorine is present, 0.6 gm ascorbic acid will be added; if sulfide is present, samples must 

be pretreated in the field or must be shipped unpreserved at 4°C to the laboratory for analysis within 

24 hours. 
2 Sample preservation will be performed immediately upon sample collection. For composite chemical 

samples, each aliquot will be preserved at the time of collection. When use of an automated sampler 

makes it impossible to preserve each aliquot, then chemical samples may be preserved by maintaining 

at 4°C until compositing and sample splitting is completed. © 

3 When any sample is to be shipped by common carrier or sent through the United States Mails, it must 

comply with the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

The person offering such material for transportation is responsible for ensuring such compliance. For 

the preservation requirements of Table II, the Office of the Hazardous Materials, Materials 

Transportation Bureau, Department of Transportation has determined that the Hazardous Materials 

Regulations do not apply to the following materials: Hydrochloric acid (HCI) in water solutions at 

concentrations of 0.04% by weight or less (pH about 1.96 or greater); Nitric acid (HNO,) in water 

solutions at concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric acid 

(H,SO,) in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or greater); 

and Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or less (pH 

about 12.30 or less). 

4 Samples will be analyzed as soon as possible after collection. The times listed are the maximum times 

that samples may be held before analysis and still be considered valid. Some samples may not be | 

stable for the maximum time period given in the table. A permittee, or monitoring laboratory, is 

obligated to hold the sample for a shorter time if knowledge exists to show that this is necessary to | 

maintain sample stability. See § 136.3(e) for details. 
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@ 1 Introduction 

Nicolet Minerals Company (NMC) is planning to develop a zinc/copper mine near Crandon, 

Wisconsin. As part of project operations, treated effluent from the mine will need to be 
discharged to waters of the state. The Wisconsin Department of Natural Resources (WDNR) will 

establish specific standards that the discharge waters will need to meet. These standards are 

specific to discharge type and location. A discharge to a stream may be assigned different 

standards than a discharge to groundwater or to a mitigation site. Standards for discharging to 

each selected water body will be set individually by the WDNR. 

The primary technology proposed for the treatment of mine water is a lime/sulfide filtration 

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 by the 

lime/sulfide process to levels suitable for discharge to groundwater or for use at all potential 

mitigation sites. Therefore, advanced treatment may be necessary to provide additional treatment 

for the cations and anions of concern such that the treated water will meet the standards set by 

the WDNR. One of the treatment technologies under consideration by NMC is evaporation. A 

bench scale treatability study has been completed to assess the ability of the evaporation 

technology to meet WDNR effluent standards. The implementation of this study does not 

preclude techniques that may replace or complement the evaporation technology. 

A detailed work plan outlining the proposed study was submitted to the WDNR on August 17, | 

© 1998 (Foth & Van Dyke, 1998). This document is titled Bench Scale Evaluation of Evaporation 

Method for Wastewater Treatment. A detailed report describing the completed study is 

presented in this document. Section 2 of this report provides background information pertaining 

to treatability studies previously completed for the project. Section 3 of this report discusses 

feed water generation for the study. Section 4 discusses the treatability study protocol and the 

treatability study results. Section 5 presents information relating to the planned use of the 

generated data. 
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2 Previous Treatability Studies @ 

Previous studies evaluating the performance of lime/sulfide treatment were presented in the 

Preliminary Engineering Report (PER) (Foth & Van Dyke, 1995/1998) completed for the 
Crandon Project. This evaluation characterized the untreated wastewater which is anticipated 

from the proposed project and evaluated the ability of the lime/sulfide process to treat wastewater 
to levels acceptable for discharge to the Wisconsin River. These previous studies were not 
intended to be used to demonstrate the ability of lime/sulfide treatment to meet groundwater 
discharge standards or standards for discharge to surface waters needing mitigation. 
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e 3 Feed Water Preparation 

The evaporation system treatability study was undertaken to assess the ability of evaporation 

treatment technology to produce an effluent suitable for discharge to groundwater or for use as 

mitigation water. The feed water used for the test was prepared (Table 3-1) based on the 

maximum anticipated concentration for each individual constituent that may be present in the 

effluent from the lime/sulfide treatment process. Due to the solubility of individual constituents 
and the ionic strength of the total solution, the final concentrations in the feed water of some of 

the constituents are likely not achievable due to precipitation. The effluent was produced by 

mixing the reagents listed in Table 3-1 with deionized water. 

U.S. Filter/HPD, Plainfield, Illinois, a manufacturer of evaporation treatment systems, completed 

the evaporation treatability test. A total of 40 gallons of feed water was generated for the study. 
This consisted of two water batches: Recipe 1 and Recipe 2. Twenty gallons of feed water was 

generated in accordance with Table 3-1. This batch is referred to as "Recipe 1". An additional 

20 gallons of feed water was generated by increasing the target constituent concentrations in 

Table 3-1 by a factor of 10. This batch is referred to as "Recipe 2". The rationale for using two 

different feed water batches is discussed in Section 4. The feed water was shipped to 

U.S. Filter/HPD in new plastic containers. Preparation of feed water was coordinated by Foth & 

Van Dyke. 

A sample of the Recipe 1 feed water was analyzed to document its composition and to provide 

© data for use as a basis of comparison to other samples taken during the test. The sample was 

analyzed at EnChem, Inc., a Green Bay, Wisconsin, commercial laboratory. The majority of the 

testing was performed by EnChem, Inc. Low level metal and sulfate analyses were performed on 

behalf of EnChem, Inc., by Battelle Marine Science Lab, Sequim, Washington, and Commercial 

Testing & Engineering, Denver, Colorado, respectively. The sample was collected as described 

in Appendix A at the evaporator manufacturers' facility from the Recipe 1 container during the 

test run, as described in Section 4. 

Differences in Table 3-1 between target concentrations and actual feed water concentrations are 

likely attributable to the effects discussed above. | 
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Table 3-1 e 

Feed Water Preparation 

Recipe 1 Actual 

Target Feed Water 

Concentrations Concentrations 

Parameter (mg/l) (mg/I) | Chemical Additive 

Antimony 0.01 0.00113 SbCl, 

Arsenic 0.01 0.00232 As,O, 

Barium 0.16 0.022 BaSO, 

Cadmium 0.002 0.00119 = 3CdSO,:*8H,O 

Chromium 0.01 0.00182 CrCl, - 6H,0 

Copper 0.08 0.0365 CuSO, ° 5H,O 

Lead 0.006 0.000967 PbSO, 

Mercury 0.000040 0.00000671 HgSO, 

Nickel 0.04 0.0329 NiSO, - 6H,O © 

Selenium 0.29 0.23 SeQO, 

Silver 0.002 0.0013 Ag,SO, 

Thallium 0.02 0.0127 TICNO,), - 3H,O 

Iron 0.081 <0.039 FeSO, - 7H,O 

Manganese 0.064 0.074 MnSO, - 4H,0 

Zinc 0.1 0.11 ZnSO, : 7H,0 

Ammonia 7 4.5 (NH,), SO, 

Calcium 190 150 CaSO, | 

Magnesium 87 40 MgSO, 

Potassium 14 14 K,SO, 

Sodium 51 200 —! 

Chloride 47 <0.14 — 

© 
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Table 3-1 (Continued) | 

Recipe 1 Actual 

Target Feed Water 
Concentrations Concentrations 

Parameter (mg/l) (mg/l) Chemical Additive 

Sulfate 1246 938 Na,SO,? 

Cyanide 0.13 0.032 NaCN 

Fluoride 0.21 0.030 NaF : 

Nitrate + Nitrite 22 5.8 NaNO, 

Alkalinity 17 16 NaHCO, 

Na is added with Na,SO,, NaCN, NaF, NaNO,, NaNO,, and NaHCO. 
* Cl is added with SbCl, and CrCl, - 6H,0. The synthetic concentration of Cl is less than the target 
concentration because adding additional Cl will cause a corresponding cation (Na) increase above the 
cation (Na) target level. 

* SO, is added with various other chemicals. Na,SO, is added to increase the SO, to the target level. 

Prepared by: JJF1 
© Checked by: HJA 
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4 Treatability Study Protocol @ 

U.S. Filter/HPD completed the treatability study evaluation in conjunction with Foth & Van 

Dyke. The treatability study was completed at the U.S. Filter/HPD Plainfield, Illinois, site. 

Operation and monitoring of the evaporation equipment was conducted by U.S. Filter/HPD 

personnel. The equipment consisted of a standard stirred tank treatability study evaporator 

system. 

Foth & Van Dyke collected the necessary samples for analytical testing and coordinated 

shipment to EnChem, Inc. Since the levels of detection needed for this evaluation were below 

those normally used, Foth & Van Dyke used clean techniques for the collection, preservation, 

and handling of the samples. The sample collection and handling procedures are presented in 

Appendix A. Two representatives of the WDNR were in attendance at the U.S. Filter/HPD 

facility for portions of the evaporation treatability study. 

The U.S. Filter/HPD testing facility was prepared for the test by reducing potential sources of 

contamination such as airborne dust. A plastic enclosure was built around the treatability study 

evaporator. The isolation of the test apparatus lowered the possibility of dust particles 

contaminating the samples. 

U.S. Filter/HPD cleaned the bench scale equipment with citric and hydrochloric acid, followed 

by rinsing with deionized water prior to the start of the testing. The distillate collection © 

containers were new HDPE containers rinsed with deionized water. 

A "blank" run of the evaporator system was conducted for quality control purposes. Deionized 

water was used as the feed for the blank run. The blank run was conducted using the same 

equipment planned for use with feed water. A sample of the deionized feed water was collected 

and analyzed. The sample was labeled NMC-Evap-1. The analytical test methods are listed in 

Table 4-1. The analytical results are presented in Table 4-2. 

The evaporator was initially operated for ten hours using the deionized water as the feed. 

Sufficient condensate was generated during the blank run to meet the testing sample volume 

requirements defined in Table 4-1. The condensate was collected and stored in a sealed HDPE 

container. Samples of the condensate were taken from the HDPE container and analyzed per the 
procedures identified in Table 4-1. The results are presented in Table 4-2. The sample was | 
labeled NMC-Evap-2. 

After the blank run, the concentrated feed water (Recipe 2) was used as the feed for the 

evaporator unit to shorten the time required to produce a concentrated brine in the evaporation 

unit so the actual test using Recipe 1 could proceed. The evaporator was operated with Recipe 2 

feed water until the unit obtained a concentration factor representative of the estimated full scale 
operating conditions. For this portion of the test, the volume of Recipe 2 feed water was reduced 
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by a concentration factor of 15. Since Recipe 1 is a factor of 10, less concentrated than Recipe 2, 

© the volume reduction factor would be 150 when the test is performed on Recipe 1 feed water. 

Recipe 1 feed water was then used as the feed for the evaporator unit. The test was performed at 

a steady state by maintaining the same concentration of solids 1n the evaporator. The evaporator 

was operated at these steady state conditions for an additional 24 hours. The condensate from 

this one-day operational check period was discarded. After the initial 24-hour period, the 

evaporator continued to operate at steady state conditions using the Recipe 1 feed water. The 

condensate from this run was collected in an HDPE container. By running the evaporator at a 

steady state condition, with a concentrated brine solution in the heated chamber, the 

concentration of the brine solution becomes the controlling factor in the performance of the 
system. This means that for two different feed water flow rates, if the mass loading to the 

evaporation system is the same, the flow rate to the system will not affect condensate quality. In 

other words, the condensate quality will be the same if high volumes of lime/sulfide treatment 

effluent were fed directly to a system, versus lower volumes of reject water from an RO system 

used to further treat the effluent from the same lime/sulfide system. This also allows for the use 

of the data collected from the test in the evaluation of evaporation for treatment of RO reject 

water. 

As part of the test, samples of Recipe 1 feed water were collected and analyzed. The samples 

were collected from the feed water container which was used to feed the evaporator. The sample 

was labeled NMC-Evap-3. The analytical results are presented in Table 4-2. After a total of 30 

© hours of operation with Recipe 1 feed water, samples of the condensate were collected and also 
analyzed. The sample was labeled NMC-Evap-4. The analytical results are presented in 

Table 4-2. 
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Table 4-1 @ 

Evaporation Study Laboratory Analytical Test Methods 

A) Parameter List 

Detection 

Parameter Limit Units Method Laboratory 

Antimony 0.006 ug/l SW 846-1638 Battelle 

Arsenic 0.00246 ug/l EPA 1638M | Battelle 

Barium 0.00040 mg/l EPA 200.7 EnChem 

Cadmium 0.000006 mg/l SW 846-1638 Battelle 

Chromium (Total) 0.0003 mg/l SW 846-1638 Battelle 

Copper 0.000030 mg/l SW 846-1638 Battelle 

Cyanide (Total) 0.0034 mg/I| EPA 335.4 EnChem 

Fluoride 0.075 mg/l SM 4500FC EnChem 

Lead 0.000002 mg/l SW 846-1638 Battelle @ 

Nickel 0.00003 mg/l SW 846-1638 Battelle 

Mercury 0.10 ng/l SW 846-1631 Battelle 

Nitrate + Nitrite 0.026 mg/l EPA 353.2 EnChem 

Selenium 0.0023 mg/l EPA 272.2 EnChem 

Silver 0.0020 mg/l EPA 272.2 EnChem 

Thallium 0.0033 ug/l SW 846-1638 Battelle 

Chloride 0.14 mg/l] EPA 325.1 EnChem 

Iron 0.025 mg/l EPA 200.7 EnChem | 

Manganese 0.00024 mg/l EPA 200.7 EnChem 

Sulfate l mg/l SM4500 SO, C CTE 
(Gravimetric) 

Zinc 0.0035 mg/l EPA 200.7 EnChem 

Alkalinity 6.4 mg/l SM2320B EnChem 

Ammonia Nitrogen 0.061 mg/l EPA 350.3 EnChem © 
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: Table4-1 (Continued) 

Detection 

Parameter Limit Units Method Laboratory 

Nickel 0.000016 mg/l] SW 846-1638 Battelle 

Boron 0.076 mg/l EPA 200.7 EnChem 

Calcium 0.016 mg/l EPA 200.7 EnChem 

Conductivity 10 mg/l EPA 120.1 EnChem 

Total Hardness 0.3 mg/l EPA 200.7 EnChem 

Magnesium 0.0056 mg/l EPA 200.7 EnChem 

Organic Nitrogen 0.061 mg/I EPA 350.3/351.4 EnChem 

pH — SU EPA 150.1 EnChem 

Potassium 0.012 mg/l EPA 200.7 EnChem 

Sodium 0.260 mg/l EPA 200.7 EnChem 

Total Dissolved 2.0 mg/l EPA 160.1 EnChem 

© Solids 

Total Nitrogen 0.053 mg/l EPA 351.4 EnChem 

Total Phosphorus 0.005 mg/l EPA 365.1 EnChem 

B. Sample Size and Preservation Requirements 

Metals, Hardness 

1000 ml plastic preserved with nitric acid to pH<2 

Cyanide 

250 ml preserved with sodium hydroxide and ascorbic acid to pH>12 

Fluoride, Chloride, Sulfate, Conductivity, Alkalinity, Total Dissolved Solids, pH | 

1000 ml unpreserved 

Nitrate + Nitrite Nitrogen, Ammonia Nitrogen, Organic Nitrogen, Total Nitrogen, 
Total Phosphorus 

1000 ml preserved with sulfuric acid to pH<2 

Prepared by: RT] 
© Checked by: GJB1/JF1 
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Table 4-2 e 

Evaporation Study Laboratory Analytical Data 

Blank Feed Condensate Water Condensate 

NMC-Evap-1 NMC-Evap-2 NMC-Evap-3 NMC-Evap-4 

Parameter (mg/l) (mg/l) (mg/l) (mg/l) 

Antimony 0.0000122 0.000017 0.00113 0.0000163 

Arsenic 0.000015 <0.00000246 0.00232 0.0000825 

Barium <0.00054 <0.00054 0.022 <0.00054 

Cadmium 0.0000074 0.00001 0.00119 0.00000659 

Chromium 0.00006 0.00007 0.00182 N/A! 

Copper 0.0000246 0.0000533 0.0365 0.000167 

Lead 0.0000129 0.0000441 0.000967 0.0000219 

Mercury 0.00000071 0.0000107 0.00000671 0.000148? 

Nickel 0.0000242 0.0000790 0.0329 N/A! © 

Selenium <0.00033 <0.00033 0.23 <0.00033 

Silver <0.00032 <0.00032 0.0013 <0.00032 

Thallium 0.0000025 0.0000030 0.0127 0.0000144 

Iron <0.039 <0.039 <0.039 <0.039 

Manganese 0.00051 0.00050 0.074 <0.00043 

Zinc <0.0039 <0.0039 0.110 <0.0039 

Ammonia <0.061 <0.061 4.5 9.1 

Calcium 0.041 0.057 150 1.6 | 

Magnesium 0.018 0.013 40 0.27 

Potassium 0.031 0.040 14 0.023 

Sodium 0.13 0.14 200 <0.37 

Chloride <0.14 <0.14 <0.14 <0.14 

Sulfate 9 1 938 <1 © 
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Table 4-2 (Continued) 

Blank Recipe 1 Feed 

Blank Feed Condensate Water Condensate 

NMC-Evap-1 NMC-Evap-2 NMC-Evap-3 NMC-Evap-4 

Parameter (mg/l) (mg/l) (mg/l) (mg/l) 

Cyanide <0.0034 <0.0034 0.032 0.035 

Fluoride 0.095 0.089 0.030 <0.014 

Nitrate + Nitrite <0.026 <0.026 5.8 7.1 

Alkalinity 4.0 2.0 16 16 

'N/A = Results not available due to laboratory quality assurance rejection. 

"Increases in mercury are presumed to be caused by manometer contamination of equipment. 

Prepared by: JJF1 
Checked by: HJA 
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5 Data Use s 

The data generated from the evaporation treatability study can be used to predict the condensate 

quality of a full scale operation. These predictions are presented in Section 6 of the project's 

Preliminary Engineering Report for Wastewater Treatment Facilities for the Crandon Project 

(Foth & Van Dyke, 1995/1998). 
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@ Treatability Study Analytical Sampling and Testing Protocol 

The intent of this detailed sampling procedure is to prevent contamination from being introduced 

into the samples prior to analysis. It is the responsibility of the sample collection team to 

continuously look for potential sources of contamination and eliminate them. 

A.1 Sampling Considerations - Low-Level Metals 

A.1.1 Equipment 

The primary concern for equipment is cleanliness. Clothing and equipment used 

in this study should be dedicated to the study. If equipment or clothing becomes 

soiled, 1t must be replaced. 

Sample bottles, preservatives, and other associated equipment will be supplied by 

the laboratory. The laboratory is responsible for proper preparation of the 

equipment. The sample bottles and other equipment will be sealed in plastic bags. 

These bags must not be opened until the time of sample collection. 

A.1.2 Sample Area Preparation 

A clean area for sample handling is to be established by eliminating sources of 

© contamination and by laying down plastic in the area where the study is conducted 

and where samples are collected and prepared for shipment to the laboratory. 

A.1.3 Personnel Preparation 

The sampling program will require, at a minimum, two team members: one to act 

as a sampler; the other will assist. The sampler will don clean outer garments. 

One set of shoulder-length gloves will be put on by both the assistant and the 

sampler. A second set of shoulder-length gloves will be donned by the sampler. 

After the gloves are on, the team members must only touch clean items. If the 

sampler touches anything that is not clean, the outer pair of gloves shall be 
removed and replaced with a clean set of gloves. If the assistant has to leave the 

clean area, a new pair of gloves shall be donned when returning. | 

A.1.4 Sampling Procedure 

It is the intent to collect all samples by hand with a gloved person. The assistant 

shall pick up a double-bagged sample bottle and open the outer bag. The sampler 

shall reach into the outer bag and open the inner bag, removing the sample bottle. 
The cap for the sample bottle shall remain securely closed until the actual sample 
is collected. At the time of sample procurement, the cap is removed and the 

© sample bottle is filled. The sample bottle will then be immediately recapped. The 
contents shall be shaken and then discarded. The sample bottle will then be 
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refilled to approximately 90% of its volume to allow for the introduction of the 

preservative. The sampler will recap the bottle and proceed to the clean area © 

where the preservative will be added. The assistant will then open the outer bag 

for the preservative vials, allowing the sampler to reach in and open the inner bag, 

removing the appropriate preservative. The sampler will remove the bottle cap 

(placing it in a contaminant-free area), add the preservative to the sample, and 

recap the sample. The single bottle will be placed into the inner bag of the double 

bag system and the inner bag will be closed by the sampler. The bag and bottle 

will then be put into the outer bag and closed by the assistant. The bottle will then 

be put into a cooler and iced. 

A.2. Sampling Considerations - Standard Analytes 

There will be minor differences between the methods for sampling low-level metals and 

those used for standard analytes. The methods described for low-level metals will be 

followed for the standard analytes except as provided below. 

A.2.1 Sampling Bottles 

The sampling bottles and preservatives are to be provided by the laboratories 

completing the analyses. The sample containers and preservative vials will not be 

double bagged. The bottles will be sealed and the integrity maintained by keeping 

them in the coolers provided by the laboratory. © 

A.2.2 Personnel Preparation 

As with the sampling program for low level metals, two team members will work 

together to complete the sampling. However, in the case of standard parameters, 

this is for convenience, not because of the need to have one of the team members 

isolated from potential contamination. 

The sampling team members may wear one set of shoulder length gloves for 

protection and to provide cleanliness during the sampling. There will be no need 

to have the sampling personnel wear two sets of gloves. If the sampler were to 

touch anything that was not clean, such as the ground or vegetation, while 

entering a stream, the pair of gloves are to be removed and replaced with a clean | 

set of gloves. 

A.2.3. Sampling Procedure 

It is the intent to collect all of the samples by hand with a gloved person. There 

will be no need to double bag sample bottles; therefore, the addition of 

preservatives will be completed utilizing the coolers as a clean work surface. All 

other sampling procedures will remain the same. © 
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A.3 Sample Documentation 

© Personnel shall use only bound field logbooks for the maintenance of field records. Other 
bound logbooks, such as bound surveyors logbooks, are acceptable so long as pages 
cannot be removed without tearing them out. 

A log book will be dedicated to this project. The field technician's name, project name, 
and project code will be entered on the inside of the front cover of the logbook. All 
entries will be dated and time of entry recorded. At the end of each day's activity, or 
entry of a particular event if appropriate, the field technician will draw a diagonal line at 
the conclusion of the entry and initial indicating the conclusion of the entry or the day's 
activity. 

All aspects of sample collection and handling as well as visual observations shall be 
documented in the field logbooks. All sample collection equipment (where appropriate), 
field analytical equipment, and equipment used to make physical measurements shall be 
identified in the field logbooks. All calculations, results, and calibration data for field 
sampling, field analytical, and field physical measurement equipment shall also be 
recorded in the field logbooks. All field analyses and measurements must be traceable to 
the specific piece of field equipment used and to the field investigator collecting the 
sample, making the measurement, or analyses. 

© All entries in field logbooks shall be dated, shall be legible, and shall contain accurate 
and inclusive documentation of an individual's project activities. Since field records are 
the basis for later written reports, language will be objective, factual, and free of personal 
feelings or other terminology which might prove inappropriate. Once completed, these 
field logbooks become accountable documents and must be maintained as part of project 
files. 

A.4 Sample Preservation 

Table A-1 indicates the parameter, container type, minimum sample volume, preservation 
requirements and holding times. 

Those samples requiring thermal preservation will be cooled with wet ice to 
reduce/maintain the sample container environment at 4°C. The ice should be wetted ice © 

| that is in full contact with the sample containers. (Blue ice is not acceptable.) For 
samples which require pH adjustment as a means of preservation, EnChem, Inc. will 
provide sample containers with preservatives and sufficient additional preservative from 
the same source such that the field sampler can add additional preservatives if necessary. 
The pH of the sample will be checked by removing an aliquot of the sample, checking the 
pH with pH paper and adjusting the pH by adding additional preservative (if necessary). 
If equipment blanks are to be collected, the same amount of acid is added to the blank as 

© to the sample. 
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If the samples arrive at the laboratory with water and ice remaining in the cooler, the 

laboratory can assume that the sample temperature is 4°C. Ifno ice remains, the © 

laboratory shall make a temperature reading and record the temperature reading. 

A.5 Sample Dispatch 

Samples collected are to be placed into insulated shipping containers and prepared for 

delivering to the laboratory. The sample containers, within the shipping container, shall 

be placed such that there was no movement of sample containers. Samples requiring 

thermal preservation shall be transported with wet ice. Strapping tape is to be used to 

seal the containers along with numbered seals to provide sample security. Containers 

shall be appropriately labeled for shipment. 

Shipment containers shall be delivered to the laboratory by the sampling team, shipped via 

courier or shipped via common carrier to the laboratory for analysis. Copies of the chain-of- 

custody form and any shipping forms shall accompany the samples. The laboratory is to be 

notified in advance of the forthcoming shipment. 
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@ Table A-1 

Sample Container, Preservation Methods, Holding Times 
ee 

Sample Container Volume 
Parameter Type (ml) Preservative”? Holding Time’ 

—a»»)ycCSOo)oEoyoeoaEauyxLEEEElll=I_]]]l_[____ I  =[{““_[_———_—<*_—*T *ii TSS 

Alkalinity P,G 100 cool, 4°C 14 dy 

Bicarbonate P,G 100 cool, 4°C 14 dy 
Alkalinity 

Carbonate P,G 100 cool, 4°C 14 dy 
Alkalinity 

Chloride P,G 50 none 28 dy 

Cyanide P,G 250 NaOH,pH>12! 14 dy 

Fluoride P,G 300 none 28 dy 

Hardness P,G 100 HNO,,pH<2 6 mo. 
| | | cool, 4°C | 

© Nitrogen 

Ammonia P,G 500 | H,SO,,pH<2 28 dy 
cool, 4°C 

Kjeldahl P,G 500 H,SO,,pH<2 28 dy 
cool, 4°C 

Nitrate P,G 50 cool, 4°C 48 hr 

pH P,G 25 none immediate 

Phosphorous 

total P,G 100 H,SO,,pH<2 28 dy 
cool, 4°C 

Solids 

total P,G 100 cool, 4°C 7 dy 
suspended P,G 100 cool, 4°C 7 dy 
dissolved P,G 100 cool, 4°C 7 dy 

Sulfate P,G 100 cool, 4°C 28 dy 

Turbidity P,G 100 cool, 4°C 48 hr 
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Table A-1 (Continued) @ 

Sample Container Volume 

Parameter Type (ml) Preservative” Holding Time‘ 

Metals 

total P 2000 HNO,, pH <2 6 mo 

Mercury P 500 HNO,, pH <2 28 dy 

P = Plastic Prepared by: RT) 

PE = Pre-extraction Checked by: GJB1 

G = Glass 

C = Completion 

HNO, = Nitric Acid 

HCl = Hydrochloric Acid 

NaOH = Sodium Hydroxide 

' If residual chlorine is present, 0.6 gm ascorbic acid will be added; if sulfide is present, samples must 

be pretreated in the field or must be shipped unpreserved at 4°C to the laboratory for analysis within 
24 hours. 

2 Sample preservation will be performed immediately upon sample collection. For composite chemical 
samples, each aliquot will be preserved at the time of collection. When use of an automated sampler : 

makes it impossible to preserve each aliquot, then chemical samples may be preserved by maintaining 

at 4°C until compositing and sample splitting is completed. © 

> When any sample is to be shipped by common carrier or sent through the United States Mails, it must 

comply with the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

The person offering such material for transportation is responsible for ensuring such compliance. For 

the preservation requirements of Table II, the Office of the Hazardous Materials, Materials 

Transportation Bureau, Department of Transportation has determined that the Hazardous Materials 
Regulations do not apply to the following materials: Hydrochloric acid (HCI) in water solutions at 

concentrations of 0.04% by weight or less (pH about 1.96 or greater); Nitric acid (HNO,) in water 

solutions at concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric acid 

(H,SO,) in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or greater); 

and Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or less (pH 

about 12.30 or less). 

* Samples will be analyzed as soon as possible after collection. The times listed are the maximum times 

that samples may be held before analysis and still be considered valid. Some samples may not be | 
stable for the maximum time period given in the table. A permittee, or monitoring laboratory, is 
obligated to hold the sample for a shorter time if knowledge exists to show that this is necessary to 
maintain sample stability. See § 136.3(e) for details. 
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Nicolet Minerals Company 
© Preliminary Engineering Report for the 

Crandon Project Soil Absorption System 

Executive Summary 

Nicolet Minerals Company (NMC) plans to discharge the treated Crandon Project wastewaters to 
groundwater via a soil absorption system. This report describes the investigation results and 
preliminary design of the soil absorption system. After evaluation of several alternative locations 
in and around the project area, NMC has selected Area H as the preferred site for the soil 
absorption system. Area H is located north of Swamp Creek, approximately 2 miles northeast of 
the plant site. 

On-site investigations included topographic mapping, wetland delineation and mapping, 
subsurface characterization, hydrologic characterization, and archaeological survey. Subsurface 
investigations included test pits, borings, hand auger borings, groundwater monitoring wells and 
piezometers, and sand points. Staff gages were installed to evaluate surface water features on 
and adjacent to the site. Field testing included aquifer response and infiltrometer tests. 
Laboratory testing included soils and preliminary groundwater characterization. 

© The subsurface investigations showed that soil and groundwater conditions at Area H are suitable 
for construction of a soil absorption system. Unconsolidated deposits include a thin mantle of 
topsoil and loess (generally less than 3 feet thick), underlain by at least 70 feet of fine and coarse 
outwash sand. Groundwater is generally present within approximately 10 feet of the surface and 
flows to the east-southeast toward Swamp Creek. Archaeological surveys did not determine the 
presence of historic resources on the site, and no additional archaeological investigations are 
recommended in the proposed area of the soil absorption system. 

The data collected at Area H were then used as follows to prepare a conceptual model of the 
hydrogeologic and surface water conditions at the site to confirm the suitability of Area H for 
construction of a soil absorption system. Under current conditions, water enters the groundwater 
system primarily through precipitation. Infiltrating water readily moves vertically through the 
unsaturated zone into the outwash aquifer. In the aquifer, groundwater flows east-southeast | 
toward areas of lower hydraulic head. Under seasonal high groundwater conditions, the Z16 
wetland complex to the east of the proposed soil absorption system acts as a point of discharge 
for groundwater on a transient basis. An exception to this condition is the spring located in the 
northern areas of wetland Z16, which functions as a permanent regional discharge point. During 
operation of the soil absorption system, the infiltrated water will increase the water table in the 
vicinity of the absorption system. Downgradient of the system, the water table will rise and 
discharge into the Z16 wetland complex, where it will then drain through the wetland system and 
adjoining culverts into Creek 17-13 and Swamp Creek. 

© The conceptual model was then used to assist with selection of appropriate parameters for design 
of the soil absorption system. The soil absorption system is laid out to include six cells with a 
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combined area of approximately 7 acres. The cells are designed to handle the maximum flows 

anticipated to be discharged from the wastewater treatment plant, with adequate safety factors. © 

Under average conditions, the predicted discharge is 375 gpm, with a maximum flow of 

636 gpm. The capacity of the six cells is conservatively estimated at 714 gpm. 

Surface water modeling was performed to evaluate the anticipated changes to on-site and off-site 

surface water flow rates and depths of flow due to operation of the soil absorption system. This 

modeling showed that the amount of flow that will be discharged due to operation of the soil 

absorption system is very small in comparison to the existing drainage basin runoff to the 
wetlands. As a result, surface water hydrology in wetland Z16 and Swamp Creek will not be 

detrimentally affected by operation of the soil absorption system. No measurable increase to the 

Swamp Creek floodplain is expected to occur as a result of operation of the soil absorption 

system. 

Wastewater will be treated at the project's wastewater treatment plant to meet groundwater 

quality standards. Therefore, on-site soils are not used to further treat the water. As a result, the 

key design feature of the soil absorption system requires that the treated effluent be evenly 

distributed to the outwash aquifer. To accomplish even distribution, the water distribution 

system in each cell includes a network of subsurface, perforated piping. The piping system will 

be placed underground to allow for year-round operation. The effluent is pumped from the 

storage lagoon at the plant site to the soil absorption system via approximately 3.2 miles of 

10-inch diameter pipeline. Once at the soil absorption site, the effluent flows through a water | 
distribution chamber which allows each soil absorption cell to receive the appropriate hydraulic ©} 
loading under gravity flow. Each cell can be operated independently of the others to allow for 

flexibility to handle reduced flows which are expected under normal operating conditions. 
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1 Introduction 

Nicolet Minerals Company (NMC) plans to discharge the Crandon Project's treated wastewater 
into soil absorption cells which discharge into groundwater. Several other improvements to the 
project have also been made, including the following: 

+ NMC's decision to construct a 25-foot thick grout blanket at the base of the crown 
pillar of the Crandon formation has resulted in a reduction in groundwater inflow to 
the mine. This reduced mine inflow has allowed NMC to re-evaluate its treatment and 
discharge options as described in the Preliminary Engineering Report for Wastewater 
Treatment Facilities (Foth & Van Dyke, 1995/1998a). 

+ Pyrite removal from the tailings and backfilling of the pyritic tailings underground in 
a cemented paste form. 

+ Placement of depyritized tailings in the project's tailings management area (TMA). 

These changes, along with several improvements to the groundwater flow model, have 
significantly improved the water budget for the proposed mine. The end result of these changes 
is that the maximum amount of water, according to the modeling, to be discharged has been 
reduced by almost 50 percent to 636 gpm. Details of these changes in the water budget are 
provided in the update to the Preliminary Engineering Report for Wastewater Treatment 

© Facilities (Foth & Van Dyke, 1995/1998a). 

1.1 Purpose and Scope 

NMC is submitting this report titled Preliminary Engineering Report Jor the Crandon Project 
Soil Absorption System, to describe the investigation results and preliminary design of the soil 
absorption system. This report has been prepared in accordance with the requirements of 
Chapters NR 108 and NR 132, Wis. Admin. Code. Area H is proposed as the discharge site for 
treated mine water from the Crandon Project's wastewater treatment plant (WWTP). Figure 1-1 
shows the location of Area H in relation to the proposed plant site. Area H is comprised of 
approximately 200 acres owned by NMC (see Drawings No. 2 and 3). 

The purpose of this report is to provide the information necessary to satisfy the requirements of | 
NR 108 and NR 132, including providing the results of the Phase I and Phase II geotechnical 
investigations performed at Area H. This report also provides the preliminary design, layout, 
construction, and operation of the proposed soil absorption system. The report is accompanied 
by engineering drawings (Drawings No. 1 through 10) which contain the required geotechnical 
and engineering information to design the proposed soil absorption system. 

eee 
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1.2 Background Information 

NMC has evaluated several alternatives for discharging treated mine wastewater as part of the 

Crandon Project's wastewater management system. The preferred alternative is discharge to 

groundwater through the use of a soil absorption system. Other alternatives which were 

evaluated include discharge into Swamp Creek, discharge into the Wisconsin River, and 

discharge to other surface water bodies in the vicinity of the project. These alternatives are 

described in the project's Preliminary Engineering Report for Wastewater Treatment Facilities 

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

In accordance with work plans submitted to the WDNR, NMC has completed several preliminary 

evaluations of potential soil absorption sites by performing Phase I and Phase IT geotechnical 

investigations as shown on Figure 1-2. Archaeological investigations were also completed at 

these sites, as discussed in Section 4.4. 

1.3 Summary of Alternative Soil Absorption Sites 

A total of 12 areas, including Area H, have been investigated for suitability as potential soil 

absorption sites for disposal of treated Crandon Project wastewater. This section includes a brief 

description of the sites that are not currently planned to be carried forward for further evaluation. 

Soil boring and test pit logs for the seven sites evaluated in 1998 which are not considered 

suitable for development into a soil absorption system are provided in the project's updated 

Environmental Impact Report (EIR) (Foth & Van Dyke, 1995/1998b). Figure 1-2 shows the © 

locations of the sites that were investigated. 

1.3.1 Area A 

Area A was initially investigated in the fall of 1994, with follow-up work performed in the spring 

and summer of 1998. The investigations consisted of excavating 38 test pits and drilling nine 

soil borings. Monitoring wells and piezometers were not installed in Area A. In 1994 and in the 

spring of 1998, these investigations focused on a drumlin feature which was shown to have a 

relatively thick deposit (i.e., approximately 30 to greater than 50 feet) of till over outwash soil. 

The thick till present on the drumlin minimizes the potential construction of a soil absorption 

system, since the till soils would require removal to allow for infiltration to occur into the 

outwash. | 

In the late summer of 1998, the area north of the drumlin at Area A (Area A North) was also 

investigated. The investigation identified the following subsurface conditions: 

+ Late Wisconsinan till (Nashville Member, Copper Falls Formation) having a thickness 

up to 22.5 feet overlies an upper outwash deposit. 

¢ The underlying upper outwash is relatively thin, ranging from 4 to 30 feet thick. 
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+ Beneath the upper outwash is a second layer of till (Late Wisconsinan till, Mapleview 
© Member, Horicon Formation) which is on the order of 20 feet thick. 

+ Beneath the lower till is lower outwash, which is present to the top of Pre- to Early 
Wisconsinan till. 

+ The groundwater table is generally present in the upper outwash or the top of the 
lower Late Wisconsinan till. 

After additional evaluation, the area north of the drumlin at Area A was eliminated from further 
consideration because of thin outwash and high groundwater. 

1.3.2 Areas B, C, and D 

Areas B, C, and D were investigated in late 1994 and early 1995 as part of the initial 
investigation of alternatives for discharge of the Crandon Project's treated mine wastewater. 
Areas B, C, and D were eliminated from consideration because of the predominance of low 
permeability, glacial till soils over much of the areas. 

1.3.3 Area E 

A Phase I and Phase II investigation was completed on Area E, which is located north of the 
© plant site and Swamp Creek. The site investigations completed on Area E consisted of the 

following activities: 

+ Excavation and logging of 62 test pits. 

+ Drilling and continuous sampling (in the outwash) of 18 test borings. 

+ Installation of six groundwater table wells. 

+ Completion of well development and aquifer response tests on six groundwater 
monitoring wells. 

+ Completion of five double-ring infiltrometer tests. | 

+ Survey of the location and elevation of all field test locations. 

+ Completion of soil laboratory grain size analysis and hydraulic conductivity testing. 

A preliminary evaluation of the site has determined that Area E is suitable for use as a soil 
absorption system. This conclusion is based on the following general characteristics of Area E: 

eee 
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¢ Outwash sand exists at or near the ground surface. In the southern portions of Area E 

the outwash thickness is between 20 and 35 feet thick. © 

+ Based on visual classification of the soil samples, the outwash sand is generally a 

clean sand with a P200 typically less than 5 percent. 

+ Aquifer response and infiltrometer tests confirm the clean, high permeability nature of 

the outwash sands. 

+ Groundwater is located approximately up to 35 feet below the existing ground surface, 

and discharges into Swamp Creek. 

+ A preliminary soil absorption system layout indicates that sufficient, suitable areas 

exist to accept the discharge of the Crandon Project's treated wastewater. 

1.3.4 Area G 

A Phase I investigation was completed on Area G during the summer of 1998, and included 

excavation of 15 test pits and three borings. Area G has been eliminated from further 

consideration because of the inadequate thickness of acceptable outwash soils, the cemented 

nature of much of the outwash soils, and high groundwater conditions. 

1.3.5 Area J © 

A Phase I investigation of Area J was completed in June 1998, and consisted of the excavation of 

five test pits. Area J was eliminated from consideration due to the presence of restrictive soil 

| layers, high groundwater, and lack of suitable outwash soils. 

1.3.6 Area K 

The Phase I investigation of Area K included the drilling of two borings in July 1998. Area K 

was eliminated from consideration because of the high groundwater conditions which exist at the 

site. 

1.3.7 Areas XB and XC | 

Areas XB and XC are located northeast of the plant site and south of Swamp Creek. The 

investigations on these properties included completing five backhoe test pits on Area XB and 

eight backhoe test pits on Area XC. These two sites were eliminated from consideration because 

of the high groundwater table and the presence of restrictive soils in the upper soil horizons. 

a 
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1.3.8 Area XF 

S Area XF 1s located outside of the project area, just south of U.S. Route (USR) 8 and east of 

County Trunk Highway (CTH) W and is not shown on Figure 1-2. The investigation was 

completed in an area which is presently being used for the extraction of sand and gravel. Five 

backhoe test pits were excavated on Area XF. This site was eliminated from consideration 

because the outwash is interbedded with restrictive layers of sandy till. 
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@ 2 Regulatory Requirements 

Section 2 has been prepared pertaining to the preferred soil absorption site which is known as 
Area H. The methods and procedures described for Area H were also used for the other sites 
investigated. Details regarding the investigations completed for these sites are contained in the 
project's updated Environmental Impact Report (EIR) (Foth & Van Dyke, 1995/1998b). 

The WDNR has determined that NR 214, Wis. Admin. Code, does not apply to the proposed soil 
absorption system for the Crandon Project, since that chapter regulates only "a system that 
utilizes the physical, chemical and biological abilities of the soil to decompose pollutants in the 
waste". NMC will not be relying on the soil to treat its discharge in any way, but will instead 
treat the discharge at the wastewater treatment plant to meet NR 140 groundwater quality 
standards, including Preventative Action Limits (PALs). Thus, this document has been prepared 
under the requirements of NR 108 and NR 132. 

2.1 Technical Procedures 

The procedures used in the field and laboratory testing of soils and groundwater were in 
accordance with American Society of Testing and Materials (ASTM) and/or standards required 
or acceptable to the Wisconsin Department of Natural Resources (WDNR). The test methods or 
procedures used were as follows. 

© ¢ Soil Sampling/Drilling 

+ ASTM D 1586-84 method for standard penetration test and split-barrel sampling 
of soils. 

+ ASTM D 1452 practice for soil investigation and sampling by auger borings. 

+ ASTM D 2488 practice for description and identification of soils (visual-manual 
procedure). 

o Groundwater Monitoring Well Installation/Construction/Development 

» Wis. Admin. Code, NR 140, Groundwater Quality. | 

» Wis. Admin. Code, NR 141, Groundwater Monitoring Well Requirements. 

+ Laboratory Soil Testing 

» ASTM D 422 method for particle-size analysis of soils (sieve and hydrometer). 

» ASTM D 1140 test method for amount of material in soil finer than the 
© No. 200 (75 um). 

ee 
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+» ASTM D 2216 method for moisture content determination of soils. © 

» ASTM D 2325-68 standard method for capillary-moisture relationships for 

coarse- and medium-textured soils by porous-plate apparatus. 

> ASTM D 2434 test method for permeability of granular soils (constant head). 

» ASTM D 2487 classification of soils for engineering purposes. 

+ Field Testing Methods 

+» ASTM D 3385 standard test method for infiltration rate of soils in field using 

double-ring infiltrometer. 

+ Bouwer, H. and Rice, R. C., 1976. A Slug Test for Determining Hydraulic 

Conductivity of Unconfined Aquifers with Partially Penetrating Wells. Water 

Resources Research, Vol. 12, No. 3. 

+> Bouwer, H., 1989. The Bouwer and Rice Slug Test - An Update. Groundwater, 

Vol. 27, No. 3, pp. 304-309. 

> U.S. Department of Agriculture, 1988. Soil Taxonomy. © 

2.2 Methods of Investigation 

Following is a general description of the methods of investigation used at Area H. 

2.2.1 Test Pits “ 

The test pit investigations consisted of the excavation of test pits using a hydraulic excavator. 

The soil scientist entered the pit to carefully examine the soil profile for the first several feet of 

depth. After that depth, safety regulations and considerations precluded entering the pits, so 

samples were analyzed and obtained from the bucket of the excavator. The objective of 

excavating the test pits was to define the extent of potential layering of less permeable soils to | 

determine the effects of these characteristics on the ability of the soils to accept hydraulic 

loading. In addition, the soil profile in each pit was carefully examined for mottling and other 

indications of high or fluctuating groundwater conditions. Test pit logs are provided in 

Appendix A. Upon completion of the evaluation, all test pits were backfilled and reclaimed. A 

log of each pit was completed and representative samples of the outwash soils were collected, 

when possible, at an elevation below the proposed base of the soil absorption system. Samples 

of the soils above the outwash were not collected, since these soils would be removed prior to 

construction of the soil absorption system. 
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2.2.2 Soil Borings and Monitoring Wells 

© Soil borings and monitoring wells were constructed using an all-terrain or truck mounted drill rig 

with hollow stem auger drilling techniques. The boreholes were drilled with 44-inch inside 

diameter hollow stem augers. Samples were obtained by driving a 2-, 2'4-, or 3-inch split spoon 

sampler with a 300-pound hammer. The larger diameter samplers were used to obtain larger 

samples for laboratory soil tests and to allow for better examination of the soil horizons. All 

borings were continuously sampled in the upper 30 or more feet. Representative soil samples of 

each split spoon sampler were bagged for possible use in laboratory testing and for the review of 
the field logs. Each sample was examined as it was removed from the split spoon sampler and 

described, including its structure, mottling, voids, layering, lenses, and geologic origin. The 

drilling, soil sampling, and well construction techniques conform with the standards listed in 
Sections 2.1 and 2.2 of this report. Upon completion of drilling and sampling, all borings were 

abandoned in accordance with the requirements of NR 141, Wis. Admin. Code (Groundwater 
Monitoring Well Requirements). WDNR Boring Logs (Form 4400-122) and Borehole 

Abandonment Report (Form 3300-5B) forms which document the procedures used are included 

in Appendix B. 

Eight monitoring wells and three piezometers were installed in Area H using the appropriate 

procedures listed above. The wells and piezometers were developed on August 27 and 28, 1998. 

The details of this work are provided in the WDNR Well Construction Reports (Forms 

3300-113A and 3300-113B) provided in Appendix B. 

© 2.2.3 Methods for Soil Description 

This report uses two soil classification systems for describing the soils encountered in test 

borings and test pit excavations. The soil classification used for the soil borings and monitoring 

wells is the Unified Soil Classification System (USCS) according to ASTM Standard D 2487. 

Using the USCS system is required by NR 141, Wis. Admin. Code. Similarly, soil classification 

and other tests (e.g., grain size and hydrometer analysis, ASTM D 422) which were used to 

classify soils and measure other soil properties required for the soil absorption system analysis 
and design are based on the USCS. 

The logs developed to describe the soils in the backhoe test pits used the Soil Conservation 
Service (SCS) classification system. The SCS system is typically used for the description of __ 

soils proposed for use in the treatment of industrial, municipal, and private wastewater treatment 

systems. The SCS classification system allows the soil scientist to better describe the upper soil 

horizons in a potential treatment area including the origin and presence of features such as 
mottles and restrictive layers. In the text which follows, the SCS system is used only to describe 

the soil profiles of the test pits. All other soil descriptions use the USCS. Further discussion on 
the use of both soil classification systems is addressed in Section 3.3. 
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2.3 Site Location Criteria e 

The location criteria applicable for this subsurface soil absorption system are included in 

NR 132.18(1)(a) through (g). Table 2-1 lists these criteria along with the status of the Area H 

compliance with each location criteria. 

Table 2-1 

Summary of NR 132.18(1) Location Criteria - Area H 

Criteria Compliance Reason or Evidence 

NR 132.18(1)(a) - Within areas 

identified as unsuitable in Complies Refer to Section 2.3 

| NR 132.03(25). 

NR 132.18(1)() Within 1,000 feet Exemption Refer to Section 2.3, 
of any navigable lake, pond, or ; 

Requested Drawing No. 2 
flowage. 

NR 132.18(1)(c) - Within 300 feet of Exemption Refer to Section 2.3, 

a navigable stream. Requested Drawing No. 2 : 

NR 132.18(1)(d) - Within a flood , Refer to Section 2.3, © 
Complies , 

plain. Drawing No. 2 

NR 132.18(1}(¢ )- Within 1,000 teet . Refer to Section 2.3, 
of a highway right-of-way, public Complies , 

| , Drawing No. 2 
park, screened from view, etc. 

| NR 132.18(1)(f) - Within wetlands, . 
| except pursuant to the criteria in NR Complies Refer to Drawing No. 2 

132.06(4). 

| NR 132.18(1)(g) - Within areas so that 

noncomp lance will not result nt Complies Refer to Section 2.3 
noncompliance with other applicable 
federal and state laws and regulations. 

Prepared by: REM 
Checked by: SAD2 
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Drawing No. 2 shows the distance from the proposed soil absorption sites to the applicable 
© location criteria. The narrative which follows explains the compliance with the location criteria 

which are not shown on Drawing No. 2. 

+ NR 132.18(1)(a) requires that a mine-related structure not be located within an area 
defined as unsuitable in NR 132.03(25). The following lists the criteria which define 
unsuitability under NR 132.03(25), along with an explanation of the Area H 
compliance with each criteria. 

(25) "Unsuitability" means that the land proposed for surface mining is not suitable 
for such activity because the surface mining activity itself may reasonably be expected 
to destroy or irreparably damage either of the following: 

(a) Habitat required for survival of species of vegetation or wildlife as designated in 
ch. NR 27, if such endangered species cannot be firmly reestablished elsewhere. 

The soil absorption system for Area H is located on farm land which is not a habitat 
required for survival of any endangered species of wildlife. Additional baseline 
monitoring of the flora and fauna is planned prior to final design, as discussed in 
Section 9.3. 

(b) Unique features of the land, as determined by state or federal designation as any — 
© of the following, which cannot have their unique characteristic preserved by 

relocation or replacement elsewhere: 

: I. Wilderness areas designated by statute or administrative rule. 

2. Wild and scenic rivers designated by statute or administrative rule. 

3. National or state parks designated by statute or administrative rule. 

4. Wildlife refuges and areas designated by statute or administrative rule. 

J. Historical landmarks, sites and archaeological areas designated by the state 
historical society. | 

Area H does not contain, and is not adjacent to, any of the areas listed above. 

6. Scientific areas as follows: (not listed for brevity) 

| Area H is not located in or near to any of the scientific areas listed under 
NR 132.03(25)(b)(6). 

eee 
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+ NR 132.18(1)(d) - As shown on Drawing No. 2, the proposed soil absorption site is 

not located within a floodplain. © 

+ NR 132.18(1)(e) - The proposed soil absorption site complies with all of the 

1,000-foot setbacks established in NR 132.18(1)(e). Based on conversation with 

Mr. Frank Loreti of the Wisconsin Department of Transportation, Rhinelander, it has 

been determined that Keith Siding Road, adjacent to Area H, is not a major collector 

road, and therefore not eligible for federal funds. Since Keith Siding Road is not 

eligible for federal funds, the 1,000-foot setback from the highway right-of-way does 

not apply, and the criteria of NR 132.18(1)(e) is met. 

+ NR 132.18(1)(f) - As shown on Drawing No. 2, the proposed soil absorption system 1s 

not located within wetlands. 

+ NR 132.18(1)(g) - The soil absorption system proposed for Area H is not anticipated 

to result in noncompliance with other applicable federal and state laws and 

regulations. 

As described in the preceding section and summarized in Table 2-1, the soil absorption system 

proposed at Area H complies with all of the applicable location criteria except NR 132.18(1)(b) 

and (c). The narrative which follows requests exemptions from these location criteria and 

provides the justification for granting of these exemptions. Final requests for these exemptions 

are provided in the project's updated Mine Permit Application (MPA) (Foth & Van Dyke, © 

1995/1998c). 

As shown on Drawing No. 2, the 1,000-foot setback distance identified in NR 132.18(1)(b) 

appears not to be met for Lake 17-16. The ordinary high water mark (OHWM) around 

Lake 17-16 has been field delineated by the WDNR. However, the OHWM shown on Drawing 

No. 2 is approximate, since survey of the OHWM was not completed at the time of submission 

of this document. 

The circumstances which justify an exemption for the location of the soil absorption system 

within 1,000 feet from the OHWM of Lake 17-16 are as follows: 

+ The proposed discharge water will be treated to NR 140 PALs, which would have no | 

adverse impact on the water quality of Lake 17-16. 

+ Lake 17-16 is entirely on private land (owned by NMC). 

+ Lake 17-16 is not known to be used for recreational purposes or as a fishery. 

In addition, a portion of the proposed discharge pipeline from the plant site to the soil absorption 
site is within 1,000 feet from Lake 17-16. The route selected is shown in Drawing No. 2. The 

chosen route follows the proposed railroad spur to a point just west of the Wisconsin Central © 
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Limited Railroad, then north where it crosses Keith Siding Road. From here, the pipeline 
© continues north to an existing snowmobile trail which bisects wetland Z16 south. An exemption 

from NR 132.18(1)(b) is also requested for the discharge Pipeline. 

As shown on Drawing No. 2, the setback between soil absorption cell D and Creek 17-13 is less 
than 300 feet. In addition, the setback between cells B and C and the small feeder spring to 
Creek 17-13 emanating from the northern portion of wetland Z-16 is less than 300 feet. The 
circumstances which justify granting of an exemption from NR 132.1 8(1)(c) are the same as 
those stated in the previous discussion requesting an exemption from NR 132.1 8(1)(b). 

Since the selected discharge pipeline route follows the proposed alignment of the railroad spur, it 
will be constructed within 300 feet of Swamp Creek. Impacts to wetlands and Swamp Creek will 
be minimized by keeping both the railroad spur and discharge pipeline together. Therefore, an 
exemption from NR 132.18(1)(c) is also requested for the proposed discharge pipeline in the 
vicinity of Swamp Creek. 

—_—————— ss eS 
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: 3 Regional Geology 

The project area is located, as defined by Olcott (1968), in the Fox-Wolf River Hydrologic Basin. 
On a regional scale, the geologic conditions in the study area consist of metavolcanic 
Precambrian bedrock, which hosts the ore body (Figure 3-1), and is overlain by deposits of 
glacial till and outwash. These components are described below. 

3.1 Regional Bedrock Geology 

The Precambrian bedrock in northern Wisconsin is similar to, and is the southern extension of, a 
province of the Canadian Shield, referred to as the Southern Province (Figure 3-1). This 

| province is one of seven Canadian Shield rock provinces consisting of rocks ranging in age from 
960 to 3,200 million years (Palmer, 1983). 

Volcanic rocks are found within the Southern Province as irregularly shaped belts surrounded by 
granitic and gneissic rock. These belts are comprised of volcanic flows and pyroclastics with 
interbedded sedimentary rocks such as shale, sandstone, and conglomerate. Locally, the volcanic 
belts are intruded by large masses of granite or granodiorite. 

In Wisconsin, three major ages of Precambrian rocks are exposed. Of these, the Middle 
Precambrian rocks, which are described below, are of interest in the study area. 

© + Early Precambrian (Archean, older than 2,500 million years) 

, Rocks in the Early Precambrian are among the oldest in North America. Most of the 
rock is granitic gneiss, 3,200 million years old, containing minor amounts of volcanic 
rock that has been folded and intruded by granite (Sims, 1976; Sims and Peterman, 
1976). 

+ Middle Precambrian (Early Proterozoic, 1,600 to 2,500 million years) 

Beginning about 2,100 million years ago, sediments began to accumulate in 
northeastern Wisconsin. Well-known sediments deposited during this period are the 
iron formations which host the iron ore of the Gogebic and Florence areas (James, 
et al., 1968). To the south, flows and volcanic sediments were deposited inalarge __ 
trough extending across Wisconsin from Ladysmith to Marinette. It is within this 
volcanic belt that the massive sulfide ore deposits at Ladysmith (Flambeau and 
Thornapple), Rhinelander (Lynn and Pelican) and Crandon are found. About 1,800 
million years ago, during the Penokean Orogeny, this volcanic belt was faulted and 
folded and intruded by granite (Goldich, 1972; Maas, et al., 1977). Erosion followed, 
and quartz-rich sandstone was deposited to the south and west in the vicinity of Rusk 
and Barron counties. 

eee 
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+ Late Precambrian (600 to 1,600 million years) 

During this period, quartz-rich sandstone continued to be deposited in western ® 

Wisconsin. About 1,500 million years ago, a large body of granite, the Wolf River 

batholith, was emplaced in east-central Wisconsin (Van Schmus, et al., 1975). The 

northernmost area of Precambrian rock in Wisconsin is composed of a sequence of 

basaltic flows with interbedded sedimentary rocks. These basalt flows accumulated in 

a large trough or rift, which formed about 1,100 million years ago and extended from 

Lake Superior into Kansas; a distance of over 1,000 miles (Sims, 1976). Deposits of 

copper occur in some of these rocks in the Upper Peninsula of Michigan. 

There has been no major folding, fault, or igneous activity in the Southern Province of the 

Canadian Shield since the Precambrian era. 

3.2 Regional Pleistocene Geology 

The majority of unconsolidated sediments in the study region, and across Northern Wisconsin, 

consist of glacial drift estimated to be approximately 100 to 300 feet in thickness, based on 

regional bedrock elevation data presented in Section 3.5 of the EIR (Foth & Van Dyke, 1995/ 

1998b). Deposits from a number of major glacial advances have been recognized in Wisconsin. 

In the study region, the majority of the unconsolidated sediments were deposited during the 

Wisconsinan Age. Sediments of Pre-Wisconsinan Age are present locally above the bedrock. 

The Pre-Wisconsinan sediments are generally buried by Wisconsinan Age sediments. © 

The unconsolidated Pre-Wisconsinan deposits of the Forest County area include undifferentiated 

sediments of the Marathon Formation. Pleistocene units younger than the Marathon Formation 

are Pre- to Early Wisconsinan undifferentiated sediments of the Lincoln Formation, and the 

Wisconsinan Mapleview Member of the Horicon Formation. The youngest Pleistocene unit in 

Forest County is the Nashville Member of the Copper Falls Formation. The Nashville Member, 

deposited by the Langlade Lobe, is considered the stratigraphic equivalent of the Green Bay 

Lobe Mapleview Member of the Horicon Formation. In Forest County, the Nashville Member 
overlies and truncates the Mapleview Member. 

The Marathon Formation, a dark brown calcareous till, underlies the Lincoln Formation and the 

Mapleview Member of the Horicon Formation (Simpkins, et al., 1987). The Marathon and 

Lincoln Formations are the oldest glacial units of the region. The Marathon Formation contains a 

till and associated sand and gravel. This unit generally thickens northward. The extent of the 

formation below the Copper Falls Formation and Horicon Formation is not known (Mickelson, 

et al., 1984). 

The Marathon Formation typically contains a pebbly loam to clay loam till which is frequently 

thin (less than 10 meters) and found directly overlying bedrock, grussified bedrock or saprolitic 

bedrock-weathering residuum (Mickelson, et al., 1984). Organic material overlying the youngest 

member of the younger Lincoln Formation has been radiocarbon dated at 40,800 + 2,000 years 6 
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BP (beyond reliable radiocarbon dating range), making the Marathon Foundation presumably 
© Pre- or Early Wisconsinan in age. 

Overlying the Marathon Formation are discontinuous deposits of sediments belonging to the 
Lincoln Formation. In the Forest County region, these sediments are undifferentiated. The Pre- 

or Early Wisconsinan Lincoln Formation includes red-brown sandy loam till and associated sand 

and gravel (Mickelson, et al., 1984). This formation also may directly overlie saprolite or 

bedrock. The Lincoln Formation in the area is generally greater than 40,800 + 2,000 years BP, 

making the formation Early to Mid-Wisconsinan. The Lincoln Formation probably makes up the 

majority of sediments found below the Late Wisconsinan deposits. 

The Mapleview Member of the Horicon Formation overlies the Marathon and Lincoln 

Formations. The Mapleview Member of the Horicon Formation was deposited by ice from the 
Green Bay Lobe in Late Wisconsinan time around 15,000 or 14,000 B.P. (Mickelson, et al., 

1984). The Mapleview Member consists mainly of cobbly, pebbly, silty sand till with boulders 

and associated sand and gravel (Mickelson, et al., 1984). According to Mickelson, et al. (1984), 

the Mapleview Member is at least partly contemporaneous with the Nashville Member of the 

Copper Falls Formation deposited by the Langlade Lobe. In the vicinity of the site, the 
Mapleview Member is truncated and overlain by the Nashville Member of the Copper Falls 
Formation. 

The majority of the surficial sediments in the Forest County Region belong to the Nashville 
© Member of the Copper Falls Formation. The Nashville Member consists of a pebbly, cobbly 

sandy loam till with numerous sand lenses and associated sand and gravel (Mickelson, et al., 

1984). Till of the Nashville Member, in Forest County, is generally exposed at the surface in 
drumlins clustered on upland areas (Simpkins, et al., 1987). The associated meltwater sands and 
gravels have filled in low areas around the uplands in pitted and unpitted outwash plains. In the 

region, the Nashville Member is of Late Wisconsinan Age and stratigraphically equivalent to the 

Horicon Formation. Locally it is overlain by post-Pleistocene sediments, consisting of 
windblown silts and fine sand, organic deposits of grass-sedge, moss and woody peat, and 

modern alluvium (Simpkins, et al., 1987). 

3.3 Soil Survey Information 

The United States Department of Agriculture, Soil Conservation Service (SCS) has not yet | 

published the final Soil Survey for Forest County, Wisconsin. Figure 3-2 is a reproduction of the 

draft soil map for Area H and the surrounding area. Area H has five mapped soil units (see 

Appendix C) which include the following: 

+ Mapping Unit-20D, Goodman-Wabeno Complex, 15 to 35 percent slopes which are 

described as sloping, well-drained soils formed in silty deposits and in the underlying 

loamy or sandy glacial till. The lower horizons of this unit are fine sandy loams and 

silt loams with USCS of ML, CL-ML, SM, and SM-SP. Refer to the Soil Mapping 

© sheet 20D in Appendix C for additional information. 
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+ Mapping Unit-103A, Whisklake (Worchester) Silt Loam, 0 to 3 percent slopes which © 
are described as nearly level and gently sloping, poorly-drained soils formed in silty 

and loamy deposits underlain by sand and gravelly coarse sand glacial outwash. The 

lower horizons are gravelly sands or sandy gravels with USCS of SP, SP-SM, GP, and 
GP-GM. Refer to Soil Mapping sheet 103A in Appendix C. 

+ Mapping Unit-113A, Manitowish Sandy Loam, 0 to 3 percent slopes which are 

described as nearly level and gently sloping, moderately well-drained soils formed in 

loamy deposits and underlain by stratified sand and gravelly coarse sand glacial 

outwash. The lower horizons are poorly graded sands and gravels with USCS of SP 

and GP. Refer to Soil Mapping sheet 113A in Appendix C. | 

+ Mapping Unit-111B, Pence Sandy Loam, 0 to 6 percent slopes which are described as 

nearly level and gently sloping, well-drained soils in loamy deposits and in the 

underlying sand and gravelly coarse sand glacial outwash. The lower soil horizons are 

primarily poorly graded sands and gravel, USCS SP and GP. Refer to Soil Mapping 

sheet 111B in Appendix C. 

+ Mapping Unit-707, Seelyeville and Cathro Soils, 0 to 1 percent slopes which are 

| described as nearly level, very poorly drained soils formed 1n organic material more 

than 51 inches thick or underlain by loamy glacial till or lacustrine deposits at depth of 

16 to 51 inches. The uppermost and lower soils in this profile are classified as muck © 

with an USCS classification of PT. Refer to Soil Mapping Sheet 707 in Appendix C. 

It is apparent from a review of Figure 3-2 that Mapping Unit 111B, Pence Sandy Loam, is the 

predominant soil type in the area proposed for the soil absorption system. The estimated soil 

properties from the soil map sheet for the Pence Sandy Loam are similar to the properties 

discovered during NMC's field investigation and laboratory testing program associated with 

Area H. 

3.4 Regional Hydrogeology 

The project area is located in the Fox-Wolf River Hydrologic Basin (Olcott, 1968). Ona 

regional scale, the hydrogeologic conditions around the project area generally consist of saturated 

glacial till and outwash overlying Precambrian bedrock. Groundwater in the vicinity of the | 

project area occurs within two primary hydrostratigraphic units. These units consist of the 

Precambrian bedrock and the glacial overburden. The glacial overburden can be subdivided into 

glacial till and outwash. Regionally, the water table resides within the glacial deposits. The bulk 

of the Precambrian bedrock, although locally fractured and showing secondary permeability 

features, typically yields only small amounts of water to wells. As such, it does not fit the 

conventional definitions (Freeze and Cherry, 1979) of an aquifer. 
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The glacial aquifer consists of saturated deposits of glacial till and glacial outwash. The glacial 
© till typically is low to moderately permeable, and typically would not be used as an aquifer 

except where embedded lenses of sand and gravel exist. Based on the work of Simpkins, et al. 
(1987), the outwash deposits are relatively prolific on a regional scale, and are the dominant 
unconsolidated unit at the site proposed for the soil absorption system. These outwash deposits 
are typically sand and gravel, and therefore are permeable enough to yield significant amounts of 
water. As such, the outwash deposits form the primary regional aquifer for domestic and 
municipal water supplies. 

The depth to groundwater within the glacial deposits is quite variable. This is attributed to the 
considerable topographic relief in the vicinity of the project area. Near groundwater discharge 
areas such as streams, lakes, and riparian wetlands, the depth to groundwater is on the order of 
several feet. In groundwater recharge areas located at topographic highs, or in upland areas, the 
depth to groundwater can be more than 100 feet. 

Groundwater flow occurs primarily within the glacial till and outwash deposits, with the majority 
of flow occurring within the more permeable outwash deposits that dominate the site. Flow 
within the outwash can typically be characterized as occurring under unconfined conditions. 
However, semi-confined conditions may occur locally within the outwash due to the presence of 
lacustrine clay lake beds overlying the outwash, or in instances where the outwash deposits are 
overlain by less permeable glacial till. 

© On a regional scale, groundwater flows from areas of high hydraulic head to areas of low 
hydraulic head or from potentiometric highs to potentiometric lows. The potentiometric surface 
is defined as the as the height to which water will rise in a well tapping a confined aquifer and is 
the water table under unconfined conditions. Thus under unconfined conditions, areas of high 
hydraulic head correspond to topographic highs in the regional water table. Similarly, areas of 
low hydraulic head correspond to topographic lows in the regional water table. Under 
unconfined conditions the potentiometric surface and water table are essentially the same except 
in areas where strong vertical gradients exists, such as would occur near discharge points and 
some head-dependant seepage lakes. 

High water table elevations occur within upland areas and around upland lakes and wetlands. 
Low water table elevations occur in lowland areas associated with streams, wetlands, or lakes. 
Groundwater is replenished in recharge areas defined as an area where the net vertical component 
of flow is downward. Recharge areas are typically associated with upland areas, upland lakes, 
and high water table elevations. Groundwater discharge areas are defined as areas where the net 
vertical component of flow is upwards. Groundwater discharge areas are typically restricted to a 
narrow band around streams, wetlands, and/or lakes. Thus recharge to the glacial aquifer occurs 
over much of the regional study area. 

A regional potentiometric surface map, shown in Figure 3-3, was prepared from water levels 
taken in the study area in February 1982, and from additional data on regional groundwater 

© elevations available from the USGS (Foth & Van Dyke, 1995/1998b). The map covers a large 

pee 
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geographic area encompassing Lakes Metonga and Lucerne to the north; Roberts and Lost Lakes 

to the east; Pickerel, Crane, and Rolling Stone Lakes to the south; and Bishop Lake to the west. © 

The potentiometric surface map is roughly equivalent to the regional water table, depicting the 

change in the water table elevation and the horizontal hydraulic gradient on a regional scale. 

Areas where the potentiometric surface map would not be equivalent to the water table would be 

in the vicinity of upland lakes, such as Little Sand Lake, that are hydraulically connected to the 

regional groundwater system. In these localized areas a mounded water table exists due to the 

occurrence of low permeability lacustrine clay and silt lake beds which create semi-confined 

conditions in the underlying glacial till and outwash. The regional scale potentiometric surface 

map does not reflect these small localized mounded systems. Rather, in the vicinity of the 

upland lakes, the regional potentiometric surface map represents the potentiometric surface in the 

semi-confined underlying glacial till and outwash. 

The regional potentiometric surface map (Figure 3-3) shows a well defined groundwater flow 
system constrained by a network of creeks and lakes. The near project area controlling surface 

water features, moving clockwise from the north, are Lake Metonga, Swamp Creek, Hemlock 

Creek, Ground Hemlock Lake, Crane Lake, Pickerel Lake, Rolling Stone Lake, Pickerel Creek, 

Mole Lake, Rice Lake, and Gliske Creek. Groundwater flows from water table highs located in 

upland areas to discharge areas controlled by the above referenced surface water features. 

The regional groundwater high of about 1,640 feet is located in the vicinity of Lake Lucerne. 

The groundwater divide for the hydrologic basin is located just to the north of Lake Metonga and © 

to the east of Lake Lucerne (Olcott, 1968). South and east of this divide groundwater flows into 

Lake Metonga or Swamp Creek. South and west of Lake Metonga groundwater flows into 

Outlet Creek, Swamp Creek, Rice Lake, or Gliske Creek. Outlet Creek, which drains Lake 

Metonga, is a tributary of Swamp Creek. In the vicinity of the area proposed for the soil 

absorption system, regional groundwater flow is to the southeast toward Swamp Creek. 

A second groundwater divide exists south of Swamp Creek in the vicinity of the proposed TMA. 

Flow north of this divide is to Swamp and Hemlock Creeks and Ground Hemlock Lake. South 
of this divide, flow is southeasterly and southwesterly toward Crane, Pickerel, and Rolling Stone 
Lakes, and Pickerel Creek between Rolling Stone and Mole Lakes. 

3.5 Regional Groundwater Quality | 

Information on the regional water quality was obtained from Olcott (1968). Within the glacial 

overburden, the groundwater typically has a dissolved solids content ranging from 200 to 

300 mg/l. However the concentration of dissolved solids can be quite variable and locally can be 

as high as 400 mg/l. Water within the glacial till and outwash is of the calclum magnesium 

bicarbonate type. It is moderately hard with high iron concentrations, a common occurrence in 

much of the area. 
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3.6 Climatology-Meteorology 

© The climate of the region is continental, modified slightly by Lake Michigan, which is located 

approximately 80 miles to the east, and Lake Superior located approximately 90 miles to the 

north. The region has moderately warm summers with prevailing westerly winds and long cold 

winters. Summer temperatures rarely exceed 95 degrees Fahrenheit (°F) during the day, while 

night temperatures range between 50°F to 60°F. Winter temperatures range from 0°F to 25°F 

during the day, and occasionally will fall below -30°F at night. 

Historical monthly temperature and precipitation data, averaged from 1961 to 1990, were 

obtained from the State Climatologist (Anderson, 1995) for the North Pelican Lake Station, 

located approximately 15 miles west of the plant site. Data from the North Pelican Lake Station 

was used due to its relatively close proximity to the project area. The data, presented in 

Table 3-1, shows that during the period of 1961 to 1990 the highest average temperature at the 

North Pelican Lake station, 77.2°F, occurs in the month of July. The lowest average 

temperature, 0.1°F, occurs in January. The highest actual temperature on record for the North 

Pelican Lake station over the period of 1950-1994 was 98°F in July 1955. In February 1967, the 

lowest actual temperature, -44°F, was recorded. 

Average historical monthly precipitation at the North Pelican Lake station, as shown in Table 3-1 

ranges from approximately 1 to 4 inches. The greatest monthly average, 4.14 inches, occurs in 

the month of August. The least precipitation occurs in February with an average of 0.82 inches. 

© In total, the historical average annual precipitation at the North Pelican Lake station is 

30.36 inches. Snow fall in the region averages between 40 and 60 inches per year. 
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Table 3-1 

Meteorological Data 

eee 

Parameter Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year SSS ——— 

Temperature Data (°F) 

State Climatologist! 

Average High 20.1 25.8 36.9 51.9 66.2 73.2 77.2 73.6 64.4 54.0 37.8 24.1 50.4 

Average Low 0.1 2.6 15.0 28.8 40.1 49.7 54.9 53.0 45.4 35.3 23.2 6.9 29.6 

Precipitation (in) 

o State Climatologist! : 

“Normal 1.08 0.82 162 2.35 3.18 3.58 3.73 4.14 3.99 2.46 1.96 145 30.36 sO FOOD VIO 

' Monthly averages for 30-year period (1961-1990) as measured at North Pelican Lake. 

Prepared by: SVD1 
Checked by: REM 
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@ 4 Results of Investigation 

The investigation of Area H for use as the proposed soil absorption site consisted of the 

following: 

+ topographic mapping; 

+ wetland delineation and mapping; 

+ subsurface characterization; 

+ archaeological survey; and 

+ groundwater quality sampling. 

These are described further in the following sections. The archaeological investigation is 

discussed in Section 4.4. 

4.1 Field Topographic Mapping 

In August 1998, a detail topographic survey was completed on the accessible (i.e., non-wetland) 

portions of Area H. The purpose of this survey was to provide a topographic map with a 1-foot 

contour interval in the areas proposed for siting the soil absorption system. The on-site survey 

work also included establishing the location and surface elevation of the test pits, test borings, 
water table wells, piezometers, sand points, and staff gages. Drawing No. 3 shows the 

information obtained during the field surveys. The topography and other features on Drawing 

© No. 3 outside of the surveyed area were obtained from the 1976 aerial mapping completed by 

Aero-Metric Engineering, Inc. The wetland boundaries around the site, which were field 

delineated, were also surveyed. In addition, spot elevations were established in the wetlands 

bordering the site to the east. 

4.2 Wetland Delineation 

On August 17, 1998, a wetland delineation/verification survey was conducted at Area H. Prior to 

conducting the field investigation, the Crandon Project's 1995 EIR (Foth & Van Dyke, 

1995/1998b) was reviewed. In addition, aerial photographs, topographical maps and the 

historical wetland maps for the site were also reviewed. According to the information presented 

in the 1995 EIR, two wetlands were previously identified in the vicinity of Area H by 

Normandeau Associates, Inc. and Interdisciplinary Environmental Planning, Inc. These | 

wetlands, known as T4 and Z16, were previously inventoried and are both described as 

coniferous swamp. 

| Following the literature review, a site visit was conducted and a formal wetland delineation in 

accordance with the Corps of Engineers Wetland Delineation Manual (USCOE, 1987) was 

completed. A technical memorandum describing the 1998 delineation work is provided in 
Appendix D. Each identified wetland was field delineated by walking several transects across 
the wetland/non-wetland gradient. Observed vegetation, hydrology and soil characteristics were 

© recorded on Routine Wetland Determination Forms. Based on the data collected, numbered flags 
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were placed along the perimeter of the wetland boundary. The flags were then surveyed and the 

resulting wetland boundary is shown on Drawing No. 3. It should be noted that the entire © 

boundaries of wetlands T4 and Z16 were not delineated. The delineation only covered the 

wetland/upland boundary nearest to the proposed soil absorption area north of Keith Siding Road 

and west of the Wisconsin Central Limited railroad tracks, as shown on Drawing No. 3. 

The information obtained from the literature review is generally consistent with the conditions 

observed on site. The delineated western boundary of T4 generally follows the same boundary 

as reported in the 1995 EIR. However, the wetland map presented in the 1995 EIR shows an 

upland break between wetland T4 and Z16. This area, historically shown as upland, appears to 

have been significantly affected by clearing and agricultural activities. It appears that the area 
was Cleared and drained for agricultural purposes. An 8-inch diameter corrugated metal culvert 

pipe (CMCP) is present between T4 and Z16, as shown on Drawing No. 3. The CMCP was not 

conveying water during the field work performed in August and September 1998. Evidence of 

hydric soils and hydrophytic vegetation does exist in this area, and it appears to be in the process 

of reverting back to wetland. Therefore, it was included as wetland in the most recent 
delineation. 

4.3 Subsurface Investigations 

4.3.1 General 

The subsurface investigations at Area H were completed in three phases during the summer of ©@ 
1998. The locations of these investigations are shown on Drawing No. 3 and Figure 1-2. The 
initial investigation was performed during July 1998, at which time three test borings numbered 
BH-01, BH-03, and BH-05, and four test pits numbered TPH-01 through TPH-04, were 
completed in Area H South (located south of Keith Siding Road). These holes were drilled to 
obtain a preliminary assessment of the suitability of the southern portions of Area H South. 

A second preliminary investigation and a Phase II investigation were completed in early August 
_ 1998 and late August/early September 1998, respectively, on the northern portions of Area H. 

The following activities were completed as a part of these investigations (locations are shown on 
Drawing No. 3): 

+ 104 test pits (98 locations) TPH-5 through TPH-98 : 

+ 16 test borings BH-2, BH-4, and BH-6 through BH-19 

+ 8 water table monitoring wells MWH-O09, -10, -11, -13, -14, -15, -16, and 
MWH-19 

+ 3 piezometers MWH-09P, MWH-10P, and MWH-11P 

~~ 6 shallow sand points SPH-01 through SPH-06 
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| 

@ + 16 test borings BH-2, BH-4, and BH-6 through BH-19 

+ 4 deep sand points SPH-01A through SPH-04A 

+ 2 staff gages SGH-01 and SGH-02 

+ 8 hand auger borings HAH-01 through HAH-08 

Infiltrometer tests were performed at five of the test pit locations. In addition, laboratory soils 
testing was completed on representative samples. Two rounds of groundwater sampling are in 
the process of being completed on three wells to obtain a preliminary assessment of existing 

groundwater quality. The results of this sampling in addition to baseline environmental and 

biological monitoring data at the site will be provided in a future update to the Crandon Project's 

EIR (Foth & Van Dyke, 1995/1998b) (see Section 9.3). 

Test pits were completed to delineate the soils that will form the base of the seepage cells. Test 

pit data are used to aid in the design of the cells with respect to soil layers that may restrict the 

infiltrative capacity of a cell and would thus warrant removal during construction. 

The soil borings were completed to characterize the lithology and thickness of the dominant 
hydro-stratigraphic units that form the aquifer system at the site. The thickness of the aquifer 

and potential confining layers are a key site feature that will affect the transmissivity of the local 
e aquifer and the ability to transmit infiltrated water to a local groundwater discharge area. 

Water table and piezometer wells were installed to define the water table elevation across the site 

and the groundwater flow field. Monitoring wells were also used to conduct slug tests to assess 

the hydraulic conductivity of the local aquifer. 

Sand points and staff gages were installed to aid in the assessment of groundwater interaction 

with local surface features such as wetlands T4 and Z16, Lake 17-16 and its associated dredge 

canal, and Creek 17-13 and its associated diffuse spring that exists in the northern portion of 

wetland Z16 where staff gage SGH-02 is located. Hand auger borings were completed in 

wetland Z16 to assess the nature of the shallow soil strata beneath the wetland organic layer that 

could affect the ability for groundwater to discharge into the wetland. 

4.3.2 Test Pits , 

A total of 104 soil test pits (TPH-5 through TPH-98) were dug by backhoe on the property 

during the evaluations at locations shown in Drawing No. 3 to characterize the soils at Area H. 

At some locations, additional test pits were excavated adjacent to the original test pit to confirm 

soil conditions. At these locations, the test pit designations are followed by letters (A, B, C, etc.) 

as appropriate. Detailed test pit logs are included in Appendix A. Standard SCS formats were 

used to record the data and interpretations. Therefore, the terms used to describe soil texture 
(particle size distribution) are those presented in Soil Taxonomy (USDA, 1988), rather than those 

© used in the Unified Soil Classification System (USCS). A non-standard symbol (-) has been 
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used to indicate "grades to". In addition, two non-standard terms are used in the descriptions to 

describe the cementation (Ce) and/or compaction (Cp) observed in some of the soil horizons. © 

Wherever possible, the test pits were extended into the saturated zone. 

Representative soil grab samples were collected from the test pits for reference and for laboratory 

testing. In addition, several undisturbed soil cores were collected from selected test pits for bulk 

density determination. 

The upland (i.e., non-wetland) portion of Area H consists of six parcels, or fields, identified by 

crop and location. These fields, shown on Drawing No. 3, include: 1) a medium size pasture 
planted in grass in the northeastern corner of the property; 2) a medium size alfalfa field north of 
the driveway and west of the access road; 3) a small alfalfa field north of the driveway and east 

of the access road; 4) a small parcel of land south of the driveway and east of Keith Siding Road 

planted in oats; 5) a medium size alfalfa field north of Keith Siding Road in the southeast portion 

of the property; and, 6) a medium size parcel west and south of Keith Siding Road which 

contains a potato crop. Similarities and differences in the soils encountered in these fields are 
discussed below. 

Most of the soils encountered at Area H have limited horizon development, and contain only 

minor evidence of translocation of materials within the horizons and/or alterations of parent 

materials. The surficial soils evaluated have been plowed for crop production and original 

A horizons have been incorporated with portions of the underlying, weakly developed B horizons 
thereby producing Ap horizons (plow layer) with moderate values and chromas (typically © 
10YR4/1-3). 

Most of the soils on the site are entisols (soils having no diagnostic pedogenic horizons and 

therefore minimal horizon development). A minor portion of the soils encountered at the site are 

spodosols [soils with subsurface alluvial accumulations of organic matter (Bh) and compounds 

of aluminum and usually iron (Bs)]. The spodisols range from containing traces of (see 

TPH-24), to a distinct (see TPH-9) E horizon and underlying B2s or B2hs-B2s horizons. There 

may have been a greater proportion of spodosols at the site prior to the onset of agricultural 

activities during which former E and B2 horizons may have been incorporated into the Ap 

horizon thus making it nearly impossible to recognize some of the original spodosols. It was 
observed in some test pits that the Ap horizon truncates E-B2hs-Bs horizons (see TPH-51 and 

TPH-62) and/or cradle knoll sequences of these horizons (see TPH-40 and TPH-82) which have 
resulted from the clearing and working of the formerly forested site. | 

The greatest development of spodosols at the site is in the potato field (Field 6) where, due to the 

high groundwater levels and seasonal groundwater fluctuations, they are probably aquods (see 

TPH-23 and TPH-26). This combination of entisols and spodosols, with entisols predominating, 

was also encountered at the other sites (e.g., Areas E, G, etc.). However, the other sites were 

forested and the proportion of spodosols to entisols was generally greater at the other sites than at 
Area H. 
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The soils at the site have developed in a surficial deposit of loess overlaying medium to coarse 
© outwash sands. The loess consists primarily of silt loam (sil) and sandy loam (sl) materials. In 

general, the soils in Fields 1 and 2 have the widest range in thickness of the loess material and 
greater overall loess thicknesses than the soils in the other fields. 

In some test pits a thin layer of glacial till, consisting of primarily of sandy clay loam (scl) 

material, was found between the loess and outwash. About one-third of the test pits in Fields 1 

and 2, and about two-thirds of the test pits in Field 4, contain a layer of till between the loess and 

outwash. Very few of the test pits in Fields 3, 5 and 6 contain a till layer. About two-thirds of 

the till encountered in all test pits showed signs of having been at least partially reworked 

resulting in a material with a sandy loam (sl) texture. These reworked tills are referred to as 

sandy tills in the individual soil descriptions. 

The thickness of the loess/till surficial soils ranges from approximately 0 to 4 feet (average about 

1’ to 2 feet) across the site. These materials would be expected to have a lower infiltrative 

capacity and will be removed from the base of the absorption system and replaced with clean 
sands, as discussed in Section 6. 

The soils beneath the surficial soils consist of layers of mainly medium to coarse sands, with 

subordinate amounts of medium and fine sand, all of which would be expected to have a high 

infiltrative capacity due to the lack of fine materials (silt plus clay). The upper foot of sand in 

most of the pits contains small thin, very discontinuous layers of fine material (fsl), and small 
©} discontinuous seams of fine gravel + very coarse sand (grvcos). The stratification between the 

sand layers is not distinct, which reduces the potential for lateral flow of water applied to these 
soils. 

The outwash sands in some of the test pits contained fragments of till ranging in size from 

2 inches by 2 inches to 6 to 8 inches by several feet along the interface between the upper and 
. lower sands. These materials are more common in the outwash in Fields 1 and 2, are less 

common in the outwash in Fields 3 and 4, and were rarely observed in the outwash in 
Fields 5 and 6. 

Portions of the horizons developed in the loess and/or till are partially cemented and/or 

compacted. In addition, at some locations the upper 1 foot or so of the outwash show the same 

characteristics. These horizons are designated as partially cemented/compacted in the remarks 
section of the detailed descriptions (e.g., TPH-11 and TPH-29). This feature has led to the | 

development of peds having a firm (mfi) consistence in some of the test pit soils (e.g., TPH-11). 

However, individual peds in some of the test pit soil horizons crush quite easily and have a 

consistency of friable or even very friable (mfr or mvfr, e.g., TPH-29). It appears that the 

cementation/compaction developed first as an interpedal feature and later expanded to also 

become an intrapedal feature. These features were more common in soils in Fields 3 and 5, and 

were the least common in soils in Field 6. These cemented and/or compact materials are obvious 

when excavating the soil and will be removed during construction of the system. 
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As previously mentioned, test pits were extended into the saturated zone when possible. The 

outwash sands in most of the pits contain horizontal mottling (streaks) near the zone of © 

saturation, indicating that the seasonal fluctuation of the water table 1s low and that groundwater 
flow beneath the site is mainly horizontal in nature. However, the relationship between the 

mottling, normally considered to represent seasonal high groundwater, and the depth of the zone 

of saturation is not consistent. These test pits were dug at the end of a dry summer and it would 

be expected that the zone of saturation would be near its lowest level. The banded mottling in 

some test pits was found to be above the water table (see TPH-7 and 21) as would be expected. 

In other pits the mottling was observed to be located at, or within, the zone of saturation (see 

TPH-50 and 51). Therefore, the depth to maximum seasonal groundwater fluctuation listed in 

the individual soil test pit descriptions has been assumed to be approximately 1 foot above the 

top of the observed zone of saturation. 

Based on the results of the bulk density determinations, the low fines content of the outwash, and 

the results of the infiltrometer tests (described below), it is expected that the outwash sands 

exhibit a suitable infiltration capacity for developing a soil absorption system at a conservative 

rate of about 5 gallons per day per square foot (gpd/sf). Additional discussion on the design 
infiltration rate 1s discussed in Section 6. 

4.3.3 Soil Borings 

Sixteen soil borings were drilled to characterize the deeper soil conditions at Area H. Soils were — 

sampled continuously using a split spoon sampler in the upper 30 or more feet to define the © 

thickness and characteristics of the soil profile and to obtain samples for laboratory analysis. 

Below approximately 30 feet in depth, soil borings were sampled at approximate 5-foot intervals. 

Table 4-1 provides a summary of the elevations of the soil borings, wells, piezometers, sand 

points, and staff gages installed at the site. The soil borings were also used to determine the 

thickness of the aquifer in the vicinity of Area H and the occurrence, if any, of confining layers 

that could affect the ability of the aquifer to transmit infiltrated water to a local point of 

discharge. 

The soil borings and wells were completed primarily on lands presently used for agricultural 

purposes or at the fringes of these agricultural fields. The upper soil horizons (topsoil) are 

developed in a surficial deposit of loess which directly overlies outwash sands. In isolated cases 

there is a thin veneer of Late Wisconsinan till between the topsoil/loess and the outwash. The 
topsoil generally consists of black to dark-grey sandy silt or silty sand, Unified Soil | 

Classification System (USCS) - OL which ranges in thickness from 0.2 feet to 1.0 foot. The 

topsoil was thickest where the soil structure has not been disturbed by agricultural activities 

along the margins of the agricultural lands. 

The topsoil is underlain in most borings by a yellowish-brown to light-brown silty fine sand or 

fine sandy silt (ML or SM) which is believed to a loess deposit. The topsoil and loess soil are 
mixed at locations of past agricultural use due to tillage of the soil which has occurred over the 
years resulting in a soil classified as (OL-ML) and referred to in the boring logs (Appendix B) as © 

DMW\CER1\LXB\LMC\93C049\GBAPP\67726.61\10000 Preliminary Engineering Report for the Foth & Van Dyke * 26 
November 1998 Crandon Project Soil Absorption System 

D-33



Table 4-1 

© 
Boring/Well/Sand Point/Staff Gage Construction Summary 

Top ofPVC — Topof —-Bottomof —-Bottomof _ 
Boring/ Surface Casing Screen Screen Borehole 
Well ID Elevation Elevation Elevation Elevation Elevation 

BH-01 ~1585.00? — — — ~1505.00 

BH-02 1593.40 — — — 1561.40 

BH-03 ~1585.00° — — — ~1555.00 

BH-04 1591.68 — — — 1541.68 

BH-05 ~1585.00° — — — ~1521.00 

BH-06 1590.20 — — — 1564.20 

BH-07 1588.48 — — — 1558.48 

BH-08 1586.19 — — — 1560.19 

BH-09 1591.66 — — — 1561.66 

© BH-10 1592.33 — — — 1560.33 

MWH-10 1592.46 1595.62 1585.5 1575.5 1574.50 

MWH-10P 1592.37 1595.48 1560.4 1555.4 1554.40 

BH-11 1585.07 — — — 1555.07 

MWH-11 1585.00 1588.16 1581.0 1571.0 1570.00 

MWH-11P 1584.87 1588.02 1555.9 1550.9 1549.90 

BH-12 1591.43 — — — 1559.43 

BH-13 1594.03 — — — 1523.03 

MWH-13 1594.42 1597.54 1589.4 1579.4 1578.40 

BH-14 1588.36 — — — 1522.36 

MWH-14 1588.69 1591.92 1583.7 1573.7 1572.70 

| BH-15 1588.63 — — — 1556.63 

MWH-15 1588.76 1591.73 1583.8 1573.8 1572.80 

BH-16 1592.44 — — — 1560.44 

© MWH-16 1592.92 1596.02 1587.9 1577.9 1576.90 
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Table 4-1 (Continued) 

Top of PVC Top of Bottom of Bottom of 

Boring/ Surface Casing Screen Screen Borehole 

Well ID Elevation Elevation Elevation Elevation Elevation 

BH-17 1585.38 — — — 1553.38 

BH-18 1586.42 — — — 1554.42 

BH-19 1586.55 — — — 1556.55 

MWH-19 1586.24 1589.38 1581.2 1571.2 1570.20 

MWH-09 1591.23 1594.34 1587.2 1577.2 1576.20 

MWH-09P 1591.22 1594.44 1562.2 1557.2 1556.20 

SPH-01 1581.52 1583.69° 1578.4 1575.4 — 

SPH-01A 1581.42 1585.95° 1570.3 1567.3 — 

SPH-02 1581.95 1583.89° 1578.6 1575.6 — 

SPH-02A 1581.83 1584.36° 1568.5 1565.5 — 

SPH-03 1591.08 1593.37° 1588.2 1585.2 — 

SPH-03A 1591.21 1594.49° 1578.5 1575.5 _ © 
SPH-04 1590.76 1593.18° 1587.9 1584.9 — 

SPH-04A 1590.79 1594.88° 1579.2 1576.2 — 

SPH-05 1580.45 1581.51° 1571.2 1568.2 — 

SPH-06 1584.15 1587.18 1582.7 1579.7 — 

SGH-01 1577.88° — — — — 

SGH-02 1577.41° — — — — 

* Borings located south of Keith Siding Road. Elevation estimated from the topographic map. 
’ Top of 14 inch galvanized steel pipe. | 
° Elevation of zero "0" point on the staff gage. 

BH = Borings - Area H 

MWH = Monitoring wells - Area H 

SPH = _ Sand points - Area H 

SGH = _ Staff Gages - Area H 

~ = Approximately 

Note: All elevations in feet (mean sea level). 
Prepared by: REM 
Checked by: TJC 
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a plagen. A plagen is defined as a soil that has been disturbed by agricultural activities and 

© contains evidence of plowing or spading and manuring. A plagen soil condition was observed in 

borings BH-07, BH-08, BH-09, and BH-10. The till layer was encountered only in borings 

BH-02, BH-04, BH-05, BH-06, BH-11, BH-13, and BH-15. BH-05 was drilled in Area H South 
which is not under consideration for use as part of the soil absorption system. In the other 

borings where till was encountered, located along the east wetland agricultural field margins, the 

till is classified as a brown, dense, fine sandy silt with variable amounts of gravel and clay (SM 

or ML). In these borings, the till ranges in thickness from 0.5 feet in BH-02 to 3.6 feet in BH-13. 

In BH-13 the till is slightly reworked with lenses of silt (ML) and clay (CL). These deposits 

were also encountered in the northeast corner of the site at the wetland margin at BH-13. At 

BH-15 the reworked till was encountered again with lenses of silts and clays from a depth of 

1.2 to 5 feet. 

In general, outwash soils were encountered directly underlying the loess and/or till soils at depths 

ranging from 1 foot in BH-18 to 5.6 feet in BH-13. In the regional analysis of the 

unconsolidated deposits at the Crandon Project, the outwash soils have been referred to 

regionally as fine and coarse outwash based on the predominate grain size of the soil strata. The 

uppermost outwash (on the order of 20 to 30 feet thick) at Area H was considered coarse outwash 

and generally classified as a light-brown to brown fine to medium sand (SP) which was typically 

structureless. Some stratification of the coarse outwash was present at some locations. In many 

borings, this coarse outwash has lenses or layers of medium to coarse sand and/or fine to coarse 

gravel. These gravels and coarser sand layers generally appear in the soil profile at depths 

© ranging from 4 feet to a maximum of 16 feet and typically occur intermittently with some 
occurrences throughout the entire boring depth. In many instances, these coarser layers are 

located at or very near the water table. In general, fine outwash predominates at depth, being 

primarily fine and fine to medium grained sands (SP) which generally become more grey in 

color. The geologic cross-sections provided in Drawings No. 4, 5, and 6 show the soil profiles to 

the depths of the borings. 

Five borings were drilled to depths greater than 30 feet to assess the thickness of the outwash 

deposit and establish the continuity of the outwash below the groundwater table. These borings 

are as follows (see Figure 1-2 and Drawing No. 3): 

+ BH-01 was drilled approximately 450 feet north of Swamp Creek in the southernmost 
portion of Area H South. At this location, outwash was continuous to a depth of | 
approximately 63 feet where the outwash was interbedded with glaciofluvial deposits 

consisting of thin (%- to %-inch thick) lenses of silt (ML) and clay (CL). These layers 

did not predominate, but rather occurred intermittently in the soil profile to the 

terminus of the boring at 80 feet. 

¢ BH-05 was also drilled in Area H South, approximately 800 feet north of Swamp 

Creek. At this location, outwash was continuous to a depth of approximately 62 feet 

where the outwash became interbedded with glaciofluvial deposits consisting of silty 

© fine sand (SM) and fine sandy silt (ML) to a depth of 64 feet. 

DMW\CER1\LXB\LMC\93C049\GBAPP\67726.61\10000 — Preliminary Engineering Report for the Foth & Van Dyke * 29 
November 1998 Crandon Project Soil Absorption System 

D-36



+ BH-04 is located in the northeastern portion of Area H, approximately 800 feet west 

of Swamp Creek. BH-04 was drilled to a depth of 50 feet and encountered outwash © 

soil for the entire depth of the boring. 

+ BH-13 was drilled in the northern corner of Area H approximately 2,200 feet 

northwest of Swamp Creek. BH-13 was drilled to a depth of 71 feet and outwash 

deposits were encountered between 5.6 and 71 feet. 

+ BH-14 was drilled in the southwest portion of Area H, approximately 1,700 feet north 

of Swamp Creek. BH-14 was drilled to a depth of 66 feet and outwash deposits were 
encountered between 2 and 66 feet. 

The outwash is continuous at depth in all areas beneath and downgradient of the proposed 

facility. The outwash was further characterized by completing grain size and hydrometer 

analyses on samples at various depths in the outwash. The results of these tests are discussed 

further in Section 4.3.8. 

4.3.4 Monitoring Wells 

Groundwater table monitoring wells (e.g., MWH-09), piezometers (e.g., MWH-09P), sand points 

(e.g., SPH-01 and SPH-01A), and staff gages (e.g., SGH-01) were installed at the northern 

portions of Area H at the locations shown on Drawing No. 3. Table 4-1 contains a list of the 

elevations for each well. Well construction and well development reports are provided in © 

Appendix B. All installations were completed in accordance with the applicable standards as 

discussed in Sections 2.1 and 2.2. 

The groundwater monitoring wells, piezometers, sand points, and staff gages were used to 

determine the groundwater flow characteristics of the outwash aquifer at Area H. The following 

is a list of tests or measurements taken from these devices and an indication of where in the 

report the results are discussed. 

+ Groundwater elevations were measured at all monitoring locations. The results of 

these measurements are provided in Table 4-2. Drawing No. 7 (Low Groundwater 

Table Elevation Contours and Surface Water Elevations) and Drawing No. 8 

(Potentiometric Surface Contours and Elevations) were prepared using the | 
measurements obtained on September 25, 1998. 

+ Vertical gradients were calculated using the groundwater level data from the 

groundwater table wells and associated piezometers. Vertical gradient calculations are 
provided in Appendix E. The significance of the vertical gradients are discussed in 

Section 5. 
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© © © 

Table 4-2 

Groundwater Elevations - Area H 

Elevation to Depth to Groundwater Depth to Groundwater Depth to Groundwater Depth to Groundwater Depth to Groundwater 
Monitoring Point' Top of PVC? Groundwater Elevation Groundwater Elevation Groundwater Elevation Groundwater Elevation Groundwater Elevation 

MWH-09 1594.34 7.70 1586.64 7.72 1586.62 7.86 1586.48 7.86 1586.48 7.59 1586.75 

MWH-O09P 1594.44 8.18 1586.26 8.20 1586.24 8.32 1586.12 8.32 1586.12 8.02 1586.42 

MWH-10 1595.62 13.49 1582.13 13.49 1582.13 13.62 1582.00 13.64 1581.98 13.59 1582.03 

MWH-10P 1595.48 14.01 1581.47 14.01 1581.47 14.12 1581.36 14.12 1581.36 13.90 1581.58 

MWH-11 1588.16 7.38 1580.78 7.39 1580.77 7.50 1580.66 7.50 1580.66 7.26 1580.90 

uy MWH-11P 1588.07 7.19 1580.88 7.21 1580.86 7.30 1580.77 7.30 1580.77 7.08 1580.99 

ws MWH-13 1597.54 9.33 1588.21 9.38 1588.16 9.53 1588.01 9.60 1587.94 9.52 1588.02 

MWH-14 1591.92 11.08 1580.84 11.10 1580.82 11.24 1580.68 11.24 1580.68 10.97 1580.95 

MWH-1I5 1591.73 9.54 1582.19 9.58 1582.15 9.72 1582.01 9.72 1582.01 9.46 1582.27 

MWH-16 1596.02 13.79 1582.23 13.84 1582.18 13.97 1582.05 13.97 1582.05 13.98 1582.04 

MWH-19 1589.38 9.48 1579.90 9.48 1579.90 9.58 1579.80 9.58 1579.80 9.37 1580.01 

SPH-01 1583.69 — — _— — 3.71 1579.98 3.71 1579.98 2.96 1580.73 

SPH-0O1A 1585.95 — — —_ — 5.44 1580.51 5.44 1580.51 5.22 1580.73 

SPH-02 1583.89 — — _— — 3.33 1580.56 3.35 1580.54 3.19 1580.70 

SPH-02A 1584.36 — — — — 3.92 1580.44 3.88 1580.48 3.70 1580.66 

SPH-03 1593.37 — — —_ _ 5.70 1587.67 5.68 1587.69 4.96 1588.41 

SPH-03A 1594.49 — — — — 6.07 1588.42 5.90 1588.59 5.52 1588.97 

SPH-04 1593.18 — — _— — DRY — DRY — 6.20 1586.98 

SPH-04A 1594.88 — — — — 8.06 1586.82 8.20 1586.68 7.78 1587.10 
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Table 4-2 (Continued) 

9/11/98 | 9/15/98 9/24/98 9/25/98 10/15/98 

Elevation to Depth to Groundwater Depth to Groundwater Depth to Groundwater Depth to Groundwater Depth to Groundwater 
Monitoring Point! Top of PVC? Groundwater Elevation Groundwater Elevation Groundwater Elevation Groundwater Elevation Groundwater Elevation 

SS 

SPH-05 1581.51 — — — — 0.95 1580.56 0.95 1580.56 0.80 1580.71 

SHP-06 1587.18 — — — — 4.40 1582.78 4.36 1582.82 4.03 1583.15 

SGH-01 1578.193 — _— — — — 1.92 1580.41 2.12 1580.61 

SGH-02 1577.29 —_— — — — — 3.92 1581.21 3.96 1581.25 
a 

'SGH-01 = staff gage 
SPH-02 = sand point 
MWH-09 = monitoring well 
MWH-09P = _ piezometer 

? Top of 1% inch galvanized pipe for sand points (e.g., SPH-01). 
* Represents zero "0" mark on staff gage. 

0 Note: All elevations in feet (mean sea level). 
UJ 
oO 

Prepared by: REM 

Checked by: TJC 
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+ Aquifer response tests were completed on all groundwater table monitoring wells and 

© piezometers. The results are discussed in Section 4.3.5. 

4.3.5 Infiltrometer Tests 

| Three methods were used to measure the infiltration rate and hydraulic conductivity of the 

outwash soils: 

+ double-ring field infiltrometer tests at seven locations (ASTM D 3385) to test the 

infiltration rate of native soils that will be present beneath the soil absorption system; 

+ slug tests (Bouwer, 1989) completed in the eight on-site wells and three piezometers; 

and 

+ laboratory hydraulic conductivity tests completed on remolded outwash samples 

(ASTM D 2434) to assess the hydraulic conductivity of engineered soils placed 

beneath the soil absorption cells. 

This section will discuss the results of the double-ring infiltrometer tests (DRI tests). The other 

tests completed will be discussed later in this report. The results of all tests are evaluated in 
Section 5, which includes the rationale for selecting the design values of vertical and horizontal 

@ hydraulic conductivity. 

Seven DRI tests were conducted at the locations shown on Drawing No. 3. The tests were 

performed by excavating through the upper soil horizons with a backhoe to the elevation near the 

top of the outwash. The infiltrometer rings were then set by tapping the rings in place with a 
sledgehammer and wood blocking. Appendix F contains the field data forms and the graphs of 

the infiltrometer tests results which include the depth of each of the rings for each test. Each test 

was run well beyond the point at which steady state (i.e., saturated) flow occurred, as evidenced 

by the straight line portion of each graph prior to termination of the tests. Water from the 

Flannery Construction Company well, located on CTH W south of USR 8, was used for all tests. 

Table 4-3 contains a summary of the seven tests performed along with other relevant data. The 

infiltration values listed in Table 4-3 were chosen by selecting a typical infiltration value from 
the graphs in Appendix F. 

After each infiltrometer test was completed, the test area was excavated with a backhoe to 

determine the flow path of the water from the rings. Excavation in the test area revealed that 
water flow in the unsaturated zone was primarily vertical with negligible evidence of horizontal 

flow. The wetting front typically extends vertically below the test area to the groundwater table. 

This observation indicates that the primary flow path for water from a soil absorption system in 

Area H will be vertical and restrictive layers which may cause horizontal flow are not prevalent. 
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Table 4-3 

Field Infiltrometer Tests © 

eee 

Test Pit Infiltration Rate Elevation 

Surface. _—Mepth) 
Elevation (ft/d) (in/hr) (cm/sec) (g/d/sf) (feet) Soil Description 

SSS SS ne 

TPH-38B 2 1590.0 : 
1594.2 61 31 2.2x10 464 (4.2) Fine to med. sand (SP), outwash 

Outwash sand directly overlying _2T* 
IFH-8D" 18 9.0 64x107 135 1988.5 safted till soils and/or other 
1592.0 (3.5) oe 

restrictive soils 

TPH-42B 2 1587.4 : 
1589.9 160 80.0 5.6x10° 1197 (2.5) Fine to med. sand (SP), outwash 

TPH-47 2 1586.9 
1591.9 78 39.0 2.8x10 584 (5.0) Med. to fine sand (SP), outwash 

TPH-53 2 1589.0 , 
1593.1 32 16.0 1.1x10 239 (4.0) Fine to med. sand (SP), outwash 

TPH-06B 80 40.0  2-81x10" 599 1591.5 Med. to coarse sand (SP), 
1593.5 ? (2.0) outwash 

Outwash sand directly overlying © -33R* 
IPH-33B 1.2 0.6 4.2x10% 9.0 1588.6 rafted till soils and/or other 1593.1 (4.5) ie ; 

restrictive soils 

Mean 2 (Outwash) 82.4 41.2 2.9x10 616 

a ee 

ft/d = feet per day 

in/hr = inches per hour 
cm/sec = centimeters per second 

g/d/sf = gallons per day per square foot 
Note: Elevations/depths in feet (mean sea level). 

*Tests performed in restrictive soils are not included in mean, since they will be removed prior to installation of the 
soil absorption system. 

Prepared by: REM 
Checked by: TJC 

eee 
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To confirm the observed wetting front described above, soil grab samples were systematically 

© collected for moisture content analysis at and beneath the infiltrative surfaces from the 

infiltrometer test sites conducted at TPH-6B, TPH-47, and TPH-53. The results of the analyses 

are included in Appendix H-2. Figures 1 through 3 in Appendix H-2 show contoured 

distributions of soil moisture contents (as percent volume) for the three test sites. These figures 
show that the highest moisture contents are concentrated vertically beneath the infiltrometer 

rings, with the greatest moisture contents in the 1- to 4-foot depth range below the infiltrative 

surface. These results confirm the field observations of the apparent wetting front and vertical 

nature of infiltration, as discussed above. 

4.3.6 Aquifer Response Tests 

In-field hydraulic conductivity tests were performed on the eight wells and three piezometers 

installed on the northern sections of Area H. Tests on water table wells were performed by 

measuring the rate at which the water level in the well rises after the static water level has been 

instantaneously lowered by removing a volume of water. Tests on the piezometers were 

performed by using both the rising and falling head method of testing. The recovery data was 

analyzed according to a method described by Bouwer and Rice (1976) and Bouwer (1989). The 

graphics of these tests are provided in Appendix G, and results are summarized in Table 4-4. 

Each hydraulic conductivity was analyzed using the AQTESOLV™ program. 

: The values for hydraulic conductivity values presented in Table 4-4 range from 105 to 12 feet per 

© day, which is a relatively high value indicative of a clean granular deposit such as the outwash at 

| Area H. 

4.3.7 Hand Auger Borings 

ee On October 15, 1998, eight hand auger borings were completed in the wetlands east of the 

. proposed soil absorption area. The purpose of these borings was to determine the nature of the 

a soils in the wetlands. Either a 42-inch or a 3%-inch bucket-type hand auger was used, 
depending on the subsurface conditions. The locations of the hand auger borings, numbered 

HAH-01 through HAH-08, are shown on Drawing No. 3. The depth of these borings was limited 

to a maximum of approximately 6 feet due to the caving nature of the soils in the wetlands. The 

logs from the hand auger borings are included in Appendix B. In general, the soils encountered 

in these borings can be described:as follows: | 

¢ The uppermost soil strata is a black, fibrous, very soft, saturated peat (Pt) with a 
maximum thickness of greater than 6.2 feet in HAH-01, HAH-03, HAH-07, and 

HAH-08, and a minimum thickness of 3 feet in HAH-06. 
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Table 4-4 e 

Aquifer Response Tests 

Hydraulic Conductivity 

Well No. feet/min _ feet/day cm/sec 

MWH-09 2.2x107 33 1.2x10° 

MWH-09P 3.7x107 53 1.9x10° 

MWH-10 8.0x10° 12 4.1x10° 

MWH-10P 3.8x107 55 1.9x10° 

MWH-11 3.5x107 50 1.8x10° 

MWH-11P 7.3x107 105 3.7x10° 

MWH- 13 2.0x107 28 1.0x10° 

MWH-14 3.0x107 43 1.5x10° 

MWH-15 2.9x107 4] 1.5x10° 

MWH-16 1.1x10° 16 5.5x10° © 

MWH-19 1.7x10? 24 8.5x10° ee een 

Prepared by: REM 
Checked by: SVD1 

¢ The peat (Pt) is underlain in HAH-02, HAH-04, HAH-05, and HAH-06 by a mixture 
of grey firm, silty sand, fine sand, and clayey fine to medium sand containing coarse 
gravel and cobbles. This strata is best described as a thin veneer of mixed outwash 
and till layers. This soil layer varied in thickness in these borings from 0.9 feet in 
HAH-05 to greater than 1 foot in HAH-06 and HAH-04 where the total thickness 
could not be penetrated with the hand auger due to caving conditions. | 

¢ Clean outwash described as a brown, loose, medium to coarse sand (SP) was 
encountered below the till/outwash layer in HAH-05 where 0.9 feet of outwash was 
penetrated below the till. 

It is expected that outwash will occur universally below the peat and till/outwash at the other 
locations. 

eee 
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4.3.8 Soil Laboratory Testing 

© Soil laboratory testing was performed by Nummelin Testing Services, Inc. (NTS) of 

Stevens Point, Wisconsin, and by Thresher & Son, Inc. of Madison, Wisconsin. NTS completed 

sieve and hydrometer analysis (ASTM D 422 ) and constant head permeability tests 

(ASTM D 2434) on representative samples of outwash from the borings and test pits at Area H. 

The laboratory data sheets are provided in Appendix H-1. Thresher & Son completed density 

(ASTM D 2216) determinations on relatively undisturbed samples of outwash sand taken from 

the base of the selected test pits and moisture contents of the soil samples around and below 

selected infiltrometer tests. These data are included in Appendix H-2. The laboratory test data 

from NTS are summarized in Tables 4-5 and 4-6. The bulk density tests are summarized in 
Table 4-7. 

The outwash soils can be described as predominantly fine to medium grained sands, USCS-SP, 

having a percent passing the number 200 sieve ranging from 0.2 to 16.8 (see Table 4-5). Of the 

total 71 outwash soil samples tested, six outwash samples had P200 greater than 5 percent. 

These atypical samples are described in the paragraph that follows. When these six samples are 

excluded, the average P200 value for 65 outwash samples is 1.4 percent. The outwash soils have 

a coefficient of uniformity (C,,) less than 6 and are therefore classified as SP. The fine- and 

medium-grained sizes predominate, with the coarse sand fraction typically being 10 percent or 

less. 

© Table 4-6 lists the soils tested which are not representative of the typical outwash soils at Area H. 

These are generally soils which classify finer or coarser than the typical outwash soil. The soils 

which classify finer are fine sands with silts (SP-SM) and silty fine sands (SM). These soils are 

atypical of the outwash and typically occur at depth within the outwash. The soils which classify 

coarser than the typical outwash are gravelly fine to medium sand and fine to medium sands with 

gravel. These classifications result from compositing a sampling interval from a split spoon or 

test pit where the interval contained a coarse sand or gravel lense. 
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Table 4-5 

Laboratory Data - Typical Outwash Soils 

eee 
Percent 
Passing Laboratory 

Test Pit/ Depth Percent Percent No. 200 Percent Percent Density Permeability Cy. 
Boring ID (Feet) Gravel Sand Sieve Silt Clay (Ib/cf) USCS SMHC (cm/sec) C. a 
Borings 

BH-02 12.0-14.0 3.4 94.1 2.5 1.8 0.7 _ SP _ _ an 

BH-04 6.0-8.0 30.7 67.5 1.8 0.4 1.4 — SP — — pon 

BH-06 12.0-14.0 4.3 92.7 3.0 0.7 2.3 — SP — — an 

1 BH-07 6.0-8.0 1.7 96.7 1.6 0.2 14 _ SP _ _ 2.10 a 0-8. , , . , , 105 

BH-08 14.0-16.0 0.2 98.0 1.8 0.9 0.9 _ SP _ _ YG 

BH-09 8.0-10.0 3.3 92.7 4.0 0.6 3.4 — SP — 2.4x10° a 

BH-10 14.0-16.0 8.9 88.5 2.6 1.6 1.0 _ SP _ 1.8x10? at 

BH-11 10.0-12.0 43.2 55.0 1.8 1.3 0.5 _ SP _ 2.2x107 a 

2.20 BH-12 14.0-16.0 3.7 92.2 4.1 2.5 1.6 — SP — — 107 

3.00 BH-13 10.0-12.0 6.5 91.3 2.2 0.6 1.6 — SP — — 0.89 

2.30 BH-13 54.0-56.0 0.0 96.6 3.4 2.2 1.2 — SP — — 106 

3.40 BH-14 8.0-10.0 10.2 88.1 1.7 1.1 0.6 — SP — — 078 
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Table 4-5 (Continued) 

a 
Percent | 
Passing Laboratory 

Test Pit/ Depth Percent Percent No. 200 Percent Percent Density Permeability Gu 

BH-14 64.0-66.0 2.4 85.5 12.1 9.5 2.6 — SM — _ i 

BH-14 36.0-38.0 2.6 96.7 0.7 0.5 0.2 — SP _— _ a 

BH-15 26.0-28.0 1.8 84.8 13.4 11.5 1.9 — SM _ _ 0 

BH-15 10.0-12.0 4.6 93.5 1.9 1.0 0.9 — SP _ _ ae 

BH-16 10.0-12.0 2.5 96.5 1.0 0.8 0.2 — SP — _ Tv 

BH-17 18.0-20.0 0.0 83.2 16.8 15.4 1.4 — SM — _ 28 

 BH-18 22.0-24.0 9.3 89.3 1.4 1.1 0.3 _— SP _ _ 4.00 

a a | 0.82 

BH-19 14.0-15.5 17.7 80.1 2.2 1.2 1.0 — SP _ _ oe 

Monitoring Wells 

MWH-09P 32.0-34.0 0.3 90.0 9.7 3.9 5.8 — SP-SM — 1.5x107 “3 

MWH-I0P —34.0-36.0 0.3 92.9 6.8 4.1 2.7 — SP-SM  — — 2 

MWH-IIP —32.0-34.0 0.0 98.3 1.7 0.9 0.8 — SP — 1.8x10? a 

Test Pits 

2.20 
TPH-05 10.0 09 97.6 1.5 0.6 0.9 — SP _— _ A 

2.80 
TPH-12 60 3.3 96.2 0.5 0.1 0.4 — SP — — 0-75 

ee 
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Table 4-5 (Continued) 

SEE 

Percent 
Passing Laboratory 

Test Pit/ Depth Percent Percent No. 200 Percent Percent Density Permeability Cu. 
Boring ID Feet Gravel Sand Sieve Silt Cla Ib/c USCS SMHC cm/sec C A eMC) 

TPH-13 4.5 0.2 99.1 0.7 0.3 0.4 — SP — — rT 

TPH-14 6.0 0.7 98.7 0.6 0.2 0.4 — SP — — a 

TPH-15 5.0 0.3 99.2 0.5 0.3 0.2 — SP — — 1.90 

TPH-16 80 2.4 97.3 0.3 0.1 0.2 — SP — — i 

TPH-17 5.0 0.9 98.7 0.4 0.2 0.2 — SP — — TT 

TPH-28 8.0 3.3 95.6 1.1 0.2 0.9 — SP — — 130 

T TPH-29 4.5 0.0 97.7 2.3 0.3 2.0 — SP — — 200 
s . . . ° . * 

1 . 1 4 

TPH-30 4.5 0.5 98.8 0.7 0.7* — SP — — on | 

3.70 TPH-31 9.0 4.1 95.5 0.4 0.2 0.2 — SP a — 0.99 

2.10 TPH-32 5.0 10.1 88.6 1.3 0.2 1.1 — SP — — 0.85 

2.30 TPH-33C 5.0 0.0 90.5 9.5 7.1 2.4 — SP-SM —_ — 137 

2.10 TPH-35 3.0 2.7 96.1 1.2 1.0 0.2 — SP _— — 1.02 

2.20 TPH-36 5.0 0.0 98.4 1.6 0.8 0.8 — SP — — 1.05 

2.20 TPH-37 3.0 5.8 93.3 0.9 0.5 0.4 — SP — — 0.89 

2.00 TPH-38B 5.0 0.1 97.9 2.0 0.1 1.9 — SP — — 1.15 

NS 
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Table 4-5 (Continued) 

Percent 
Passing Laboratory 

Test Pit/ Depth Percent Percent No. 200 Percent Percent Density Permeability Cu. | 

TPH-42B 75 0.0 99.8 0.2 0.0 0.2 — SP _ _ La 

TPH-43 3.3 1.7 97.7 0.6 0.0 0.6 — SP — — 7H 

TPH-48 5.5 0.8 98.7 0.5 0.1 0.4 _— SP — — 2.0 

3.70 
TPH-48 3.0 4.6 94.7 0.7 0.3 0.4 — SP — — 0.74 

TPH-51 4.2 0.7 98.6 0.7 0.7* — SP — — 0 

2.80 
| TPH-54 1.8 0.3 97.1 2.6 0.2 2.4 — SP — — 1.32 

v 2.70 
os  TPH-67 4.0 0.0 97.9 2.1 0.7 1.4 — SP — — 

Co 1.31 

2.00 
TPH-70 5.0 4.8 94.3 0.9 0.9* — SP — — 1.10 

1.60 
TPH-72 5.8 0.1 99.7 0.2 0.2* — SP — — 1.01 

1.70 
TPH-73 3.0 0.1 99.6 0.3 0.3* — SP — —_ 0.90 

TPH-74 1.5-5.6 4.2 94.6 1.2 0.3 0.9 — SP — — a 

4.70 
TPH-74 0.8-1.5 19.1 76.8 4.1 1.4 2./ — SP — — 0.61 

2.90 
TPH-76 4.6-5.7 10.0 89.5 0.5 0.1 0.4 — SP — — 0.74 

2.10 
TPH-76 1.5-4.6 10.1 89.3 0.6 0.6* — SP — — 0.81 

8.70 
TPH-80 4.4-6.5 30.0 69.5 0.5 0.5* — SP — — 0.36 

ooo 
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Table 4-5 (Continued) 

—_———— sv eee 
Percent 
Passing Laboratory 

Test Pit/ Depth Percent Percent No. 200 Percent Percent Density Permeability Cy 
Boring ID (Feet) Gravel Sand Sieve Silt Clay (Ib/cf) USCS SMHC (cm/sec) Co 

Ce 

TPH-80 18-44 9.1 90.0 0.9 0.5 0.4 — SP — _ TS 

* 3.60 TPH-81 3.7-6.1 2.9 95.9 1.2 1.2 — SP — —— 0.86 

TPH-81 1.7-3.7 16.1 79.5 4.4 2.5 1.9 — SP — — at 

TPH-85 42 1.0 98.6 0.4 0.4* — SP — _ rey 

TPH-87 50 12 98.2 0.6 0.2 0.4 — SP — ~ io5 

2.10 TPH-88 4.5 2.2 97.3 0.5 0.1 0.4 — SP — — 081 

L TPH-89 6.1 03 99.3 0.4 0.4* _ SP _ - 2.20 Bs . . . . . 0.77 
LO 

TPH-92 2.0-4.3 14.9 83.8 13 0.1 1.2 _ SP — _ aoe 

TPH-92 4.3-6.1 8.8 90.5 0.7 0.3 0.4 — SP — — a 

TPH-94 26 04 98.9 0.7 0.3 0.4 — SP — _ +80 

4.40 TPH-97 1.9 15.9 83.1 1.0 0.4 0.6 — SP — — 0.76 
eee 

lb/cf = pounds per cubic foot 
USCS = Unified Soil Classification System 
SMHC = Soil Moisture Holding Capacity 
cm/sec = centimeters per second 
C, = Coefficient of Uniformity 
C, = Coefficient of Curvature 

* Value represents total P200 percent since insufficient fines existed to separate the silt and clay fractions. 

Prepared by: REM 
Checked by: TJC , 

a 
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Table 4-6 | 

Laboratory Data - Non-Typical Outwash Soils 

Depth % % 

Boring (feet) P200 Gravel Classification (USCS) 

BH-04 6.0-8.0 1.8 30.7 Gravelly Fine to Medium Sand (SP) 

BH-11 10.0-12.0 1.8 43.2 Gravelly Fine to Medium Sand (SP) 

BH-14 64.0-66.0 12.1 2.4 Sand with Silt (SM) 

BH-15 26.0-28.0 13.4 1.8 Sand with Silt (SM) 

BH-17 18.0-20.0 16.8 0.0 Silty Fine Sand (SM) 

BH-19 14.0-15.5 2.2 17.7 Fine to Medium Sand with (SP) 
Gravel 

MWH-09P 32.0-34.0 9.7 0.3 Silty Fine Sand with Silt (SP-SM) 

MWH-10P 34.0-36.0 6.8 0.3 Fine to Medium Sand with Silt (SP-SM) 

@ TPH-33C 5.0 9.5 0.0 Fine Sand with Silt (SP-SM) 

TPH-74 08-15 41 191 Eine to Medium Sand with (SP) 
Gravel 

TPH-80 4.4-6.5 0.5 30.0 Gravelly Fine to Medium Sand (SP) 

TPH-81 173.7 44 . 161 ‘ine to Medium Sand with (SP) 
Gravel 

TPH-92 2.0-4.3 13. 14.9 Fine to Medium Sand with (SP) 
Gravel 

TPH-97 19 1.0 15,9 Fine to Medium Sane with (SP) 
Gravel 

Prepared by: REM 
Checked by: TJC 
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Table 4-7 e 

Bulk Density Tests 

Bulk Density 

Test Pit Sample Depth (g/cm?) Pounds per Cubic Foot 

TPH-5 52 inches 1.49 92.9 

TPH-13 54 inches 1.53 95.4 

TPH-21 48 inches 1.54 96.0 

TPH-32 60 inches 1.49 92.9 

TPH-38A 42 inches 1.55 96.6 

Average 1.52 94.8 

Prepared by: REM 
Checked by: SAD2 

Laboratory hydraulic conductivity tests were also performed on representative samples of 
outwash at the approximate elevation of the screened interval for the three wells and two © 
piezometers (Table 4-8). These tests were completed by compacting the outwash to a density of 
100 pounds per cubic foot and determining the hydraulic conductivity using constant head 
(ASTM D 2434) test procedures. 

These tests were performed to assess the hydraulic conductivity of recompacted outwash. | 
Outwash will be borrowed from a portion of the site to build the absorption cells (see 
Section 7.2). The laboratory test data indicates that recompacted soils will possess a sufficiently 
high hydraulic conductivity to allow for the infiltration of discharged water. 

Eee 
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Table 4-8 

Recompacted Outwash Lab Permeabilities 

eee 

Well Laboratory Field 

cm/sec ft/day cm/sec ft/day 

MWH-09 2.4x10° 7 1.2x10° 33 

MWH-09P 1.5x10° 42 1.9x10° 53 

MWH-10 (BH-10) 1.8x10° 51 4.1x10° 12 

MWH-11 (BH-11) 2.2x10° 62 1.8x107 50 

MWH-11P 1.8x10? 51 3.7x107 105 ae 

Prepared by: REM 
Checked by: MLD2 

4.4 Archaeological Surveys 

4.4.1 General 

: During the period from May through August 1998, archaeological field crews from the 
University of Wisconsin-Milwaukee Historic Resource Management Services (HRMS) 
conducted archaeological investigations in Forest County, Wisconsin. Archaeological field work 
was conducted in association with the field investigations to generate data on potential soil 
absorption sites. Field work was conducted on several tracts, including Area H, identified as 
potential sites for soil absorption system construction as described in Section 1.3. Following is a 
brief summary of the archaeological investigations which were performed as part of the soil 
absorption field studies. A complete report on the archaeological investigations will be provided 
in the update to the project's EIR (Foth & Van Dyke, 1995/1998b). 

Archaeological investigations were designed in accordance with Wisconsin Archaeological 
Survey (WAS) guidelines endorsed by the State Historical Society of Wisconsin. Specific work . 
plans were developed in consultation with Foth & Van Dyke, Nicolet Minerals Company, 
HRMS, and the U.S. Army Corps of Engineers, St. Paul District. 

Archaeological investigations included literature and archival research to identify any known 
historic resources in the affected areas at each selected soil absorption site. Archaeological field 
investigations included pedestrian survey and archaeological monitoring of backhoe excavated 
soil test pits. Backhoe excavations were documented by line drawings of exposed soil profiles, 
color and black-and-white photographs, and video recordings. Pedestrian survey techniques 

© were largely restricted to shovel probing by the presence of extensive ground cover in the 

Se ere 
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affected areas. However, surface survey and visual inspection was occasionally possible in those 

areas where erosional surfaces were exposed. © 

The entire acreage comprising Areas E, G, J, K, XB, and XC (Area H is discussed in 

Section 4.4.2) was subjected to archaeological survey. Survey at Area XF was restricted to those 

locales directly affected by the engineering studies. In these cases, archaeological survey was 

conducted along access routes, at test pit investigation sites, and associated staging areas. 

A total of eight potential soil absorption pond sites was subjected to archaeological investigations 

in 1998. Sites investigated include Areas E, G, H, J, K, XB, XC, and XF (Area A was previously 

investigated as part of the 1980s site work, and Areas B, C, and D were previously evaluated as 

part of the 1994 and 1995 studies on alternative soil absorption sites). Results of the archival 

investigations indicate that no previously reported historic properties are present within or 

adjacent to any of the affected areas. Field investigations did not document the presence of 

previously unreported historic resources in Areas E, H, J, K, XB, XC, and XF. A single late 19th 

century/early 20th century site was identified in Area G. 

4.4.2 Area H Archaeological Investigations 

The archaeological investigations at Area H were completed in August and September 1998. 

Area H was divided into four separate parcels identified during the archaeological field 

investigations as South, Northeast, Northwest, and West. These areas are identified in the 

associated engineering studies as Fields 1, 2, 3, 4, 5, and 6 (see Drawing No. 3 and Figure 1-2). 

The Northwest archaeological survey area includes Fields 1, 2, 3, and 4. Field 5 is coincident © 

with the Northeast area and Field 6 is located within the West area. Field identifications were 

not assigned to acreage comprising the South area. 

Fields 1, 2, 3, 4, and 5 were subjected to a 15 meter interval shovel probe survey. Within 

Field 6, an archaeological survey was conducted according to a modified protocol that targets 

only those locations directly affected by the engineering test pit investigations. Consequently, 

archaeological survey within Field 6 was restricted to 13 acres coincident with specific impact 

areas and access routes. Survey within the remainder of Field 6 was deferred pending evaluation 

of the engineering data from this portion of Area H. Backhoe excavations in all portions of 

Area H were archaeologically monitored and documented by a combination of field drawings, 

color slides, and black-and-white photographs. 

No previously reported archaeological sites are present within or adjacent to Area H. Two | 
separate scatters of recent and modern cultural debris were noted in Area H. One scatter located 

in the Northwest (Field 2) parcel includes fragments of canning jars, window glass, and modern 

nails. The locus represents a disturbed scatter of recently deposited materials. The second 

scatter was identified in the Northeast (Field 5) parcel and includes aluminum tubing, a 

four-pronged fork, broken white ware and clinkers. This area represents a scatter of recent 

materials and is not associated with a structure or any surficial remains. Neither scatter is 

considered an archaeological site locus and no additional investigations are recommended in the 
archaeologically surveyed portions of Area H. @ 
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e 5 Hydrogeological Interpretation 

The ability of the site to operate as a soil absorption system 1s a function of the infiltrative 

capacity of the soils relative to the discharge rate and the ability of the aquifer to transmit the 

water to a point of groundwater discharge. Thus, the infiltration rate of the soils, the 

transmissivity of the aquifer, and the distance to the point of groundwater discharge are the key 

parameters that will control the design capacity of the site and the degree of groundwater 

mounding beneath the soil absorption system. The following description of the hydrogeology of 

the site focuses on these key site characteristics that are then factored into the design analysis 

described in Section 6. 

5.1 Hydrostratigraphic Units 

Based on geomorphological characteristics of the topography surrounding the proposed soil 

absorption system, the area is inferred to be a broad outwash plain that extends roughly from the 

southern end of Lake Metonga to just south of Swamp Creek. The soils encountered during the 

soil boring and test pit program and the accompanying soil grain size data are consistent with this 

interpretation. Cross sections displayed in Drawings No. 4 to 6 show a thick deposit of coarse 

and fine grained outwash to a depth of approximately 70 feet or more. Based on the soil boring 

, data described in Section 4, it is estimated that the thickness of the outwash is a minimum of 

70 feet thick. Although not fully penetrated in the soil boring program, it is expected that the 

outwash overlies the Pre- to Early Wisconsinan till which has been consistently encountered 
© during other soil boring programs for the Crandon Project. Bedrock at the site is estimated to 

reside at an elevation of approximately 100 to 150 feet below ground surface based on available 

bedrock contour information presented in the Crandon Project's EIR (Foth & Van Dyke, 

1995/1998b). As such, the thickness of the Pre- to Early Wisconsinan till is likely to vary from 

30 to 80 feet in the vicinity of the site. : 

Together, the outwash and glacial till form the primary hydrostratigraphic units at the site. Due 

to the lower permeability of the Pre- to Early Wisconsinan till, estimated to be about 

2 feet per day (ft/d) (HSI GeoTrans, Inc. 1998a, 1998b), the outwash will dominate transmission 

of water from the soil absorption site to the point of groundwater discharge. Accordingly, the 

following discussion on hydrogeologic conditions focuses on the outwash aquifer. 

5.2 Aquifer Hydraulic Conductivity | 

Based on slug test data, the hydraulic conductivity of the outwash has been measured to be in the 

range between 12 ft/d and 105 ft/d. Discounting the high and low measurements, the average 

hydraulic conductivity as determined via slug tests is approximately 50 ft/d. The slug test data 
vary by less than an order of magnitude indicating rather uniform hydraulic properties of the 

aquifer. This is consistent with the grain size data which shows that the outwash sands 

consistently exhibit a low fines content. 

DMWACER1\LXB\LMC\93C049\GBAPP\67726.61\10000 —_—~Preliminary Engineering Report for the Foth & Van Dyke ¢ 47 
November 1998 Crandon Project Soil Absorption System 

D-54



The hydraulic conductivity measurements obtained from the slug tests represent a conservative 
estimate of hydraulic conductivity. As described by Bradbury and Muldoon (1990), hydraulic © 
conductivity measurements are dependent on the scale of the test being conducted and should be 

viewed in the context of the scale of the problem. Slug tests measure the hydraulic conductivity 

of a rather small volume of the aquifer relative to the size of the soil absorption system. Based 

on data from Bradbury and Muldoon (1990), the data from the slug tests are likely to be lower 

than the large scale hydraulic conductivity of the aquifer by at least a factor of two. Thus the 

hydraulic conductivity of the outwash aquifer at the site is likely to be closer to 100 ft/d. 

5.3 Soil Infiltration Rates 

Seven double-ring infiltrometer (DRI) tests were completed on Area H. The results of these tests 

along with the soil classification were used to determine the infiltration capacity of outwash 
soils. Of the seven DRI tests completed, two tests were completed in restrictive soil conditions 
which do not reflect the conditions anticipated for the soil absorption system. The infiltrometer 
tests completed at TPH-8D and 33B were performed in outwash soils that were directly 
overlying rafted till soils. The infiltration rates determined by these tests were an order of 
magnitude lower than the other test results. In addition, the tests were located in areas outside 
the proposed system boundaries. For the stated reasons, these data are not included in the data 
used to select the design value. 

The sieve and hydrometer analysis completed on samples in the vicinity of the infiltrometer tests 
show that the upper most outwash soils are typically structureless, loose, brown, fine to medium © 
sands USCS (SP) with trace amounts of silt and clay size particles (i.e., P200). The P200 of 
these soils is typically less than 3 percent, and the grain size analysis for the sand fraction shows 
that fine sand predominates, being typically 40 to 80 percent of the sand size particles. The grain 
size, lack of fines, and loose nature of the deposit correlate well with the values measured by the 
infiltrometer tests. The post infiltrometer test pit excavation showed that water from the test 
cells moved primarily vertically downward to the groundwater table with little or no horizontal 
movement. The vertical movement is evidence that few restrictive layers exist in the outwash 
soil profile and water movement from the soil absorption system to the groundwater table is 
expected to be primarily vertical. 

The infiltration value used for design was determined by calculating the average value of the five 
tests completed in outwash soils which is approximately 40 in/hr (80 ft/d). For the initial design 
infiltration rate, a safety factor of over 150 was applied, which results in using an infiltration rate 
of 0.25 in/hr (0.5 ft/d). This is very conservative since the Crandon Project treated wastewater 
will be non-organic and have very low or no suspended solids. As a result, clogging of soil pores 
is not a concern. Note that the potential for groundwater mounding reduced the final design 
infiltration rate further, at some locations, to a value of less than 0.5 ft/d, as discussed in 
Section 6. 
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5.4 Groundwater Flow Characteristics 

e The devices used to determine the groundwater flow characteristics at Area H consist of nine 

groundwater table wells, three piezometers, six shallow (water table) sand points, four deep sand 

points, and two staff gages on adjacent water bodies at the locations shown on Drawing No. 3. 

Drawing No. 7 shows the low groundwater table contours for September 25, 1998. Because of 

the dry conditions during the preceding summer months, these contours likely represent typical 

low groundwater elevations at Area H. However, based on the soil mottling observations in the 

test pits, groundwater table fluctuations are likely to range between 1 foot and 2 feet. Table 4-2 
contains a listing of the dates and groundwater elevations recorded at the monitoring locations 
shown on Drawing No. 3. 

The water table map shown in Drawing No. 7 shows that the local groundwater flow system is 
consistent with the regional potentiometric surface map shown in Figure 3-3. The water table at 
the site displays a rather uniform flow field with groundwater flowing to the southeast towards 
the adjacent Z16 wetland complex, Creek 17-13, and Swamp Creek. Based on staff gage 
measurements and concurrent groundwater elevation measurements, the water levels in the 
dredge canal and Lake 17-16 are an expression of the local groundwater table. As such, the lake 
is characterized as a groundwater flow through lake in which the stage is controlled by the 
surrounding water table. This condition may be affected by surface water runoff during periods 
of high precipitation or snow melt. Other than the canal, there are no well defined inlets or 
outlets to the lake. | 

© Very weak vertical gradients have been measured at the site. Therefore, the potentiometric 
surface map shown in Drawing No. 8 mirrors the water table contour map. At the time of the 
groundwater level measurements, no groundwater discharge was observed in wetland Z16 central 
and Z16 south. However, a groundwater spring exists in wetland Z16 north and discharges 
through a culvert pipe beneath the Wisconsin Central Limited Railroad bed to Creek 17-13. As 

- such, wetland Z16 north can be expected to act as a point of groundwater discharge for 
absorption cells A, B, and C located immediately west of the wetland (see Drawing No. 9). 

Wetlands Z16 central and Z16 south exhibited a water table on September 25, 1995, that was 
approximately several inches to 1 foot beneath the wetland surface. Under high water table 
conditions, as would be induced by the operation of the soil absorption system, the groundwater 
table will be expressed in these wetlands. Under high water table conditions, surface water and _ 
groundwater discharging to wetland Z16 south and the southern half of wetland Z16 central 
(south of the canal) is conveyed through a series of culverts beneath the snowmobile trail that 
bisects the wetland and then through a culvert beneath Keith Siding Road. From this point, 
surface water then drains through additional wetlands to Swamp Creek. 

Given the above, the wetlands to the east of Area H currently act on a permanent to transient 
basis as areas of groundwater discharge. With the exception of the far northern half of wetland 
Z16 north (north and upgradient from all of the soil absorption cells), the Z16 wetland complex 

© has outlets and functions as permanent or ephemeral tributaries to Creek 17-13 and Swamp 
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Creek. The discharge of treated water from the soil absorption system will increase the water 

table elevation and increase the amount of groundwater discharge to the wetlands. The soil © 

absorption system will also increase the amount of surface water that flows through the wetlands 

to Creek 17-13 and Swamp Creek. The dredge canal will be regraded to achieve land contours to 

allow for surface drainage from all of Z16 central to Z16 south. With this restoration of surface 

drainage across the canal, wetland Z16 central, as well as Z16 north and Z16 south will function 

as a discharge point for groundwater during the operation of the soil absorption system and thus 

function as a boundary condition that will affect the response of the water table at Area H. 

The degree to which the wetlands allow groundwater discharge to take place is also a function of 

the permeability of the wetland base. Based on the hand auger borings, the soils beneath the 

wetland are a mixture of organic soils (peat), outwash, and lenses of glacial till. Therefore, the 

vertical permeability of the wetland base can reasonably be expected to range between 0.5 ft/d 

and 5 ft/d based on prior studies (GeoTrans, Inc.; 1996, HSI GeoTrans, Inc., 1998a, 1998b, 

1998c). 

The elevation of these wetlands was evaluated by surveyed spot elevations. For design purposes, 

the elevation of wetland Z16 south and Z16 north is approximately 1580.5 feet MSL. Wetland 

Z16 north resides at an elevation of approximately 1581 feet MSL. 

5.5 High and Low Groundwater Elevations 

The groundwater elevations collected to date are from the months of September and © 

October 1998. These elevations may reflect low groundwater conditions, since the summer of 

1998 has been dry with below-normal precipitation. The high groundwater conditions were 

estimated by reviewing the historical fluctuations in a well of similar hydrogeologic setting and 

by soil mottling observed in the test pits. Well DMA-48 (Foth & Van Dyke, 1995/1998b) was 

selected for this comparison since it has a long historical record and is located in outwash 

deposits adjacent to a wetland complex that has a shallow water table. Based on the data from - 
DMA-48, it is estimated that the high water table at Area H is likely to be only about 2 feet 

higher than the low water table. This makes hydrogeologic sense since the site is composed of 

permeable outwash deposits and is not located near a local groundwater divide (e.g., the TMA). 

Thus the groundwater elevation is not likely to be recharge sensitive. Moreover, the wetlands 

will intercept the high water table and drain the water towards Swamp Creek. This boundary 

condition affect will tend to limit the increase in the water table. In the fall of 1998, the water | 
table was several inches to about 1 foot below the wetland that surrounds Lake 17-16 and the 

canal. Given the above, a 2-foot increase in the current water table is a reasonable expectation 
under high water table conditions. Therefore, the current low groundwater contours beneath the 
proposed soil absorption system area should be increased by 2 feet to represent high groundwater 

elevations. These higher elevations were used in the design of the system (see Section 6). 
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5.6 Conceptual Model 

e A qualitative description of the groundwater flow system, or conceptual model, for the soil 

absorption system consists of the following. Under current conditions, water enters the 

groundwater system primarily through precipitation. Infiltrating water readily moves vertically 

through the unsaturated zone into the saturated zone in the outwash aquifer. After water enters 

the saturated zone, it flows east-southeast toward areas of lower hydraulic head. Under seasonal 

high groundwater elevations, the Z16 wetland complex to the east of the proposed soil absorption 
site acts as a point of discharge for groundwater and thus functions as a local groundwater 
discharge point on a transient basis. An exception to this condition is the spring in wetland Z16 
north which functions as a permanent groundwater discharge point that feeds Creek 17-13. 

Farther downgradient or east of the Z16 wetland complex lies Swamp Creek which functions as a 

permanent regional groundwater discharge point. Lake 17-16 is a groundwater flow through 

lake, with no well defined outlet, that appears to exhibit some influence on the groundwater 

elevations around the lake during periods of low groundwater as shown on Drawing No. 7. 

During operation of the soil absorption system, the infiltrated water will increase the water table 

in the vicinity of the absorption system. Downgradient of the system, the water table will rise 

and discharge into the Z16 wetland complex where it will then drain through the wetland system 

and adjoining culverts into Creek 17-13 and Swamp Creek. The degree to which the wetlands 

will allow the discharge of water to the surface will in turn control the water table increase 

beneath the soil absorption system and the degree to which the wetlands will function as the 

© primary point of groundwater discharge. 
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, 6 Preliminary Design of Soil Absorption System 

6.1 Design Requirements 

Design and construction standards for land treatment of industrial wastewater are found in 

NR 214, Wis. Admin. Code. NR 214 is written for wastewater that requires treatment by the soil 

prior to entering the groundwater. Since the wastewater from the Crandon Project does not 

require supplementary soil treatment, the WDNR has determined that NR 214 is not applicable to 

the Crandon Project soil absorption system. 

6.2 Wastewater Treatment Process 

Details of the proposed wastewater treatment for the Crandon Project are described in the 

Preliminary Engineering Report for Wastewater Treatment Facilities (PER) (Foth & Van Dyke, 

1995/1998a). The treatment process includes the following: 

¢ Base Wastewater Treatment System 

> Lime treatment and pH control for metal hydroxide formation. 

> Clarification for metal removal. 

@ > Sulfide treatment and pH control for metal sulfide formation. 

> Filtration for metal sulfide removal. 

¢ Advanced Wastewater Treatment System 

| » Reverse osmosis to remove remaining metals and anions. 

> Evaporator system for volume reduction of the reject brine from the 

reverse Osmosis process. 

» Air stripper for ammonia removal from evaporator condensate. 

+ Final pH adjustment to achieve compliance with groundwater discharge 

standards. 

Treated wastewater will be stored in a holding pond for testing prior to discharge. A pump 
station will pump treated water to the soil absorption system site. 
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6.3 Discharge Water Quantity and Quality 

The project's PER (Foth & Van Dyke 1995/1998a) contains information regarding the expected © 
water quality for the treatment plant effluent. The wastewater treatment plant will discharge 
540,000 gpd (375 gpm) under average conditions. This flow will vary from a low of 96,480 gpd 
(67 gpm) to a high of 915,840 gpd (636 gpm). The soil absorption system is designed to handle 

the maximum flow rate anticipated. 

The treated effluent will be treated at the wastewater treatment plant to have near zero suspended 
solids and organic material. This will minimize vertical and horizontal flow restrictions in the 
soil due to physical and biological clogging. Since groundwater standards for PALs will be met 
in the effluent prior to discharge to the soil absorption system, there will be no need to rely on 
the soil for further treatment. 

6.4 Design Approach 

6.4.1 Rapid Infiltration Design 

The treated effluent will be discharged through the use of infiltration cells. In the vicinity of 
Area H, the infiltrated water will discharge to wetland Z16 and ultimately be conveyed to Swamp 
Creek via natural surface water drainage features. The critical design feature for the soil 
absorption system is the ability of the underlying aquifer to transmit the treated mine effluent to 
the discharge area. ©S 

To determine the aquifer capacity, a subsurface model was used. The standard model for rapid 
infiltration design used in the State of Wisconsin is presented in the USEPA's Process Design 
Manual for Land Treatment of Municipal Wastewater (USEPA, 1981). While the water quality 
for the Crandon Project will be much different than municipal wastewater, use of the USEPA 
model for subsurface drainage is still appropriate for design purposes. Design calculations using 
the USEPA equation are provided in Appendix I. 

However, to aid in the design of the infiltration system, a two-dimensional finite difference 
model was also used. The technical memorandum in Appendix J describes the modeling that 
was performed to aid in: 1) a preliminary evaluation of the site to handle the infiltrated water: 
2) appropriate parameter selection for use in the USEPA design equation; and 3) verifying the 
design layout. As described in the memorandum in Appendix J, the preliminary analysis with | 
the cross sectional model indicated that the site hydrogeologic conditions are conducive for 
operating a soil absorption system. Furthermore, the analysis confirms that the proposed layout 
of the system, based on USEPA subsurface drainage model equations, is compatible with the 
aquifer systems capacity to transmit the infiltrated water to the local areas of groundwater 
discharge. 

The USEPA equation, as used for design of the subsurface drainage system is as follows (see 
Appendix I for calculations): © 

eee 
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W = KDH 

e@ : 
where 

W = _ total width of infiltration area in the direction of groundwater flow (ft). 

K = __ permeability of aquifer in the direction of groundwater flow (ft/day). 

D = _ average thickness of aquifer below the water table and perpendicular to the 

direction of flow (ft). 

H =. elevation difference between the water level of the discharge point and the 

maximum allowable water table below the application area (ft). 

d = lateral flow distance from infiltration area to the discharge point (ft). 

L = _ annual hydraulic loading rate (ft/day). 

Using the above equation, K, D, and L were determined from field data and the finite difference 

conceptual model. The design value for K was conservatively selected at 75 ft/day from on-site 

slug tests. The design value for D was conservatively selected at 30 feet. The modeling 

presented in Appendix J shows that the full 70 feet of outwash conveys water to the wetland, but 

a more conservative value of 30 feet was selected for design. The value for L could be as high as 

| 80 ft/day based on field infiltrometer tests, but a maximum value of 0.5 ft/day was selected to 

avoid excessive mounding beneath the absorption system. 

The value for H is calculated by determining the difference between the groundwater elevation at 

td] the discharge area and the maximum watertable beneath the application area, including 

mounding. 

_ The distance "d" is measured from the center of the application area to the discharge area, 
selected to be 50 feet beyond the edge of the wetland. Where the edge of the wetland varies, the 

average distance was selected. 

The first design step, using the above equation, is to determine the maximum width and length of 

each soil absorption cell. The calculations show maximum cell widths from 100 feet to 150 feet. 

The length of each cell is then optimized to provide a cell of maximum length perpendicular to 

groundwater flow with no change in grade at the base. The resulting cell lengths vary from 250 

to 750 feet. Earthwork considerations were also evaluated when laying out the individual soil 

absorption cells. | 

The second design step evaluates groundwater mounding under the soil absorption cells. 

USEPA (1981) contains a design procedure for determining the groundwater mound underneath 

a soil absorption cell. A maximum mound height was determined by allowing 5 feet of 
separation from the bottom of the distribution piping to the highest groundwater mound. The 
allowable mound value is calculated by subtracting the maximum groundwater elevation beneath 
the absorption cell without mounding from the maximum mound elevation. The cell width and 

the application rate are then adjusted to determine the proper design that meets the maximum 

6 mound condition. 
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Appendix I contains the engineering calculations used to determine the maximum cell width and | 
the groundwater mound for each cell in the system. Drawing No. 9 shows the preliminary ®@ 
system layout based on the calculations. Cells A through F have a capacity of 714 gpm. This 
exceeds the maximum design flow rate of 636 gpm by approximately 12 percent and exceeds the 
average flow rate by approximately 90 percent. Cells will be constructed in a staged sequence 

according to actual and projected requirements. 

Table 6-1 summarizes the soil absorption cell design, as shown on Drawing No. 9. 

Table 6-1 

Soil Absorption Cell Design 

Max Pipe Max GW Max GW Max 
Width Length Flow Elevation Elevation Elevationw/ |§ Mound 

Cell __ (ft) (ft) (gpm) (ft) (ft) Mounding (ft) (ft) 

A 150 250 84 1597 1587 1592 5 

B 150 250 97 1597 1586 1592 6 

C 150 300 117 1595 1585 1590 5 

D 100 300 78 1591 1582 1586 4 © 

E 100 730 167 1592 1583 1587 4 

F 100 750 171 1592 1583 1587 4 eee 

GW = groundwater | Prepared by: PAK 
Checked by: SAD2 

As noted above, the design value for the aquifer thickness was selected to be 30 feet. The finite 
difference model (Appendix J) indicated that the full aquifer thickness could be used to transmit 
water to the discharge point. An upper bound on the site capacity was performed using an 
aquifer thickness of 60 feet, with all other parameters unchanged. With a 60-foot thick aquifer, 
the absorption cells would be larger and have a total capacity of well over 1,000 gpm (see . 
Appendix J). While the design using 60 feet of aquifer depth may be allowed by the conceptual 
model, a more conservative design of 30 feet of aquifer depth will be used which still provides 
sufficient capacity beyond the peak design flow. 

6.4.2 Soil Absorption System Design 

The soil absorption system is designed for discharging treated effluent to the groundwater. As 
shown on Drawing No. 9, the system is laid out in six individual cells. Each cell is designed to 
apply treated effluent evenly through the use of distribution laterals which are laid out at a © 

ee 
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uniform elevation over the entire cell. Beneath the laterals, 6 inches of gravel will be placed 

© which will further help to distribute water evenly over the cell surface. The highly permeable 

outwash sand will be located beneath the gravel bed. Details of the proposed soil absorption 

cells are provided on Drawing No. 10. The sand to be used in cell construction will either be 
in situ or will be backfilled with outwash from a nearby borrow source located at the 

southeastern corner of the site (see Drawing No. 9). Topsoil and other finer soils (1.e., loess and 

till, where present) above the outwash sand will be removed and replaced with outwash soils 

from the borrow area. 

The finer soil above the piping will be prevented from migrating into the sand and gravel layers 

(and reducing the permeability in those layers) through the use of a non-woven geotextile. The 

soil and vegetation above the piping will insulate the soil absorption cells and allow the system 

to function all year without freezing. 

The distribution piping will be 12-inch or 2-inch PVC with %-inch diameter orifices. Normal 

domestic wastewater can cause clogging of this piping, but the high purity water from the 

Crandon Project wastewater treatment plant will not clog the piping system. A filtration system 

('/,¢-inch diameter) is included at the discharge end of the effluent storage lagoon, and will 

remove larger particles that may enter the storage pond prior to discharge to the soil absorption 

system. For these reasons, cleanouts will not be included for each of the laterals. Should a 

lateral become plugged, the piping ends can be exposed and the cap removed for cleaning. 

© Each soil absorption cell will operate independently from the others. This will be accomplished 

by having a separate discharge system for each cell. Water from the wastewater treatment plant 

will be pumped to a central distribution chamber which feeds each dosing station proportionately 

to the capacity of each cell. The dosing tank will be designed to meet the conditions for each 
cell. A dosing siphon will be used to discharge flow to each cell. This will require the 
distribution chamber to be built 10 to 15 feet above the highest absorption cell. This elevation 

allows for a pressurized discharge to the absorption cells without pumps. Drawing No. 10 shows 

the distribution system and dosing siphon layout. The total discharge capacity of the six dosing 

stations is 1,958 gpm. The maximum discharge from the treatment plant is 636 gpm. With the 

large distribution capacity at the soil absorption system, additional treated wastewater storage is 

not required beyond the dosing tanks. 

The piping system for each cell has been designed to provide even distribution over the entire _ 

cell. This was accomplished by following the pressure distribution design procedures in the 
Design Manual for Onsite Wastewater Treatment and Disposal Systems (USEPA, 1980). The 

laterals and manifolds have been sized to have head loss from one end to the other that is less 

than 10 percent of the head loss at each orifice. This design limits the variation in flow from one 
cell orifice to another resulting in even flow distribution. Each lateral will have orifices spaced 

at 10 feet on center. The laterals will be 20 feet apart. This arrangement will allow for good 

distribution without excessive piping and flow requirements. 
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The dosing siphons have been designed based on %-inch diameter orifices pressurized at 3 feet of 

head. This allows 1.28 gpm per orifice. The dosing volume is designed for 12 times the volume © 

of the distribution piping to provide even distribution over the entire bed. The proposed piping 

system has about 15,000 feet of distribution laterals with 1,500 orifices. 

6.5 Discharge Pipeline 

The proposed discharge pipeline route from the plant site to the soil absorption site is shown on 
Drawing No. 2. The approximate 3.2-mile pipeline route runs adjacent to the proposed railroad 
spur to a point just west of the main Wisconsin Central Limited Railroad line. From here, the 
pipeline runs north and crosses under Keith Siding Road. At this point, the pipeline extends to, 
and crosses, the snowmobile trail and ends at the distribution chamber located near the center of 
the proposed cells. This route was selected over alternative routes to minimize construction 
impacts to wetlands. 

The proposed discharge pipeline begins at the effluent lagoons at the plant site. A pump station 
at the effluent lagoons will pump directly to the soil absorption system distribution chamber. 
The pump flow rate will be approximately 650 gpm and the pipe size will be 10 inches. The pipe 
material will be single walled PVC or HDPE, rated at a minimum pressure of 100 psi. To 
prevent pipeline freezing, the discharge pipeline will be buried below the frost line. 

eee 
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@ 7 Soil Absorption System Construction and Operation 

7.1 Construction 

Proper construction techniques for the soil absorption system are important for good long-term 
performance. Compaction and mixing of the outwash with fines must be avoided. Soil 
compaction will be minimized by using low pressure vehicles for construction. Each cell will be 
marked to avoid traffic and unnecessary construction related activities on the soil absorption 
system. 

The outwash sand at the base of the soil absorption cells will be protected from wind blown silt, 
or Other fine particles that might migrate into the clean sand. If necessary, excavated soils will 
be kept moist during construction to minimize wind blown soils from reaching the soil 
absorption beds. Soil stockpiles will be separated from the absorption beds and silt fencing will 
be installed to avoid soils transported via surface water run-on from reaching the absorption 
beds. There will also be limits on the length of time the outwash sand can be exposed to 
minimize dust and other contaminants from falling on the sand. These features will aid in 
keeping the high natural permeability of the soil after construction is complete. 

Detailed construction plans and specifications will be prepared as part of the final design of the 
soil absorption system. 

©} 7.2 Soil Borrow Area | 

Soil excavated from each cell will be stockpiled adjacent to the absorption cell it was excavated 
from. When the absorption cell is completed, the stockpiled soil will be placed over the 
absorption cell and seeded. This procedure will eliminate hauling soil off-site. The proposed 
design for the soil absorption system requires that outwash soils be imported to build up the 
elevations of the cells to provide for 5 feet of vertical separation from the bottom of the 
distribution piping to the operational high groundwater elevation. As indicated earlier in this 
report, pre-operational high groundwater has been established as the existing low groundwater 
contours plus 2 feet. 

As shown on Drawing No. 9, the proposed outwash sand borrow area is located in the 
southeastern parcel of Area H (Field No. 5 on Drawing No. 3). Drawing No. 3 also shows the 
location of test pits, borings, and wells completed on this parcel. Composite samples of the 
upper 1.5 to 6.5 feet of the outwash were obtained from test pits TPH-74, TPH-76, TPH-80, 
TPH-81, and TPH-92 for the purpose of determining if outwash from this parcel is suitable for 
use as a borrow source for the proposed soil absorption system cells. Grain size analyses were 
completed on these composite samples with the results summarized in Table 4-5. The test results 
are generally as follows: 

¢  P200 values are all less than 5 percent ranging from a high of 4.4 percent to a low 
©@ of 0.5 percent, with the average being 1.5 percent. 
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¢ | The outwash has a percentage of gravel ranging from 4.2 percent at 1.5 to 5.6 feet © 

in TPH-74 to 30 percent at 4.4 to 6.5 feet in TPH-80 with the average gravel 

content (1.e., > no. 4 sieve) being approximately 12 percent. 

¢ All samples have USCS designation of SP. 

It is apparent that the borrow area has outwash soils which are very similar to the outwash soils 

in the area of the soil absorption system. Therefore, the outwash borrow soils are suitable for use 
as backfill in the absorption system without further processing. 

The sand placed in the soil absorption system cells needs to be placed at a loose density close to 

the in situ density of the existing in-situ outwash soils. To determine the typical soil densities, 

relatively undisturbed samples were collected with beveled-edged rings which were driven into 

the outwash soil surface in the test pits at the desired depth. Thresher & Son, Inc. completed this 

sampling and the laboratory density determinations using ASTM D 2216 and Society of Soil 

Scientists of America (SSSA) 13-2 procedures. The results of these tests are summarized in 

Table 4-7 with the laboratory data sheets included in Appendix H. Five moisture/density 

determinations were completed on outwash samples from TPH-5, TPH-13, TPH-21, TPH-32, 

and TPH-38A. Table 4-7 shows that the average density of these samples is 94.8 pounds per 

cubic foot (pcf). As shown from the data in Appendix H, the average moisture content was 

5.6 percent. 

The following will be included in the final design specifications for the project: ® 

¢ The required outwash soils will be obtained from the borrow area outlined on Drawing 

No. 9. 

¢ The P200 of all outwash borrow soils shall be < 5 percent. Processing of soil is not 
required for soils with P200 of less than 5 percent. 

¢ The outwash shall be placed at a density of 95 pcf or less. 

¢ Care shall be taken during construction such that the loess soils used to cover the 

outwash do not migrate into the outwash soils below. | 

7.3 Earthwork Balance 

Appendix I contains calculations completed to identify the quantity of outwash soil required to 

construct the soil absorption cells. These estimates assume an average 2-foot fill in each bed and 

an average 2-foot cut required to excavate the topsoil, loess, and/or till above the outwash. These 
assumptions are reasonable given the site conditions. Based on these assumptions and the 
present cell configuration, the preliminary grading plan and estimated earthwork quantities are as 

follows: © 
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¢ The topsoil, loess, and/or till and any other restrictive soil layer will be removed from 

© below each cell to a depth at which clean outwash sands are reached in the excavation. 

¢ The excavation shall be carried out at a 2:1 (H to V) slope from the outside toe of the 
fill slope for each soil absorption cell. These excavated materials will be temporarily 
segregated and stockpiled for later use to mound over the cells. The quantity of 

unsuitable soils required to be cut from cells A through F is estimated at approximately 

24,000 cubic yards in-place. 

« The excavated area will be backfilled with outwash soils obtained from the borrow area 

in Field 5 shown on Drawings No. 3 and 9. 

» The borrow area has a surface area of approximately 9 acres. 

» | Assuming an average thickness of topsoil, loess, and/or till of 2 feet in the borrow 
area, approximately 30,000 cubic yards must be excavated and stockpiled adjacent 
to the borrow area before outwash soils can be removed. Following removal of 
the needed outwash, stockpiled soils will be backfilled in the borrow area with 

positive drainage maintained. 

>» The total borrow volume required for construction of the soil absorption cells 

includes approximately 24,000 cubic yards to replace the unsuitable soils | 

©@ excavated from the cells and approximately 23,000 cubic yards of above grade 

outwash fill for a total of 47,000 cubic yards in-place. 

> The average in-place outwash density has been determined to be 94.8 pcf, 

therefore outwash soils will be placed at a density less than or equal to 95 pcf. 

Since the density in the borrow area will be duplicated in the fill area, it 1s not 

| necessary to apply shrinkage or swell factors. | | 

The previous section contains a list of specifications and precautions required for proper 

handling of the outwash soils during construction. The listed items will be incorporated into the 
final project specifications. 

7.4 Erosion Control | 

The erosion control methods described in the Mine Permit Application (MPA) (Foth & 

Van Dyke, 1995/1998c) will be implemented during the construction, operation, and reclamation 

of the soil absorption system cells and soil borrow area. 

Drawing No. 9 shows that the temporary stockpiles of topsoil and loess/till will be located to the 

northwest of the soil absorption system cells and adjacent to Keith Siding Road away from the 
wetlands and Lake 17-16. The stockpile locations along with implementation of the erosion 

DMW\CER1\LXB\LMC\93C049\GBAPP\67726.61\1 0000 Preliminary Engineering Report for the Foth & Van Dyke * 60 
November 1998 Crandon Project Soil Absorption System 

D-67



control methods described in the MPA will mitigate potential impacts to on-site wetlands and 

water bodies from soil borrow and handling activities. © 

7.5 Operation 

Treated effluent will be pumped from the discharge lagoon to the soil absorption system site. As 

shown on Drawing No. 10, the treated effluent will enter a flow distribution structure which will 

split the flow proportionately to separate soil absorption cell dosing systems. Each dosing 

system will operate by a dosing siphon which has a fixed on/off elevation matching the required 

volume at the design flow rate to each soil absorption cell. The operator will select the number 

of cells to operate by opening the appropriate valves or gates to route flow to the appropriate cell. 
Normal operation (375 gpm) will require only three or four of the six cells to operate at any 

given time. This will allow the cells to be rested for a prescribed period of time. At maximum 
flows (636 gpm), a minimum of five cells will be used. 

The requirements for flow rate and dose volume to maintain even flow distribution will result in 

the delivery of water to the soil absorption cells in pulses. At peak flow, each dosing siphon will 

cycle at intervals of 40 to 80 minutes of which about 30 percent of the time is actual discharging. 

This provides for drainage of the gravel bed underneath the piping after each dosing cycle. 

Filters will be installed at the effluent storage lagoon at the plant site prior to discharge to the soil 

absorption cells. These will prevent large particles that may enter the water in the mill effluent 

storage pond from entering the cells and plugging the orifices. These filters will be cleaned © 

regularly. Pressure drop indicators will be provided with the filters to alert operators of the need 

to clean them. 

The water distribution system will be enclosed in a heated building to prevent above ground 

pipes and tanks from freezing. The final design will determine the dosing siphon size for each 

cell. Since dosing siphons operate automatically without electric controls, backup siphons are 
not required. 

The soil cover on the soil absorption cells will provide insulation and allow the cells to operate 

under winter conditions. Perennial grasses will be planted on the soil absorption cells to prevent 

soil erosion and provide additional winter insulation. Vegetation on the absorption cells will be 

mowed on a regular basis to keep woody plants from being established on the cells. The longer 

roots of woody plants could cause root damage to the distribution piping. | 

The effluent discharged to the soil absorption system will be treated at the project's wastewater 

treatment plant to meet NR 140 PALs. Since the effluent will be treated to meet PALs, 

additional treatment by the soils is not anticipated or required. It is recommended that the 

separation between the base of the soil absorption system and the water table be maintained at a 
minimum of 3 feet (USEPA, 1981). Therefore, even though the system has been designed for a 

5-foot separation from the operational groundwater mound, the operating separation distance 
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could be as low as 3 feet. Impacts to existing groundwater quality are not anticipated to occur by 

@ maintaining a minimum of a 3-foot separation from operational high groundwater. 

7.6 Reclamation 

The reclamation plan for the soil absorption system will include the following: 

¢ Procedures for site restoration including landscaping of the soil absorption system cells 

and appurtenant structures. 

¢ Procedures for proper abandonment of groundwater and other monitoring devices. 

¢ Procedures for long-term care of the restored area. 

The information noted above is detailed in the reclamation plan of the project's Mine Permit 

Application (Foth & Van Dyke, 1995/1998c). 
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8 Environmental Monitoring 

The soil absorption system monitoring plan is addressed in the Mine Permit Application (Foth & 

Van Dyke, 1995/1998c). 
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9 Additional Studies 

9.1 Surface Water Drainage Evaluation 

As part of the restoration process for the canal adjacent to Lake 17-16, the land surface will be 

graded to restore surface water drainage between the northern and the southern half of 

wetland Z16 central. This will allow for groundwater which is discharged to the wetland to drain 

through the wetland complex and culverts that convey drainage to Swamp Creek. 

With the discharge from the soil absorption system entering the Z16 wetlands, the impact of the 
soil absorption system on the hydrology and surface water flow of the Z16 wetlands was 

investigated. Also investigated was the potential impact of the soil absorption system discharge 

on the floodplain of Swamp Creek. These hydrological analyses are included in Appendix K. 

The analyses showed that surface water elevation increases as a direct result of the soil 

absorption system discharge will be minimal. Under predicted base flow conditions during 
operation of the soil absorption system (i.e., with no surface water component and 100 percent 
discharge from the soil absorption system), a 0.10-foot increase is predicted to occur in the 
upstream vicinity of the culvert in the north wetland. At the south wetland, the post-soil 
absorption system operation base flow predicts an increase in elevation of 0.6 feet in the 

upgradient vicinity of the culvert which crosses Keith Siding Road. 

© The biggest increase to on-site flow depths across wetland valley sections during storm events is 

0.01 foot. Any increase at wetland Z16 north will occur only at the upstream side of the railroad 

culvert due to the presence of the railroad berm. Similarly, increases at the wetland Z16 south 

culvert will only extend upstream on NMC property due to the road grade of Keith Siding Road. 

No changes to the Swamp Creek floodplain elevation occur as a result of the soil absorption 

system. As such, floodplain issues are not relevant. 

Based upon the information contained in Appendix K, it has been shown that the amount of flow 
that will be discharged from the soil absorption system is very small in comparison to the 

existing drainage basin runoff to each wetland. As a result, surface water hydrology in 

wetland Z16 and Swamp Creek will not be detrimentally affected by soil absorption system 

operation. | 

9.2 Preliminary Groundwater Monitoring 

NMC is currently in the process of completing two rounds of groundwater quality monitoring at 

three wells to assess existing groundwater quality conditions at the site. This and additional 
baseline environmental monitoring data and impact analysis will be submitted to the WDNR in 
the spring of 1999 as an update to the project's EIR (Foth & Van Dyke, 1995/1998b). 
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The wells selected for preliminary monitoring include MWH-10, MWH-11, and MWH-13. The 
groundwater quality parameter list for the first round of groundwater quality monitoring © 
includes: 

Hardness Total Dissolved Solids 

Metals Fluoride 

Cyanide Herbicides 

Total Kjeldahl Nitrogen Aldicarb 

Chemical Oxygen Demand Organic Chlorine Pesticides 

NO, and NO, 

The parameter list for the second round of groundwater quality sampling includes, in addition to 
the above parameters, the following groups of priority pollutants: 

Volatile Organic Compounds Base/Neutral Compounds 

Metals Pesticides/PCBs 

Acid Extractable Compounds Total Cyanide/Total Phenols 

In addition, field conductivity was measured on all wells and piezometers at Area H North during 
the second round. The monitoring data will be used to assess existing groundwater quality and 
the potential impact of the soil absorption system on possible pre-existing groundwater quality 
conditions. @ 

9.3 Environmental Assessment 

As discussed in the previous sections of this report, significant data related to geology, 
hydrogeology, and wetlands have been collected to date at Area H. Since the hydrogeological 
and geological information collected show that Area H is a suitable site for construction of a soil 
absorption system, it has been determined that the collection of additional site-specific baseline 
environmental data would also be desirable at Area H. These data will be used by the WDNR in 
the preparation of the Environmental Impact Statement for the Crandon Project. The primary 
focus of the additional data collection will be on flora and fauna, and surface water resources on 
and in the vicinity of Area H. A work plan describing the additional data collection activities is 
included in Appendix L. 

eee 
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‘i FIGURES FOR THE PRELIMINARY ENGINEERING REPORT 
| © | FOR THE CRANDON PROJECT SOIL ABSORPTION SYSTEM 
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SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-1 | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 072198 grass loess over glacial outwash 

Customer Address . Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 54" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

NE%, T35N R13E, Section 20 

Dominant Mottles Texture Consistence Roots | Boundary Parent Materials | Cementation, Ce 

Color Qu,Sz,Co,Color Compaction, Cp 

1A) rovras | st | tata | demure (| as] toss, | mone 
_|_2@m [36 | tovree | - Lt | tsk | evr tte | cs] toss | rome 
o| 3® rovre | = ft stst | otter | dmv tte | cs] tess, =| rome 

4 (2C) 17-72+ 10YR6/4 > 54" mvfr - mi 0-1f outwash 
ccd 10YR5/8 -0Q0 

Remarkss 
a. Pit extended to approximately 7’, soil similar to that encountered in horizon 4. b. Soil saturated below 67%’. 

c. Horizon 4 contains few thin (< %" thick) discontinuous 7.5YR4/4 fsl strata between 17-34". 

d. Horizon 4 becomes gleyed (color - 10YR7/1-2) below 67". 

. Thresher & Son, Inc. 
4. S > p p - . . 2828 Regent St. 

a [ & r (oi 74 % Madison, WI 53705 
Limiting Factors/Depth | Join E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-2 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 072198 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 46" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

NE%, T35N R13E, Section 20 | 

Dominant Mottles Texture Roots | Boundary Parent Materials |; Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1a) | o8 | woven | Tt [atmo [ame | atime] asf toess | none ~|2e0 | ere || tonsa | - [ot [treat vow | cs | toes | none 
S32 | 1628 | zsvesew | = tt | otmestk | ame | 0 | ow | toes | none 

4 (2C) 28-60+ 10YR6/4 > 46" m-cos 0-1csbk > mvfr > mi 
see remarks ->ms sg 

Remarks: 
rc 

a. Pit extended to approximately 8’, soil similar to that encountered in horizon 4. b. Soil saturated below 7’. a 

c. Horizon 4 contains few thin (< 3" thick) layers of grcos and fs. —_ Oe OoO0V0XVWm[[ ————— Ee, 

d. Horizon 4 contains ccd + mcd 10YR5/6 mottling below 46". Color of horizon - 10YR6/3 below 46". FF ---{ '‘--—-—- ee —— eee 

SSS SSNS —————————S[SS 

Thresher & Son, Inc. 
2828 Regent St. 

| be Shu Lo x (e119 § Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297
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SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-3 : 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 
loess over glacial outwash 

Customer Address 
Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

NE%, T35N R13E, Section 20 Bo 

Color Qu,Sz,Co,Color Compaction, Cp 

_tovest fo ft [amr [ame foram | aw | tcoss | ——irone 
y p2© | 46 | torre |. | et [ac [am | ov | ow || tocss | none 
= [sea | ei | tovese [fen [ome | amr | |e | oes | nene 
4c) | 1924 | rsvres | = [st | tmstk [me | ow | os | tooss | none re |e Pogo [oe ee Sg 

roves | ems | so Tm To cs cutwasn | none 
pcos | so | wm fo [cs | cutwasn | one 

Ss a ee 
Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 9’. 

c. Horizon 5 contains few thin (< 4" thick) discontinuous grscl-s! strata (sandy till?). | i 

meme eee ee ee 

Thresher & Son, Inc. 

Too 2. Mat > _ lo (9 FE Medison, 153708 Limiting Factors/Depth _ Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-4 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth a 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

NE%, T35N R13E, Section 20 | BS 

Color Qu,Sz,Co,Color Compaction, Cp 

pam | os | torres | = st | tutor | mr atte | aw | —toess, =| none 
5 f2@ | se sve | fst | tv | amr | ot |i] toess |r 
8 psvrag | st | tor | tee | cw toss | nome 

| tovrsie | = st | ametk | ime tee | cs] cess | tome 
| sovres | = ts | otmetx | mvt tte | cs | cutwash_—| none 

espe Tee see remarks 

po 
Remarks: 

a. Pit extended to approximately 9’, soil similar to that encountered in horizon 6. b. Soil saturated below 8’. 

c. Horizon 6 contains few thin (< %" thick) discontinuous 7.5YR5/4 fs! strata. 

d. Horizon 6 also contains ccp 5YR3/4-4/6 banded mottles below 61". Color of horizon - 10YR5/4 below 64". 

Thresher & Son, Inc. 

| Ko 8 ue A os loi 5 Mecis mWE ‘53708 —— adison, 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 229796 Date Signed 608-233-0297 | 

e ® ©



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-5 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 073098 grass loess over glacial outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 84" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description | System Geometry and Depth 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color : Compaction, Cp 

1a) | 09 | tovras | - st | timer =|] as] toess | tome 
5 [26 roves | - st | amstk | dmv =] ott | as toes | one 

I 

© | 32) | 1724 | zsvrve | - ft | amstk | avr tot | aw sandytm =| rome 
acct) | 2449 || tovraese | - | mcos | tesbk | mrt | aw outwash | none 
5(2c2) | 4oe4r || tovrea | - || moos | otesbk | mr ff o |  - || outwash_— | none 

Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 5. b. Soil saturated below 8’. 

c. Collected grab sample at 10’. 

d. Horizon 4 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata and few thin (<1" thick) 7.5YR5/6 vcos+gr seams. 

Thresher & Son, Inc. 
, a ‘ l f ~ 2828 Regent St. 

prob. seasonal sat'n > 84" [ t a) 0425 9% Madison, WI 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-6A 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 BS | 

Color Qu,Sz,Co,Color | Compaction, Cp 

ti) | oto | roves | = [st | amr | amm | i [oe | too | none 
gece | tor | rovers | | sw | armotx [ame | ow [oe | toess | none 
B [sas | toe | rove | = | cost | ame [mm [ow | aw | tt «| partany corp | 

| tora | = | meos | otcsbk | mv | 0 | aw | one 
_tovres | = tims | teste ime | oo | Lone 
_ tones | = ms | otestk | mr =] oo [ce | inone 
_tovree [five |e wm ToT -crtwasn rome 

Remarks: . 

a. Pit extended to approximately 13’, soil changes as noted above. b. Soil saturated below 11’. 

_£. Portions of horizon 3 are partially cementedicompacted 

EEE 

—_— eee 

a 

Thresher & Son, Inc. 

prob. seasonal sat’n > 120" ie. & ote th 2 . OAL AE Madison, WI 53705 
Limiting Factors/Depth Jo} n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

e © ©



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-6B 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082898 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 84" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Motties Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color : Compaction, Cp 

tap) | 09 || tovraes | = sts | amecstk | mr attme | as] loess | nome 
o f_2@ | 915 | tovrso4 | - sits | atmstk | om of] tt | owt —toess, | tone 

: 
5 tt 3(2C1) 15-48+ 10YR6/6 (v) > 84" mvfr outwash 
© see remarks 

3@ct) | 48-96 || 1ovRe |_mcos_| tesbk +59 | 0 | cs | outwash_ | one 
4czc2 | 610+ || tovrsa | - | arvoos | so] Sw’ to | | utwash | nome 

Remarks: 

a. Pit extended to approximately 9’, soil similar to that encountered in horizon 3. b. Soil saturated below 8’. 

c. Horizon 3 contains few thin (<’%" thick) very discontinuous 7.5YR4/4 fsl strata and very few thin 1" thick) grvcos seams. 

d. Horizon 3 also contains ccd 7.5YR5/6 banded mottling above the waster table. 

e. Pit was constructed to conduct a double-ring infiltrometer test. The tested infiltration surface was at 24". Grab samples were collected at the infiltration surface beneath 

the rings, and at 2’ and 4’ north and south of the rings. Additional grab samples were collected at depths of 1%’, 3’ and 4%’ beneath the infiltration surface. 

Thresher & Son, Inc. 

| <S 5 f f . ; 2828 Regent St. 
prob. seasonal sat’n > 84" {bd 7s 09259 & Madison, WI 53705 

Limiting Factors/Depth Jo n E. Thresher, Jr., CST No. 22379¢ Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-7 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 073098 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 120" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) rovess | = stst_ | amgrsta | ame | tr | as || toess | rome 
5 [2@sen| tor | sve | = ft | amor | mw ote | os | outwash | none 
5 [ses | 1428 | zsveses | - | moos | amstk | mr fo | cs | outwash | none -— 

4(ac) | 2876+ tovesom | | moos | tebe | nvr fo | - |] cutwash— | roe 
4 (2C) 78-168+ 10YR5/4-6/4 > 120" | w-mvfr outwash 

see remarks 

Remarks: 
eS 

a. Pit extended to approximately 14’, soil similar to that encountered in horizon 4. b. Soil saturated below 11’. —_—$<———$ eee 

c. Horizon contains ccd 7.5YR5/6-8 banded mottling above the water table. en Inno IIT nnn ISIS SSS ene ee 

eee 

a 

Thresher & Son, Inc. 
| >. > p p | 2828 Regent St. 

prob. seasonal sat’n > 120" | aes - a 0928418 Madison, WI 53705 
Limiting Factors/Depth E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



| SOIL DESCRIPTION REPORT 
Soil Test Pit: TPH-8A 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 073198 alfalfa fill over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 40" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |} Roots | Boundary Parent Material Cementation, Ce 
| Color Qu,S$z,Co,Color Compaction, Cp 

1m) | 06 | soveve | - | sts | amstk | amr | a | ios | om | 
ze) | 612 | wre | - | st | otter | amr ow | io | om | 
sea) | 1220 | 2sve | = fst | amstk | mimi ott | aw partially Ce/Cp 0 

© see remarks NO 

sen) | sore || asvan2 | | moos | so =| wm fo | as | outwasn | 
6 72-74 10YR2/1 w-mvfi outwash strongly Ce 

(2Bhsb) 

7 pst) | _7a-ecr |} reves | | moos | teste | wm fo | - ff outwasn | 
Remarks: —— eee 

a. Description is for profile on north wall of pit. Soil on the south side of the pit is similar to that encountered in TPE-8B. ———— eee 
b. Horizon 3 contains ffd 7.5YR5/8 intrapedal mottles. Portions of horizon 3 are partially cemented/compacted. — eee 

c. Horizon 4 contains ccp + mcp 5YR5/8-7/5YR5/8 and vfvfp 5YR3/2 (accumulation) and ccp 10YR5/3 (depletion) mottles. 

d. Pit was dug in an area where fill was used to cover a strongly developed aquod. eee 
e. Horizons 5-7 appear to be saturated. 

———CyCQVuyVQ5QCQ 

Thresher & Son, Inc. 
. = . p p 2828 Regent St. 

strongly cemented > 40" [* x o71LSa 8 Madison, WI 53705 
Limiting Factors/Depth Jofin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-8B 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 073198 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 54" | 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description | 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |j Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap) | 08 | tovrve | - tsi | acstk | arr =r | st toess | nome 
Uy 2 (2AC) 7.5YR4/4 > 24", see si-scl mfr-mfi 
Lu remarks 
oO 

© 1 sic) | see || toys | moos | so | wm =} oo | outwash | nome 

Remarks: 

a. Pit extended to approximately 9’, soil similar to that encountered in horizon 3. b. Soil saturated below 5%’-6’. 

c. Horizon 2 contains fmd 10YR4/6 - mcd 7.5YR4/6 and ffp + cfp 10YR3/1-2 (accumulation), and fmd 10YR6/2 -- ccd 10YR6/2 (depletion) mottles. 

d. Mottling in horizon 2 becomes banded below 50". 

Thresher & Son, Inc. 
> 2828 Regent St. 

_prob. seasonal sat’n > 54" | — Whee. a O5US9US Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-8C 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082698 alfalfa glacial sediments 

Customer Address Estimated Shailowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color : Compaction, Cp 

of 2 | 
sj 3 {| oO 

i 

7 | 
Remarks: 

Eee 

a. Pit was dug to prepare a platform for conducting a double-ring infiltrometer test. The soils were found to consist of fill materials and the pit was therefore abandoned and $$ re rn ec i 

the test was moved to TPH-8D. 
—— eee 

EEE 

eee 

Se ee TS 

Thresher & Son, Inc. 
; S blu Lb | 2828 Regent St. 

(NS > 69259 $ Madison, WI 53705 
Limiting Factors/Depth E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-8D 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082698 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

of 2 | 
sf 3 | 
ee 

7 | 
Remarks: 

a. An infiltration test using a double-ring infilttometer was conducted in the upper part of the sandy soils in this test pit. At termination of the test the pit was extended and it 

was found that a large rafted till fragment (7.5YR4/4, scl, 1csbk, mfr), about 4-12" thick and 6’ long, was located a few inches beneath the base of the infiltrometer. 

The upper surface of the till fragment slopes to the north. The relative moisture content of the sand surrounding, and beneath, the till fragment indicated that most of the 

infiltrating water migrated along the upper surface of the fragment and entered the underlying sand to the north of the fragment. It also appears that small portion of the 

infiltration percolated through the till fragment. 

Thresher & Son, Inc. 
O < > [ [ | oe 2828 Regent St. 

[X - » O1°470F Madison, WI 53705 
Limiting Factors/Depth Voun E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-9 | 

Customer Name Soil Evatuation Date i Current Land Use or Vegetative Cover Parent Materials | 

Nicolet Minerals Company 073198 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 48" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |] Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color | Compaction, Cp 

1a) | 010 | torre | - st | ameste | amir ff atm | as] cotviat | none 
= | 2m [ro1oxsx[ tovrar | - | - | - [ame PT - |e tore 
= | sc | to%1s | torre | - | ster | atmspx | amr | ovr | cs | __toess_— | none 
oO 

42020) | 1324 || tovrsa | - ft stsct_ | zostk | amir | ost | cs] st | nome 
saci) | 24.33 | ove | - | mcos | tose | mrt ott | cs] cutwasn_ | ron 
6 (3C2b) 33-54+ 10YR5/3 > 44" w-mvfr outwash 

see remarks 

Remarks: 

a. Pit extended to approximately 8’, soil similar to that encountered in horizon 6. : 
ee nnn 

b. Soil is wet to saturated below 5’. 

c. Horizon 4 contains cmd 7.5YR4/6-5/8 textural mottling. 
ae 

d. Horizon 6 contains ccd 7.5YR5/6-8 banded mottling above the water table. 
enn nn 

Thresher & Son, Inc. 

S ‘ fp 0 mene 2828 Regent St. 

prob. seasonal sat’n > 48" O{7US4¥F Madison, WI! 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-10 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 073198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 90" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 : 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) rovrs2 | = st | tmcsbeor | amir | tar | as | toes, | tone 
0 2 (2B) 13-21 7.5YR4/4 (v) 2msbk -> 0- d-mfi-mfr outwash 
i 4msbk 
q 

3 (2C) 21-60+ 10YR6/4 0-1csbk > mfr - ml outwash 

Sg 

3 (2C) 60-120+ 10YR6/4 > 84" outwash 
see remarks 

Remarks: 
RE nnn nnn ESnII ETE NEED ee 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 3. b. Soil saturated below 81%’. rm 

c. Horizon 3 contains fvcd 7.5YR4/6-5/8 root mottles. a eg 

d. Horizon 3 also contains cvcd 7.5YR5/6-8 banded mottling above the water table. 
pe 

—_—_—_—_—_—_—_————————=—=—=—=—=——_——_——S——____________—__—=={T{={_——_————————>——>={[{*_[_"={—K=_==E_=__{£==_&=&=&===an»quoua»=yaUu™=_===a_l_oloe>—EEEEEeEE—E—E—E—E—E—EE—EE—EEEEE 

Thresher & Son, Inc. 

, S Sb | . 2828 Regent St. 
prob. seasonal sat'n > 84" f XS d C1UITY Madison, WI 53705 

Limiting Factors/Depth Jokin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-11 | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 073198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 108" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap novrat | = st | ator |v || as] toess | nome 
> _2@2 | 133 | torres | - sts | atimstk =| ami] ott | cw toss | partial CerCp 
5 sec | s345 | zsvrvew | - st | otestk | mm ttm | cw ttt | partialy Cert oe) 

4acay | _45-64+ || tovre | - | moos | teste | mr] 0 | - —t_—cutwash_—| none 

Remarks: 

a. Pit extended to approximately 12’, soil similar to that encountered in horizon 4. b. Soil saturated below 10’. 

c. Horizon 2 contains fmd 10YR6/6 > fvcp 7.5YR3/4 textural mottles. 

d. Portions of horizon 2 and 3 are partially cemented/compacted. 

Thresher & Son, Inc. 

es S > ( 2828 Regent St. 
prob. seasonal sat’n > 108" (N Q OV 2SAsE Madison, WI 53705 

Limiting Factors/Depth Jobh E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



| SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-12 > 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

| wove | = st | amate | me atime | as |—toess | nome 
a prsvrs4y) | = _stst_|tmebe | amv | ot | ow | loess |_partialy Cesc 
S [secon | 254¢ | rovewe | - | mvcos | otesoe | amir [ottm| os | outwash_— | rome 

| sovres | = || mos | tosbk~so | mem | owt | = | outwash | none 
ee ee eee ee eee eee eee eee eee 
Pt 
ee ee ee eee eee 
Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 7’. 

c. Collected grab sample at 6’. | 

d. Horizon 2 contains common thin (<1" thick) 10YR6/3 sil strata. 

e. Portions of horizon 2 are partially cemented/compacted. 

e. Horizons 3 and 4 contain vfcp 7.5YR5/8 root motties. 

Thresher & Son, Inc. 
2828 Regent St. 

prob. seasonal sat’n > 72" A Ss > OK. 1 04 299 9 Madison, WI 53705 
Limiting Factors/Depth lo} n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© © ©



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-13 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company | 080398 alfalfa loess over glacial outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 78" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) tovraz | sts | ttmgr | mur atm | aw toes =| none 
of 20 | 1019 | zsvraem | - st | amecsk | ame | or | ow || toes ~— | none 

i 

El secy | 1920 | zsvrsa | - Tt | otcste | amr | ott | cs | sandyt | none 
acca) | 2046 | zsvrasm| ——- ——||stsct_ | cstk | amir | ont | cs =f th | one 
5(aca) | 4666+ || tovres |  - | moos | sg =| =m sto | - st ——cutwash_ | nome 

Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 5. b. Soil saturated below 714’. 
i 

c. Collected grab sample at 47%’. 

—— Eee 

——————EESEaE~_—————_—EE_____ aaa ————————————————————EE—E—E—E—E———E—E—— 

Thresher & Son, Inc. 
< > 4 p) 2828 Regent St. 

prob. seasonal sat'n > 78" | = - a ~ BALEUS Madison, W! 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-14 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080398 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence jj Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color | Compaction, Cp 

tay | _orr | tovrve | - st [tte | twtr | artme | as | toes | nome 
> 2c | 23 | roves | - st | tmgrste | amar | tte | as || toes | _partialy CelCp 

[sez | 2335 | tovres | = tts | tar | rte tt | cw toss | one 
43) | 3540 |] zsvrae | = otis | tosbk | mtr ott | cw tess | partialy CelCp 
s(ac) | aecar || tors | = f_ms_ | o-tcsbe | mr] ovr | - | __outwash— | ——_—none 
5 (2C) 64-96+ 10YR5/3 > 72" ms —> outwash 

see remarks m-cos 

Remarks: 
eee 

a. Pit extended to approximately 8’, soil similar to that encountered in horizon 5. b. Soil saturated below 7’. a 

c. Collected grab sample at 6’. 
$e 

d. Portions of horizons 2 and 4 are partially cemented/compacted. 
eee 

e. Horizon 5 contains ccd 10YR5/8-6/8 banded mottling above the water table. 
——=eaNaNajEoOCiCoC*xkxK[NHe=""hnhha]_]l]l]][[———[___—_a_a—_=—=_—xx—>———————————————————————————EeEEEEEEEEEEEEEEEEEEEEeEeEEEEEeee—eEeEeeeEe—eE———e 

Thresher & Son, Inc. 
c > e p) 2828 Regent St. 

prob. seasonal sat’n > 72" = + a OF 269 Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-15 | | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080398 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 48" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |] Roots | Boundary Parent Material Cementation, Ce 
| Color Qu,Sz,Co,Color , Compaction, Cp 

1 (Ap) roves | st | tmsbk | amvtr— | artim | as | toes | none 
of 2e@n | wore | tovres | fst | tmsnx | amr | or | as toes | nome 
E [s@ea | ise | reves | str | amor | me tr | sn | nome 

4 (3C) 32-48+ 10YR6/4 > 38" mvfr outwash 
see remarks 

Remarks: 
eee 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 5’. __—$— eee 

c. Collected grab samples at 3%’ and 5’. . —_—— eee 

d. Horizon 4 contains ccd 7.5YR5/6-8 and ffp 2.5YR3/4-5YR3/4 banded mottles above the water table. 
eee 

eee 

—_—_—_—_—_—_————————S___'—_———]—]—[]c——E—E——>>>—_—_~>=—_=>=—]E[ESS[[SS~SS>>>>S==S____SS 

Thresher & Son, Inc. 
s > f’ f | 2828 Regent St. 

prob. seasonal sat’n > 48" = s . 9972595 Madison, WI 53705 
Limiting Factors/Depth E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-16 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

pt) | oo | sovrwe | = sn | cstk | amie | or [as | toons | none 
3 | tovese | = ot | amste [| am | on | os | toes | partialy Celcp : a) a A Ww grcos 

_zsvese | = [ms | teste | me fo | as] outwash | tone 
_tovrem | = | mos | oteste | mt | o | - | outwasn | none 

| ft 
Remarks: 

a. Pit extended to approximately 13’, soil similar to that encountered in horizon 5. b. Soil saturated below 12’. 

c. Collected grab samples at 4%’ and 8’. 

d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 4 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

Sr 

Thresher & Son, Inc. 

prob. seasonal sat’n > 132" | =~ x rhe Co — 04@2§7 & Madison Wi 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© © eo



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-17 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080398 alfalfa loess over glacial outwash 

Customer Address Estimated Shatiowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 108" 

County Tax Parcel No. , 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

iia) | o1o || roves | - st | amecstk | amr | tar | as | cess | rane 
o [20a | 1021 | tovres | - ft stst_| amgrste | amir || ow | as || toes | none i 
- 3 (2C1) 21-34 7.5YR5/6 ms => d-mvfr outwash | 
om cos 

4 (2C2) 34-72+ 10YR6/4 0-1csbk — mvfr > ml 

Sg 

4(aca | 7296 || tovrom | - || moos | sa =| Sm too | cs | outwasn | mone 
sacs) | se-ta4+ |] roves | - —t_groos | so | wmf] co | - —]—_cutwash | tone 

Remarks: 

a. Pit extended to approximately 12’, soil as described above. b. Soil saturated below 10’. 

c. Collected grab sample at 5’. 

d. Horizon 3 contains few thin (<%" thick) discontinuous 7.5YR4/4 fs! strata. 

e. Horizon 4 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata and few thin (<4" thick) vcos seams. 

Thresher & Son, Inc. 
. p f . | 2828 Regent St. 

prob. seasonal sat’n > 108" | Ken 2 ° A . OF % a Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-18 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 pe : 

Color Qu,Sz,Co,Color Compaction, Cp 

pti | 09 | soveae | = st | amet | ami atm | as | toes | partiaty Colcp 
| torre |= sts | amar | amr | ote | ow 3 come fe tC for 

come |e eee Sg 

ee see remarks 

pgecos | sg | wm Po | cutwasn | rome 
Remarks: | 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 9’. 

c. Collected grab sample of ms at 4’ (finest grained material in the outwash). 

d. Portions of horizons 1 and 2 are partially cemented/compacted. 

e. Horizon 3 contains few thin (<%" thick) discontinuous 7.5YR4/4 fs! strata. 

f. Horizon 4 contains cvcd 7.5YR5/6-8 banded mottles above the gleyed horizon 
Se 

Thresher & Son, Inc. 

prob. seasonal sat’n > 96" | = L aa a OT27B4Y Madison, WI 53705 
Limiting Factors/Depth hn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© © ©



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-19 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materiats | 
Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

ti) | os | rovewne2 | = fst |amarstk | ame forme | as || ness | none ype Pe of v m-cos imogr mvfr 

: coe [ete [a Sg 

roves | | moos | so [om To | ws cutwasn | rome ee see remarks 

Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7’. 

c. Collected grab sample at 4’. 

d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata and very few thin (<6" thick) grm-cos seams. 

f. Horizon 4 contains cvcp 7.5YR5/8 banded mottles above the water table. Se ee eee 

Thresher & Son, Inc. 

prob. seasonal sat’n > 72" = le Ho 042898 Madison, Wl 53705 
Limiting Factors/Depth Pe E. Thresher, Jr., CST No. ats Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-20 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 60" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color , Compaction, Cp 

tap) | 040 || tovrwe | - st | aostk | ami] tr | as | toess | partially ColCp 
3 | 2@ea | 102 | syrve | - _ | grm-cos | 2msbk-+s9 Pott | ow || outwash__ | _patialy CelCp 
= 3 (2C) 22-54+ 7.5YR5/4 — 0-1csbk > mvfr -> mi outwash 
~ 10YR6/4 sg 

3 (2C) 54-108+ 10YR6/4 > 66" outwash 
see remarks 

Remarks: 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 6’. 

c. Collected grab sample at 4’. 

d. Portions of horizons 1 and 2 are partially cemented/compacted. 

e. Horizon 3 contains ff-cd 7.5YR5/8 root mottles above 48", and few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata and few thin (<4" thick) grvcos seams. 

f. Horizon 3 also contains ccd 7.5YR5/6-8 banded mottling above the water table. 

Thresher & Son, Inc. 
Q S > ( Y 2828 Regent St. 

prob. seasonal sat’n > 60" a: Ma 0425 4F Madison, WI 53705 
Limiting Factors/Depth \Jofin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-21 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

1) | 09 | sovrwe | = | su | atte | amr | atime | as | ——toess | partialy Col 
_ roves | fst | amste | ame] ote | cw toes | atiaty Colo 

7 s@esy | 1520 | zsvrse | - | grvcos | tmsbe_ | amr fo | os 

come [fo [rans [eee [or [= [ome [oe 0-1msbk 

proves |= ms | teste | im fo | cutwash | none 
_ torres | = time | oteatk | mr | oo | cs | cutwash =| none 

al a see remarks 

Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 81’. 

c. Collected grab samples at 4’ and 9’. d. Portions of horizons 1-3 are partially cemented/compacted. 

e. Horizon 4 contains few thin (<%" thick) very discontinuous 7.5YR4/4 strata. 

f. Horizon 6 contains fvcd 7.5YR5/6 banded mottles above the water table. 
nn eee 

Thresher & Son, Inc. 
. 2828 Regent St. 

prob. seasonal sat’n > 90" ) < "2. Done he a O127659 ¥ Madison, WI 53705 
Limiting Factors/Depth Jokin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-22 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 potatoes loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 0.0" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

NW%, T35N R13E, Section 20 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | 05 || tora | fp2svrve || sisi | ttmor | mvt ttm | aw | toes, | none 
p 

- 3 (2B2) 10YR4/4 ccp 7.5YR4/1-2 scl mfr-mfi 0-1f 
ad + ccp 7.5YR4/6 

acct | 1422 || zsvrse | tcazsvree || moos | tmsbe | wm | o | cs | outwash_— | mone 

Remarks: 

a. Pit extended to approximately 7’, soil similar to that encountered in horizon 5. b. Soil saturated below 3’. 

c. Collected grab sample at 3’. 

Thresher & Son, Inc. 
Ss yl A 2828 Regent St. 

prob. seasonal sat’n at 0" | eo 5 . OTLEVTS Madison, WI 53705 
Limiting Factors/Depth E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT | 

Soil Test Pit: TPH-23 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 potatoes loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 15" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

NW%, T35N R13E, Section 20 

Dominant Motties Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,S$z,Co,Color Compaction, Cp 

(Ap) | 01525 || t0vRa2-3 sist | ter | muir ff atame| ei] S| tone 
6/2 

7 
ei 3 19-2243 2.5YR2.5/4 ? mfi 0-1f outwash partially Ce/Cp. 

oO (B2hsb) 

4(B2sb) | 22-9023 || 75yRa4 | tmp syRa4 || m-cos | tmsbk | mfr | otf | cs] outwash_— | none 
5(63) | 30.36 || zsvrs@ | omd7syrse | ms | tmsbk |  m@ | 0 | os || _—_outwash_— | none 
ect) | 3642 | tovese | mvcdzsvrae | m-cos | o-tmsbk | wmvr || o | os || —_outwash__—|_—none— 
7(c2)_| 4274+ || rovRaesre | aleyea__|_m-cos | sof wtf 0 | = ——i}_—_outwash_— | none 

Remarks: 

a. Pit extended to approximately 7’, soil similar to that encountered in horizon 7. b. Soil saturated below 40". 

c. Collected grab sample at 6’. 

d. Portions of horizon 3 are partially cemented/compacted. 

e. Horizons 4 and 5 contain vfvcp 2.5YR2.5/2-3 root mottles. 

Thresher & Son, Inc. 
S ? f | 2828 Regent St. 

prob. seasonal sat’n > 15" OVLEIVY Madison, WI 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-24 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 potatoes loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 0" (2) 

County Tax Parcel No. 

Forest Crandon Mine Site ; 

Lot Legal Description 

: NW%, T35N R13E, Section 20 

Dominant Mottles Texture Consistence |} Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1) | ot1 || sovraa | trsvewacy | ss | zcse [mw | ow | os | om | none 
o[_2@a | 117 | tovre | omdzsyrea | sisi | amstx | mir] o | as |] toes | rome 
eT ecy | aaa | 7svrs0 _m-cos | im-esbe | mr || o | cs | outwash_— | none 4 

4 (2C2) 43-46+ 5YR3/1-4/1 gleyed outwash 
(v) 

Remarks: 
— eee 

a. Pit extended to approximately 6’, soil similar to that encountered in horizon 4. b. Soil saturated below 5’. TT 

c. Horizon 1 mottling may be an inherited feature of the fill material. 
eee 

d. Horizon 2 contains a few thin (<‘%" thick) sections of a 10YR6/1 Eb horizon. Ss ESSE 

e. Horizon 3 contains cvcd 5YR4/4 banded mottling above the gleyed horizon. 
eee 

SSS a ———————— 

Thresher & Son, Inc. 
. 2828 Regent St. 

prob. seasonal sat’n > 0" S G pte OpsIys Madison, WI 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-25 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 potatoes loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 13" 

County Tax Parcel No. | 

Forest Crandon Mine Site 

Lot Legal Description 

NW%, T35N R13E, Section 20 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) woes | = tt | metk | me | atame | ait] tome 
yo 2 (B21) 10YR5/4 > 13" | 

a cmd 7.5YR5/8 + | 

N ccp 7.5YR6/1 

3 (B22) 7.5YR4/4 cmd 7.5YR5/8 
ccp 7.5YR6/1-2 

act) | 2543 || 7.5YR5I6 [mcos | tosbk | om | 0 | cs] outwash | tome 
5(2c2) | 4348+ || tovR6?2 gleyed | moos | sa | wet} oo | | outwash | mone 

Remarks: 

a. Pit extended to approximately 8’, soil similar to that encountered in horizon 5. b. Soil saturated below 4’. 
eee er 

c. Horizon 4 contains cvcp 5YR4/6 banded mottling above the gleyed horizon. 
een ee nr 

ee 

———————————————————————————————————————————————————— ll =saa||=|=|S=S==K{—Y_"_—_—a>—>—eE>—E>_E>E>E>E>y=——_——>>>>E>E>E>—>E———Ee—_—~—_—E~—_—_—eEE————_—e—e—e——eeeeee—e———eeeee— 

| Thresher & Son, Inc. 
< ~ f p | 2828 Regent St. 

prob. seasonal sat’n > 13" / — as ~ O93 y Madison, WI! 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-26 

Customer Name Soil Evatuation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 potatoes loess over glacial outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 35" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

NW%, T35N R13E, Section 20 

Dominant Mottles Texture Consistence jj Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color : Compaction, Cp 

1) | oseea | roe | = ver | var | var] ves | owt fm |r 
y [zen | 935 | tovrs2 | = | mcos | tmsck | wmtemi || o | cs | outwash_— | none 
SG 3 35-45 10YR4/2 gleyed (7) w-mfr outwash 
“ || (2B2hb) 

4 (2ctb) | a5sosi2 | 2svsi2 | aleyed | moos | tmsbk | wmir fo | cw || outwasn_ | none 
Scab) | soos || 2sva | leyed || m-cos | _tmsbe | wir fo | - | outwash_— | none 

Remarks: 
eee 

a. Pit extended to approximately 8’, soil similar to that encountered in horizon 5. b. Soil saturated below 4’. 
eee 

c. Pit was dug in a low area that was partially filled with trees and soil during land Clearing. Soils contain a strong H.S odor. ——_—_ eee 

————————————— ee ESSE 

a 

eee 

Thresher & Son, Inc. 
> / ¢ 2828 Regent St. 

prob. seasonal sat’n > 35" Q OGrIEAS Madison, WI 53705 
Limiting Factors/Depth okin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-27 | 

Customer Name Soil Evatuation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080498 grass loess over glacial outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottiles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color i Compaction, Cp 

tap) | oto |] sovrae | = —t_st_ | tmorstk | amr ttm | as | loess | one 
3 [20 | 1023 | tovrea | - st | teste | ame or | cs | toess | _ partially CelCp 
S [_secn | 2383 | tovrsaw | = ff mixed | tmcstk | me to | cs] outwasn | none > 

4 (2C2) 53-66+ 7.5YR4/4 > 63" w-mfr outwash 
see remarks 

Remarks: 
rt 

a. Pit extended to approximately 10’, soils as described above. b. Soil saturated below 7’. 
nr rr 

c. Portions of horizon 2 are partially cemented/compacted. 
rr gp 

d. Horizon 3 consists of mixed ms, cos and grcos and contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 
nee SSS Se SSeS SSS SSS ssa SS SSS SSS sss SSS SSS SSS chs Ss Ss hs ps she | 

e. Horizon 4 contains ccp 7.5YR6/1 patches (depletion) and cfd 7.5YR5/8 bands (accumulation) mottles. 
eee ee 

f. Horizon 5 contains ccd 7.5YR5/8 banded mottling above the water table. 
eee 

Se eS 

Thresher & Son, Inc. 

g . > { | 2828 Regent St. 
prob. seasonal sat’n > 72" IY SS 4 PS 092945 Madison, WI 53705 

Limiting Factors/Depth John E. Thresher, Jr., CST No. 22579¢ Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-28 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth | 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 | Be 

Color Qu,Sz,Co,Color Compaction, Cp 

ptm) | oo | soveva | st | amstk | am | att | as | toes | roe 
3 _tovre | = tt | amste —| ame ott | cs] tess | partialy Celcp 

ew | ot ul - ms > SC 

pzsvesa | = tts | zest | mr fo | as | utwasn | nore 
| tovres | = meos | oteate | mt | _o | - —[__outwasn | one 

see remarks sg 

Remarks: 

a. Pit extended to approximately 10%’, soil as described above. b. Soil saturated below 9’. 

c. Collected grab sample at 8’. d. Portions of horizons 2 and 3 are partially cemented/compacted. | 

e. Horizon 3 contains cmf 7.5YR4/6 textural mottles. 

f. Horizon 4 contains fvcp 10YR6/4 (cores) with fmp 5YR2.5/2-3/3 (rims) root mottles. 

g. Horizon 5 contains cvcd 7.5YR5/6-8 banded mottles below 81%’. 

Thresher & Son, Inc. 
< , 2828 Regent St. 

prob. seasonal sat’n > 96" | s ‘ wh ha a O7°STY Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© e ®



SOIL DESCRIPTION REPORT. 

Soil Test Pit: TPH-29 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials | 

Nicolet Minerals Company 080498 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description | 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence jj Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tia | oto || tovrwe | - ft stst_ | ttoor | avr |] ame | ai t——toess_—— | nome 
| 2060 | 1017 | zsvese | - ssn | tmor | amr | tem | cs ]_—_itoess__—|_partialy Cel 
~ | sea | 131 | zovreae | - st | amgrstk | amir | or | cs] loess | partially Ces 
oO 

sect | star_| zsvese | - | grmcos | tosbk_ | mr _— ff | as] outwash_— | nome 
seca) | aret+ | tovres | - __—|_moos | tose | om = f_o | -—f——outwasn_— | roe 
5 (2C2) 61-132+ 10YR6/4 > 102" 1csbk — sg mfr -> w-ml outwash 

see remarks 

Remarks: 

a. Pit extended to approximately 11’ soil as described above. b. Soil saturated below 9’. 

c. Collected grab samples at 4%’ and 7’. 

d. Portions of horizons 2 and 3 are partially cemented/compacted. 

e. Horizon 4 contains few thin (<%" thick) discontinuous 7.5YR4/4 fsi strata. 
nn 

f. Horizon 5 contains cvcd 7.5YR5/6 banded mottling. 

Thresher & Son, Inc. 

> p ( — 2828 Regent St. 
prob. seasonal sat’n > 96" | “ \ ome OU2°*TF Madison, W! 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-30 

Customer Name Soil Evaluation Date ‘ Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

proves | = st | aemsta | amir zitme | as] toons | nome 
3 oven | fa | oem Po Ts 

= epee ee ~ see remarks 

[moos | o-tesbk | war | o | - | cutwash | none 
po 
| | = | {[ [JT [| [tT 
Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 4’. c. Collected grab sample at 41’. 

d. Horizon 2 was a sil material which is being cemented with calcium carbonate precipitates due to the upward migration of capillary water during dry weather. 

e. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

f. Horizon 3 also contains cf-mp 7.5YR4/6 root mottles above 36". 

g. Horizon 3 also contains cmp 5YR5/8 (accumulation) and ccp 2.5YR6/2 (depletion) mottles between 28-38", below 38" it contains cvcd 7.5YR5/6-8 banded mottling. en eee ennneianraanenanaranies_ se 

Thresher & Son, Inc. 
. s_ > C f 2828 Regent St. 

prob. seasonal sat’n > 36 | = , . C3159 Madison, WI 53705 
Limiting Factors/Depth Jahn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

e © ©



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-31 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 
loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,$z,Co,Color | Compaction, Cp 

st | ameste ametr arte | as toes | one 
7 _tovent | te [ter Tm or | cs tess | tome 
S _teveae |W te | zeste [mr [or [| ow toss | partly Corcp 
* [aes | 2243 | roves [= moos | oteste | mr | o | os | cuwash | none 

tore | = moos | testk [me | io [| -  |outwash | none 
| of 

Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 5. b. Soil saturated below 7’. 

c. Collected grab sample at 9’. 

d. Horizon 2 is a native E horizon which is now accumulating calcium carbonate precipitates from upward migrating capillary water similar to horizon 2 in TPH-30. 

e. Portions of horizon 3 are partially cemented/compacted. 

f. Horizon 4 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. ss 9390909 

Sr 

Thresher & Son, Inc. 
. 

2828 Regent St. prob. seasonal sat’n > 72" = S rhe te — OST Y Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-32 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080598 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 78" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color , Compaction, Cp 

1 (Ap roves | = set | amstk | amr tte | as] toes, | tome 
o _2@ | to27 | zevrae | = st | tmestk | amr | ottm | ow | toss | partially Ce/Cp 
Si 3 (2C) 27-63+ 7.5YR4/6 0-1csbk -> mvfr > ml outwash 
\O sg . 

Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 3. b. Soil saturated below 71%’. 

c. Collected grab sample at 5’. 

d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 3 contains very few thin (<’4" thick), very discontinuous and irregular in shape 7.5YR4/4 fs! strata, and few thin (<4" thick fgr-grcos seams. 

Thresher & Son, Inc. 
> p p 2828 Regent St. 

prob. seasonal sat’n > 78" fe \ 69239 Madison, WI 53705 
Limiting Factors/Depth lon E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-33A 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080598 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 90" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | ott | roves | - —stst | amstk_ | emir ff atte | as] toess, | rtone 
> |_2ea | sar | tovave | - st | tse | ame | or | cs toes | patity Corp 
SB |secy [ass | sve | - | ormcos | teste | amr | on | cs || outwash_—|_——rone 

oO 

4202) | 334827 | zsvese | - | grmcos | tosok | mvt or | aw | cutwash_— | none 
sacs) | 40-5727 || zsvree | - || tr stax | sm ~——] | aw] outwash | rong 
6ac) | s7e5+ || tovrea | - || moos | orcs | mir | 0 | - || outwash_—| none 

Remarks: 

a. Pit extended to approximately 12’, soil similar to that encountered in horizon 6. b. Soil saturated below 87%’. 

c. Portions of horizon 2 partially cemented/compacted. 

d. Horizon 5 contains fmd 7.5YR5/8 (accumulation) and fmd 7.5YR5/3 (depletion) mottles. 

Thresher & Son, Inc. 

Shot 2828 Regent St. 

prob. seasonal sat’n > 90" <a <. x OFLEVY Madison, WI! 53705 
Limiting Factors/Depth Jofin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



: SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-33B 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company : 082898 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site ; 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1p) | ort | sovewe | st zmste [mv zrtme | as | —toess | rome 
3 L2en | 122 | torre | - tt | tots post | os || loess | partaly Cercp 
BS [sea | 237 | torre | = st | tmstk | mr tote | cs | toss | _partaly Corp ae 

sect | 3750 zsvraaw | = | sotst_|sgtestk | mimi | ov | cs | sandy | none 
sca) |_se7or ff tovree | = | moos | teste | mv fo | - | _coutwash | none 
ca) | 70-120 | tovre | | moos | tesbk-+sa | mvir=(wmi] o | cs | outwash | none 
aca) | 120-tao+ | roves | = ft arveos | so | mt fo | | —cutwan | name 

Remarks: | 
> - TS -_-——_r———————————— eee 

a. Pit extended to approximately 10%’, soil similar to that encountered in horizon 5. b. Soil saturated below 9’. OO eee 
b. Structures in horizons 2 and 3 overprinted on 3c geologic layering. _  FhFfFOGOC-''—™-_ eS 
c. Portions of horizons 2 and 3 are partially cemented/compacted. eo MH _ —--—————————— eee 
d. Horizon 3 contains ffp 7.5YR5/6 textural mottles. —_———___————_— "'-_- eee 
e. Horizon 5 contains very few thin (<'4" thick) discontinuous 7.5YR4/4 fsl strata. 
SSN NN ee ——S—S 

Thresher & Son, Inc. 
= > f p . 2828 Regent St. 

prob. seasonal sat’n > 96" Re 2: x OGLyoy Madison, WI 53705 
Limiting Factors/Depth Join E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



| SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-33C 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083198 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Roots | Boundary Parent Material Cementation, Ce 
| Color Qu,Sz,Co,Color Compaction, Cp 

of_2 | 922 oa | ee eee 
Bf 3 | eat ee eee eee sandy til | NO 

4 | ate pet | | ee 
| 5 | sz64s pm | | | outwash | 

Remarks: 
— eS 

a. Horizon 4 pendants and clay balls along its lower boundary and appears to be a large rafted till fragment. 
eee 

b. Collected grab sample at 60". 
ee 

c. Pit was dug to determine the distribution of rafted till fragments. ————— Eee 

Te  —————eEESaassSs=g=g=gsSsaouonnnn]C]lE 

Thresher & Son, Inc. 
_ c Sha 2828 Regent St. 

a [_K—_- OF2S4 Madison, WI 53705 
Limiting Factors/Depth (JOH n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-33D 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Mottles Texture Consistence |} Roots | Boundary Parent Material cementation, Ce 
Color Qu,Sz,Co,Color , Compaction, Cp 

1 | om stt | | ee eee 
o | 2 | 1447 pmoos || | outwash | 
: 47-654 pmoos || | outwash | 
“fot Pt a 

Remarks: 

a. Pit was dug to determine the distribution of rafted till fragments. 

Thresher & Son, Inc. 

q S Sh, . 2828 Regent St. 
{™ a an O94‘ Madison, WI 53705 

Limiting Factors/Depth Jobh E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-33E | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materiais 

Nicolet Minerals Company 083198 alfalfa loess over glacial outwash 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

re re ee ee ee ee ee 
2 | i490 pmoos {| ee 7 

| 3 | 4056s ee ee | outwash fe 
“fo a ee ee 

Remarks: — ——— 

a. Horizon 2 is partially cross bedded. 
SN 

———— 
b. Pit was dug to determine the distribution of rafted till fragments. RL 

— 

—_-  -_ eee 

——[—¥—r’’"X—X—N Ss S SS SND SS SSS SN 

Thresher & Son, Inc. 
| | 2828 Regent St. 

7 2 Dt , 092°349¥ Madison, WI 53705 
Limiting Factors/Depth Joy n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-34 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080598 alfalfa : loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth . 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | oto || tovrane | - st st_ | amesta | amr | or | as | loess | rone 
> [22m | 1026 | zsvrsem | df grrm-cos | o-tmr | rv tot | cw partially Ce/Cp 
S [secn | 2603 | tovrse | - | moos | o-tmsbe | mir | 0 | cs __ |] _—_outwash_—|_——rone on 

sca) | 3343 | tovese | - tt | amstk—| mv] =o | cs] cutwasn |r 
523) | 436+ || rovrem | - _—|_moos | otcstk | mw | _o | - || __outwash_— | _——none 
5 (2C3) 68-120+ 10YR6/4 > 96" 0-1csbk > mvfr - w-ml outwash 

see remarks sg 

Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 9’. c. Collected grab sample at 5’. 

d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 2 contains few thin (<%" thick) irregular and very discontinuous 7.5YR4/4 fs! strata. 

f. Horizon 4 contains few thin (<%" thick) irregular and discontinuous 7.5YR4/4 fsl strata at the top and base of the horizon. 

g. Horizon 5 contains cvcd 7.5YR5/6-8 banded mottling below 8’. 

Thresher & Son, Inc. 

5 . . 2828 Regent St. 

prob. seasonal sat’n > 96" ! - St — OF Led V Madison, WI 53705 
| Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-35 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080598 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest .Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |} Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color | Compaction, Cp 

1a) | 09 || roves | = ft st_ | ameste | ame Tr | as | toess | none 
5 | 20) rsvp | = tems | o-tmgr | emvr ft ost | cs || outwash_—| partially CerCp 
% [secy | 1720 | sovrve | - | ms | acsbk | om ft ott | cs] outwasn | nome oY 

4 (2C2) 29-61+ 10YR6/4 0-1csbk > mvfr > ml outwash 

Sg 

4 (2C2) 61-120+ 10YR6/4 > 72" | outwash 
see remarks 

Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 7’. 

c. Collected grab sample at 3’. 

d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. 

f. Horizon 4 contains fcd 7.5YR5/6-8 banded mottling below 6’. 

Thresher & Son, Inc. 
_ 2828 Regent St. 

prob. seasonal sat’n > 72" so Lo (2. ae O4°DB 1 Madison, WI 53705 
Limiting Factors/Depth ofin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-36 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

1m | otr | sovrwe | = st | atest | amr] or | as | toes | rome 
20H | sto | roveseo | = st | otmar | amr | ott | cs | ——_toess | partialy Cel 

© [een [12s | tovree | - | ot | amonx | mr | ovr | ow || ness | pataly Colt 
: prsvras( | = stst_ | ametk | mv] ote | ow =f | tome 

provre | = ft moos | tesok | mtr fo | | outwasn | rome 
— | ft 
Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 5. b. Soil saturated below 9’. 

c. Collected grab sample of the finest grained material within the horizon at 5’. 

d. Portions of horizons 2 and 3 are partially cemented/compacted. 

e. Horizon 2 contains fmp 5YR5/8-7.5YR5/8 root mottles. 

f. Horizons 2-4 contain fmd 7.5YR5/6-10YR5/6 textural mottles. 

g. Horizon 4 contains ffp 10YR2/1 and ffd 7.5YR5/6 intrapedal mottles. 

Thresher & Son, Inc. 
. Ss. yet. | | 2828 Regent St. 

prob. seasonal sat’n > 96 | \ - — — O4lyiy Madison, WI 53705 
Limiting Factors/Depth hn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

eo e ©



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-37 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080598 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |] Roots | Boundary Parent Material Cementation, Ce 
Color Qu,$z,Co,Color Compaction, Cp 

tap | ott |] tovrae | - | st | atecstk | dime ttm | as | toes, | rtome 
3 [20a | 114 | zsvrea | - |] stsi_| ztmsbk | amr | ot | aw || toess__—|_patialy CerCp 
B |secn | 1420 | zsveve | = || moos | sg tosb po | cs] cutwash | one 

4(aca |_20-6+ || _tovesa | - __L_mcos | tesbk--sg ee ee ee ee 
4 (2C2) 56-132+ 10YR5/4 > 96" outwash 

see remarks 

Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 9’. c. Collected grab sample at 3’. 

d. Portions of horizon 2 partially cemented/compacted. 

e. Horizon 3 contains few thin (<’%" thick) very discontinuous 7.5YR4/4 fsi strata. 

f. Horizon 4 contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata, and few thin (<2" thick) fgr-fgrvcos discontinuous seams. 

g. Horizon 4 contains cvcd 7.5YR5/6-8 banded mottling below 8’. | 

Thresher & Son, Inc. 

S SL . 2828 Regent St. 
prob. seasonal sat’n > 96" - i= O1259 ¥ Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-38A 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 080598 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tio) | oo rove | - | st_| ameste | ame ft ttm | as | toess | rome 
~ | 2@ac | 930 | roves | - | moos | tmstk | mir | 0 | as || outwash | partially CelGp 
SL secn | s035_ | tovesa | - tot | amate | me | as utwasn | rome \O 

4acz | 3554+ || tore | - | moos | teste | mr] oo =| st —cutwasn | rome 
4 (2C2) 54-120+ 10YR6/4 > 96" 1csbk > sg mvfr +> w-ml outwash 

see remarks 

Remarks: 
— eee 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 9’. ———— eee 

c. Collected grab sample at 3%’. 
__—— Eee 

d. Portions of horizon 2 are partially cemented/compacted. 
eee 

e. Horizon 3 contains fmd 5YR4/6 textural mottles. rr 

f. Horizon 4 contains cvcd 7.5YR5/6-8 banded mottling below 8’. 
NN 

Thresher & Son, Inc. 
. 2828 Regent St. 

prob. seasonal sat’n > 96" | ee r ylne ) oe O95 twd& Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-38B 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082698 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. ! 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1ap) | 09 || tovraes | = ts | amstk_— | ami] tem | as] toes | nome 
o [2@ey | 920 | roves | - | moos | teste | mfrmvtr_] 0 | as partially Ce/Cp 
=< | 3@ea | 2631 | tovesa | - tet | 2mabk | mtr || as] cutwash | rome 
© 

4c) | _st-ec+ || tovres |  - || moos | tosbk_ | —mvr_—} oo | =] outwash | rtone 

Remarks: 

a. Pit was constructed to conduct a double-ring infiltrometer test. The tested infiltration surface was at 45". A grab sample was collected beneath the infiltrometer rings at a 

depth of 60" the day following the conclusion of the infiltrometer test. 

Thresher & Son, Inc. 
- Lah 2828 Regent St. 

prob. seasonal sat’n > 96" Noe 2 04° TF Madison, WI 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 225796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-39 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 pC 

Color Qu,Sz,Co,Color Compaction, Cp 

pic) | oro | zsvrve | = st | tm | mv ttm | as tess | tone 
pzsveve | = Lt | tmetk | mvt tor | aw] toss | none 

r | soveae |= st | mse |v ott | cette | nome 
" pzsrve | = |] stms | otmebe | mtmvr | or | ow | sandy | none 

_sovros | = ms | ametk | mur] oo | ws] cutwash | none 
psovres | = eter | amstk | ome || aw | outwash_ | none 
variegated | = | woos | oo | em to | cs] outwash | none 
Se ee ee 
psovree | = ims | testk | mr] oo | cs cutwasn | tone 
roves | = moos | so | wm fo | outwasn | tone 

Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7’. c. A <1" thick band of textural mottling was found between horizons 4, 5 and 6. 

d. Many small (<10" long) rafted till fragments (7.5YR4/4, scl-cl) were found between 30-72" in the west wall of the pit which contained 5YR5/8 and 10B6/1 textural mottling. 

Thresher & Son, Inc. ,; 
; . 2828 Regent St. 

prob. seasonal sat’n > 72" {* ‘- Dh LN >» OFLU FDS Madison, WI 53705 
Limiting Factors/Depth fe E. Thresher, Jr., CST No. aatyes Date Signed 608-233-0297 

© © ©



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-40 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company glacial sediments 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 ee 

Color Qu,Sz,Co,Color Material Compaction, Cp 

psovre | = st | mate |v tt] ws] toess | none 
208 | 1435 | tovrse | - ff memis | o-tmspx | mviem ff ont | cs |] outwasn | none 

= | vera | = | sotst_ | o-tcsbe | mvemi fo | cw ft | none 
~_4cca | ster || tovrem | = |] mos | t-2esbk_ | mt-mvtr_ | 0 | cw | outwash_ | none 

fete pe see remarks 

| ff 
| Ot 

Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 5. b. Soil saturated below 68". 

c. Horizon 2 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

d. Horizon 2 also contains few truncated cradle knoll spodosol horizons (up to 22’ thick). 

e. Horizon 3 contains fcp 5YR5/6 (accumulation) and 10YR6/1-2 (depletion) textural motties. 

Thresher & Son, Inc. 

. Ss > f f | 2828 Regent St. 
prob. seasonal sat’n > 56 | — Ns ~ CFG 2T4IS Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-41 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082698 oats loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap rovess | = st | acstk | my ttm | ast toess | rome 
| 2@89 | 1014 | zsvrae | = YL sotst | zostk | om ot ott | ce ft | —_patiy Cel 

= | s@cn | 1431 | zsvraaw | - | moos | test | mimi | ott [| ce || outwash | _partialy CerCp WJ 

sca) | 3ts4_ | tovrea | - | moos | zostk | ome =] oo | os partially Ce/Cp 
5 (3C3) 54-66+ 10YR6/4 > 64" mfr outwash 

see remarks | 

Remarks: 
—_— eee 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 5. b. Soil saturated below 7’. eee 

c. Portions of horizons 2, 3 and 4 are partially cemented/compacted. —_————— eee 

d. Horizon 3 contains fmp 10YR3/2 root channels and few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. —_———— eee ee 

e. Horizon 4 contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

f. Horizon 5 contains fcp 7.5YR5/6-8 root mottles with fmp 10RP4/12 cores (probably strengite precipitates). ——<—<————— ee 

g. Horizon 5 also contains fcd 10YR5/6 -» ccd 10YR5/8 banded mottling below 64". Mottling extended to approximately 120". 
NNoanaeses=aeEeeee 

Thresher & Son, Inc. 
| 2828 Regent St. 

prob. seasonal sat’n > 72" q. Dh A OUrsas Madison, WI 53705 
Limiting Factors/Depth ohn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT . 

Soil Test Pit: TPH-42A 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials | 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 Se 

Color Qu,Sz,Co,Color Compaction, Cp 

pid) | or | rsveve | fst | zest | rm] tem | as tess | rtome 
gy [eer] se | zsvewe | = st [amar | me ott | os tees | rome 
= [eve [124 | roves | - | sts | acstk | mimi ovr | aw | loess | _artaly CoG 

rsvraew | =f cost_ | 2esta | _mtrrmvtr | ott | cs 
pzsvrs4y | = | veos_ | o-tesbk | mvtrmr_ | 0 | cs] cutwash—|——rone 
_ torre | coe | co | om to | ts] cutwasn | rome 
_tovres | = time | teste | ime] oo | cutwasn | rome 

Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 7. b. Soil saturated below 8’. 

c. Horizon 2 contains few scattered, thin (< 2" thick/horizon), truncated remnants of A, E and Bhs horizons. 

d. Portions of horizons 3 and 4 are partially cemented/compacted. 

e. Horizon 7 contains ccd 7.5YR5/6-8 banded mottling below 9’. 

Thresher & Son, Inc. 

: . 2828 Regent St. 

prob. seasonal sat’n > 84" / = 2 De. 1 24215 Tir Madison, WI 53705 
Limiting Factors/Depth ohn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-42B 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description | 

Color Qu,Sz,Co,Color Compaction, Cp 

pt) | 09 | roves | | ot | cst | ime ft | ws toes | rome 
ofi2m | ot | tovree | = st | tmstx | mtr ff or | as | —toess | tone 
- pzsves | = sctst | cate [meet ot | cs] tm | rome 
" tsvraew | = mest | teste | ime | ote | cs | cutwasn | rome 

| torres | = moos | oteabi | mv fo | - | outwasn | rome 
ot} 
| fC 

Remarks: 

a. Pit was extended to approximately 9’, soil similar to that encountered in horizon 5. b. Soil saturated below 90". 

c. Pit was constructed to conduct a double-ring infiltrometer test. Tested infiltration surface was at 30’. . 

d. Visual observations following the infiltrometer test revealed that the outwash contained higher moisture contents within a 4’ radius of the infiltrometer rings, and the 

maximum water contents were within a 2’ radius of the infiltrometer rings. 

e. The top of horizon 3 contains thin scattered traces of former E and Bs horizons. 
ee... 

Thresher & Son, Inc. 

prob. seasonal sat’n > 78" (NX ae nh. ,) 092595 Madison, WI 53705 
Limiting Factors/Depth rx n E. Thresher, Jr., CST No. ~ Date Signed 608-233-0297 

© © ©



e ? SOIL DESC ION REPORT © 

Soil Test Pit: TPH-43 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company oats loess over glacial till and outwash 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 66" 

Forest Crandon Mine Site 

Lot Legal Description | Be 

SE%, T35N R13E, Section 17 

Color Qu,Sz,Co,Color Compaction, Cp 

ram | 08 | revecse | - stan _| made | mr artim | ai] toes | one 

Ceres | Preefm fom fer [me -> B2s) 7.5YR5/6 

Faovess [tot | zmete | ome | or | ow | cutwasn | none 
z -aovnee | - | mone | otmade | mv | 0 | os | outwasn_ | none 
> Tove [| - tr | ametk_ | ome | 0 | as utwasn | rome 

overs | _- | moe | orate | mr fo | = | ouwasn | __rone_ 

a see remarks 

Farveos | oo | wm fo | =f) cutwasn | none 
Remarks: 

a. Pit extended to approximately 8’, soil as described above. b. Soil saturated below 614’. c. Collected grab sample at 40". 

d. Horizon 2 contains few thin remnants of a 5YR3/4, mfi-mvfi, Bhs horizon. 

e. Horizon 5 contains cfd 7.5YR5/6 textural mottling at the base of the horizon. 

f. Horizons 6 and 7 contain ccd 7.5YR5/6-8 banded mottling from 72-90". 

Thresher & Son, Inc. 

prob. seasonal sat’n > 66" a “L. rh i OS USAT Maison Wi 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 
Soil Test Pit: TPH-44 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

tm) | 09 | toveve | ster | zeste [mr | tem | cs] tess | rome 
pzsvraew | - _t_stst_|tmarsti | mr | ot | cs | toes | partaly Corp 

? pzsyese | = | ster | taco | mtemi |] ott | cs 
5 _ torres | = tote | atemste | mr fo | cs] tm | tome 

rsyres | = mcost | amsoe_ | mt |] oo | as] outwasn | rome 

cope Te Tp To see remarks 

Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 6. b. Soil saturated below 7’. 

c. Portions of horizons 2 and 3 are partially cemented/compacted. 

d. Horizon 2 contains few thin truncated remnants of E, Bhs and Bs horizons at the top of the horizon. 

e. Horizon 4 contains ffd 7.5YR5/6 textural mottles. 

f. Horizons 5 and 6 contain few 7.5YR4/4 clay balls (2" diameter) and few 2" x 4" 7.5YR4/4 scl slabs with a variety of orientations along the boundary between the horizons. 

g. Horizon 6 contains ccd 7.5YR5/6-8 banded mottling from 78-90". 

Thresher & Son, Inc. 
. < Db, bo. 01184 2828 Regent St. 

prob. seasonal sat’n > 72 / 4 = — ’ Madison, Wi 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

e © ©



© © ® 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-45 . 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 Be 

Color Qu,Sz,Co,Color Compaction, Cp 

_tovrays | ate | amste —|rmer tt as] toess | tone 
a 

g [sco | 625 | roves | [tm [mv ote [cs tess | partiaty Core 
é _revres | =| ms | otmste | mvtrm | o | cs | sonay | none 

_tovre | = fms | otmste | mvem | o | co | ourwasn | none 
ec | azse | roves | = | | amstx | mw fo | os | outwasn | none 
-7@05) | sees | rovrow | = [| moos | tostk | mw | o | as | outwasn | none ete see remarks 

Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 8. b. Soil saturated below 8’. 

c. Portions of horizons 2 and 3 are partially cemented/compacted. d. Horizon 4 contains few thin (<1%" thick) very discontinuous 7.5YR4/4 fs! strata. 

d. Horizon 5 contains very few thin (<‘4" thick) very discontinuous 7.5YR4/4 fs! strata. 

e. Horizon 8 contains ccd 7.5YR5/6-8 banded mottling from approximately 90-108". . REET 

Thresher & Son, Inc. 
. —s c > Y () 2828 Regent St. 

prob. seasonal sat’n > 84 f * - 7% 34 1k o Madison, WI 53705 
Limiting Factors/Depth Py n E. Thresher, Jr., CST No. ah a6 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-46 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082698 oats loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI! 54501-3161 > 84" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence jj Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) tovras | = _sitst_ | tmsbk | mir] ttm | ast toss | none 
_|_ 2.62 tovrsis-a3 | sit | armsbk_— | emir] | as] loess | partially CelCp 
=| 3¢@e3) | 1220 | zsvrsa@ | - df arm-cos | tosbkgr_ | mtrmvir_ |] otf | as || sandy tl | partially CelCp 
\O 

acct) | 2046 | tones | - | moos | tosbk | murs] | as] outwash | none 
5(acz) | _ase5+ || tovre | _- _||_moos | _tosbk__| _mvr_|/_o | _- _||__outwash__ | _—_—_none 
5(scz) | 6596 || tore |  - ——||_mcos | tosbk+sg po | cs] outwash | tome 
6(acs) | _96-120+ |] tovrse |  - __||_awoos | __sg_ | wm ff} _o | - ‘ff __outwash_— | _irone 

Remarks: | 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 8’. 

c. Portions of horizons 2 and 3 are partially cemented/compacted. 

d. Horizon 5 contains a 8" x 6’ rafted till fragment in one pit wall at the top of the horizon. 

Thresher & Son, Inc. 
= s. > p p) . 2828 Regent St. 

prob. seasonal sat’n > 84" [ & \— OFLEAK Madison, WI 53705 
Limiting Factors/Depth Joy n E. Thresher, Jr., CST No. 223 FOG Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-47 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082798 loess over glacial till and outwash 

Customer Address 7 Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. , ; 

Lot Legal Description 

SE%, T35N R13E, Section 17 Se 

(in.) Color Qu,Sz,Co,Color Compaction, Cp 

pice) | 09 | rovraawe | = stat | aspx | mv tte | as tess | tome 
| zsvre | = at | o-nttmabe | mur forte | cs] toess =| rome 

3 _sovres | = st | tebe | mr] ottm | cs] cess | atiaty Col 
r | variegated | =} stsct_ | o-zmsbk | mtr 

| tovres | = ms | tmx [wr to | cutwasn | rome 
sac) | ea1o4 || tovros | - | ms_| tmsbk~sg | mvr-mi | o | cs | outwash_— | none 

Tomes | i om | | wm | 0 | - | cuwen | rome 
Remarks: 

a. Pit extended to approximately 9’, soil as described above. b. b. Soil saturated below 8’. 

c. Portions of horizons 3 and 4 are partially cemented/compacted. | 

d. Horizon 3 contains ff-md 7.5YR5/6 textural mottling in the lower 3" of the horizon. - 

e. Horizon 5 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

f. Pit was constructed to conduct a double-ring infiltrometer test. The tested infiltration surface was at 60". Grab samples were collected at the infiltration surface beneath 

the rings and at 2’ east, and at 2’ and 4’ west. Additional grab samples were collected at depths of 1%’ and 3’ beneath the infiltration surface. 

| Thresher & Son, Inc. 

2828 Regent St. 
prob. seasonal sat’n > 84" 642599 Madison, WI 53705 

Limiting Factors/Depth fohy E. Thresher, Jr., CST No. 223796) Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-48 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shaflowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 Be 

Color Qu,S$z,Co,Color Compaction, Cp 

_ reves | ster | amar | rm ttm | as] toess | nome 
3 reves | = sts | teste | mimi ont [ce 
[secon | to26 | rovess | = [cos | tzcsta [rm | ottm| ce cutwasn | none | cof ep see remarks 

po 
| if [| =f 

Remarks: 

a. Pit extended to approximately 12’, soil similar to that encountered in horizon 4. b. Soil saturated below 9’. 

c. Portions of horizon 2 partially cemented/compacted. 

d. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

e. Collected grab samples at 36" and at 66". 

f. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling between 96-120". 
Sr 

Thresher & Son, Inc. 

prob. seasonal sat’n > 96" | ya ore, A . OAILS TS Madison, WI 53705 
Limiting Factors/Depth Jobn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© © ©



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-49 | 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082798 oats loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | 08 |] tovrvz | stst | acstk | mvt st ttm | as |] tess | none 
_ | 202 roves) | = |] stst_|ttmstk | mir tote | cs toess | rome 
G [_secy | 17-32 | tovreaw | = ff mcos | otesbk | mvtemir |] ont | as partially CelCp 

4aca | _s261+ || sovrom | - {moos | otcste | mr ff] o | - || _outwash_— | none 
4 (2C2) 10YR6/4 > 78" 0-1csbk -> mvfr -> mi 

see remarks Sg 

sacs) | e613 | tovrss | = ft arvoos | so =| Swi} so | _—it_—_cutwasn | none 
Remarks: 
i 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7’. 
—_———— eee 

c. Portions of horizon 3 partially cemented/compacted. 
eee 

d. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. 
eee 

e. Horizon 4 contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 
EEE 

f. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling from 78-96". 

Thresher & Son, Inc. 
Ss > p { 2828 Regent St. 

prob. seasonal sat’n > 72" | — x ~ PALA SK Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-50 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth | 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

Taovese [| | amtk | mm Joun| w= [can | rome 
~ | 2@82 | 1220 | rsvewew {= [amr | me ote | ce | cancytn | rome 
r pzsyrea | = df ctsctst | tmesta [mr | 0 | - | mest | rome | eof rm om P= [men see remarks 

paves | co | wm To [ - [cutwasn | rome 
— | if tf 
Remarks: 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 6’. 

c. Horizon 2 contains few thin, truncated fragments of former E, Bhs and Bs horizons at the top of the horizon. 

d. The cl portions of horizon 3 contain cm-cd 7.5YR5/6-8 (accumulation) and 10YR5/2 (depletion) textural mottles above 6’. 

e. Horizons 3 and 4 contain ccd 7.5YR5/6-8 banded mottling from 66-84". 

Sn ee 

Thresher & Son, Inc. 

prob. seasonal sat’n > 60" Pr SS. tw A > O%4 2y1 Ss Madison Wi 53705 
Limiting Factors/Depth ey E. Thresher, Jr., CST No. 2 at Date Signed 608-233-0297 

© © ®



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-51 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash | 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 | BS 

Color Qu,$z,Co,Color Compaction, Cp 

ptm | oto | toveva | - ft stsu | amore | mv | artm | ae toss | none 
| 122 | tov | = | ower | amet | me | ow | cs | toss | paral corop 

? reves | = | moos | zestk | me | or |e 7 sa: | ee 10YR6/4 ms 0-1csbk 

oo Peep Te = see remarks sg 

_moos | so | wm Po TL cutwasn [tone 
Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 6’. 

c. Horizon 2 contains few truncated fragments of former E, Bhs and Bs horizons at the top of the horizon. 

d. Portions of horizons 2 and 3 are partially cemented/compacted. 

e. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

f. Collected grab sample at 50". g. Horizons 4 and 5 contain ccd 7.5YR5/6-8 banded mottling from 72-96". Sr 

Thresher & Son, Inc. 
. . Ss rei bo. 2828 Regent St. 
prob. seasonal sat’n > 60 = Le OCV2STtY Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 228796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-52 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082798 oats loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. | 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |] Roots | Boundary Parent Material Cementation, Ce 
Color Qu,S$z,Co,Color Compaction, Cp 

14) | 08 | rovrwaas | tt | otmosoe | mur |r | cs | toess | nme _ | 206. rovrsa | = sts | t-amste | mir] or | cw | toess | none 
mn Leech | 1324 | rsvrsaw | = | grmcos | o-tesbk | micmn | ow | cs || sandy | _partaly Gelop un 

aca) | 2440 rovesam | - | mcos | tosok | mr =f 0 | as partially Ce/Cp 
sac) | 4040 || tovrsiaw | = tot | amstk | me fo | as | outwasn | none 
ca) | 406+ | ovr | = t_meoos | teste | mr fo | - | —outwasn | none 

6(ca) | 63-96 || tovroa | - || moos | tosbk sg po | cs | cutwash | none 
7acs) | sets | tovrsow | = ft ovoos | so | wm] oo | - ——cutwasn | none 

Remarks: 
TN 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7’. —_—_ eee 
c. Portions of horizons 3 and 4 are partially cemented/compacted. 

eee 
d. Horizon 4 contains few fine (<% thick) very discontinuous 7.5YR4/4 fs! strata. The horizon also contains a thin (<3" thick) grcos seam at the base of the horizon. ee eee Oe OSES ee eee EO eee 

SSS NSN ———————————— 

Thresher & Son, Inc. 
s > l p 2828 Regent St. 

prob. seasonal sat’n > 72" = - x . 0725 9% Madison, WI 53705 
Limiting Factors/Depth loin E. Thresher, Jr., CST No. 229796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-53 

Nicolet Minerals Company 082798 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 j > 96" 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 Be 

Color Qu,Sz,Co,Color Compaction, Cp 

Tt | 08 | tovraos | - | su_|amestx | mur | tre | os |] toons | rome 
Crsveae | | st | mata | mrt ot | cs] toess | rome 

i Csovese | st | tar | me oo | cw | toes | rn 
> [roves | - ms | teste [rove ft co | 

=P fo see remarks m-cos 

fF sovess | - (| ocos | so | wm Yo |= outwasn —|tone 
Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 9’. 

c. Horizon 2 contains truncated fragments of former E and Bhs horizons at the top of the horizon. 

d. Portions of horizon 4 are partially cemented/compacted. e. Horizon 4 contains small irregular patches of rafted till fragments (7.5YR4/4, scl-fsl) in lower 12" of horizon. 

f. Horizon 4 contains also contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. g. Horizon 5 contains ccd 7.5YR5/6-8 banded mottling from 96-120". 

h. Pit was constructed to conduct a double-ring infiltrometer test. The tested infiltrat‘on surface was at 48". Grab samples were collected at the infiltration surface beneath 

the rings and at 2’ and 4’ east, and at 2’ west. Additional grab samples were collected at depths of 1%’ and 3’ beneath the infiltration surface. 

Thresher & Son, Inc. 

prob. seasonal sat’n > 96" Oy Y Dh oy 642 54 s Madison, WI 53708 

Limiting Factors/Depth : i E. Thresher, Jr., CST oe Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-54 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082798 oats loess over glacial outwash 
Customer Address Estimated Shailowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 54" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) wovras | st | aestk | me ttm | at | toess | nome 
3 | 20 reves | = || veos_ | testk | mir | tte | as | outwasn | none co 

S Lact | tare | torres [| - moos | tosok | mu forte | - —‘]—cutwasn | none 
3 (2C1) 47-66 10YR6/3 > 60" 1csbk — sg mvfr > ml outwash 

see remarks 

4(2c2) | 66-108+ || 10vRsv pwos | so | wm =f} o | - | ouwasn | none 

Remarks: 
CO; Oh eet 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 51%’. ee 

c. Horizons 2 and 3 contain fmp 10YR2/2 and fcd 7.5YR5/4-6 root mottles. TT rrr eee 
d. Collected grab sample at 22". —_——_—_—_-_ —_——————————— eee 

NN SS 

Thresher & Son, Inc. 
. ? p 2828 Regent St. 

prob. seasonal sat’n > 54" "2 OL USETVY Madison, WI 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 223756 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-55 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082798 oats glacial outwash 

Customer Address " Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 60" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Mottles Texture Consistence |] Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tae) | 08 ff roves | = | tis | zcstk | me tee | at] outwasn | nome 
_ [wo rsyrsie() | = |_moos | testk | mur ottm | ow | outwash— | none 

[scp | 3054 || tore | = ff moos | t-2csbk_ | mr form | - |] coutwasn | none oe 
3 (C1) 54-72 10YR6/4 > 66" icsbk > sg mfr > ml outwash 

see remarks 

4(c2) | 72-1204 || tovRss Lowes | so | wm ff o | - | cuwasn | none 

Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 6’. 

c. Horizon 2 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. 

d. Horizons 2 and 3 contain fcd 7.5YR5/6 root mottles. ————— eee 

e. Horizon 3 also contains a small wedge of cross bedded cos and grcos. 

SSS SS eos 
ee 

Thresher & Son, Inc. 
S - p p 2828 Regent St. 

prob. seasonal sat’n > 60" <— + OF LSA S Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-56 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082798 oats glacial outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Motties Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

to | oto ff zsvrve | - sts | zostk | me tem | cw | outwasn | none 
> [ze | torr | reves | - st | amstk | mw | on | ow | outwasn | none 
& [sen | tzs4 | reverse | - sts | sg + tmsbk post | cw |] cutwasn | none Ve 

4 (C2) 34-42 7.5YR5/6- mvfr outwash 
5YR5/6 

sca | 424+ | tore | =| moos | teste | mr | _o | - || —_outwasn | none 
5(c3) | 48-108 || tovro | - | mos | tosbk+sg po | cs] outwash | none 

(ca) | roster |] tovess | - if gareos | so ~— | =m ff} oo | - | curwasn | rome 
Remarks: 

EEE 
a. Pit extended to approximately 12’, soil as described above. b. Soil saturated below 7’. 

eee 
c. Horizon 2 contains truncated fragments of a very few cradle knoll sequences of E, Bhs and Bs horizons. 

—_—_—_—_— eee 

eGo 

Thresher & Son, Inc. 
c SL p ; | . 2828 Regent St. 

prob. seasonal sat’n > 72" ’ 3 OF °C SH Madison, WI 53705 
Limiting Factors/Depth Josin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 
Soil Test Pit: TPH-57 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082898 grass glacial sediments 

Customer Address Estimated Shatlowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color Compaction, Cp 

1a) | 09 |] roveaaaa | - st | amostk | muir atame | as] outwash_— | rome 
2 (A/B) 7.5YR4/6 — mvfr outwash - partially Ce/Cp 

10YR5/6 
v . 

% | scaq | stat | zor | = stsct_ | t-atmsbe | om | or | cw sandy | partially Corp 
© [4ecy | aaa | rovra | - || moos | o-tmstx | mv fo | ow | outwash_— | none 

s2cz) | 49-87 || 75vra4w | - ——t_sotst_ | t-2mstk_ | om oo | cw sancti =~ | rome 
aca) | 5765+ || tovre | = |_cos_ | o-tesdk | mr fo | - ——|__outwasn— | none 

6 (3C3) 65-84 10YR5/4 > 72" cos > mvfr > ml outwash 
see remarks vcos 

7 (aca) | 84-102+ | _10YR6Vs _aweos | so | wm fo | = outwash tone 
Remarks: 

a. Pit extended to approximately 874’, soil as described above. b. Soil saturated below 7’. c. Portions of horizons 2 and 3 are partially cemented/compacted. 

d. Horizon 3 contains mcp 7.5YR6/2 (depletion) and fed 7.5YR5/6 (accumulation) textural mottles. d. Horizon 5 contains f-ccp 7.5YR7/1 (depletion) and f-ccd 7.5YR5/6 

(accumulation) textural mottles. f. Horizons 6 and 7 contain ccd 7.5YR5/6-8 banded mottling below 72". 

Thresher & Son, Inc. 
. <_ > f ( 2828 Regent St. 

prob. seasonal sat’n > 72" (NX VA OT2S9Ab Madison, WI 53705 
Limiting Factors/Depth Jo) n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-58 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082898 grass loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,$z,Co,Color Compaction, Cp 

tap) | 09 | rovrwes | - ts [zmeste [mr | artme | os] toes | tone 
3 |_ 202 rovrsrs-e4 | = sts | t-amstx | mr ortm| gw | toess | _partaly Celop 
S| 3@e% | s0s1 | rsvremw | = ft sorst_ | t-amstx | mr] ott | cw | sandy | none 

acct | strae || stoves | = moos | teste | mr fo | - | —cutwash_— | roe 
4 (3C1) 72-96 10YR5/4 > 72" icsbk > sg mvfr > w-ml outwash 

see remarks 

5 (302) |_96-t20+ |] _10vRS/ pgwoos | cg | wm Po | - cutwash | rome 
Remarks: 

eee 
a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 7’. 

eS 

c. Portions of horizon 2 are partially cemented/compacted. —_—_—_—— EEE 

d. Horizon 3 contains fep 7.5YR6/2 (depletion) and fmd 7.5YR5/6 (accumulation) textural mottles. es eee 

e. The color, texture, structure, and consistence of horizons 2 and 3 are highly variable. eee 

f. Horizons 4 and 5 contain ccd 7.5YR5/6-8 banded mottling below 72". 
Sr 

Thresher & Son, Inc. 
S Dh . 2828 Regent St. 

prob. seasonal sat’n > 72" | — % . OFS TN Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-59 | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082898 grass loess over glacial till and outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description | . 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence jj Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap) | 08 || tovrva | - sts | amcstk | mrt ttm | as] toes | none 
Y 2 (B2) 8-28 7.5YR5/6 > 2msbk > mvfr 
v 10YR5/4 icsbk 

S |_s@ex | 2052 | zevraa | - ft tect | teste | mr ott | ow] sandy | none 
sec | seet+ || tore |  - ——|_cos_| teste | mir] 0 | - || coutwash | rome 
4 (3C1) 10YR5/4 > 72" outwash 

see remarks 

5(sca) | oo-t32+ |] tovesa |  - if gmoos | sg | ~—mmi_—f_o | - ——f_—_outwash | intone 
Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7’. 

c. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling from 72-90". 

Thresher & Son, Inc. 
Cc Sh. fo 2828 Regent St. 

prob. seasonal sat’n > 72" ~ 6042185 9 y Madison, WI 53705 
Limiting Factors/Depth obn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-60 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082898 grass glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 78" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 : 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | 09 || tovrse | - st | amostk | mutta | ttm | as | outwash_— || rone 
=, |_2@ | or | rovese | ts | teste | wr ott | cs] outwash | none 

i 

= | scx | 1448 | toveeem | - |] mos | tzcsbk_| mvt ott | as | outwash_— | none 
LJ 

acct) | 4955+ _|[_tovrem | - ——t_ms_| teste | mr} oo | | outwash | nome 
4 (C1) 55-102 10YR6/4 > 80" icsbk > sg mvfr + w-mi 

see remarks 

5(c2) | 102-108 || tors |  - | gveos | sg |S wmi_—s] soo | | outwash | nome 

Remarks: 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 77%’. 

c. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata, and vfm-cp 10YR3/2 root motties/channels. 

d. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling from 80-102”. 

Thresher & Son, Inc. 

S >t 0 2828 Regent St. 

prob. seasonal sat’n > 78" — ~ O42 54S Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT | 

Soil Test Pit: TPH-61 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082898 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 78" 

County ° Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color Compaction, Cp 

1am | 08 | overs | - sts | acsbk | smurf atm | as] toess, | nome 
3 [2282 | 225 | rovresw | - | staroos | amsbksg | mimi ff t2tm | cs partially Ce/Cp 
RK [sec | 2651+ || ovres | - _|f_moos | teste | mrt ottm | - —|_—_outwash— | none 
i> 

3 (2C1) 51-102 10YR6/4 > 78" 1csbk - sg mvfr > w-ml 0-1f outwash 
see remarks -0Q0 

4 (aca) | 102-108" || tovR5IS jarveos | so | wm fo | cutwash | tome 

Remarks: 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 71’. 

b. Portions of horizon 2 partially cemented/compacted. 

c. Horizons 2 and 3 contain ccp 10YR3/2 root mottles/channels. 

d. Horizon 3 also contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

e. Horizons 3 and 4 contain ccd 7.5YR5/6-8 banded mottling below 78". 

Thresher & Son, Inc. 
Ss yt bh | 2828 Regent St. 

prob. seasonal sat’n > 78" Po ~ O9759 Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 228796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-62 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial outwash 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color 

Compaction, Cp 

1 (Ap reves | = st | tmstx | mvt attme | as | toons | rome 
) 2 (B2) 10-18+4 7.5YR5/4- 2m-csbk mvfr 
J 4/6 
Oo’ 

U1 He 3 (2C1) 18-31 7.5YR5/6-8 outwash 
(v) 

seca) | 3182 | zsvrsew | = | mos | testk | mrt 0 | os «| —outwash | none 
siacs) | sassr || rsvree | = | moos | sg | om fo | - | cutwasn | none 

Remarks: 
ggg 

a. Pit extended to approximately 11’, soils similar to that encountered in horizon 5. b. Soil saturated below 9’. —_—_——eeeoe a  —— 
c. Horizon 2 contains few truncated fragments of former E, Bhs and Bs horizons at the top of the horizon. a 

— 
d. Horizon 2 also contains fcf 7.5YR5/6-7 (accumulation) and ccd 7.5YR6/2 (depletion) textural mottles, and ffp 10YR2/1 intrapedal mottles. nn 

e. Horizon 4 contains few thin (<%" thick) discontinuous 7.5YR4/4 fsl strata. 
SSNS NS SSC 

Thresher & Son, Inc. 
=r“): > f p | | 2828 Regent St. 

prob. seasonal sat’n > 96" TA S. “a O12¢ 1 5 Madison, WI 53705 
Limiting Factors/Depth Joh) E. Thresher, Jr., CST No. 223786 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-63 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 84" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | 09 | rovrsaaa | - sts | amour | mrs atm | as] tess | none 
> |_ 20% rovrsa | - st | amecstk | mtr sor | cs toes |_ partially Ces 
x [secn | 1640 | zsvream| = | moos | o-tcsbk | mute |] or | co partially Ce/Cp 

4 (2C2) 40-71+ 10YR6/4 > 96" icsbk > sg mvfr > ml outwash 

see remarks 

Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 4. b. Soil saturated below 8’. 
a 

c. Portions of horizons 2 and 3 are partially cemented/compacted. 
a 

d. Horizon 3 contains few thin (<‘%" thick) very discontinuous 7.5YR4/4 fsl strata. 
nn 

e. Horizon 4 contains very few thin (<%%" thick) very discontinuous 7.5YR4/4 fsl strata. f. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling from 96-114". 
een 

g. Onone side of the pit there are several rafted till fragments (7.5YR4/4, scl-sl) ranging in size from 2” x 2" to 1%’ x 1%’ along the interface between horizons 3 and 4. 
ee 

Thresher & Son, Inc. 

L S > / f 2828 Regent St. 
prob. seasonal sat’n > 84" [OXON \ OF 2& S X Madison, WI 53705 

Limiting Factors/Depth ohh E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT | 

Soil Test Pit: TPH-64 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial outwash 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 84" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence jj Roots | Boundary Parent Material Cementation, Ce Color Qu,Sz,Co,Color 
Compaction, Cp 

1 (Ap vovras | = atet_| t-ameste | mv | anim | os | tess «| none g Peezr | 1026 | rsveve | [st | ametk | mur | ont | ce | wess | partly corop 5 Lees | 2654 | roves | - | moos | tostesg | mimi ff ont | ce partially Ce/Cp ~] 

scr | sass | tovres | - |] moos | otcstk | mviem fo | - || _outwasn | none 
4 (2C1) rovre | = moos | otcsta | mvtem | o | - | cutwasn | none | 5 | 26-120 a ee ee ee se 

Remarks: 
: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 8’. 
. e c. Portions of horizons 2 and 3 are partially cemented/compacted. 

d. Horizon 3 contains very few thin (<% thick) discontinuous 7.5YR4/4 fsl strata, and few thin (<2" thick) grcos seams. 

e. Horizon 5 consists of a buried sequence of aquod horizons including an O, E, and a thick Bhs/Bs horizon. The Bhs horizon is partially cemented and contains banded 
, colors of black, reddish brown, orangish brown, and yellowish brown m-cos (from top to bottom). Similar to TPH-8A. — 

Thresher & Son, Inc. 
x4 \ f p ; 2828 Regent St. strongly cemented > 96" [~* PY. , of S OSl§ 4 & Madison, WI 53705 Limiting Factors/Depth Johh E. Thresher, Jr., CST No. 223766 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-65 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass glacial sediments 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, W! 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site | 
Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Depth Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce (in.) Color Qu,Sz,Co,Color 
Compaction, Cp 

1 (Ap) rovraeae | st | amestk | mime | tem | as | toons) | noe 
- 

—- ms 
| 

® | 3c) | 2034 || _r0vRer moos | tes | me fo | - fF outwasn cm | partaty ceicp 
3(¢) | 3484 || tovRev _mcos | teste | me fo | cs outwasn cm 2 | partaty Ceicp 4 | setae mos | | fo | | ctasn | rome 

Remarks: 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7. 

c. Horizon 2 contains several truncated fragments of former E, Bhs and Bs horizons at the top of the horizon. 
; ; d. Portions of horizons 2 and 3 are partially cemented/compacted. 

, , e. Horizon 3 contains mcd 7.5YR5/6-8, cfp 5YR4/6 and fcp 2.5YR3/4-6 banded mottling. 
e e e ° ° e ° e . e e | 

f. Horizon 5 consists of a buried sequence of aquod horizons including an O, e, and a thick Bhs/Bs horizon. The Bhs/Bs horizon is partially cemented and contains banded 
. e e 

e e 
. 

colors of black, reddish brown, orangish brown, and yellowish brown (from top to bottom). Similar to TPH-64. — 

Thresher & Son, Inc. 
| 2828 Regent St. strongly cemented > 84" Q. yo APR2S9AU¥ Madison, WI 53705 Limiting Factors/Depth John E. Thresher, Jr., CST No. 228796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-66 | 

Customer Name Soil Evatuation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

ptm) | 08 | sovrve | = sts | zmoste | mtr fl arte | as | toes | nore 
, _ torre | = st | ttemste | rmvr tor | cs] toes | tone 
3 | tovesa | st | atmste | ome ote | cs | toes | partiaty Colo 

em | Pe eee Pee [me re 2msbk 

scr | 4461 | roves | = || moos | so-teste | mimvr | o | cs || —_outwasn__ | partialy Celcp 
_mcos | tosbk | nvr] o [| - | cutwash | rome 

a a ee ee ee es ee es es 
Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 6. b. Soil saturated below 61%’. 

c. Portions of horizons 3-5 are partially cemented/compacted. 

d. Horizon 5 contains few thin (<" thick) discontinuous 7.5YR4/4 fs! strata and few thin (<2" thick) grcos seams. 

e. Horizon 6 contains ccd 7.5YR5/6-8 banded mottling from 61-71". The banded mottling appears to be dipping to the north, towards the wetland. 

Thresher & Son, Inc. 
2828 Regent St. 

prob. seasonal sat’n > 66" Bi S Dt x Ogryq se Madison, WI 53705 
Limiting Factors/Depth Join E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© e ©



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-67 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial outwash 

Customer Address Estimated Shaliowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 84" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |] Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tap | 09 || tovrse | - ff stst_|2msbe | mur tem | as] tess, | none 
= [202 | o24s4 | rovese | = | st | tmestk | mv ft ot | ow toss | nome 
~ [sea | 243623 || torre | = | grm-cos | tosh | mtr to] cw twas | nome 
oO 

scact) | 3663+ || torres | - ——t_ms_|_tesbk-+s9 po | = utwasn | tone 
4 (2C1) 63-120 10YR6/4 > 84" 

see remarks 

s(2cz) | 120-126 || oveve | - ff arveos | sg | wtf | —|——outwash | none 
Remarks: 

a. Pit extended to approximately 10%’, soils as described above. b. Soil saturated below 8’. 

c. Horizon 3 contains few thin (<%%" thick) very discontinuous 7.5YR4/4 fsl strata. 

d. Horizon 4 contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

e. Horizon also contains ccd 7.5YR5/6-8 banded mottling from 84-108". 

f. Collected grab sample at 48". 

Thresher & Son, Inc. 

9S > p Z 2828 Regent St. 
prob. seasonal sat’n > 84" Nw 2% » OF 25 5 $ Madison, WI 53705 

Limiting Factors/Depth oh! E. Thresher, Jr., CST No. 228796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-68 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial outwash 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,$z,Co,Color Compaction, Cp 

1) | oo || torre | - stat | amse | me | znam | as | toss | none 
U 2 (A/E) 9-27+8 10YR5/4 > 2msbk > mfr > mvfr 0-1f 
iL 10YR5/2 1Imsbk 
~I 

“sec | 2761 || torre | = | armcos | teste | mur | 0 | ow | —outwash_ | none 
aca) | ot74e || tovree | = | meos | otcsok | mm | 0 | - | outwash | none 

4 (2C2) 14-96 10YR6/4 > 84" 0-1csbk > mvfr > w-ml outwash 
see remarks Sg 

5(2c3) | 96-t92+ || 10vR6 eaveos | so | wm =f oo | outwasn | rome 
Remarks: 

eer 

a. Pit extended to approximately 11’, soils as described above. b. Soil saturated below 7’. Te -Ororrrrrrss a e 

c. Horizon 3 contains several rafted till fragments (7.5YR4/4 scl-sl) ranging in size from 2" in diameter to 12’ x 36" slabs along the base of the horizons. The till fragments TT 
AFTEIS 

contain fmp 7.5YR7/2 (depletion) and ffd 7.5YR5/6 (accumulation) textural mottles. 

d. Horizons 4 and 5 contain ccd 7.5YR5/6-8 banded mottling below 84". 
SSS NSS SSS ——————————————SSSSSSS 

. Thresher & Son, Inc. 
SI . | | 2828 Regent St. 

prob. seasonal sat’n > 72" iN S ~ te x OLS Tk Madison, WI 53705 
Limiting Factors/Depth von) E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-69 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash | 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 | 

County Tax Parcel No. 

Lot Legal Description | 

Color Qu,Sz,Co,Color Compaction, Cp 

ti | 09 | rove | = | stot | tmosta | mw fl artme | as tess | none renee | ot [oe [aves o | ~ scl 2m-csbk 

S[secn | sse6 | soveow | = moos | teste [mr | 0 | ce | outwasn | none 
tovesy | = orveos | so | em to | utah | rome 
wove | = ovens | oo | rm To Tae cutwasn | none 

tt | smabk | wm Yo [as cutwash [rome 
moos | so | wm fo |= cutwasn | rone 

Remarks: 

a. Pit extended to approximately 10’, soils as described above. b. Soil saturated below 9’. 

c. The lower part of horizon 2 (scl) contains mcd 10YR6/3 (depletion) mottles. The upper parts of horizon 3 beneath the convex-up portions of the horizon 2 base contains 

mcd 7.5YR5/8 (accumulation) mottles. 

d. Horizon 3 also contains large (up to 10" x 30") irregular fragments of till (7.5YR4/4, scl). 

e. Horizon 5 contains mcd 7.5YR5/6-8 banded mottling, and horizon 6 contains ccd 7.5YR5/6-8 banded mottling. Se 

Thresher & Son, Inc. 

prob. seasonal sat'n > 96" ie "2 Woh - 09 25 4 5 Madison Wl 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 228796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-70 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

14) | oto || zsvraa | - | stsi_| t-2msdk | mtr artm | as] ——toess, | tone 
o | 202) | 1016 | zsvrve | - st | tmste | mvt | ott | cw | tess | nome i 

5 sec | 1623 | zsvasaw | - ——L_atoost_| o-tesbk-sg | mum |] ott | ow || sanayt =| none W 

4 (3C2) 23-45 10YR5/3 (v) ms > mvfr outwash 
m-cos 

5(sca) | 45-64" || tovrea | - || moos | testk | mr] oo | |] outwash | one 

Remarks: 
ee 

a. Pit extended to approximately 9’, soil similar to that encountered in horizon 5. b, Soil saturated below 7’. 
et 

c. Horizon 4 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. EEE eee 

a 

——o——e==——an"_e=_a_G_Ge_e_e_e—eaeEEEE=>E=—Eo— i ———_— Ss>y———_—e———_—[— — — — — 

Thresher & Son, Inc. 
a > ? | 2828 Regent St. 

prob. seasonal sat’n > 72" { > G95LSS% Madison, WI 53705 
Limiting Factors/Depth loh E. Thresher, Jr., CST No. 2 3796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-71 

Customer Name Soil Evatuation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 Be 

Color Qu,Sz,Co,Color Compaction, Cp 

ice) | oto sve | = stst | tmeste | mur ff atm | as | toess | nome 
3 | tovrse | = st | ametk |r] ote | cw toss |r 
x pzsvrsia | = | sts | tm | mvt | cw tess, | roe 
: pzsyra | = scrst | tzcabe | ome | oo | ows} |r 

_sovres | = me | test | me to | cutwash | nome 
a a a ee es ee ee ee ee ee 
pt 
Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 5. b. Soil saturated below 8’. c. Collected grab sample at 60". 

d. Lower 4" of horizon 3 contains fed 7.5YR5/6 (banded, accumulation) and ccp 7.5YR6/2 (depletion) mottles. 

e. Upper 3" of horizon 4 contains fm-cd 7.5YR5/8 banded mottling. 

f. The base of horizon 4 contains several till pendants which extend into horizon 5. The upper part of horizon 5 contains many small (<2" in diameter) till fragments. It 

appears that horizon 4 is part of a large rafted till fragment. 

Thresher & Son, Inc. 

prob. seasonal sat’n > 84" NX » DOL OTUs s Madison, WI 83705 

Limiting Factors/Depth cs n E. Thresher, Jr., CST No. es Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-72 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 082998 grass loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

14) | oto || sovraea | - fst | mata | mv tem | as toes | one 
gLz@e | tors | torre | = stat | ttmstx | mr ft or | cs | toes | none i 

S[_s@ | 621 | reverses | = fst | ttmstk | mw | or | ow | toss | nome wn 

sec | atae | roves | = | cost | t2mebe [ome | o | ow | sandy | none 
5 (3C2) 32-61+ 10YR6/4 > 84" icsbk ~ sg mfr > ml outwash 

see remarks 

Remarks: —— ESSENSE 
a. Pit extended to approximately 10’, soil similar to that encountered in horizon 5. b. Soil saturated below 9’. c. Collected grab sample at 70". _—_— een Ee Oe ee ——i‘(‘S 
d. Horizon 5 contains several rafted till fragments (7.5YR4/4, scl) ranging from 2" x 2" to 24" x 60" above 63". The entire horizon contains very few thin — OEE Eee OES OEE 

(<%" thick) very discontinuous 7.5YR4/4 fsl strata. 
eee 

e. Above the rafted till fragments horizons 4 and 5 contain fmd 7.5YR5/6 textural mottles. 

f. Horizon 5 also contains ccd 7.5YR5/6-8 banded mottling below 84". 
a annRRRRRRRERRea eRe eee meme ee eee eee eee en 

Thresher & Son, Inc. 
a .o- ) | | 2828 Regent St. 

prob. seasonal sat’n > 96" RQ 2 le. OF2s 4 ¥ Madison, WI 53705 
Limiting Factors/Depth Jo} n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-73 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 pC 

Color Qu,Sz,Co,Color Compaction, Cp 

_sovrae | - stot | ttmsde | avr || atm | as] toess | tone 
3 sores | - | st_|_amstx_ | arr fo | ow | toes | none 
= _zsyreas | - __—|_grcos_ | _o-tesbe | mur] om | ow || outwasn_— | none 

: ro [meres Pes [me |e see remarks -0 

{| ff 
J te 
Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 8’. 

c. Horizons 3 and 4 contain vfcp 10YR2/1-3 root channels. 

d. Horizon 4 contains few thin (<%" thick) discontinuous 7.5YR4/4 fs! strata. 

e. Collected grab sample at 36". 

f. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling below 84". 

Thresher & Son, Inc. 

prob. seasonal sat’n > 84" Os S. Do Bo = OFS 4 y Madison Wi 53705 
Limiting Factors/Depth Joh E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-74 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 60" 

County Tax Parcel No. 

Forest Crandon Mine Site ! 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap) noveae | = | st | mata | rove attm | as] toss, | rome 
gy [zevo| tore | zsveas | - | grcos | tmestk [mur ff ow | os | sanayt | _partaty Cercp 
4 [seco | 1830 | zsvrem | - Lms | amstk [mr] ott | cs partially Ce/Cp ~ 

cz) | sore | tore | = | moos | tmsbk | mr fo | - || _outwash | none 
4 (3C2) 67-84 10YR6/4 > 72" Imsbk > sg | mvfr > w-mi outwash 

see remarks 

5(3c3) | e4-to8+ |] _10vRS/ Lowes | cg | wm fo [| - | _outwasn | nome 
Remarks: 

EEE 
a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 6’. —_— ESE 
c. Collected 2 composite samples: 10-18" and 18-67". d. Portions of horizons 2 and 3 are partially cemented/compacted. ee 

e. Horizon 3 contains few thin (<'2" thick) discontinuous 7.5YR4/4 fs! strata. 

f. Horizon 4 contains few thin (<%" thick) 7.5YR4/4 fs! strata, and few thin (<1" thick) grvcos seams. eee 

g. Horizon 4 and 5 contain ccd 7.5YR5/6-8 banded mottling below 72”. 
SSeS 

Thresher & Son, Inc. 
Sy ~ p f 2828 Regent St. 

prob. seasonal sat’n > 60" } Q- Lu > O41259 ¥ Madison, WI 53705 
Limiting Factors/Depth (Joh n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-75 | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 66" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Depth Dominant Mottles Texture Consistence Boundary Parent Material Cementation, Ce 
(in.) Color Qu,Sz,Co,Color Compaction, Cp 

tap) | oto | tovraz | - st | tmstk | mvtr_—sfsattm | ast tess =| tone 
o |_2@a | 1014 | torres | = |__| ast |mteemi_—] tf | cw |] loess | partially CelCp 

i : 

i [sec | 149816 | zsvrvem |  — - st groost | sg | Smt ott | cw sandy tn | partialy Cel CO 

4(acay | 3865+ || _tovres | -____—t_mcos | sg-tosbk | mbmvr | 0 | - ‘|| __outwash_—|_——one 
4(aca) | 65-96 || _tovRer | moos | sa | wm} 0 | cs] outwasn | rtone 
5(3c3) | _96-102+ || _tovRer [orveos | so | wm —} oo | cutwasn | tome 

Remarks: 

a. Pit extended to approximately 8%’, soil as described above. b. Soil saturated below 67’. 

c. Portions of horizons 2 and 3 are partially cemented/compacted. 

d. Horizon 3 contains few thin (<%" thick) very discontinuous 7/5YR4/4 fsl strata. 

e. Horizons 4 and 5 contain ccd 7.5YR5/6-8 banded mottling below 65". 

. Thresher & Son, Inc. 
S yh . oo 2828 Regent St. 

prob. seasonal sat’n > 66" - 04239 y Madison, WI 53705 
Limiting Factors/Depth ohn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-76 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 56" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color 

Compaction, Cp 

1) | 09 ff rovewzw | | stst | teste |r| atmo | as toons «| nome sy le 
3 [sen | tee ff zsvewe | | ston | amote [mute at | cw | tooss | partial Cercp \O 

dct) | 1865 | z5vre4w | - ——|L_gros_ | tosbk+ sg po | as || cutwash_ | partaly Ce/cp 
5 (2C2) 55-68+ 10YR5/4-6/4 > 65" mvfr 

see remarks 

5(2c2) | 68-96 || tovRsv4-614 _m-cos_|_tesbk sg po {cs | cutwasn | none 
6(2cs) | 96-t08+ || 10vRsV3 Lovers | co | wm fo | - | cutwasn | rome 

Remarks: 
TT 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 68". c. Collected 2 composite samples: 18-55" and 55-68". TTT 

d. Portions of horizons 3 and 4 are partially cemented/compacted. e. Horizon 3 contains mmd 7.5YR6/2 (depletion) mottles. a  — 
f. Horizon 4 contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fsI Strata, and few thin (<3" thick) grvcos seams (some contain ccd 7.5YR5/6-8 textural mottles). a 

EXT AH MOMMIES). 
g. Horizons 5 contains ccd 7.5YR5/6-7 banded mottling, and horizon 6 contains fed 7.5YR5/6-8 banded mottling. 

SSSSSSSTTSSsSsSs SSNS SSS SSS 

Thresher & Son, Inc. 
2828 Regent St. 

prob. seasonal sat’n > 56" , hae La 09259 Madison, WI 53705 
Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-77 

Customer Name Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 32" 

Forest Crandon Mine Site 

Lot Legal Description Be 

SE%, T35N R13E, Section 17 

Color Qu,Sz,Co,Color Compaction, Cp 

Ps | o10 | toveaos | - |_| zmcote | mr | arsme | as] toes | none 
“ [ grcos | o-tesbk | mvtemr |e | ow 

pe [ ae efor fee fore [om Oo 7.5YR5/6-8 

[moos | toate | wow fo | - | _outwasn_— | none 
[moos | tostk-~ og | mur-went | o | cs || ouwasn | none 

aweos | ca | wm =f 0 | = | outwasn_ | none 
| ft [| | [| 7 Jf [jf | 

Remarks: 

a. Pit extended to approximately 7’, soil as described above. b. Soil saturated below 50”. 

c. Portions of horizon 2 are partially cemented/compacted. | 

NN SSO OOOO 

eee 

Thresher & Son, Inc. 

prob. seasonal sat’n > 32" a S Dh \y~ OG2VS Manco WI 53705 

Limiting Factors/Depth Jobh E. Thresher, Jr., CST No. 22 796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-78 | 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 96" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Motties Texture Consistence Roots | Boundary Parent Material Cementation, Ce 

Color Qu,$z,Co,Color Compaction, Cp 

tap) | 08 || tovrae | = sts | tmstk— | vty atime | as] tess | nome 
= | 2ez | er4s2 || zsveva | - | sts | 2msbk | ovr | cw tess | partaly Celop 
a 3 (2B/C) 14-31 7.5YR6/6 —> mvfr-mfr 
be 7.5YR5/4 

4 (2C1) 31-67+ 10YR6/4 > icsbk - sg mvfr + mi 
10YR5/4 

4 (2C1) 67-114 10YR5/4 > 102" outwash 
see remarks 

5 (aca) | 114-126 || _10vRS/ joreos | so | wm ff} io | =} outwash | tone 
Remarks: 

a. Pit extended to approximately 10%, soil as described above. b. Soil saturated below 9’. c. Portions of horizon 2 are cemented/compacted. 

d. Horizon 2 contains a small truncated cradle knoll sequence of E, Bhs and Bs horizons at the top of the horizon. 

e. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. 

f. Horizon 4 contains few thin (<’4" thick) discontinuous 7.5YR4/4 fsl strata. g. Horizons 4 and 5 contain ccd 7.5YR5/6-8 banded mottling below 102". 

Thresher & Son, Inc. 

. S [ p 2828 Regent St. 
prob. seasonal sat’n > 96" 2 O45 Tk Madison, WI 53705 

Limiting Factors/Depth John E. Thresher, Jr., CST No. 796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-79 

Customer Name | Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 60" 

County Tax Parcel No. 

Forest | Crandon Mine Site 

Lot Legal Description | 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1) | oto | roves | - L sist | tmestk | mr | acme | as | toes | nore 
5 | 2Ho | to26.6 | sovrse | = | si | o-tmstk | mmr | ont | ow | toes | _partaly Gel 
~ | 3 (2C1) 7.5YR5I/6 -» outwash partially Ce/Cp NS 10YR5/4 

4¢2ca) |_seear || tovro | =] meos | testk | mr fo | - | __outwasn | none 
4 (2C2) 63-96 10YR6/4 > 66" mvfr > w-ml 

see remarks 

5 (aca) | 96-1204 || _tovRe/4 aveos | so | wm =f oo | cutwasn | ore 
Remarks: 
——_——————-+-——-]#]$S$S$}NGYSN}MP*$FOOe4otn'"'''''"'1'——————————— eee 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 6’. ——_—_—_——_——---———-T-—-"-—"-———_-_ eee 
c. Portions of horizons 2 and 3 are partially cemented/compacted. 

d. Horizons 4 and 5 contain ccd 7.5YR5/6-8 banded mottling below 66". 

SSNS SSNS —————————S—Sg SS rr 

Thresher & Son, Inc. 
g ~ f f | 2828 Regent St. 

prob. seasonal sat’n > 60" KS ~~ O{7yay Madison, WI 53705 
Limiting Factors/Depth John E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-80 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence |j Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

11) | oro | ovrve | - ster | tmcstk | mur fl atime | as | ——toess, =| rome 
3 [2c | 10-2223 | torres |  - T_stsi_|_o-ttmsbs pot | ow || toess | partially Ce/op 
= |_se@cr | 2253 | zsvrsew | = ———|_groos_ | sa-testk | mimvr | ott | cs partially Ce/Cp 

4 (2C2) 53-78+ 10YR5/4 > 72" Icsbk - sg mvfr > ml outwash 
see remarks 

4(2ca) | 78-96 || _tovRs orm-cos| sa | wi] o | cs | outwash | none 
sca) | s6-tos+ |] ves | - ft areos | sg | wm] oo | t_cutwash | rome 

Remarks: 
aren ver 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 7’. c. Collected composite 2 samples from: 22-53" and 53-78". ——$————$$—$—$ $$$ eee eee eee 

d. Portions of horizons 2 and 3 are partially cemented/compacted. 
in 

e. Horizon 3 contains very few thin (<%" thick) discontinuous 7.5YR4/4 fsl strata. Kee 

f. Horizon 4 contains few thin (<%" thick) discontinuous 7.5YR4/4 fsl strata, and very few thin (<2" thick) grcos seams. sa a000I_—_>OII 

g. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling below 72". 
——————Ee——————eeE=——S=eananauUueuouoo__=[{—[_l_—>—===—>—>——>—o—o—=—xe—_—_x_—_»—x—xyxyyyycyxyqxxx;x;x;x;[][]{][—>[{{{{—Ilylllll_____ 

rrr 

Thresher & Son, Inc. 
4 S rh be | 2828 Regent St. 

prob. seasonal sat’n > 72" x~- D OF 2ST m Madison, WI 53705 
Limiting Factors/Depth (Join E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-81 

Customer Name 
Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

Customer Address 
Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 | 

Dominant Mottles Texture Roots | Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color 
Compaction, Cp 

1 (AD oreaza | [| ttmatx | nvr | artim | os | toons | rome 
2 (B2) 10-2045 7.5YR5/6 > mvfr 

7.5YR6/4 

7 ® Veaon | moan | rovmee | - | ormooe | sorteate [mime [orm | os partially CeICp 
fs 

4 (2C2) 44-73+ 10YR6/4 > 60" 1csbk — sg mvfr > ml outwash 

see remarks 

4(aca | 73.114 || t0vReM4 Tweos | co | wm [oo | cs | outwasn | rome 

sacy | nares | vvovese [= Poveos | oo | wm [_o [euros] rome 

Remarks: 

a. Pit extended to approximately 12’, soil as described above. b. Soil saturated below 7’. c. Collected 2 composite samples from: 20-44" and 44-73". 

d. Portions of horizon 3 are partially cemented/compacted. 

e. Horizon 3 contains few thin (<%" thick) discontinuous 7.5YR4/4 fs! strata, and very few thin (<2” thick) grcos seams. 

f, Horizon 4 contains very few thin (<‘%" thick) discontinuous 7.5YR4/4 fsl strata. 

g. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling below 60". 

Thresher & Son, Inc. 

. . ~ / p , . 2828 Regent St. 

prob. seasonal sat'n > 72" (b » Ma OFr§ 1 & Madison, WI 53705 

Limiting Factors/Depth (Jol n E. Thresher, Jr., CST No. 2 8796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-82 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 58" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Motties Texture Consistence |} Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color | Compaction, Cp 

1a) | 08 | rovrve | - | sist | state jarime| as | toes | none 
uy 2 (2B2s) 8-31+6 1.5YR4/4 + mil-mfr partially Ce/Cp 

I 7.5YR5/4 
© 
ul 3 (2C1) 31-71+ 7.5YR6/4 > 44" mvfr 

see remarks 

sect) | 71-96 || _7.syR64 |_m-cos | tesbk_ | wmv | 0 | cs || outwash_ | none 
4acz) | o6-t20+ || sovrss | = | ares | so =| Swm =f oo | TT 

Remarks: 
_—$— $$ eee 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 70". —_——— SSNS 

c. Portions of horizon 2 are partially cemented/compacted. 
SEES 

d. Horizon 2 contains several truncated cradle knoll sequences of former E, Bhs and Bs horizons at the top of the horizon. eee eee enn 

e. Horizon 3 contains ccd 7.5YR5/6-8 banded mottling below 44". 
SMMM090,0,, nn 

Thresher & Son, Inc. 
g > y) p _ 2828 Regent St. 

prob. seasonal sat’n > 58" [* 5 - LZ) 0916 95 Madison, WI 53705 
Limiting Factors/Depth Jofin E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



: SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-83 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wl 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tie) | oto | rovraz | - | st | acste | me if arte | as] ——toess =| none 
wy || 2 (2A/C) 7.5YR5/6 > 0-1f-m outwash partially Ce/Cp | 
uu 10YR6/4 
Co 

| sect | as40 | rovresm | - vos | se | Sm to | cst outwash | none 
4 (2C2) 49-62+ 10YR6/4 > 72" mvfr 

see remarks 

Remarks: 
— eee 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 7’. c. Collected grab samples at 20" and at 70". 

d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 3 contains few thin (<’4" thick) discontinuous 7.5YR4/4 fsl strata. —_—— Eee 

f. Horizon 4 contains very few thin (<’%" thick) very discontinuous 7.5YR4/4 fs! strata. 

g. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling below 72". 
—EEeEeEeaaEeaa»@m»@oqI_QUooaaEaP_Cepe=EPeoe=E=EEeEeeananmapanmnan®anman>=EaE=___=_=_=_=_=_ 

ee 

Thresher & Son, Inc. 
. v . 2828 Regent St. 

prob. seasonal sat’n > 72" / = "2. le s . COF2723590\ Madison, WI 53705 
Limiting Factors/Depth bn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-84 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 60" 

County Tax Parcel No. 

Forest Crandon Mine Site | 
Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1) | oro | roves | st | stmotk | mv zttme | as | toess | tone 
ty || 2 (2B2s) 10-42 7.5YR5/6 > d-ml-mfr partially Ce/Cp 

10YR6/4 rs 
| 

~|secy | 4248 | tovrem | = | meos | so | em if ottm| as | outwash | none 
seca | 40-65 || wovrom | - | vis | zamark | mr fo | as | outwasn | none 
5 (2C3) 55-64+ 10YR6/4 > 60" mvfr 

see remarks 

Remarks: ———_-— ee ---' Oo—OV0vV— eee 
a. Pit extended to approximately 10’, soil similar to that encountered in horizon 5. b. Soil saturated below 6’. -- '—™ O eee 
c. Portions of horizon 2 are partially cemented/compacted. d. Horizon 2 contains few truncated cradle knoll sequences of E, Bhs and Bs horizons at the top of the horizon. OO OO eee SSS EEE Ee Le SUP OF Ie NOrIZON. 
d. Horizon 2 also contains few thin (<% thick) discontinuous 7.5YR4/4 fsl strata, and few thin (<3" thick) grvcos seams. ——_————_—__-.--<-—?S FO—-_ eee 
e. Horizon 5 contains very few thin (<’4" thick) discontinuous 7.5YR4/4 fsl strata. g. Horizon 5 also contains ccd 7.5YR5/6-8 banded mottling below 60". SSS ——S—S—S=S SS 

Thresher & Son, Inc. 
2828 Regent St. Q > f oe prob. seasonal sat’n > 60" < C. OF 2349 Y Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-85 

Customer Name 
Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials Nicolet Minerals Company 083098 alfalfa loess over glacial outwash Customer Address 

Estimated Shallowest Groundwater Depth . 7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3164 > 96" 
County 

Tax Parcel No. 

Forest Crandon Mine Site 
Lot Legal Description 

SE%, T35N R13E, Section 17 
| 

Dominant Mottles Texture Consistence || Roots Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color 

Compaction, Cp 1 (Ap novras | st atemats jatime| os | toes | none 
(v) 

oO 

ge Peeon | sere | tore | = moos | tee | me ptm | [ cutwasnh | none 
Go 

°° 3 (2C1) 73-132 10YR6/4 > 96" 1csbk + sg mvfr -> w-ml outwash see remarks 

4 (aca) |_132-156+ |] _tovR5/ Loves | so | wm | o |. | outwash | none Remarks: 

a. Pit extended to approximately 13’, soil as described above. b. Soil saturated below 9’. c. Collected grab sample at 50". d. Portions of horizon 2 are partially cemented/compacted. 

e. Horizon 2 contains few thin (<‘A" thick) discontinuous 7.5YR4/4 fsl strata. 
f. Horizon 3 contains very few thin (<%" thick) discontinuous 7.5YR4/4 fs! strata, and minor cross bedding in the sands. 
g. Horizon 3 and 4 also contain ccd 7.5YR5/6-8 banded mottling below 96". 

Thresher & Son, Inc. . EP 
2828 Regent St. 

prob. seasonal sat’n > 956" ~~ ‘. 
O4 25 9 x Madison, WI 53705 

Limiting Factors/Depth J E. Thresher, Jr., CST No. 223 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-86 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083098 alfalfa planted but short grasses and glacial sediments 
weeds growing 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1A) variegated | = |] om | OT 
0 
i 2 (C) 36-48 dk gray- gleyed sandy 
ee white fill 
\O 

s(oet) | 48-60 | back | of S| 
4c) | oer || okay | - ft song | | 

Remarks: 
eS 

a. Pit dug in the center of a 60’ diameter low area in which alfalfa does not grow. ————— eee 

b. Did not enter pit due to H,S fumes, less odor than at THP-26. 
EEE 

c. Base of horizon 2 and top of horizon 3 contain large decomposing wood fragments. $e 

EES 

E|==>==—_—~=X&=&={={={—<—~n"s—eqc6SuquRuOaDqapma|]|][][la[=[T]a=_===—— SSS 

Thresher & Son, Inc. 
2828 Regent St. CS \ . * Kk Ss rhb. ) Oy2zg 7 Madison, WI 53705 

Limiting Factors/Depth (Jon E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-87 

Customer Name Soil Evatuation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Motties Texture Consistence Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tip) | oo ff toveaa | = | sss | ttemetk [amv | artime | as | toes | rome 
g [2@o | tors | zsveee | - [sts | stor [amr or [ow toss | none i 

iS [secr | r326s12 | zsvraam | = gros! | sg-tostk_ | mtmvir ff o-tte | cw partially Ce/Cp Oo 

4 (2C2) 26-68+ 7.5YR6/4- mvfr 0-1f-m outwash 
10YR6/4 

sca) | 68-20 || tovrom | - | mcos | tosbk+sg | cs cutwash | rome 
secs) | 120132 || tovrsa | =  grveos | so | wt] | outwasn | nome 

Remarks: 
eee 

a. Pit extended to approximately 11’, soil as described above. b. Soil saturated below 7’. c. Collected grab sample at 60". —_— Oe 

d. Portions of horizon 3 are partially cemented/compacted. 
eee 

e. Horizon 4 contains few thin (<1" thick) discontinuous 7.5YR4/4 fsl strata which appears to have 2mabk, mfr features. —_ eee 

—OOOCOCOCOCOCOOOOOOooEeEeEeEeEEeEEeEeEOEOEEe 

Thresher & Son, Inc. 
yh 0 2828 Regent St. 

prob. seasonal sat’n > 72" [N 2 - 4 O 32E 9 S Madison, WI 53705 
Limiting Factors/Depth oly E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-88 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth | 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 60" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description | 

SE%, T35N R13E, Section 17 : 

Dominant Mottles Texture Consistence {|| Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

iia) | oro | tovrae | = ft st_ | _atests [atime | as || toes | nome 

iS 
sec | 2334 | reves | - ff arm-cos | sg-tesb_ | mim | otf | cs partially Ce/Cp 
4 (2C2) 34-64+ 10YR6/4 > 59" mvfr 

see remarks 

4(2c2) | 64-84 || t0vRe/ [_m-cos | tosbk-» sg 0 | cL cutwasn | tone 
aca) | e4-tz0r |] tors | = tvs | so | wm} of utwasn | nome 

Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 6’. c. Collected grab sample at 54”. 

d. Portions of horizons 2 and 3 are partially cemented/compacted. e. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. 

f. Horizon 4 contains very few thin (<%" thick) very discontinuous 7.5YR4/4 fsl strata. 

g. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling below 59". 

Thresher & Son, Inc. 

7 L ‘ 2828 Regent St. 
prob. seasonal sat'n > 60" | 9 wo O42 9 x Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-89 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 083198 alfalfa loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, Wi 54501-3161 > 63" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

te) | ort ff toveazs | ster | ttmstk | amv | artme| as | toess | none 
> | 202 | 1123 | tore | - st | tse | amr ott | ow toons | none 
6 seo | 2asest0 | zsvre | = | sotst | ameostk | mviemi | orem] ow | tt | _partaly Cercp NO 

430) | se7ee | roves | - | moos | tosok | wer | oo | - | outwasn | none 

Remarks: 
ee 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 75". c. Collected grab sample at 73". Oe eee eS 

d. Pit contains several large root channels extending from 23-75" which are filled with sil. 
ee 

e. Portions of horizon 3 are partially cemented/compacted. 
EEE 

f. Horizon 3 is a large rafted till fragment with many pendants of till extending into the top of horizon 4. — eee 

ee—0“newoSSSSSmSmMmMB90MSSSSSSSS nn 

Thresher & Son, Inc. 
S hob 2828 Regent St. 

prob. seasonal sat’n > 63" [OS - 2 C 5 U9 Madison, WI 53705 
Limiting Factors/Depth Joh E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-90 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materlals 

Nicolet Minerals Company loess over glacial till and outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

Color Qu,Sz,Co,Color Compaction, Cp 

| tovrss | = stn | ttemor | amv |] arm | as] toess | roe 
5 | torre | = sts | tor | rr fotem| cw] toess, | rome 

tc proves | - st | tte |r ott | cw toes | none 
” sve) | - ff grootst | tostx | mr o-ttm | cw tt | partial Cerop 

| tovree | - ms | este | rm fo | | cutwacn | rome 
[| Jf ft 
| jf ft 
Remarks: 

a. Pit extended to approximately 81%’, soil similar to that encountered in horizon 5. b. Soil saturated below 65”. 

c. One side of the pit contains a large (about 5’ thick) truncated cradle knoll sequence of A, E, Bhs, and Bs horizons below the Ap horizon. 

d. Portions of horizon 4 are partially cemented/compacted. e. Horizon 4 is a large rafted till fragment with many pendants extending into the top of horizon 5. 

f. Horizon 5 contains several clay (scl) balls (about 2-3" in diameter) in the upper part of the horizon. These features have mcp 7.5YR5/2-3 (depletion) and SYR4/6- 

7.5YR4/6 (accumulation) textural mottling similar to that observed in TPH-89. 

Thresher & Son, Inc. 

prob. seasonal sat’n > 53" | < % ry Le, \ O927% 41s Madison wi 53705 
Limiting Factors/Depth ol E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

© @ ©



© © ® 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-91 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company fill over glacial till 
weeds growing 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. | 

Lot Legal Description 

SE%, T35N R13E, Section 17 Be 

Color Qu,Sz,Co,Color Compaction, Cp 

[1 | oto |] varegatea | totes || pm 
i [variegated | tt || es 
: [oveesa {| ft | | a 

a 5Y5/1 

re pm 
| pS 
Remarks: 

a. Pit dug in a drainageway in which alfalfa does not grow. 

b. Entered pit for only a short time due to mild H,S fumes, less odor than at TPH-86. 

c. Base of horizon 2 and top of horizon 3 contain large decaying wood fragments. 

Thresher & Son, Inc. 

2828 Regent St. 

| Ne . Dhaeyl 1 094% V5 Madison, WI 53705 
Limiting Factors/Depth ohn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-92 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 090198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

tie) | ot1 |} tovrwes | - | sits_ | amestk | amr | arame| as | tess | none 
Uy 2 (B2) 10YR5/4 > 2msbk —> mfr -> mvfr 0-1f partially Ce/Cp 
i 10YR6/4 1f-msbk 
Lo : 

OT 3: (2C1) 7.5YR6/4 > mi-mvfr outwash partially Ce/Cp 
7.5YR5/6 

4 (2C2) 51-73+ 10YR6/4 > 61" mvfr 
see remarks 

4(2ca) | 73.90 || _tovRer jmcos | tesoe | wmvr | o | cs || outwasn | none 
sca) | _so-tos f/ toves | = | awoos | so | wm fo | - | cutwash | none 

Remarks: 
eee 

a. Pit extended to approximately 9’, soil as described above. b. Soil saturated below 7’. 

c. Portions of horizons 2 and 3 are partially cemented/compacted. — qo SSNS 
d. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling below 61". ——— EES 
e. A large rafted till fragment (scl, 7.5YR4/4) was found on the opposite side of the pit between 43-63". Banded mottling beneath the rafted till is mcp 2.5YR3/6-4/8. Sr 

Thresher & Son, Inc. 
Cc _ 2828 Regent St. 

prob. seasonal sat’n > 72" 2 Moat O24 Madison, WI 53705 
Limiting Factors/Depth lobn E. Thresher, Jr., CST No. 223796 _ Date Signed 608-233-0297



| SOIL DESCRIPTION REPORT 
Soil Test Pit: TPH-93 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 090198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 61" 

County Tax Parcel No. 

Forest Crandon Mine Site | 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence Boundary Parent Material Cementation, Ce 

Color Qu,Sz,Co,Color Compaction, Cp 

1p) | 09 | tovraza | - ft stst_ | amcsbk | amr | artme| as] toes, | nome 
2 (B2) 10YR5/4 2msbk -> d-mvfr partially Ce/Cp 

1fsbk 

? 
= [secy | 1636 || torres | - | moos | tose | smurf ott | cs] —outwash | none 
OO 

4 (2C2) 36-73+ 7.5YR6/3 > 52" w-mvfr 
see remarks 

4c) | 7378 || 7.5yR6/3 _mcos | tose | wmvir fo | cs || outwash_ | none 
5(2c3) | _78.90 || _10YRe/ | tms | tesbk | wamir |] 0 | cs outwasn | none 
e(ca) | g0-120+ | tonsa |  - i] anos | sg | wm ff 0 | - ff __outwash | one 

Remarks: 

a. Pit extended to approximately 10’, soil as described above. b. Soil saturated below 73". 

c. Portions of horizon 2 are partially cemented/compacted. 

d. Horizon 3 contains few thin (<" thick) irregular and discontinuous 7.5YR4/4 fs! strata. 

e. Horizon 4 contains fop 10YR2/2-7.5YR5/6 root channels and mottles. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling below 52". 

Thresher & Son, Inc. 

rob. seasonal sat’n > 61" a 632345 Madison, WI 53705 
Limiting Factors/Depth oljn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-94 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 090198 alfalfa loess over glacial outwash 
Customer Address 

Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence || Roots | Boundary Parent Material Cementation, Ce Color Qu,Sz,Co,Color 
Compaction, Cp 

1 (Ap rovrase | et | ttmote | mv artim | as tess | noe gy feecn | sts | tovrea | = ts | satmor | mim | on | os | ouwan | nome Sj Leecn | 1561 | roves | = | grmcos | teatk | vir | om | ce | ouwash | nome “J 

4 (2C3) 51-65+ 10YR6/4 (v) > 67" outwash 
see remarks 

Remarks: 
| ogg 

a. Pit extended to approximately 9’, soil similar to that encountered in horizon 4. b. Soil saturated below 7’. c. Collected grab sample at 31". 

d. Horizon 3 contains few thin (<%" thick) discontinuous 7.5YR4/4 fsl strata and a 6" x 24" lens of fs! (2msbk). ng 

e. Horizon 4 contains ccd 7.5YR5/6-8 banded mottling below 67". ——_— 

eT 

a 

Thresher & Son, Inc. 
, S 5 p / ;: 2828 Regent St. prob. seasonal sat’n > 72" {* » O12 Madison, WI 53705 Limiting Factors/Depth lobh E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-95 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth : 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description 

SE%, T35N R13E, Section 17 BS 

Color Qu,Sz,Co,Color Compaction, Cp 

ptm | 09 | roves | || tmostk | mtemvtr | atim | as | loess | none 
2 _zsvrea | = ster | zmstx | me | cot | cs] tees | tome 
: _zsyes | = | grmecos | zestx | miremvir_ |] ot | cs 

4 (2C2) 27-70+ 10YR6/4 > 70" outwash teen | are | wre | ean omen mm | ome fee | Lm | oe 
pot 
ot 
Remarks: 

a. Pit extended to approximately 9’, soil similar to that encountered in horizon 4. b. Soil saturated below 7’. 

c. Portions of horizon 3 are partially cemented/compacted. . 

d. Horizon 3 contains few thin (<%" thick) irregular very discontinuous 7.5YR4/4 fsl strata. 

e. Horizon 4 contains few thin (<1" thick) very discontinuous 7.5YR4/4 fs! strata and vfcp 10YR2/2-7.5YR5/6 root channels and mottles above 70". 

f. Horizon 4 also contains ccd 7.5YR5/6-8 banded mottling below 70". | 

Thresher & Son, Inc. 
. . Ss. f oe | 2828 Regent St. 

prob. seasonal sat’n > 72 ! = } . G25 03 Madison, WI 53705 
Limiting Factors/Depth Jofn E. Thresher, Jr., CST No. 796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-96 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI! 54501-3161 

County Tax Parcel No. } 

Lot Legal Description 

SE%, T35N R13E, Section 17 Se 

Color Qu,Sz,Co,Color Compaction, Cp 

tt | oo | roves | ot | ttesta [amv | actme| asf toons | none 
3 ptovese | st | tor | mr Tt [as toes | rome 
3 pzsyes | = || moos | atest | mr [otrm| cs 

eof oe foe oe Pe see remarks | 

pp 
— | | | 
Remarks: 

a. Pit extended to approximately 11’, soil similar to that encountered in horizon 4. b. Soil saturated below 80". 

c. Portions of horizon 3 are partially cemented/compacted. 

d. Horizon 3 contains few thin (<%" thick) very discontinuous 7.5YR4/4 fs! strata. 

e. Horizon 4 contains few thin (<%" thick) discontinuous 7.5YR4/4 fsl strata. 

f. Horizon 4 also contains ccd 7.5YR5/6 banded mottling between 65-96". Seen ee 

Thresher & Son, Inc. 

prob. seasonal sat’n > 68" | ba - Mut a . O9239% Madison Wi 53705 
Limiting Factors/Depth obn E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297 

® : © ©



© © © 
SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-97 

Customer Name Soll Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company loess over glacial outwash | 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 

County Tax Parcel No. 

Lot Legal Description | 

SE%, T35N R13E, Section 17 Se 

Color Qu,Sz,Co,Color Compaction, Cp 

psoveans | | st | amesta | amr artme | as | tess | tome 
3 _ reves | = ster | zmete [amr |r | ow | tose | rome 
S rsyrae@ | = | grmcos | teste | mtmvtr | ott | cs | outwasn | _partialy CelCp | ref mmr Por [mee see remarks 

of 
tf 
Remarks: 

a. Pit extended to approximately 10’, soil similar to that encountered in horizon 4. b. Soil saturated below 80". c. Collected grab sample at 23". 

d. Portions of horizon 3 are partially cemented/compacted. 

e. Horizon 3 contains very few thin (<’" thick) very discontinuous 7.5YR4/4 fs! strata. 

f. Horizon 4 contains very few thin (<‘4" thick) very discontinuous 7.5YR4/4 fs! strata, and very few thin (<4" thick) grvcos seams. 

g. Horizon 4 also contains ccd 7.5YR5/8 banded mottling between 69-108". 

Thresher & Son, Inc. 

prob. seasonal sat'n > 68" / — 2. > ee ae x . 094235 x Madison wt 53705 
Limiting Factors/Depth join E. Thresher, Jr., CST No. 223796 Date Signed 608-233-0297



SOIL DESCRIPTION REPORT 

Soil Test Pit: TPH-98 

Customer Name Soil Evaluation Date Current Land Use or Vegetative Cover Parent Materials 

Nicolet Minerals Company 090198 alfalfa loess over glacial outwash 

Customer Address Estimated Shallowest Groundwater Depth 

7 N. Brown Street, 3rd Floor, Rhinelander, WI 54501-3161 > 72" 

County Tax Parcel No. 

Forest Crandon Mine Site 

Lot Legal Description 

SE%, T35N R13E, Section 17 

Dominant Mottles Texture Consistence {j Roots | Boundary Parent Material Cementation, Ce 
Color Qu,Sz,Co,Color Compaction, Cp 

1 (Ap rovrae | = st | ameste | amr | tte | as | toes | rome 
go zener | 1044 | zovrsam | - ff armcos | so-testk | mime | or | cs partially Ce/Cp 
Ss 3 (2C) 44-71+ 10YR6/4 > 65" mvfr outwash 
- see remarks 

Remarks: 
eee 

a. Pit extended to approximately 8’, soil similar to that encountered in horizon 3. b. Soil saturated below 7’. ne re 

c. Portions of horizon 2 are partially cemented/compacted. 
rrr 

d. Horizon 3 contains ccd 7.5YR5/6-8 banded mottling between 65-96". nn nn pr 

ne 

— II > —co—c > —————————————~—~—e~—x[T=_—_Tqaqa{KqKq{Kx{==={={{—*—*—*—K_Xx=K[@mqre<———>——l—>——>>[[==[====—_—oow rr rrr 

Thresher & Son, Inc. 

| | 2828 Regent St. 
prob. seasonal sat’n > 72" "2. OF255 a Madison, WI 53705 

Limiting Factors/Depth n E. Thresher, Jr., CST No. 228796 Date Signed 608-233-0297



Appendix B 

Boring Logs, Borehole Abandonment Forms, 
| Hand Auger Logs, and Well Construction Forms 

| DMW\93C049\GBAPP\67726.61\10000 

D-202



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 

O Emergency Response O Underground Tanks . 
O Wastewater O Water Resources 

% _Other Mitigation Site Page 1 of 3 
Facility/Project Name License/Permit/Monitoring Number Boring Number 

© Crandon Project - SAP I! - Area H BH-01 
Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 
Boart Longyear MM/DD/YY MM/DD/YY HSA-0'-16' 
Pat Jensen 07/20/88 07/20/98 16'-80° MND Rot 
ONR Facility Well No. WI Unique Well No. | Common Well Name Final Static Water Level Surface Elevation Borehole Diameter 

~1585 Feet MSL 4%" iB, 8° OD, SA" Tri- 
Cone 

Boring Location Local Grid Location (if applicable) 
State Plane N, E S/C/N Lat N E 
NE 1/40f NE 1/4 of Section 20 ».T3S5N,R13E Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 
Forest 21 Town of Lincoln 

SAMPLE Soil Properties 
Soil/Rock description 

No. Rec | Blow* | Depth in and geologic origin for Graph | Well Std | Met | Ua | Pas | OP RQD/ 
Counts Feet each major unit Log | Diag Lim | Lim | Comm 

1 18° | 1/1/2 [- 0 - .2', dk-red-brown silty fine sand, 2° ss 
: tr organics 

- .2' = 2', it-brn (10YR5/4) fine to med sand 
- tr silt, loose (outwash) 

2 | 18 | 2/2/5 |- 2 2' - 4', It-brm (10YR6/4) fine to med sand, SMW 3° SS 
- tr silt, loose (outwash) SP 

3 710° | 2/2/5 |- 4 4 - 6’, bm (7.5YR4/3) med and coarse sand, SP 2.5° SS 
- tr silt, loose (outwash) 

4 20 | 39 |- 6 6' - 8’, brn (7.5YR4/3) fine to med sand, tr silt SP 

- saturated, loose (outwash) 2° Ss 

S | 17 | 2/2/5 |- 8 |8'-9.3', brn (10YR5/3) med to coarse sand w/ fine | SP 3°SS 

@ - 9.3' - 10’, It-brn (10YR6/1) fine to med SP 2.5" SS 
- sand with fine gravel, fine sand stained black 

6 | NR [I 1/1/2 |{- 10 {10° - 12’, No recovery - 2° Ss 

7 | 13" | 2/1/2 |- 12 |12'- 14, bm (10YR5/3) fine to med sand SP 3°SS 
- tr silt w/ fine gravel (outwash) 

8 6" 2/2/8 |- 14 114° - 16’, it-grey (10YR5/2) fine sand, tr silt SP 18° Blowup 
- (outwash) 3 "Ah" Tri-cone 

9 | 10° | 2/2/4 |- 16 | 16'- 18’, it grey (10YR5/2) fine to med sand, SP 3° SS 
- tr silt and fine gravel (outwash) 

10 |} 13" | 2/2/4 {- 18 |18'- 19’, It-grey (10YR5/2) fine sand, tr gravel SP 3° SS 

- 19' - 20', grey, med to coarse sand w/ fine gravel 
- (outwash) 

11 | 13" | 2/2/6 [- 20 | 20'- 22’, It-grey (10YR5/2) fine sand SP 3°SS 

- 21.5’ - 22’, grey, med to coarse sand w/ fine 
- gravel (outwash) 

12 | 12" | 12/5 {- 22 | 22'- 24’, grey (10YR5/1) fine to med sand w/ fine | SP 3°SS 
- to coarse gravel (outwash) 

| hereby certify that the infosmation on this form is true and correct to the best of my knowledge. 

[ LOr // LBLEES Foth & Van Dyke 

This form is authorized by Chapte& 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-203 
DML\LMC\93C049\GBAPP'\65745.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources | Form 4400-122 7-91 
BORING NUMBER: BH-01 Page 2 of 3 

SAMPLE Soil Properties 

Soill/Rock description : 
No. Rec | Blow* | Depth in and geologic origin for Graph Std | Mot | Pine | PS RQD/ . 

Counts Feet each major unit Log , Cont __ Comm 

13 | 15° | 2/2/7 }- 24 |24'- 25.5’, very loose, grey (10YR5/1) med to SP 3°SS 
- coarse sand w/ fine gravel 

- 25.5' - 26’, fine sand (outwash) 

144114" | 2/3/8 {- 26 | 26'- 27’, med to coarse sand (10YR5/1) SP 3° SS 

- 27 - 28’, fine sand (outwash) 

15 | 16° | 1/2/3 [- 28 | 28' - 29.5", grey, loose, fine sand w/ fine gravel SP 3° SS 

- 29.5' - 30’ , med to coarse sand w/ fine gravel 

16 | 10" | 1/25 |- 30 |30'-32', grey, loose, fine to med sand w/ fine sP 3" SS | 
- gravel, tr silt (outwash) 

: 32 3°SS 

17 | 10° | 2/2/8 }- 34 | 34’ - 36’, grey (10YR5/1) loose 3° SS 
- fine to med sand, tr fine gravef (outwash) SP 

- 36 3° SS 

18 | 17° | 4/4/10 |- 38 | 38' - 40’, grey (10YR5/2) loose fine sand, 3°SS 

- tr silt (outwash) SP 

- 40 3° SS 

19 5/5/11 |- 42 | 42'- 44’, grey (10YR5/2) loose, fine sand 3° SS 
- tr silt (outwash) SP 

- 44 3° SS 

20 5/5/12 [- 46 | 46' - 48’, grey (10YR5/2) loose, fine sand 3° SS © 

- tr silt and fine gravel 
- (outwash) SP 

- 48 3° SS 

21 | 15" | 5/5/13 |- 50 1|51'-53', grey (10YRS5/2) loose, fine sand, SP 3° SS 

- tr silt (outwash) 

: 52 

: 54 

: 56 

22 | 15" | 8/9/20 }- 58 |58'- 60', grey (10YR5/2) firm, fine sand, SP 3° SS 
- tr silt (outwash) 

- 60 

23 7/19/13 }- 62 {63' - 65’, pale red (10YR6/2) firm, fine sand, CL, 3° SS 

- tr silt w/ %&" to %” laminae of red-brn silty clay & ML, 
- grey clayey silt (lacustrine outwash) SP 

: 64 

- 66 

24 | 18" | 4/6/26 |- 68 |68' - 68.5’, laminated (%"- 1%") dk-grey (10YR5/3) | SM, 3° SS 

- fine, sandy silt & silty fine sand w/ laminae of clay | ML, 
: (SYR5/4) (rd-brn) CL 

- 68.5’ - 70’, brn (10YR5/4) fine sand, tr silt SP 3°SsS 

. i © - 72 

DML\LMC\93C049\GBAPP'65745.61\14000 D-204



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 7-01 BORING NUMBER: _BH-01 Pace 3 of 3 
SAMPLE Soil Properties 

Soi/Rock description 
No. Ree Blow" | Depth in and geologic origin for Graph Ste | Mat | Lin ] Pres | Po RQD/ 

Counts Feet each major unit Log , Lim Comm 

3 Ss 
- 74 
. SP 
- 76 

25 7716 j- 78 |78'- 80, layered %" dk-grey (10YR5/3) clay silt ML, 3° ss 
- (4") grey, very fine, sandy (ML) 114" silty fine sand | SM, 
- (SM) remainder is brn (10YR5/4) fine sand w/ SP 
- silt (SP) (acustrine/outwash) 

- 80 
- 80' E,0,B, 

- “Blow counts are for a 300 Ib hammer 

DML\LMC\93C049\GBAPP\65745.61\14000 D-205



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 . 
O Emergency Response O Underground Tanks Drilling Rig Arrives 12:45 

" O Wastewater © Water Resources 
@ Other Mitigation Site Page 1 of 2 | 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

Crandon Project - SAP Il - Area H BH-02 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method ; 

MM/DD/YY MM/DD/YY 

Boart Longyear/Mike Miller 08/03/98 08/03/98 4% inch HSA 

DNR Facility Well No. WI Unique Well No. {Common Well Name — | Final Static Water Level Surface Elevation Borehole Diameter 

1593.40 8" 

Boring Location Local Grid Location (if applicable) 
State Plane 129420.85 N, 2284835.2 E S/C/N Lat ____ N __E 
NW 1/4 of SE 1/4 of Section 17, near TPH-07 TNRE Long Feet S Feet W 

| County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin 

SAMPLE U Soil Properties | 

Soil/Rock description Ss 
No. [Rec Blow | Depth in and geologic origin for C | Graph PID/ Sta | Mst | Lia | Pas | RQD/ 

Counts Feet each major unit S | Log g | FID | Pntr{ Cont | Lim {| Lim Comm 

- 4%" HSA 

- 0-3", bl (10YR4/2) fine, sandy silt topsoil OL 3" SS 

- 3" - 2', fine, sandy silt, It-yel brn, loess ML 

| 1 | 20" | 4/5/10 |- 2 2 - 3%’, It-yel to gray-brown, fine sandy silt ML 2%" SS 

3/5/7 |- 3% - 4', brn (10YR6/2), fine sandy silt w/ gravel | SC/ 2" SS 

| - and clay (till) ML 

2 | 17" - 4 4 -6', brn (10YR6/4), fine to med sand w/coarse | SP 3" SS 

- sand and fine gravel (outwash) 

3 | 15" | 2/2/15 |- 6 6 - 7%’, It-brn (10YR6/6), fine sand w/ fine gravel, | SP 2%" SS 

- streaked red-brn & bl 

- 7% - 8', It-bm med sand (outwash) | 

4 | 17" | 3/4/10 |- 8 8 - 10’, bm fine and fine to med sand w/ fine SP 2° Ss © 

- gravel, saturated @ 9° (outwash) 

5 | 17" | 2/2/11 |- 10 |10- 12', brn (10YR6/4) fine to med sand SP 3" SS 

- 11% - 12', med to coarse sand (outwash) 

6 | 17" | 3/3/8 {- 12 [12-14', bm (10YR6/4) layered brn fine tomed | SP 3" SS 
- and med to coarse sand w/ gravel 

7 | 15" | 4/4/4 |- 14 | 14-16’, brn (10YR6/2) layered fine to med SP 2%" SS 

- and fine sand, tr fine gravel 

8 | 16" | 2/2/4 |- 16 |16- 18’, bm (10YR6/2) med to coarse sand SP 3" SS 
- w/ fine gravel (outwash) 

9 9" - 

10 | 13" | 2/1/2 }- 18 [18-20', It-brn to grey (10YR6/2) fine and fine to | SP 2" SS 
- med sand w/ fine to med gravel (outwash) 

11 | NR] 1/1/2 |- 20 |20-22', no recovery SP 3" SS 

12 | 13" | 3/1/3 |- 22 |22- 24’, It-grey (10YR6/1) fine to med sand w/ SP 2” SS 

- fine gravel, tr silt (outwash) 

- 24 |24- 26’, It-grey & brn (10YR6/2) fine to med sand 

- & fine sand w/ fine gravel, tr silt (outwash) 

13 | 13" | 4/3/3 |- 26 |26- 277%’, It-grey (10YR6/2), fine sand tr silt SP 3" SS 

- 27% - 28’, fine sand silt, grey, saturated 

| hereby-certify thatthe information on this form is true and correct to the best of my knowledge. 

tm, jbo,  —«|™ KALI Lh LMM Foth & Van Dyke 

This form is authorized by (Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. © 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-206



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 7-91. 
BORING NUMBER: BH-02 Page 2 of 2 
SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sta | Mst | Ula | Pias | RQD/ 

Counts Feet each major unit S_| Log | Diag] FID Cont} Lim | Lim Comm 

14 1/2 |- 28 |28-29%', grey, fine sand, tr silt SP/ 2" SS 
- GP 

: 29% - 30’, med to coarse sand w/ fine to med 
- gravel (outwash) 

15 2/1/2 }- 30 |30- 32’, grey (10YR6/1) fine and fine to med sand] SP/ 3" SS 
- layered w/ fine gravel (outwash) GP 

: 

D-207



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources OO Solid Waste O Haz. Waste Form 4400-122 7-01 
OC Emergency Response © Underground Tanks : 
OC Wastewater O Water Resources | 

O Other Page 1 of 2 . 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

Crandon Project - SAP Il - Site H BH-03 © 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DDIVY 4¢- 4 HSA - 4%" ID - 
Pat Jensen 07/21/98 07/21108 Vo 
DNR Facility Well No. WI Unique Well No. Cemen Wel Name Final Static Water Level Surface Elevation Borehole Diameter 

1586 Feet MSL 8 inches 

Boring Location Local Grid Location (if applicable) 
State Plane —_— N, E S/C/N Lat N E 
NE 1/4 of NE 1/4 of Section 20, T35N, R13E Long Feet $s Feet WwW 

County ONR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE Soil Properties 

Soil/Rock description 
No. Rec Blow* | Depth in and geologic origin for Graph | Well Sta | Met | Lig | Plas | P RQD/ 

Counts Feet each major unit Log | Diag Cont | Lim | Lim Comm 

1 | 24 7 1/1/2 |{- 0 - .2': organic silt (topsoil) OL 2° Ss 

- .2 -.4: h gr (10YR7/1) fine sandy silt (loess) ML 

- .4-1.5': yel-brn (10YR6/1) silty fine sand (loess) | SM 

- 1.5' - 2': yel-brn (10YR5/6) fine to med sand w/ silt | SP 
- (outwash) 

2 7 18" | 1/2/2 |- 2 2' - 4: yel-brn (10YR6/6) fine to med sand W/ silt | SP 3° SS 
- loose (outwash) 

3 1/1/14 {- 4 4 - 6: It-brn (10YR6/4) fine to med sand w/ silt, SP 2%" SS 
- loose (outwash) 

4 | 12" | 2/2/2 }j- 6 6' - 8: It-brn (10YR6/4) fine to med sand w/ silt, SP 2° SS 
- loose (outwash) saturated @ 6’ 

S | 12" | 9/10/10 ]- 8 8'- 10°: brn (10YR6/4) fine to med sand w/ silt, SP 3° SS © 
- loose (outwash) 

6 7 12° | 1/1/2 |{- 10 |10'-11': brn (10YR6/2) fine to med sand w/ silt, SP 3" SS 
loose 

- 11'- 12": (10YR6/2) grey-bm fine to med sand 
- wi silt 

7 712" 7 1/1/2 J- 12 }12'- 14': bm (10YR6/2) med to coarse sand w/ fine | SP 2%" SS 
: tr silt, loose (outwash) 

8 | 10° | 1/1/3 }- 14 | 14'- 16: grey-brn (10YR6/2) fine to med sand, SP 2" Ss 
- tr silt loose (outwash) 

9 a 4/4/4 }- 16 |16' - 18: grey-brn (10YR6/2) layered very fine and | SP 3” SS 
- fine sand, tr silt, loose (outwash) 

10; 4” W1/2 {- 18 | 18'- 20°: grey-brn (10YR6/2) very fine sand, tr. silt | SP 3" SS 
- loose (outwash) 

11 4" Wi/2 |- 20 |} 20' - 22’: grey-brn (10YR6/2) very fine & fine sand | SP 3° SS 
- tr silt, loose (outwash) 

2), 3 Wilt f- 22 |22'-24': same as above, fine sand SP 3" SS 

13 | 12" | 1/1/3 [- 24 |24'- 26': fine to med sand, tr silt, loose (outwash) | SP 2° Ss 

| hereby certi thatthe information on this form is true and correct to the best of my knowledge. 

Signatu f Firm 

op WI, Ht E® Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

DML\DMW193C049\GBAPP165756.61\14000 D-208



State of Wisconsin Route to: | SOIL BORING LOG INFORMATION => 
Department of Natural Resources Form 4400-122 7-01 
BORING NUMBER: BH-03 Page 2 of 2 

sures Soil/Rock description 
No. Rec Blow” and geologic origin for Graph Std | Mat | Ua Pa | eo RQD/ 

© Counts each major unit Log , Lim Comm 

14 4/2/6 |I- 26 | 26' - 28': fine & very fine sand, grey-brn (10YR6/2) 2° Ss 
: loose (outwash) 

Wilt f- 28 | 28'-30': auger sample (no recover y from SS) 2° Ss 

° E.O.B. 30’ 

: “Blow counts are for a 300 Ib hammer 

DML\DMW/193C049\GBAPP\65756.61\14000 D-209



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources O Solid Waste © Haz. Waste Form 4400-122 7-91 

O Emergency Response O Underground Tanks . 
O Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAP Il - Area H BH-04 © 
Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 4%" 

Mike Miller 08/03/98 08/03/98 

DNR Facility Well No. WI Unique Well No. | Common Well Name — | Final Static Water Level Surface Elevation Borehole Diameter | 

1591.68 8" 

Boring Location Local Grid Location (If applicable) 
State Plane 128957.10 N, 2285934.77 ES/C/N Lat N E 
NW 1/4 of SE 1/4 of Section 17,T N,RE Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss . 
No. | Rec Biow | Depth in and geologic origin for C | Graph] Well | PID/ Std | Mst | Lia | Plas | RQD/ 

Counts Feet each major unit S | Log | Diag] FID Cont | Lim} Lim Comm - 

- 0-3", black (10YR4/2) fine sandy silt w/ clay OL 3" SS 
- 3-15", light yel-brown (10YR4/2) blocky fine sandy] ML 
- (loess) 

1 | 24" | 4/5/10 |- 15"-2', brown (10YR6/2) fine sandy silt w/ fine to | SM- 2%" SS 
- gravel (till) ML 

2 | 24" | 12/14/ |- 2  1|2-3', brown (10YR6/2) siltly fine sand w/ fine to SM 2° SS 
28 f- gravel (reworked till) 

- 3-4', light brown, fine sand, tr. silt (outwash) SP 3”°SS 

3 {| 11" | 8/10/27 j- 4 14-6’, light brown fine sand w/ fine to med gravel, | SP 2%" SS 

- tr. silt 
- 5%-6', med to coarse sand (outwash) 

4 1; 16" 7 5/3/6 |- 6 |6-8', layered brown fine sand, tr. silt & fine to med! SP 2" SS 

- sand w/ fine to coarse gravel (outwash) 

§ | 14" | 4/5/7 |- 8 1|8-10', brown (10YR6/4) fine sand w/ fine to coarse] SP 3" SS 
- gravel, saturated (outwash) 

6 | 14° | 2/2/4 |- 10 |10-12', brown to grey, fine sand, tr. silt, then med | SP 2° ss 
- to coarse sand w/ fine gravel, saturated (outwash) 

7 6" 1 [- 12 |12-14', brown (10YR5/4) med to coarse sand w/ | SP 2°Ss 

1/1 I- gravel & cobbles, rock in shoe, structureless, 

- wet, loose (outwash) 

8 4" 3/3 sf - 14 | 14-16’, as above, push cobble SP 2° SS 

1/2 |- 

9 | 22” 8/2 |- 16 |16-18', brown (10YR5/4) fine to med sand with SP 2" Ss 

4/7 |- coarse sand & gravel lenses, stratified, 
- structureless, wet, loose (outwash) 

10 | 18" 4/7 |- 18 |18-20', as above SP 2° SS 
9/13 |{- at 20’, outwash changes to grey (2.5Y5/1) w/ 

- limestone clasts 

i hereby ce abthe inforntation perf this form is true and correct to the best of my knowledge. 
a 

Signature ZZ Le Firm 

iA SOL, Foth & Van Dyke | 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 4 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or ” 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. © 

D-210 
DMVW\\93C049\GBAPP167954.61\14000 :



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 | 
BORING NUMBER: BH-04 Page 2 of 2 

SAMPLE U Soil Properties 

Soil/Rock description S 
No. ac Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sta | Met | Lia | Plas | OP RQD/ 

Counts Feet each major unit S | Log | Diag{ FID Cont | Lim | Lim Comm 

117 4" 2/2, j- 20 = |20-22', brown (10YR5/4) outwash as above SP 2" SS 
2/2 |- 

12 | 12" 6/6 |- 22 | 22-24', grey brown (10YR5/1) fine sand SP 2" SS 
4/6 |- 

13 7} 10" 5/7 |- 24 |24-26', grey (10YR4/1) med to coarse sand w/ SP 2" Ss 
8/12 |- gravel, stratified, structureless, wet (outwash) 

14 | 10" 6/6 [- 26 | 26-28', as above SP 2" SS 
4/6 |- 

15 | 12" 5/5 |- 28 {28-30', as above SP 3" SS 
3/4 ‘|- 

16 {| 5" 3/3 |- 30 |[30-32', as above SP 2° SS 
3/2 |- 

17 | 15" 6/4 |- 32 |32-34', as above SP 2" SS 
4/3 |- 

18 | 10" 5/5 j- 34 1|[34-36', grey brown (10YR5/2) fine to med sand, | SP 2" SS 

4/4 |- weakly stratified, structureless, wet, loose 

- (outwash) 

19 | 12" 3/3 [- 36 |36-38', as above w/ gravel lense at 38’ SP 3" SS 

3/3 | - 

20 | 14" 2/3 |- 38 |38-40', as above SP 2" SS 
5/4 |- 

© 21] 4" 0/0 |{- 40 | 40-42’, fine sand, as above SP 2" Ss 

0/0 j- 

22 | 12" 2/3 |- 42  |42-44', med to coarse sand w/ gravel, as above | SP 2"SS 
5/5 |- 

. 23 | 12° | 16/3 [- 44 | 44-46’, as above, fine sand w/ coarse sand & SP 2" SS 
4/16 |- gravel lenses 

24 | 12" | 10/10 |- 46 | 46-48', as above, more dense and tighter SP 2" SS 
10/10 |- 

25 | 5" 2/4 |- 48 |48-50', as above SP 2" SS 
6/8 |- 

- 60 
- E.0.B. 50° 

| - 52 

- 654 

- 56 

- 58 

- 60 

- 62 

© a 

DMVW\93C049\GBAPP\67954.61\14000 D-211



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-01 

QO Emergency Response © Underground Tanks 
O Wastewater CO Water Resources 

@ Other Mitigation Site Page 1 of 3 . 
Facility/Project Name License/Permit/Monitoring Number Boring Number 
Crandon Project - SAP II - Area H BH-05 © 
Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 
Boart Longyear MM/DD/YY MM/DD/YY 4%" HSA & Mud Rotary - 
Pat Jensen 07/20/98 07/21/98 

ONR Facility Well No. Wt Unique Well No, = Common Well Name Final Static Water Level Surface Elevation Borehole Diameter 

~1585 8° 

Boring Location Local Grid Location (if applicable) 
State Plane —_— NX, — E S/C/N Lat N E 
NE % of NE % of Section 20, T35N, R13E Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 
Forest 21 Town of Lincoln 

SAMPLE Soil Properties 
Soil/Rock description 

No. Rec Blow* | Depth in and geologic origin for Graph | Well Sta | Mst | Ua | Plas |e RQD/ 
Counts Feet each major unit | Log | Diag Cont | Lim Comm 

1 | 20° | 1/1/4 |- 0-.3', black organic silt loam topsoil OL 2°ss 

- .3-2', brn-yel (10YR6/8) silty fine sand w/ SM 
- gravel (till) . 

2 : 2 2'-3', as above SM 3°SS 

- 3'-4', (10YR6/6) very fine sand, tr silt, loose SP 
- (outwash) 

3 | 24" | 7/8/17 |- 4 4'-6', (10YR6/6) It-brn, fine to med. sand, SP 2%" SS 
- tr silt, loose (outwash) 

4 | 18 | 7/10/7 |- 6 6'-8', (10YR4/6) bm, 4" fine sand, 9° med sand, SP 2° SS 
- saturated @ 7%” in layers then fine sand and 
- med and coarse sand, loose (outwash) 

5 | 18 | 1/1/4 ]- 8 8'-10', brn (10YR5/4) fine sand, tr silt, loose SP 3°SS 
- (outwash) saturated 

6 | 14" | 1/2/4 }- 10 {| 10°-12', brn (10YR5/4) fine sand w/ some layers SP 2%" SS 
- of med to coarse sand, loose, saturated (outwash) 

7 1/2/5 [- 12 {|12'-14', grey-brn (10YR5/2) fine to med sand SP 2° Ss 
- some coarse sand, loose (outwash) 

8 W1l2 }- 14 | 14-16’, grey-brn (10YR5/2) fine to med sand, SP 3° SS 
: tr of coarse sand, loose (outwash) | 

9 | 16° | 1/2/5 |- 16 | 16'-18', grey-brn (10YR5/2) fine to med sand, SP 

- tr silt, loose (outwash) 

10 | 17° | 2/2/3 |{- 18 | 18'-20', grey-brn (10YR6/3) fine & very fine sand, SP 

- tr silt, loose (outwash) 

| hereby cert AHS the infor ation on this form is true and correct to the best of my knowledge. , 

—IN AY My 44 kL Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

State of Wisconsin Route to: SOIL BORING LOG INFORMATION ) 

— D-212 

DML\DMW/193C049\GBAPP'\65757.61\1 4000 .



Department of Natural Resources Form 4400-122 7-61 
BORING NUMBER: BH-05 Page 2 of 3 

SAMPLE Soil Properties . 
Soil/Rock description 

No. Ree Blow* and geologic origin for Graph Std RQD/ 
Counts each major unit Log ° Ceram 

11 | 12° | 2S |[- 20 | 20'-22', grey-bm (10YR6/2) med to coarse sand SP 3°Ss 
- w/ fine to med gravel, tr silt, loose (outwash) 

12 | 12" | 1/1/44 [- 22 | 22'-24', same as above, change to (sample fine 3 Ss 
- sand only) grey-brn (10YR6/3) fine & very fine 
: sand, tr silt (23'-24'), loose (outwash) 

13 | 12" | 1/2/3 |- 24 |24'-26', grey-brn (10YR6/3) fine sand, tr silt, loose | SP 3° SS 
. (outwash) 

1417 23/7 |- 26 | 26'-28', grey-bm (10YR6/2) fine to med sand w/ SP 3° SS 
- fine gravel and silt, loose (outwash) 

15 | 18 | 2/V8 f- 28 | 28'-30', grey-bm (10YR6/2) layered fine sand & SP 3°Ss 
- fine to med sand w/ fine gravel, loose (outwash) 

- 30 . 3° SS 

16 | 12° | S38 f- 32 | 32'-34', grey-brm (10YR6/2) fine to med sand SP 3° SS 
- wi fine gravel and silt, loose (outwash) 

- 34 3° SS 

17 | 15° | 44/8 [- 36 |36'-38', grey-brn (10YR6/2) fine sand, tr silt, loose | SP 3° SS 
- (outwash) 

© 18 | 16° | 4/4/11 |- 38 | 38'-40’, grey-brn (10YR5/2) fine sand, tr silt & fine | SP 3° SS 
- to med gravel, dense (outwash) 

- 40 3° SS 

19 | 16" | 4/5/11 [- 42 | 43'-43.5', grey-brn (10YR5/2) fine to med sand, SP 
- tr silt 

- 43.5'-45', grey-brn (10YR5/2) fine to very fine SP 
- sand, tr silt, dense (outwash) 

- 44 3° SS 

- 46 3° SS 

20 | 16° | 5/6/14 |- 48 | 48'-50', Grey-bm alternating 14" to 144" layer of SP 3° SS 
- very fine sand and fine to med sand, dense 
- (outwash) 

- 50 

- §2 

- 54 

© _ 

DML\DMW\93C049\GBAPP'\65757.61\14000 D~-213



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources | Form 4400-122 7-81 
BORING NUMBER: BH-05 Page 3 of 3 . 

SAMPLE Soil Properties 

Soil/Rock description 
No. ae Blow’ | Depth in and geologic origin for Graph Std | Mat | La | RQD/ 

Counts Feet each major unit Loc , Comm © 

: 58 

: 60 . 

21 | 17" : 62 |62'-63.5', (10YR5/4) grey-bm, fine sand, tr. silt SP 3° Ss 

- outwash grading to silty fine sand 

- 63.5'-64', fine sandy silt, grey-brn (10YR4/2) ML 

- 64 

- E.0.B. 64’ - 

- “Blow counts are for a 300 Ib hammer. 

D-214 . 

DML\DMW/\93C049\GBAPP\65757.61\14000 | 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 
O #Emergency Response O Underground Tanks 
O # Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAP II - Area H BH-06 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/04/98 08/04/98 4% ID HSA 

DNR Facility Well No. WI Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1590.20 8%" 

Boring Location Local Grid Location (if applicable) 
State Plane 128067.11N, 2284720.66 ES/C/N Lat __N __E 
SW % of SE % of Section 17, T35N, R13 E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest | 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph] Well | PiD/ Sid | Mst | Lia | Plas | P| RQD/ 

Counts Feet each major unit S | Log | Diag] FID Cont | Lim | Lim Comm 

1 23 3/5 |- 0-1.2', brown (10YR5/2) fine sand silt with ML- 3" SS 

7M2 {- organics, plagen, disturbed OL 

- 1.2-1.7', It-brown (10YR6/3) fine sandy silt to silty | ML- 

- sand, moderate med platy str dry (loess) 

2 | 20 712 = |- 2 1.7-2', brown (10YR6/4) fine sand with silt and SP- 2%" SS 

10/10 |- minor gravel, fragipan, hard dense strong coarse | SM 
- blocky structure to massive, dense 

- 2-4', as above 

3 18 5/6 I[- 4 | 4-6', It-brown (10YR7/4) fine sand, structureless, | SP 2" SS 
7/9 «OI - weakly oxidized damp, loose (outwash) 

© 4 | 18 4/5 |- 6 |6-8', brown (10YR5/4) fine to med sand, structure+ SP 3" SS 
4/5 |- less, stratified, wet, loose (outwash) coarse sand 

- with gravel lense 7.8-8.0, wet at 6.2’ 

§ | 22 5/4 |- 8 {|8-10', as above, slightly coarser SP 2%"SS 
4/5 |- 

; 6 14 3/4 ~|- 10 |10-12', brown (10YR5/5) fine to med sand, SP 2"°SS 
4/6 |- structureless, stratified, wet, loose 

7 | 20 ee 12 | 12-14’, brown (10YR5/5) fine to med sand SP 2° Ss 
Wi {- as above with minor gravel lenses 

8 4 4/3 |- 14 |14-16', as above SP 2" SS 
3/3 |- 

9 9 0/1 I[- 16 | 16-18’, as above with coarse sand lenses SP 2" SS 
0/1 ‘|- 

107 2 0/1 j- 18 |18-20', as above SP 2" SS 
0/1 ‘|- 

| hereby certify th arte iptormatiog opthicforth is true and correct to the best of my knowledge. 

MADE ches Foth & Van Dyke 

| This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-215 

LMC\93C049\GBAPP\67394.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 
BORING NUMBER: BH-06 Page 2 of 2 

SAMPLE U Soil Properties | 
Soil/Rock description Ss 

No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sid | Mst | Lig | Pas | RQD/ 
Counts Feet each major unit S | Log | Diag] FID Cont | Lim} Lim Comm 

11 0/0 |- 20 |20-22', as above 2" SS 
0/1 |- 

12 2/2 |- 22 | 22-24', as above 2" SS 

2/2 {- 

13 1/1 |- 24 |24-26', as above 2° SS 
1/2 |- 

- 26 
- E.O.B. 26' 

- 

D-216 
LMC\93C049\GBAPP\67394.61\14000 .



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources QO Solid Waste O  =©6Haz. Waste Form 4400-122 7-91 | 

O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAP Il - Area H BH-07 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/04/98 08/04/98 4% \IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1588.48 8%," 

Boring Location Local Grid Location (if applicable) 
State Plane 127029.86 N, 2285829.03 ES/C/N Lat ___N E 
SE % of SE % of Section 17, T35N, R13 E Long Feet S Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin | 

SAMPLE U Soil Properties 
Soil/Rock description Ss 

No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sta | Mst | Lia | Plas | P RQD/ 
Counts Feet each major unit S | Log | Diag{ FID Cont | Lim | Lim Comm 

1 23 2/5 |- 0-1.1', It-brown (10YR4/2) sandy silt with OL- 3" SS 
711s - organics, plagen, disturbed ML 

- 1.1-1.5', brown (10YR6/2) fine, sandy silt with ML 
- minor gravel, w/ fine, blocky structure day (loess) 

2 | 20 7/7 |j- 2 1.5-2.1', It-brown (10YR6/1) fine silty sand with ML- 2%" SS 
9/12 |- gravel, cemented, massive, dense, hard, dry SM 

- 2-4’, brown (10YR6/3) fine-med sand with SP 
- gravel, stratified, loose; sl. damp, (outwash) 

3 | 16 7/7 = |- 4 | 4-6', brown (10YR6/2) fine-med sand with coarse | SP 2" SS 
711 YJ - sand lenses, damp, structureless, loose, very 

- damp near tip of spoon 

4] 18 11/5 |- 6 {|6-8', as above, wet at ~6.8', color (10YR4/4) SP 3" SS 
5/5 |{- minor gravel & coarse sand lenses 

5 | 18 4/5 }|- 8 | 8-10', brown (10YR4/4) coarse sand with gravel | SP- 2%" SS 
4/5 |- and cobbles, structureless, stratified, wet GP 

- (outwash) 

6 0 2/1 sit - 10 |10-12', no recovery - 2" SS 
Ww f- 

7 8 4/3 |- 12 |12-14', as above with fine-med sand lenses SP 3" SS 
3/3 |- 

8 | 13 3/2 «|- 14 |14-16', as above SP 2" SS 
Wi I- 

9 2 0/0 |- 16 | 16-18', as above, less gravel SP 2" SS 
0/1 |- 

| hereby certify that the information on this forgets true-4fid correct to the best of my knowledae. 

ee Foth & Van Dyke 
© This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 

Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

LMC\93C049\GBAPP\67403.61\14000 D-217



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 . 
BORING NUMBER: BH-07 Page 2 of 2 

SAMPLE U Soil Properties 
Soil/Rock description S 

No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Mst | Lig | Plas | P| RQD/ 
Counts Feet each major unit S | Log | Diag} FID Cont | Lim | Lim Comm 

10} 8 2/2 {- 18 |18-20', as above, less gravel SP 2" ss 

2/2 =|- 

11 | 17 1/2 |- 20 + |20-22', as above, med Sand SP 2" SS 
2/3 |- 

12 | 18 Wi f- 22 | 22-24', as above SP 2° SS 

ne 

13] 8 1/2 |{- 24 |24-26', grey (2.5YR4/1) med sand, structureless | SP 2° SS 

2/3 I{- stratified, wet (outwash) 

14] 2 1/2 |- 26 | 26-28', as above, poor recovery, fine-med sand SP 2" ss 

3/3 [- 

15 | 10 2/2 {- 28 {|28-30', as above, fine-med grey sand SP 2" Ss 

3/3 sf - 

- 30 
- 

- E.0.B. 30° 

LMC\93C049\GBAPP\67403.61\14000 D-218



State of Wisconsin Route to: . SOIL BORING LOG INFORMATION 

Department of Natural Resources © Solid Waste O Haz. Waste Form 4400-122 7-91. 
O Emergency Response O Underground Tanks 

- CO Wastewater O Water Resources 
O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAP Il - Area H BH-08 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/05/98 08/05/98 4% (DHSA 

DNR Facility Well No. Wi Unique Well No. [Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1586.19 87%," 

Boring Location Local Grid Location (if applicable) 
State Plane 126899.53 N, 2284956.62 E S/C/N Lat ___N E 
SW % of SE1/4 of Section 17, T35N, R13E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln TWP 

SAMPLE U Soil Properties 
Soil/Rock description S 

No. Rec Blow | Depth in and geologic origin for C | Graph PID/ Sta | Met | Ua | Plas | P RQD/ 
Counts Feet each maior unit S | Loc g} FID Cont | Lim] Lim Comm 

1 22 6/7 |{- 0-1.2', It-Brown (10YR5/3) fine sandy silt with OL- 300 Ib 

8/10 |- organic m+l, plagen, disturbed, moderate med ML hammer 

- blocky structure, dry 3" S.S 

- 1.2-1.7', It-brown (7.5YR6/2) fine sandy silt, with | ML 
- fine, blocky structure, dry, soft (loess) 

- 1.7-2', brown (7.5YR6/3) fine sand with minor 
- silt and gravel 

2 {1 22 5/7 |I- 2 2-4’, brown (10YR6/3) fine-med sand with very SP 2" SS 
9/13 |- minor gravel, damp, stratified with coarse sand 

- lenses, loose, (outwash) . 

© 3 12 3/3 [- 4 1|4-6', brown (10YR5/5) fine-med sand as above, | SP 2" S$ 
5/8 |- wet at 5.1', locally oxidized 

4 | 19 2/1 }- 6 |6-8', as above, med to slightly finer sand SP 2” SS 
WW f- 

5 | 16 O/1 I - 8 |8-10', as above SP 2" Ss 
1 {- 

6 | 10 O/1 [- 10 |10-12', as above SP 2” Ss 
1 I- 

7 10 2/2 {- 12 |12-14', as above with gravel SP 2° SS 
2/2 |- 

8 | 22 3/4 |- 14 |14-16', as above, less gravel, grey at tip SP 2" Ss 
3/7 I{- 

9 8 0/1 j- 16 |16-18', as above SP 2" SS 
1 {- 

i hereby certify that the-tnfognationthis form is true and correct to the best of my knowledge. 

Signature LU ce A Firm 

L444 Ashe Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-219 
LMC\DMW\93C049\GBAPP\67413.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 
BORING NUMBER: BH-08 Page 2 of 2 

SAMPLE U Soil Properties | 
Soil/Rock description Ss : 

No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sid | Mst | Lig | Plas |p RQD/ 
Counts Feet each major unit S | Log | Diag} FID Cont j Lim | Lim Comm 

10 WW |- 18 | 18-20', brown (10YR3/4) fine sand with med SP 2" SS 

1/2 = |- sand lenses, stratified, wet, (outwash) - 

11 w= {- 20 | 20-22', as above SP 2" Ss 

Wi |- 

12 4/4 |- 22 |22-24', as above SP 2° Ss 

3/5 |- 

13 Wi f- 24 |24-26', brown (10YR4/4) fine sand (outwash) SP 2" Ss | 

2/2 |- . 

- 26 
- E.0.B. 26' 

D-220 

LMC\DMW\193C049\GBAPP\67413.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources 0 = Solid Waste O Haz. Waste Form 4400-122 7-91 

© Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAP Il - Area H BH-09 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/05/98 08/05/98 4% |IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1591.66 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128830.78 N, 2284131.85 ES/C/N Lat ____N ___E 
NW 1/4 of SE 1/4 of Section 17, T35N,R13E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sta | Mst | Lia | Plas | P RQD/ 

Counts Feet each maior unit S | Log | Diag] FID Cont | Lim} Lim Comm 
1 23 6/6 |}- 0-1.3', grey (2.5YR4/1) sandy silt with minor CL- 300 Ib 

5/4 |- gravel (plagen) distrurbed, mod med platy ML hammer 
- structure 

- 1.3-1.6', brown (10YR5/2) sandy silt, cemented, | ML 3" s.S 
- hard, dry, locally oxidized 

- 1.6-2', brown (7.5YR6/3) fine-med sand with 
- gravel, damp, structureless (outwash) 

2 | 23 6/6 | - 2 |2-3', as above SP 2%" SS 
7/10 ‘| - 

- 3-4’, brown (10YR4/4) fine to med with coarse SP 
- sand lenses, stratified, wet at ~3.5' 

© 3 } 23 4/5 |- 4 }4-6', as above SP 2" SS 
7/19} - 

4 6 2/1 - 6 |6-8', as above, slightly finer SP 2" SS 
2/2. |- 

5 | 20 3/3 [- 8 {|8-10', grey-brown (10YR4/2) med to coarse sand | SP 3" SS 
3/4 |- w/ fine sand and coarse sand with gravel lenses, 

- Stratified, structureless, wet, loose 

6 | 12 0/1 [- 10 |10-12', grey-brown, fine to med sand as above SP 2" SS 
0/1 j- 

7 11 0/1 [- 12 |12-14', as above with coarse sand lenses SP 2° SS 
0/1 ‘I- 

8 6 3/3 {- 14 |14-16', as above SP 2" SS 
3/4 |{- 

9 | 14 3/4 |- 16 |16-18', as above SP 2° SS 
4/5 |- 

| hereby certify that the nformajion pn this Jerm is true and correct to the best of my knowledge. 

Signature go’ AA Y/Y “inn 

spi Foth & Van Dyke 

© This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-221 
LMC\DMW193C049\GBAPP\67420.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

: Department of Natural Resources Form 4400-122 7-91 . 

BORING NUMBER: BH-09 Page 2 of 2 

SAMPLE U Soil Properties | 

Soil/Rock description Ss 

No. Fac Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sid | Met | Liq | Plas | RQD/ 

Counts Feet each major unit S | Log | Diag} FID Cont | Lim | Lim Comm 

10 | 12 0/1 |- 18 |18-20', as above with lenses of coarse sand SP 2" Ss 

W1 |- 19.5-20' 

11 | 14 1 {- 20 |20-22', brown (10YR4/2) fine to med sand as SP 2" SS 

2/2. {- above, wet (outwash) 

12 | 17 w= f- 22 |22-24', as above w/ coarse sand lenses SP 2" SS 

2/3 | - 

- SP . 

13 | 11 Wi {- 24 |24-26', as above 2" Ss 

1/3 |- 

14} 10 0/1 |- 26 | 26-28’, as above SP 2" SS 

0/1 ‘|- 

15 | 14 3/2 |- 28 = |28-30'. as above 1 SP 3" SS 

2/3 | - 

- 30 
- E.O.B. 30' 

D-222 

LMC\DMW\93C049\GBAPP\67420.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 | 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAP II - Area H BH-10 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/05/98 08/05/98 4% \D HSA 

DNR Facility Well No. WI Unique Well No. {Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1592.33 8% in 

| Boring Location Local Grid Location (if applicable) 
State Plane 128530.22 N, 2284998.06 ES/C/N Lat ___N E 
NW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph| Well | PID/ Std | Mst | Lia | Plas | P| RQD/ 

Counts Feet each major unit S_| Log | Diagj FID Cont | Lim | Lim Comm 

1 22 4/6 |- 0-1.4', It-brown (10YR6/2) fine sandy silt, OL- 3° SS 

6/7 |- disturbed, dry, soft ML 

- 1.4-1.8', It-brown (10YR6/2) fine sandy silt, ML 

- cemented, dense, hard, minor gravel, dry 

- 1.8-2', brown (7.5YR6/3) fine to med sand with 

- gravel, oxidized, structureless, damp, loose 

2 1 20 7/8 |- 2 2-4', brown (10YR6/3) fine to med sand with SP 2%" SS 
8/8 [- gravel, stratified, damp, loose 

- 3.7-4', fine sand, loose (outwash) 

© 3 | 17 4/4 |- 4 1|4-6', It-brown (10YR7/3) fine sand with med SP 2" SS 
5/5 | - sand lenses, stratified, damp, loose (outwash) 

4 18 5/4 |- 6 16-8’, It-brown (10YR7/8) fine to med sand with SP 3" SS 
5/4 }- coarse sand lenses & minor gravel, stratified, 

- very damp, loose (outwash) 

5 | 20 3/1 ‘|- 8 | 8-10', brown (10YR5/4) fine to med sand with SP 2%SS 
2/3 |- coarse sand & gravel lense at 9.6’, stratified, 

- wet, loose (outwash), wet at 8.2' 

6 14 1/2 ~|- 10 | 10-12’, brown (7.5YR5/4) med to coarse sand withy SP 2° SS 
2/2 |- fine sand lenses, stratified, wet, loose (outwash) 

7 | 12 3/2 |{- 12 {12-14', as above SP 2° Ss 
Wie f- 

8 | 23 Ww f- 14 | 14-16’, as above SP 2" SS 
2/2 |- 

| hereby certify thabthe-informeson on this form is true and correct to the best of my knowledge. 

Signature Goff Firm 
—CBT etka Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-223 
LMC\93C049\GBAPP\67422.61\14000



State of Wisconsin Route to: . SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 . 
BORING NUMBER: BH-10 Page 2 of 2 

SAMPLE U Soil Properties | 
Soil/Rock description Ss 

No. Rec, Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sid | Mst | Lig | Plas |B RQD/ 
Counts Feet each maior unit S | Log | Diag} FID | Pntr| Cont] Lim| Lim Comm 

9 16 1 |- 16 |16-18', as above SP 2" Ss 
Wi f- oo 

10 | 22 /2 |- 18 |18-20', as above, slightly coarser SP 2" Ss 

2/3 | - 

11 0 0/1 |[- 20 | 20-22', no recovery - 2" SS 

0/1 ‘|I- 

12} 0 O/O |- 22 |22-24', no recovery - 2" Ss ; 

0/1 |- 

13] 5 1/1 |- 24 = |24-26', brown (10YR5/4) fine to med sand as SP 3" SS 

1 I- above 

14 | 14 4/3 |- 26 |26-28', as above SP 2° SS 

3/2 |- 

15] 8 2/3 it - 28 |28-30', as above, slightly finer sand SP 2" Ss 

3/3 |- 

16 | 13 1 |- 30 | 30-32', as above SP 3" SS 
1/2 |- | 

- | 

D-224 | 
LMC\93C049\GBAPP\67422.61\14000 .



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 — Solid Waste QO Haz. Waste Form 4400-122 7-91 | 
O Emergency Response O Underground Tanks 
© Wastewater O Water Resources 

O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-10P | 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/26/98 08/27/98 4% \IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1592.37 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128534 .44 N, 2284996.57 ES/C/N Lat N E 
NW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 
Soil/Rock description S 

No. Rec | Biow | Depth in and geologic origin for C | Graph] Well | PID/ Sta | Mst | Lia | Plas | P| RQD/ 
Counts Feet each major unit | S_| Log | Diag] FID Cont | Lim | Lim Comm 

- 0-38 Blind drill, see boring log BH-10 

- 5 

- 10 

- 15 

- 20 

- 25 

- 30 

1 2/2 {- 35 | Grey (10YR4/2) fine-med. Sand, stratified, wet 
2/2 |- 

- E.0.B. 38' 

- 40 

| hereby certify that the infermpetisf_en this form is true and correct to the best of my knowledge. 

Signature Ley Firm 

fee Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-225 

LMC\93C049\GBAPP\67558.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 . 
O Emergency Response [ Underground Tanks 
O Wastewater O Water Resources | 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-11 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method ; 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/24/98 08/24/98 4% |IDHSA 

DNR Facility Well No. Wi Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1585.07 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128232.29 N, 2285320.44 ES/C/N Lat ____N ___E 
NE 1/4 of SE 1/4 of Section 17, T35N, R13E Long Feet Ss Feet W 

County DNR County Code | Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sid | Mst | Lig | Plas | P RQD/ 

Counts Feet each major unit S_ | Log | Diag] FID | Pntr}| Cont] Lim} Lim Comm 

1 19 2/2 |- 0-0.1', 0O-Horizon 3" SS 
3/4 ‘|- 

- 0.1-0.5', brown (7.5YR3/4) organic topsoil, w/ OL 

- med granular structure, damp, soft 

- 0.5-0.8', yel-brown (7.5YR5/6) fine to med sand, | SP 2%" SS 
- structureless, loose 

- 0.8-2', brown (10YR3/4) silty fine sand with SM 
- gravel, massive, cemented (till) 

2 16 3/1 |- 2 2-3', It-brown (7.5YR5/5) silty fine sand with SM 2%" SS 
1/2 |- gravel as above (till) 

- 3-4', strong yel-brown (7.5YR5/6) fine to med SP 

- sand with minor gravel, structureless, stratified, 

- damp, loose (outwash) oxidized, molted 

3 13 6/7 |- 4 |4-6', brown (7.5YR4/3) fine to med sand, stratified] SP 2" Ss 
3/5 |- wet at 4’, minor oxidation, fine sand & coarse 

- sand lenses abundant (outwash) 

4 12 3/5 {- 6 6-8', brown (7.5YR4/5) fine to med sand with SP- 2" Ss 
5/7 |- gravel & silt, massive, wet, soft, (reworked till) SM 

5 2 2/2 |- 8 8-10', brown (10YR4/3) fine to med sand with SP 3" SS 
4/4 |- abundant gravel (outwash) 

6 14 11/8 |- 10 |10-12', brown (10YR4/3) fine to med sand with SP- 2"°Ss 
3/2 |- coarse sand and gravel lense, abundant GP 

- (outwash) 

7 13 3/1 I[- 12 |12-14', brown (10YR5/2) med to coarse sand with} SP 2" Ss 
1/44 |- gravel, stratified, wet, loose (outwash) 

| hereby certify that the information gn this,form is true and correct to the best of my knowledge. 

Signature f—/ JZ —”—S Firm 
O44 ae Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

| D~-226 

LMC\DMW\193C049\GBAPP\67424.61\14000 ,



State of Wisconsin Route to: | SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 7-91 . 
BORING NUMBER: BH-11 Page 2 of 2 
SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sid | Met | Lia | Plas | P| RQD/ 

Counts Feet each major unit S_ | Log | Diag} FID Cont | Lim | Lim Comm 
8 | 23 3/3 |- 14 |14-16', as above SP 2" SS 

5/4 |- 

9 | 14 2/3 f- 16 |16-18', as above - slightly finer SP 2" Ss 
3/3 | - 

10 | 16 v1 f- 18 |18-20', as above - med to fine sand (outwash) SP 2" SS 
WW f- 

11 6 1/1 |- 20 |20-22', as above, poor recovery SP 2° SS 
1 f- 

12 | 10 1/1 |- 22 |22-24', It-brown (10YR5/2) fine to med sand with | SP 2" SS 
11 |- Stratified, wet, loose (outwash) 

13 | 14 1/1 |- 24 [24-26', as above with minor med sand lenses SP 2" SS 
1 |- 

14 |] 13 1/1 }|- 26 1|26-28', as above SP 2" Ss 
1/4 |- 

15 | 9 1/1 |- 28 |28-30', as above SP 2" SS 
3 |- 

- 30 
- E.0.B. 30' 

D-227 
LMC\DMW\93C049\GBAPP\67424.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 | 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Lincoln Area H BH-12 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/24/98 08/24/98 4% |D HSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1591.43 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128274.90 N, 2284134. E S/C/N Lat ___N ____E 
NW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet S Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 
Soil/Rock description Ss 

No. Rec. Blow | Depth in and geologic origin for C |Graph| Well | PID/ Std] Mst | Lig | Plas | P RQD/ | 
Counts Feet each maior unit S | Log | Diag} FID Cont | Lim | Lim Comm 

1 24 2 |- 0-0.9', dark-brown (7.5YR3/2) orgainc topsoil, with} OL 3" SS 

2/3 |- med subangular blocky structure, damp, soft 

- (silt loam) 

- 0.9-1.1', brown (7.5YR5/6) silty fine sand (loamy | SM 

- sand) w/ med blocky structure, dry, slightly hard 

- 1.1-2', brown (7.5YR5/5) fine to med sand, SP 

- oxidized layers, slightly coarser, dry, soft (outwash) 

2 24 1/2 |- 2 2-4', as above SP 2%" SS 

3/2 |- 

3 | 24 4/4 |- 4 |4-6', yel-brown (7.5YR5/6) fine to med sand, SP 2" SS 

4/5 |- stratified, slightly damp, loose (outwash) 

4 | 18 2/2 |- 6 |6-6.6', as above SP 2" SS ® 

3/4 |- 
- 6.6-8', brown (10YR4/4) med sand with coarse 
- sand lenses, stratified, wet, loose (outwash) 

5 17 1/2 |- 8 8-10', as above with fine sand lenses, minor SP 2"Ss 

4/3 |- gravel in coarse sand lenses 

6 6 1/2 |- 10 {|10-12', as above, gravel lenses SP 2" Ss 

1/2 |- 

7 | 22 2/2 |- 12 |12-14', brown (10YR4/4) med sand with fine SP 2" SS 
1/1 I- sand lenses, minor gravel, stratified, wet, loose, 

- (outwash) 

8 | 23 0/1 I- 14 |14-16', It-brown (10YR6/4) fine to med sand with | SP 2" SS 

4/4 }- fine sand and coarse sand lenses, stratified, wet, 
- loose 

9 19 2/2 |- 16 |16-18', grey-brown (7.5YR5/2) fine to med sand | SP 2" SS 

2/2 |{- with med to coarse sand lenses, stratified, wet, 
- loose (outwash) 

i hereby certify that-the jnfopmation ow this form is true and correct to the best of my knowledge. 

PF AL Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. © 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-228 
LMC\DMW\93C049\GBAPP\67429.61\14000 i



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 © 
BORING NUMBER: BH-12 : Page 2 of 2 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. | Ree Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sid | Met | Lia | Plas | RQD/ 

Counts Feet each major unit S {| Log | Diag} FID Cont | Lim | Lim Comm 

10; 6 0/1 |- 18 |18-20', as above SP 2" SS 
1 f- 

11 6 0/1 |- 20 |20-22', as above, fine grey sand lenses SP 2° Ss 
1 f- 

12 ] 11 1/1 |[- 22 |22-24', as above SP 2" SS 
1 = |- 

13 | 6 1/0 |- 24 |24-26', as above, bottom of spoon grey SP- 2" SS 
1 f- (10YR4/2) silty fine sand, massive, wet, soft SM 

- blowup 3rd attempt 3" SS 

14 | 16 0/1 [- 26 | 26-28', grey-brown (10YR4/2) med to coarse sand] SP 

1/2 |- with gravel, structureless (outwash) 

15 0 2/1 sf - 28 | 28-30', no recovery, fine sand ran out of spoon - 2" SS 
1/5 |- 

16 | 12 1/1 |- 30 |30-32', as above SP 2" SS 
3/4 |{- | 

| - 32 

- 34 

© - 36 ; 

- 38 

- 40 

D-229 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 = Solid Waste 0 Haz. Waste Form 4400-122 7-91 . 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources | 

O Other Page 1 of 3 | 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-13 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method . 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/25/98 08/25/98 4%\DHSA 

ONR Facility Well No. WI Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1594.03 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 130347.91 N, 2285052.06 ES/C/N Lat ____ N E 
SW 1/4 of NE 1/4 of Section 17, T35N,R13E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin 

SAMPLE U Soil Properties . 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ | Sta | Mst | Lia | Plas | P| RQD/ 

Counts Feet each major unit S | Log | Diag] FID Cont | Lim | Lim Comm 

1 19 2/3 I - 0-1.1', dark brown (10YR3/2) organic topsoil OL 3" SS 

- (sandy silt loam) med, blocky structure 
4/6 |- 

- 1.1-1.4', light grey-brown (10YR6/2) silty sand SM 

- (sandy loam) with minor gravel, structureless, 

- dry, loose 

- 1.4-2', brown (7.5YR4/5) fine-med sand with silt | SP- 2%" SS 

- and gravel, w/ fine platy structure, damp, loose SM 

2 0 4/4 |{- 2 2-4', no recovery - 

5/6 |{- 

3 15 v1 |- 4 4-4.6', brown (10YR4/5) silty sand with gravel & | SM 2"SS 
2/6 |{- clay lenses, molted, massive, damp 

- 4.6-5.6', grey (2.5Y5/1) silty clay oxidized, CL 2"°Ss © 
- massive, damp 

- 5.6-6', brown (10YR5/6) fine to med sand, SP 

stratified, damp (wet at 5.9') loose 

4 16 1 {- 6 |6-8', as above SP 2" SS 
2/2 |- 

- 6.4’, it brown (10YR5/2) fine to med sand lenses 

- (outwash) 

5 12 W1 |- 8 8-10’, grey (10YR4/1) very fine sand with very SP 2" SS 
1/1 I[- minor silt & med sand lenses, stratified, wet, 

- massive 

6 20 1/1 I- 10 |10-12', grey-brown (10YR5/2) med to coarse SP 2" SS 

Wi {- sand, stratified, wet, loose 

7 | 14 1/1 |- 12 |12-14', it grey-brown (10YR5/2) med to coarse SP 2" SS 
2/3 |- sand as above 

8 8 5/4 |- 14 |14-16', as above, fine sand lense at tip of spoon | SP 2” SS 
3/4 ‘|- 

9 15 3/1 I[- 16 | 16-18', brown (10YR5/3) med sand as above SP 2" SS 

| hereby certify that the information asf thisform is true and correct to the best of my knowledge. 

ZL Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. © 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-230 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 7-91 . 
BORING NUMBER: BH-13 Page 2 of 3 

: SAMPLE U Soil Properties 
Soil/Rock description Ss 

No. Ree Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sid | Met | La | Plas | P| RQD/ 
Counts Feet each major unit S_| Log | Diag] FID Cont | Lim | Lim Comm 

10 | 14 1 I- 18 | 18-20', brown (10YR4/3) med sand, weakly SP 2° SS 
111 I- Stratified, wet, loose (outwash) 

11 | 22 1/1 |- 20 |20-22', as above with minor coarse sand lenses | SP 2" SS 
Wi f- 

12 | 21 1/2 |- 22 |22-24', as above 2" Ss 
Wi {- 

13 | 6 4/4 |- 24 |24-26', as above, poor recovery, blowup SP 2" SS 
5/6 |[- 

14 1] 18 4/5 |- 26 |26-28', as above SP 2" SS 
3/8 {- 

15 | 6 1/2 |- 28 |28-30', as above SP 2" SS 
Wi f- 

16 | 10 1/2 |j- 30 |30-32', as above SP 2" SS 
WW {- 

17] 0 1/1 |- 32 {32-34', no recovery, fine sand ran out of spoon - 2" Ss 
1 {- 

18 | O 1 T- 34 |34-36' _ 2" SS 
2/2 |- 

19 | 5 /2 |- 36 | 36-38', brown (10YR4/4) fine to med sand, SP 2" Ss 
: 3/1 [- weakly stratified, weak oxidation at top, wet, 

- loose (outwash) 

© - 38 | Note: moved to 2.5' sample interval 

20 ; 10 1/3 I - 39-41', brown (10YR4/4) fine to med sand, weakly] SP 2° Ss 
1/1 I- Stratified, wet, no gravel, loose (outwash) 

- 40 

21 6 1/1 |- 42 |42-44', brown (10YR4/4) fine to med sand, wet, SP 2" SS 
5 |- loose (outwash) 

- 44 

22 | 12 1/2 |- 45-46.6', brown (10YR4/4) same SP 2" SS 
1/5 I- 

- 46 |46.6-47', brown (10YR4/3) fine to coarse sand, SP 
- wet, little gravel, loose, (outwash) 

23 | O 10/11 |- 48 | 48-49.5', no recovery 
8/6 |- 

- 50 |(1.5’ sand in auger cleaned w/ 3" SS) 

24] 15 2/6 |- 51-53’, brown (10YR4/4) fine to med sand, w/ SP 2" Ss 
8/5 |- coarse sand lenses, 1" coarse gravelly sand at 

- base, wet, loose (outwash) 

- 52 

25 } 16 3/1 |- 54 |54-56', brown (10YR/4) fine to med sand, wet, SP 2" SS 
© 116 |- loose (outwash) 

D-231 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 ; 
BORING NUMBER: BH-13 Page 3 of 3 

SAMPLE U Soil Properties | 
Soil/Rock description S 

No. ec Blow | Depth in and geologic origin for C | Graph} Well | PID/ Sid | Mst | Lia | Plas |B RQD/ 
Counts Feet each major unit S | Log | Diag] FID Cont | Lim | Lim Comm 

- 56 | 

26 | 12 1 |- 57-59', same as above SP 2" SS 
2/4 |- 

- 58 

27 | 20 3/4 «| - 60 |60-62', same as above except finer, BTM 6", SP 2" SS 
4/4 |- weakly stratified 

- 62 

28 | 10 2/2 {- 63-65", brown (10YR4/4) fine to med sand, weakly} SP 2° SS - 
4/8 |{- stratified w/ 2" coarse, gravelly sand near base, 

- wet, loose (outwash) 

- 64 

29 | 19 2/2 |- 66 {66-68', brown (10YR4/4) fine to med sand, weakly} SP 2" SS 
3/5 |- stratified, wet, loose (outwash) 

- 68 

30 | 10 1/2 |- 69-71', brown (10YR4/4) fine to med sand, weakly| SP 2" SS 
1/4 |- Stratified, few gravel, wet, loose (outwash) 

- 70 

- 72 SP 2" SS 
. E.O.B. 71' © 

D-232 | 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 . 

O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 3 

Facility/Project Name License/Permit/Monitoring Number Boring Number 
NMC - Area H BH-14 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 
Boart Longyear MM/DD/YY MM/DD/YY 
Todd Schmanfelt 08/26/98 08/26/98 4%\|IDHSA 
DNR Facility Well No. Wi Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1588.36 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 127088.44 N, 2284436.56 ES/C/N Lat N E 
SW 1/4 of SE 1/4 of Section 17, T35N, R13 E | Long Feet Ss Feet W 
County DNR County Code Civil Town/City/or Village 
Forest | 21 Town of Lincoln 
SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C |Graph] Well | PID Sta | Mst | Lia | Plas | P RQD/ 

Counts Feet each maior unit S | Log | Diag} FID Cont | Lim} Lim Comm 
1 24 2/2 |j- 0-0.2', brown (7.5YR3/3) fine to med sand with SP 140 Ib 

3/4 |- organics and minor silt hammer 

- 0.2-0.5', brown (10YR2/2) organic topsoil (sandy | OL 2" SS 
- loam) w/fine granular structure, dry 

- 0.5-2', yel-brown (7.5YR5/6) fine sand with SP- 
- silty, highly oxidized (sandy loam) w/ fine granular| SM 
- Structure (loess) 

2 {| 16 3/4 [- 2 | 2-2.5', It brown (7.5YR6/2) fine to med sand, SP 2" Ss 
2/4 |- Stratified, damp, loose, (outwash) | 

- 2.5-4', It brown (7.5YR6/2) med to coarse sand, | SP 
- Stratified, damp, loose (outwash) 

®@ 3 | 20 2/3 |- 4 |4-6', as above 2" SS 
3/4 |- 

4 1 22 1/2 |- 6 |6-8', as above, brown (10YR5/3), wet at 6' SP 2" Ss 
3/4 I- oxidized, fine-med sand lense at 6.6' 

5 | 22 1 {- 8 |8-9.2', as above SP 2" SS 
3/3 |- 

- 9.2-10', brown (10YR6/2) fine sand w/ med sand | SP 
- lense, minor oxidation, wet, loose (outwash) 

6 | 24 Wi {- 10 {10-12', as above, alternating 4-8" lenses of fine to| SP 2"°SS 
Wi {- med and med to coarse sand, wet, (outwash) 

7 23 3/4 |- 12 |12-14', brown (10YR5/2) fine to med sand, SP 2" SS 
4/5 |- stratified w/ coarse sand lenses, wet, loose 

- (outwash) 

8 14 1 {- 14 | 14-16’, brown (10YR5/2) fine sand with coarse SP 2° Ss 
1/1 - sand lenses as above 

9 | 23 2/3 j- 16 |16-18', as above, coarse sand lense 16-16.4' SP 2" SS 
4/4 |- 

i hereby certify that the-irffo On or-this forrfis taye-and correct to the best of my knowledge. 

Signature JME fF Firm 

Ze _. Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 

| both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-233 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 . 
BORING NUMBER: BH-14 Page 2 of 3 

SAMPLE U Soil Properties 7 
Soil/Rock description Ss 

No. Fac, Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Mst | Lig | Plas | P| RQD/ 
Counts Feet each major unit S | Log | Diag} FID Cont | Lim} Lim Comm 

10 | 12 2 |- 18 |18-20', brown (10YR4/4) med sand, stratified, SP 2° SS 

2/3 {- wet, loose (outwash) 

11} 23 1/1 |- 20 + |20-22', brown (10YR4/4) med sand, stratified, SP 2" SS 

“i |- wet, soft 

12 | 18 2/3 |- 22 |22-24', as above SP 2" SS 

4/4 |- 

13 | 12 2/2 |- 24 | 24-26’. as above SP 2%" SS 

3/4 |- 

14 | 12 2/2 |- 26 = |26-28', grey (2.5Y4/2) med sand with coarse SP 2° SS | 
3/3 [- sand lenses, stratified, wet, loose (outwash) 

15 | 18 3/3 [- 28 |28-30', as above with fine sand lense 28.2-29' SP 2" SS 

5/6 |- 

16 | 20 4/4 |{- 30 | 30-32', grey (2.5Y4/1) fine sand w/ med & coarse | SP 2" SS 
5/6 |- sand lenses, wet, loose, stratified (outwash) . 

- 32 

17] 0 4/5 |- 33-35", no recovery, fine sand running out of SP 2” SS 

5/6 |- spoon (outwash?? 274" SS also no recovery) 

- 34 . 

18 | 20 2/4 {- 36 {36-38', grey (3.5Y4/1) med to coarse sand with SP 2" SS © 
4/5 |- fine sand lenses stratified, wet, loose (outwash) 

- 38 

19 | 18 3/4 |{- 39-41', as above, slightly more fine sand lenses | SP 2" SS 
4/4 |- 

- 40 

20 | 22 2/4 {- 42 |42-44', as above, slightly finer, fine sand lenses, | SP 2° SS 

4/5 |- thicker 

- 44 

21 8 5/5 |[- 45-47', as above SP 2" Ss 
6/6 | - 

- 46 

22 | 4 5/5 |- 48 {|48-50', as above SP 2" Ss 

6/7 |- 

- 50 

- §1-53', as above 2"°SS 

23 | 18 4/4 |- §2 

5/6 |- 

24] 14 5/6 |- 54 |54-56', as above 2" SS 
6/7 |- 

D-234 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 7-91 . 
BORING NUMBER: BH-14 Page 3 of 3 
SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Met | Ua | Plas |p RQD/ 

Counts Feet each major unit S_ | Log | Diag} FID Cont | Lim | Lim Comm 
- 56 

25 4/5 |- 57-59', as above 2" SS 
77 {- 

- 58 

- 60 

- 62 

26 - 4/45 |- 64 |64-66', as above 2" Ss 
6/6 |- 

- 66 

- E.0.B 66' 

D-235 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natura! Resources O = Solid Waste O Haz. Waste Form 4400-122 7-91 

O Emergency Response © Underground Tanks , 

O Wastewater O Water Resources 
O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-15 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY _ 

Todd Schmanfelt 08/27/98 08/27/98 4%\DHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name | Final Static Water Level Surface Elevation Borehole Diameter 

1583.63 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 127537.17 N, 2284157.65 ES/C/N Lat ____ N ___E 

SW 1/4 of SE 1/4 of Section 1, T35N, R13 E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss ; 

No. Rec: Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Mst | Lia | Plas | RQD/ 
Counts Feet each major unit S | Log | Diag} FID | Pntrj Cont} Lim] Lim Comm 

1 1/2 |- 0-0.9, dk brown (7.5YR3/2) organic topsoil OL 140 Ib 

2/3 I - (sandy silt loam) w/ fine granular structure, dry, hammer 

- soft 2" SS 

- 0.9-1.2, yel-brown (7.5YR5/7) silty fine sand SP- 2" Ss 

- (loamy sand) oxidized, damp (loess) SM 
- 1.2-2, yel-brown (7.5YR5/3) fine sand, damp, SP 

- soft, mottled (loess) 

2 14 2/3 [- 2 2-4, (7.5YR5/3) fine sand with gravel and grey SP 2" s.S 

3/3 [- clay and silt lenses mixed, very strong mottles (ML 

- (till) 

3 14 2/4 |- 4 4-5, as above CL) 

6/6 |- 
- 5-6, yel-brown (7.5YR5/5) med to coarse sand SP 2" Ss 

- stratified w/fine sand © 

4 18 2/4 |[- 6 16-8, brown (7.5YR4/4) fine to med sand, stratified | SP 2" Ss 

4/5 |{- w/ coarse sand lenses, wet, loose (outwash) 

5 17 4/5 |- 8 8-10, brown (7.5YR5/4) med sand with fine sand | SP 2" SS 

6/6 |- and coarse sand lenses, stratified, wet (outwash) 

6 21 2/3 |- 10 110-12, brown (7.5YR5/4) med to coarse sand with} SP 2"SS 

4/5 |{- gravel, stratified, wet, loose (outwash) 

7 16 1 I- 12 |12-14, brown (7.5YR4/4) fine to med sand, SP 2" SS 

2/1 {- stratified w/ coarse sand lenses, wet, loose 

- (outwash) 

8 | 20 2/2. |- 14 |14-16, as above with oxidized very fine sand SP 2" SS 

3/4 |- lenses 14.6-14.8 

9 23 1/1 I- 16 |16-18, brown (7.5YR5/3) fine sand with minor SP 2"SS 

1/1 - med to coarse sand, stratified, wet, soft (outwash) 

10 | 17 Wi |- 18 |18-20, as above, more med sand SP 2" SS 

W1 {- 

| hereby certify that the infp igh orythis form is true and correct to the best of my knowledge. 

lt A Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 

Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

LMC\93C049\GBAPP\67516.61\14000 D-236 | .



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 7-91 | 
BORING NUMBER: BH-15 Page 2 of 2 

SAMPLE U Soil Properties 
Soil/Rock description Ss 

No. | Ree Blow | Depth in and geologic origin for C | Graph] Well | PID/ Std | Met | Lia | Plas | oP RQD/ 
Counts Feet each major unit S_{ Log | Diag} FID | Pntr | Cont] Lim} Lim Comm 

11 | 22 1/2 |- 20 |20-21, as above SP 2" Ss 
Wis |- 

- 21-22, brown (7.ISYR5/4) very fine sand, 
- Stratified, wet, soft (outwash) 

12 | 16 4/2 |- 22 |22-24, grey (2.5Y5/1) very fine sand with coarse | SP 2" SS 
4/4 |- sand lenses at 23.5, stratified, wet, soft (outwash) 

13 | 11 4/5 |- 24 | 24-26, grey (2.5Y5/1) fine to med sand with minor} SP 

5/6 |- gravel, stratified, wet, soft (outwash) 

14 | 24 4/3 |- 26 | 26-28, grey (2.5Y4/1) very fine to fine sand, with | SP 

2/4 I- stratified, wet, soft (outwash) 

15 | 18 2/4 |{- 28 | 28-30, grey (10YR5/2) fine sand w/ stratified, SP 

3/3 [- wet, soft (outwash) 

16 | 19 5/4 |- 30 | 30-32, as above SP 
4/5 |- 

| - 

D-237 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O = Solid Waste 0 Haz. Waste Form 4400-122 7-91 

O Emergency Response O Underground Tanks 
O Wastewater © Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-16 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY : 

Todd Schmanfelt 08/27/98 08/27/98 4% |DHSA _ 

DNR Facility Weil No. WI Unique Well No. | Common Well Name | Final Static Water Level Surface Elevation Borehole Diameter 

1592.44 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 129334.33 N, 228547198 ES/C/N Lat ___N ___E 

SW 1/4 of NE 1/4 of Sectioni7, T35N,R13E Long Feet S Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties . 

Soil/Rock description Ss 

No. Ree Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Mst | Lig | Plas | P RQD/ 

Counts Feet each major unit Ss Log | Diag} FID Cont | Lim] Lim Comm 

1 19 3/3 {- 0-0.9 Dr. brown (10YR2/2) orgainc topsoil OL 140 Ib 

4/5 |- (sandy silt loam) dry hammer 

- 0.9-2 Strong yellow brown (7.5YR5/6) fine sand | SP 2" SS 

- with minor silt, dry 

2 | 24 4/4 }|- 2 |2-2.5 As above 2" SS 

4/4 |{- 2.5-4 Yellow brown (10YR6/5) fine sand with SP 

- minor gravel, damp, soft, stratified (outwash) 

3 }] 23 2/2 |- 4 |4-6 As above, mottled It yellow brown SP 2" SS 

3/4 ‘|- 

4 16 2/3 I- 6 6-8 (10YR6/4) fine to med sand stratified w/ SP 2" Ss 

4/4 |- coarse sand lenses, very damp, gravel, mottled 

- (outwash) © 

5 | 22 2/2 |- 8 18-10 As above, wet at ~9 SP 2° SS 

4/5 |- 

6 17 2/2 {- 10 {10-12 Yellow brown (10YR5/4) med to coarse SP 2" Ss 

3/3 [- sand with gravel, stratified, wet, loose (outwash) 

7 | 24 Wi {- 12 {12-13 As above 2° SS 

1/2 |- 
- 13-14 Dk yellow brown (10YR3/4) coarse Sand | SP 2" SS : 
- with gravel, wet, soft, (outwash) (weathered 

- rock) 

8 | 23 2/2 |{- 14 114-16 As above, very dark in color, weathered, | SP 2" Ss 

1/1 I- coarse, zone? 

9 4 4/4 |- 16 |16-18 Dk grey brown (2.5YR4/2) coarse sand SP 2" SS 

5/6 |- with gravel, stratified, wet, loose 

10; 6 1 f- 18 |18-20 Grey brown (10YR4/2) coarse sand with SP 2"Ss 

1/1 I- gravel, stratified, wet, loose (outwash) 

| hereby certify thatthe jafogmafiop on this form is true and correct to the best of my knowledge. 
/ 

Signature ZL ffl Firm 

te pogo A Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 

Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-238 
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State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 
BORING NUMBER: BH-16 Page 2 of 2 

SAMPLE U Soil Properties 
Soil/Rock description Ss 

No. Ree Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Mst | Ua | Plas | P| RQD/ 
Counts Feet each major unit S | Log | Diag] FID Cont | Lim] Lim Comm 

11 7 1/1 J- 20 |20-22 As above SP 2" Ss 

1 {- 

12 | 13 2/1 {- 22 |22-24 As above, med to coarse sand SP 2" SS 

3/3 {[- 

13] 6 2/2 {- 24 |24-26 No recovery - 

2/1 |- 

14] 14 2/2 |- 26 {26-28 Grey brown (10YR4/2) med sand, wet, SP 2" SS 

2/1 |- stratified (outwash) 

15 | 19 2/3 |- 28 {28-30 As above with fine sand lenses SP 2"SS 

3/4 |- 

16] 6 2 |- 30 {30-32 As above SP 2" Ss 
2/2 |- 

- 

D-239 

LMC\93C049\GBAPP\67521.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 = Solid Waste O Haz. Waste Form 4400-122 7-91 ; 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-17 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY . 

Todd Schmanfelt 08/27/98 08/27/98 4% \DHSA 

DNR Facility Well No. WI Unique Well No. }|Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1585.38 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 126791.61 N, 2284420.79 ES/C/N Lat ___N E 
SW 1/4 of SE 1/4 of Section 17, T35 N, R13 E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties - 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph} Well | PID/ Std | Mst | Lia | Plas | P| RQD/ 

Counts Feet each major unit S | Log | Diag] FID | Pntr} Cont} Lim] Lim Comm 

- 0-0.7 Dk brown (10YR2/2) organic topsoil OL 140 Ib 

- (sandy silt loam) hammer 
- 0.7-2 Yellow brown (7.5YR5/6) fine sand with SP- 2" SS 

- silt (sandy loam) highly oxidized mottled SM 

1 12 2/2. |- 2 {2-3 As above SP 2"SS 

4/5 }|- 
- 3-4 Lt. brown (10YR7/3) fine to med sand, SP 

- stratified with coarse sand lenses (outwash) 

- wet at 3.9 

2 12 2/2 {- 4 4-6 Brown (10YR5/3) med to coarse sand w/ fine | SP 2" SS 
2/4 j- sand lenses, stratified, wet, loose (outwash) 

3 {| 20 4/3 {- 6 6-8 As above SP 2" SS © 
2/2 j- 

4 | 23 1 {- 8 8-10 As above with oxidized lenses SP 2" Ss 
2/2 {- 7.9-9.4, slightly finer 

5 | 24 1/2 |- 10 {10-11 Brown yellow (10YR6/8) fine to med sand, | SP 2" Ss 
2/2 |- stratified, wet, loose (outwash) 

- 11-12 Brown (10YR5/3) med to coarse sand SP 

- Stratified, wet, loose (outwash) 

6 | 20 2/4 |- 12 |12-14 As abaove with minor gravel SP 2" Ss 
4/5 |- 

7 | 16 2/2 |- 14 |14-15.5 As above SP 2" SS 
3/4 |- 

- 15.5-16 Grey brown (10YR5/2) very fine sand, SP 
- wet, soft, massive, (outwash) 

8 | 24 2/1 |- 16 |16-18 Grey brown (10YRS5/2) fine sand, SP 2"Ss 

3/4 ‘|- stratified w/ very fine sand lenses, wet, soft, 
- (outwash) 

9 | 22] 24 |- 18 |18-20 As above SP 2" SS | 
4/5 |- 

| hereby certify that the information on this form is true and correct to the best of my knowledge. . 

Signature Axo Firm 

Lew Cob Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. © 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

LMC\93C049\GBAPP\67522.61\14000 D-240 .



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources Form 4400-122 7-91 
BORING NUMBER: _BH-17 Page 2 of 2 

SAMPLE Soil Properties 

U 
No. | Rec | Blow | Depth in Soil/Rock description S |Grap] Well | PID/ Mst | Liq | Plas RQD/ 

(in) | Counts Feet and geologic origin for C h | Diag} FID Cont | Lim | Lim Comm 
each maior unit S_ | Log 

- 20 

10 4/3 }- 21-23 As above SP 2"°Ss 

4/5 |- 

- 22 

- 24 

11 3/2 |- 25-27 As above, slightly coarser, fine to med w/ | SP 2" Ss 

2/1 I- fine sandlenses — 

- 26 

12 7 27-29 Grey (10YR5/2) fine to med sand w/ coarsq SP 2" SS 

7/3 I- sand lenses, stratified, wet, loose (outwash) 

- 28 

13 3/1 }- 30 |30-32 As above (10YR4/2) with fine sand, SP 2”°Ss 

2 |- minor silt lense 31.5-31.7 (SP- 
- 31.7-32 Grey med sand as above SM) 

- 

LMC\93C049\GBAPP\67522.61\14000 D-241



State of Wisconsin Route to: . SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 | 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-18 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Todd Schmanfelt 08/27/98 08/27/98 4%\|DHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1586.42 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 127537.98 N, 2284761.83 ES/C/N Lat ___ N ___E 

SW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet Ww | 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph| Well | PID/ Sid | Mst | Ug | Plas | P RQD/ 

Counts Feet each maior unit S | Log | Diag} FID Cont | Lim | Lim Comm 

1 22 2/2 |- 0-1 Dk brown (2.5YR2/2) organic topsoil OL 140 Ib 

3/4 |{- (sandy loam) hammer 
- 1-1.4 Yellow brown (7.5YR4/6) silty sand, SP- 2" SS 

- oxidized (sandy loam) SM 
- 1.4-2 Yellow brown (7.5YR5/4) fine to med sand, | SP 
- oxidized, few faint mottles, wet, slightly blocky 

- structure, damp, soft (outwash) 

2 19 1/2 }- 2 2-2.4 Yellow brown (7.5YR1/4) fine-med sand SP 2" SS 

3/2 |- w/ minor gravel, stratified, damp, soft (outwash 

- 2.4-4 Yellow brown (7.5YR6/3) fine to med sand | SP 

- as above 

3 18 3/4 |- 4 {4-6 Lt brown (10YR7/2) med to coarse sand, SP 2"Ss 

4/5 |- mottle at 5.5-5.7, wet at 5.7, wet color (10YR6/3) 
- stratified w/ fine sand lenses (outwash) 

4 | 20 2/3 | - 6 {6-8 Brown (10YR5/3) fine to med sand, stratified | SP 2" Ss 

3/4 |[- w/coarse sand lenses, few faint mottles, wet, 

- soft (outwash) 

5 | 23 1 {- 8 8-10 As above, minor gravel SP 2"°Ss 

3/3 | - 

6 | 24 1/2 |- 10 {10-12 Brown (10YR4/3) med to coarse sand SP 2" SS 

2/3 I - stratified w/fine sand lenses, wet, loose, 

- (outwash) 

7 17 se 12 |12-14 As above, slightly more fine sand lenses | SP 2" SS 

1 {- 

8 0 2/3 I- 14 |14-16 No recovery - fine sand ran out of spoon _ 2" SS 

4/5 |- 

9 | 12 1 |- 16 116-18 Brown (10YR4/3) med to coarse sand SP 2" SS 
1/1 I[- w/fine sand lenses as above 

10 | 16 2/4 I- 18 118-20 Brown (10YR5/3) coarse sand with gravel | SP 2" Ss 
2/2 |- stratified w/ med and minor fine sand lenses, wet, 

- CPC i es i] aire a 

| hereby certify thatthe infgsmatiga opAhis/form is true and correct to the best of my knowledge. 

Signature J ofl Firm 

Ae D0 A ae Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

D-242 

LMC\93C049\GBAPP\67525.61\14000



Department of Natural Resources Form 4400-122 7-91 
BORING NUMBER: BH-18 Page 2 of 2 . 

SAMPLE U Soil Properties 
Soil/Rock description S 

No. Rec Blow | Depth in and geologic origin for C | Graph PID/ Sid | Mst | Liq | Plas | RQD/ 
Counts Feet each major unit S_ | Log g | FID Cont | Lim | Lim Comm 

| 11 1/2 |- 20 {120-22 As above SP 2" SS 

2/2 |- 

12 6/4 |- 22 |22-24 Grey (2.5Y5/1) coarse sand with gravel SP 2" SS 

4/6 |- stratified, wet, loose 

13 2/3 {- 24 124-26 Grey (2.5Y4/1) med to coarse sand SP 2" SS 

4/4 }- stratified, minor gravel, wet, loose 

14 2/7 |- 26 {26-28 As above SP 2" SS 

3/6 {- 

15 Wi {- 28 {28-30 Grey (2.5Y5/1) fine to med sand w/ coarse | SP 2" Ss 
3/2 |- sand lense, wet, stratified (outwash) 

16 11 |- 30 {30-32 As above SP 2" SS 

2/2 {- 

- 32 . 

- 34 

- $6 

- 38 

- 40 

D-243 

LMC\93C049\GBAPP\67525.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources OC Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 2 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H BH-19 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 7 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/26/98 08/26/98 4% \DHSA - 

DNR Facility Well No. WI Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1586.55 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 127616.63 N, 2285675.31 E S/C/N Lat ___N ___E 
SE 1/4 of SE 1/4 of Section 17, T35N, R13 E Lone Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties . 

Soil/Rock description Ss 
No. Blow | Depth in and geologic origin for C |Graph| Welt | PID/ Sta | Mst | Lia | Plas | P| RQD/ . 

Counts Feet each major unit S | Log | Diag] FID Cont | Lim | Lim Comm 

1 21 1/2 |{- 0-0.8 Dk. brown (10YR3/2) organic topsoil OL 300 Ib 

3/4 |- (silt loam), w/ med blocky structure, damp, soft hammer 

- 0.8-2 Yellow brown (7.5YR5/4) fine to med sand | SP 3"SS 
- w/gravel, damp, structureless, stratified, fine, 
- few mottles (outwash) 

2 | 16 Wi |- 2 |2-4 As above, oxidized SP 2%" SS 
2/3 |- 

3 13 11, I- 4 4-6 Yellow brown (10YR5/4) fine to med sand w/ | SP 2° SS 
% - gravel, coarse sand lenses, stratified, damp, 

- loose (outwash) 

4 5 *” - 6 |6-8 Brown (10YR4/4) med sand with gravel, SP 2"°SS 
2/2 {- Stratified, wet at 6’, loose (outwash) © 

| 5 | 12 % |- 8 [8-10 As above SP 2"SS 
2/1 | - 

6 14 1/1 [- 10 {10-12 Brown (10YR4/4) fine to med sand with SP 2" Ss 
1 J- minor gravel and coarse sand lenses, stratified, 

- wet, loose 

7 12 v1 I- 12 |12-14 As above SP 2° Ss 
Ww f- 

8 14 4/4 ]|- 14 | Pound spoon 18" had ~1' blowup in augers 2" SS 
12/- |- 14-15.5 Brown (10YR5/4) fine & med sand with SP 

- minor gravel, stratified, wet, soft 

9 | 17 2/2 |- 16 |16-18 As above SP 2" SS 
5/10 |- 

10 | 4 0/1 I- 18 |18-20 Grey brown (10Y5/2) fine sand w/ med SP 2" SS 
0/1 |- sand lenses, stratified, wet, very soft . 

11 3 0/1 ‘[- 20 | 20-22 As above, fine sand running out of spoon | SP 2° SS 
V2 {- 

| hereby certify thatthe sNformati6n opthis form is true and correct to the best of my knowledge. 

Signature K—/ CY Firm 

ihe Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-244 
LMC\93C049\GBAPP\67550.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natura! Resources Form 4400-122 7-91 | 
BORING NUMBER: BH-19 Page 2 of 2 

SAMPLE U Soil Properties 

Soil/Rock description S 
No. Reo Blow | Depth in and geologic origin for C | Graph] Well | PID/ Std | Mst | Ug | Plas |e RQD/ 

Counts Feet each major unit S Log | Diag} FID Cont | Lim] Lim Comm 

12 9 0/1 - 22 |22-24 As above with coarse sand lense at 24.6 | SP 2"°Ss 

1/2 |- 

13 | 14 1/2 |- 24 124-26 As above, w/ coarse sand lenses SP 2" SS 

4/6 |- (outwash) 

14 9 1/1 - 26 126-28 As above SP 2° Ss 

73 [- | 

15 6 0/1 - 28 {28-30 As above SP 2° Ss 

1/1 - 

- 30 
- E.0.B. 30° 

D-245 

LMC\93C049\GBAPP\67550.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O = Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O _Other Page 1 of 1 | | 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-09 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/26/98 08/26/98 4% \IDHSA 

DNR Facility Well No. WI Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1591.23 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128827.63 N, 2284111.34 ES/C/N Lat N E 
NW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sid | Mst } Lig | Plas | P RQD/ | 

in) | Counts Feet each major unit S | Log | Diag} FID Cont | Lim | Lim Comm 

- 0-15 Blind drill, see boring log BH-9 

- 2 

- 4 

- 6 

- 8 

- 10 

- 12 

- 14 

| oe 

| hereby certify that the jnfo y ation.gn this form is true and correct to the best of my knowledge. 

Signature Cd Gel Firm 
O fé7 Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-24 
LMC\93C049\GBAPP\67555.61\14000 6 |



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 ~=Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response 0 Underground Tanks 

~ O Wastewater O Water Resources 
| O_Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-09P 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/26/98 08/26/98 4%\|IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1591.22 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128827.77 N, 2284111.79 ES/C/N Lat ____N ___E 
NW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoin TWP 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec. Blow | Depth in and geologic origin for C | Graph PID/ Sid | Mst | Lig | Plas) P RQD/ 

Counts Feet each major unit S_ | Log qg | FID Cont j Lim} Lim Comm 

| - 0-35 Blind drill, see boring log BH-9 

- § 

- 10 

- 15 

- 20 

- 25 

- $30 

1 1/1 [- 32-34 Grey (10YR5/1) fine Sand (outwash) 

Wi f- 

| ae 

| hereby certify that the jnformatign gn this form is true and correct to the best of my knowledge. 

t-te fn hee Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

LMC\93C049\GBAPP\67556.61\14000 D-247



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 = Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response O Underground Tanks : 
O Wastewater © Water Resources 

O Other Page 1 of 1 . 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-10 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/26/98 08/26/98 4% \DHSA 

DNR Facility Well No. WI Unique Well No. |Common Well Name __ | Final Static Water Level Surface Elevation Borehole Diameter 

1592.46 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 128524.62 N, 2284996.76 ES/C/N Lat ___N E 

NW 1/4 of SE 1/4 of Section 17, T35N, R13 E Lone Feet S Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description S 

No. Rec Blow | Depth in and geologic origin for C |Graph| Well | PID/ Sid | Mst | Lia | Plas | P| RQD/ 
Counts Feet each major unit S | Log | Diag} FID Cont | Lim} Lim Comm 

- 0-18 Blind drill, see boring log BH-10 

. ‘ 
- 2 

- 4 

- 6 

- 8 

- 10 

- 12 

- 14 

- 16 

- 18 
- E.O.B. 18’ 

| hereby certify that the isformationZpthis form is true and correct to the best of my knowledge. 
. Jp WA . 

Signature CHOAP Firm | 

tact Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-248 
LMC\93C049\GBAPP\67557.61\14000 .



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O = Solid Waste 0 Haz. Waste Form 4400-122 7-91 

O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-11 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/27/98 08/27/98 4% \|D HSA 

DNR Facility Well No. WI Unique Well No. |Common Well Name | Final Static Water Level Surface Elevation Borehole Diameter 

1585.0 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 128234.40 N, 2285323.43 ES/C/N Lat N E 

NE 1/4 of SE 1/4 of Section 17, T35N,R13E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Rac Blow | Depth in and geologic origin for C |Graph| Well | PID/ Sta | Mst | Lia | Plas | P RQD/ 
Counts j| Feet each major unit S | Log | Diag} FID Cont | Lim} Lim Comm 

- 0-15 Blind drill, see boring log BH-11 

- 2 

- 4 

- 6 

- 8 

- 10 

- 12 

- 14 

| oe 

| hereby certify t at the informatio on this form is true and correct to the best of my knowledge. 

rt AA, Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 

Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-249 

LMC\93C049\GBAPP\67560.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 = Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response O Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-11P 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/27/98 08/27/98 4% \IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 128240.76 N, 2285325.07 ES/C/N Lat N E : 
NE 1/4 of SE 1/4 of Section 17, T 35N,R13E Long Feet S Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln c 

SAMPLE U Soil Properties 

Soil/Rock description Ss | 
No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sid | Mst | Lig | Plas | P RQD/ 

Counts Feet each maior unit S | Log | Diag{ FID Cont | Lim | Lim Comm 

- 0-36 Blind drill, see boring log BH-11 

- § 

- 10 

- 15 

- 20 

- 25 

- 30 

- 35 7 

- E.O.B. 36' 
| 

- 40 

| hereby certify that the information opsthis form is true and correct to the best of my knowledae. 

Signature SLA AG Firm 

te Kine Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-250 
LMC\93C049\GBAPP\67561.61\14000 .



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources 0 —Solid Waste O Haz. Waste Form 4400-122 7-91 

O Emergency Response O Underground Tanks | 

O Wastewater © Water Resources 
O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H | MWH-13 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/27/98 08/27/98 4% ID HSA 

DNR Facility Well No. WI Unique Well No. |Common Well Name | Final Static Water Level Surface Elevation Borehole Diameter 

1594.42 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 130355.72 N, 2285041.29 ES/C/N Lat ___N ___E 

SW 1/4 of NE 1/4 of Section 17, T35N,R13E Long Feet S Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Fac Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sta | Mst } Lia | as | P| RQD/ 

Counts Feet each maior unit S | Log | Diag] FID Cont | Lim | Lim Comm 

- 0-16 Blind drill, see boring log BH-13 

- 2 

- 4 

- 6 

- 8 

- 10 

- 12 

- 14 

- 16 
- E.0.B. 16° © 

| hereby certify trap the formation optthis form is true and correct to the best of my knowledge. 

Signature JAIAZEZ Firm 
ted Let; Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 

Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-251 

LMC\93C049\GBAPP\67562.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O = Solid Waste O Haz. Waste Form 4400-122 7-91 

O Emergency Response O Underground Tanks 

~ O Wastewater O Water Resources 
O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-14 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Todd Schmanfelt 08/26/98 08/26/98 4% \IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name | Final Static Water Level Surface Elevation Borehole Diameter 

1588.69 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 127088.73 N, 228444446 ES/C/N Lat ___N E 

SW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Rec Blow | Depth in and geologic origin for C | Graph] Well | PID/ Std | Mst | Lig | Plas | P RQD/ 

Counts Feet each major unit S | Log | Diag} FID Cont | Lim} Lim Comm 

- 0-16 Blind drill, see boring log BH-14 

- 2 

- 4 

- 6 

- 8 
8 

- 10 

- 12 

- 14 

- 16 
- E.0.B. 16° 

| hereby certify thatthe information gpAthis Jefm is true and correct to the best of m knowledge. _ 

Signature KZSLEES/ Firm 
oy 

BEL Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-252 
LMC\93C049\GBAPP\67565.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response © Underground Tanks : 
O Wastewater O Water Resources 

} O Other Page 1 of 1 

© Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-15 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Todd Schmanfelt 08/27/98 08/27/98 4%\DHSA 

DNR Facility Well No. Wi Unique Well No. {Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

| 1588.76 8% in 

Boring Location Local Grid Location (if applicable) 
State Plane 127542.29 N, 2284156.78 ES/C/N Lat ____N ae = 

SW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Rec Blow | Depthin and geologic origin for C | Graph | Well | PID/ Sia | Mst | Lia | Plas) RQD/ 

Counts Feet each major unit S | Log | Diag| FID Cont | Lim] Lim Comm 

- 0-16 Blind drill, see boring log BH-15 

| - 2 

- 4 

- 6 

- 8 

- 10 

- 12 

- 14 

- 16 

- E.0.B. 16' 

| hereby certify thatthe ip sor prS86n ot his form is true and correct to the best of my knowledge. 

Cat, Lf Foth & Van Dyke 

This form is authorized byChapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D~-253 
LMC\93C049\GBAPP\67567.61\14000



State of Wisconsin Route to: SOIL BORING LOG INFORMATION . 

Department of Natural Resources 0 — Solid Waste O Haz. Waste Form 4400-122 7-91 . 

O Emergency Response © Underground Tanks 
O # Wastewater © Water Resources 

O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-16 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY : 

Mike Mueller 08/27/98 08/27/98 4% \IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1592.92 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 129341.85 N, 2285471.77 ES/C/N Lat N E 

SW 1/4 of NE 1/4 of Section 17, T35N,R13E Long Feet S Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoin | 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Rec Blow | Depth in and geologic origin for C | Graph| Well | PID/ Std | Mst | Lig | Plas | P RQD/ 

Counts Feet each maior unit S | Log | Diag} FID Cont | Lim] Lim Comm 

- 0-16 Blind drill, see boring log BH-16 

- 2 Se, 

- 4 

- 6 

- 8 

- 10 

- 12 : 

- 14 

- 16 
- E.O.B. 16 

| hereby certify that thesnforpration gh this form is true and correct to the best of my knowledge. 

Signature CASI! Firm 

(L4db he Foth & Van Dyke 
This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 

Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

D-254 
LMC\93C049\GBAPP\67568.61\14000 

.



State of Wisconsin Route to: | SOIL BORING LOG INFORMATION 

Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 7-91 
O Emergency Response © Underground Tanks 
O Wastewater O Water Resources 

O Other Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H MWH-19 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

Boart Longyear MM/DD/YY MM/DD/YY 

Mike Mueller 08/26/98 08/26/98 4%\IDHSA 

DNR Facility Well No. WI Unique Well No. | Common Well Name | Final Static Water Level Surface Elevation Borehole Diameter 

1586.24 8% in 

Boring Location Local Grid Location (if applicable) 

State Plane 127614.63 N, 2285679.80 ES/C/N Lat ___N E 

SE 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Town of Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Rec | Blow | Depth in and geologic origin for C | Graph] Well | PID/ Sta | Mst | Lia | Plas | P ROQD/ 
Counts Feet each major unit S | Log | Diag} FID Cont | Lim | Lim Comm 

- 0-16 Blind drill, see boring log BH-19 

- 2 

- 4 

- 6 

- 8 

- 10 

- 12 

- 14 

- 16 
- E.0.B. 16' 

| hereby certify thatttp infefination of thisTorm is true and correct to the best of my knowledge. 

4 te A ZZ Foth & Van Dyke 

This form is authorized by Chapters 114.147 and 162, Wis. Stats. Completion of this report is mandatory. 
Penalties: Forfeit not less than $10 nor more then $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or 
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 114.06, Wis. Stats. 

x D- 
LMC\93C049\GBAPP\67569.61\14000 299



State of Wisconsin | WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME ___ Crandon Mine | 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-01 | Forest 
[leg Present Well Owner 

___W/4of ___._ 1/4of Sec. ____ :T. _ __N:R.___ LJ] w Crandon Mine | 
(If Applicable) Street or Route 

—________ Gov't Lot —_________ Grid Number 
Grid Location City, State, Zip Code 

_ ft LIn Cs, art Oe Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-01 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 07/20/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) =. 

(Dae) Pump & Piping Removed? = L] Yes L] No [&X Not Applicable 
Liner(s) Removed? Cl yes LJ No &X Not Applicable 

LC] Monitoring Well Construction Report Available? Screen Removed? Cl yes LI No & Not Applicable 

L] Water Well X ves (CJ No Casing Left in Place? KX) yes LJ No 

(_] Drilthole IfNo,Explan 20. 
XX) Borehole eee 

Was Casing Cut Off Below Surface? CL] yes () No 

Construction Type: Did Sealing Material Rise to Surface? KX yes CI No 

XX prilled LJ Driven (Sandpoint) (] Dug Did Material Settle After 24 Hours? LJ] yes &K No 
L] Other (Specify) —- If Yes, Was Hole Retopped? CL] yes LJ No 

(5) Required Method of Placing Sealing Material 

5 nen Type: ie XX) Conductor Pipe - Gravity LJ) Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock [] Dump Bailer (-] Other (Explain) 

Total Well Depth (ft) = Casing Diameter (in.) (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —___—— LJ Neat Cement Grout monitoring well boreholes only 

(_] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) .2-__ J Concrete | CJ Bentonite Pellets 

CJ Clay-Sand Shurry | (] Granular Bentonite 

Was Well Annular Space Grouted? C] Yes LJ No CJ Unknown (_] Bentonite-Sand Slurry ! _] Bentonite-Cement Grout 
If Yes, To What Depth? crs Feet (] Chipped Bentonite 

(7) . . pi. ; 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Benonite Grout Surface | 80. 3 Bags 

(8) Comments — 

(9) Name of Person or Firm Doing Sealing Work COV See REN RCO UN a SURE en akan 
BOART LONGYEAR te eee oi mien a 4 Signature of Pggon Doing Werk | Dar Sppes Sco erie tees ee ae 

t-£3-96 Reviewers eee eee leone ori 

101 ALDERSON ST., P.O. BOX 109 715-359-7090 Followaiipi Netnsmmreene  f  eee 
: : BGs Sei RE RR RTE ee ae & ee Cy Nae yo & ey 

City, State, Zip Code D-25¢ CPS Re ee ee a eee 

SCHOFIELD, WI 54476 

DNR/COUNTY



é . e 

. State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. 
Code, whichever is applicable. - 

1) GENERAL INFORMATION | 2) FACILITY NAME __ Crandon Mine 
© Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-02 | Forest 
[leg Present Well Owner 

____W4of __. 4 of Sec. ___ :T. ____N;R.___ [LJ w Crandon Mine 
(If Applicable) Street or Route 

aC Govit Lot SCO“ rid Number 
Grid Location City, State, Zip Code 

_  _f On Us, —_ i -# Ue Uw. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-02 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/03/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION ___ 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) — 
(Date) Pump & Piping Removed? Cl yes CI No & Not Applicable 

Liner(s) Removed? Cl yes LJ No & Not Applicable 

C] Monitoring Well Construction Report Available? Screen Removed? Cl yes LI No & Not Applicable 

L] Water Well KX] yes (CJ No Casing Left in Place? XX) Yes CL) No 

(J Dritthole IfNo, Explan 
XX] Borehole a 

Was Casing Cut Off Below Surface? C] yes CJ No 
Construction Type: Did Sealing Material Rise to Surface? XJ yes CL) No. | 

XX! Drilled (] Driven (Sandpoint) LO Dug Did Material Settle After 24 Hours? C] yes J No 

L] Other (Specify) 0 If Yes, Was Hole Retopped? (J yes LJ No 

© F onT (5) Required Method of Placing Sealing Material 
rm: : . . . 

5 ation ype = DJ Conductor Pipe - Gravity (_] Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock [] pum p Bailer C other (Explain) 

Total Well Depth (ft) __—»- Casing Diameter (in.) ~W- (6) Sealing Materials For monitoring wells and 

_ From groundsurface) Casing Depth (ft.) —__—_ (] Neat Cement Grout monitoring well boreholes only 
(] sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——____ LJ Concrete | _] Bentonite Pellets 
CJ Clay-Sand Slurry | (_] Granular Bentonite 

Was Well Annular Space Grouted? C] Yes CJ No CJ Unknown C] Bentonite-Sand Slurry ! C] Bentonite-Cement Grout 

. If Yes, To What Depth? ——________—__ Feet XI Chipped Bentonite 

(7) . . . . . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 7 Bags 

a 

(8) Comments WWW 

BOART LONGYEAR Date Received/Inspected:s 5.» 7, |Distriet/Countysw, se) 
i ; I ND IE a ay 

Signature Af Person Pret Date Signed a ON ee 
: -||- eviewer/Inspectors: 2 A «2 Gomolvma Work ae 

101 ALDERSON ST., P.O. BOX 109 ___| 715-359-7090 Followe-tip Necessary (| a 
City, State, Zip Code ees Ce 

SCHOFIELD, WI 54476 D-2957 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT ; 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-03 | Forest 
[JE Present Well Owner 

—._/4of ___ 1/4 of Sec. ____s wT. ENR. sd Crandon Mine - 
(If Applicable) Street or Route 7 

—___ SC Gov't Lot —___ SO Grid Number 
Grid Location City, State, Zip Code 

—_____f.0UIn Os. _serft Oe Ow Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-03 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 07/21/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Piping Removed? = L] yes L) No & Not Applicable 

Liner(s) Removed? LI] Yes CL] No XX) Not Applicable 
C] Monitoring Well Construction Report Available? Screen Removed? Cl} yes LI No & not Applicable 
L) Water Well KJ yes (CJ No Casing Left in Place? XX) Yes (1) No 
LJ Dritthole IfNo,Explan 
XJ Borehole a 

Was Casing Cut Off Below Surface? CL] yes 1 No 
Construction Type: Did Sealing Material Rise to Surface? X yes LJ No | 
J Drilled ] Driven (Sandpoint) _] Dug Did Material Settle After 24 Hours? CJ Yes & No 
[_] Other (Specify) __—“‘“‘C:*s*sCS If Yes, Was Hole Retopped? CJ Yes LC No 

(5) Required Method of Placing Sealing Material 

5 nen Type: 0 XX] Conductor Pipe - Gravity LJ Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock CT] Dump Bailer [] Other (Explain) 

Total Well Depth (ft) .----—S— Casing Diameter (in.) --___ (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) ——_—_. [_] Neat Cement Grout monitoring well boreholes only 
L_] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) .-__ (-] Concrete ! (_] Bentonite Pellets 

LJ Clay-Sand Sturry | ] Granular Bentonite 
Was Well Annular Space Grouted? CJ) yes LJ No CO Unknown (_] Bentonite-Sand Slurry | (_] Bentonite-Cement Grout 

If Yes, To What Depth? —_________ Feet XK Chipped Bentonite 

(7) . . oo. . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 12 Bags 

a 

(8) Comments —W We 

(9) Name of Person or Firm Doing Sealing Work ORE an es: UicuamC ne ae 
BOART LONGYEAR eo ee ee ee Dg 

8-18 Rie Rie SS RUBE yon 4 Street or Route Telephone Number SO ee |e mes 
By RN ar EE ig Ce AO Ree NIA TOE ee aie ae ie are 

101 ALDERSON ST., P.O. BOX 109 715-359-7090 ete bo emer ee ge ee City, State, Zip Code De CES Eee Tae eee 
SCHOFIELD, WI 54476 4 

DNR/COUNTY



- State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-04 | Forest 
Cle Present Well Owner 

____ i/4of ___ 1/4 of Sec. ___ ;T. N;R, __ LI] w Crandon Mine 
(If Applicable) Street or Route 

—__ CGO 't Lot SC Grid Number 
Grid Location City, State, Zip Code 

rn Os, — tr Oe Uw. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-04 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/03/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 

(Date) Pump & Piping Removed? CL] ves LJ] No [&X Not Applicable 

Liner(s) Removed? Cl] Yes LJ No & Not Applicable 

C Monitoring Well Construction Report Available? Screen Removed? Cl Yes LI No & Not Applicable 

(] water Well XX] yes (LJ No Casing Left in Place? XJ ves CL] No 

(} pDrilthole IfNo,Explan SSS 
XX] Borehole ——— 

Was Casing Cut Off Below Surface? CL) yes LI No 

Construction Type: Did Sealing Material Rise to Surface? XJ yes LJ No 

X) Drilled (_] Driven (Sandpoint) (J Dug Did Material Settle After 24 Hours? LJ Yes KI No 
(-] Other (Specify) —- If Yes, Was Hole Retopped? C] ves L] No 

(5) Required Method of Placing Sealing Material 

St ation Type: = DX) Conductor Pipe - Gravity CL} Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock C1] pum p Bailer C1] Other (Explain) 

Total Well Depth (ft) .--+-_-.—Ss=—- Casing Diameter (in.) (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —___—- (_] Neat Cement Grout monitoring well boreholes only 
(-] sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——___ L) Concrete | _] Bentonite Pellets 
LJ Clay-Sand Slurry | (_] Granular Bentonite 

Was Well Annular Space Grouted? C] yes LJ No CJ Unknown (] Bentonite-Sand Slurry | (_] Bentonite-Cement Grout 

(7) , , , 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 11 Bags 

eee 

(8) Comments WWW 

(9) Name of Person or Firm Doing Sealing Work (10): <2 FOR DNR OR COUNTY USE ONLY: 382.0000) 
BOART LONGYEAR Date Received/Inspected 3% 4.74, © |District/County4 gy 

Ve BH Reviewsnpesin 5 |] Comlving Works 2g 
© Street or Route Telephone Number ee ee’ NT | Noncomplying Work 

SCHOFIELD, WI 54476 D-249 
DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
_ Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-05 | Forest 
(JE Present Well Owner 

_ W4of ___ 1/4 of Sec. -T. —_N:R. [|] w Crandon Mine | 
(If Applicable) Street or Route 

_____ Gov't Lot ——____________._ Grid Number 
Grid Location City, State, Zip Code 

___eratin Cis, —  v~*r Oe Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-05 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 07/20/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION | 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Piping Removed? Cl yes LJ No & Not Applicable 

Liner(s) Removed? C) Yes OC No < Not Applicable 

OC) Monitoring Well Construction Report Available? Screen Removed? Ll yess LI No & Not Applicable 

LJ Water Well KX] yes (J No Casing Left in Place? XX) ves LI No : 

(] Drilthole IfNo,Explan . 
XJ Borehole SSF 

Was Casing Cut Off Below Surface? [] ves LJ No 

Construction Type: Did Sealing Material Rise to Surface? XK] Yes LJ No 

XX] Drilled (] Driven (Sandpoint) CJ Dug Did Material Settle After 24 Hours? LJ ves &X No | 
L] Other (Specify) — If Yes, Was Hole Retopped? CL} ves LJ No 

(5) Required Method of Placing Sealing Material 

5 User Type: r KI Conductor Pipe - Gravity LJ Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock CT Dump Bailer (1 Other (Explain) 

Total Well Depth (ft) .s»=-_—S=—- Casing Diameter (in.) .__ (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —___— L] Neat Cement Grout monitoring well boreholes only 

L] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) — _] Concrete [_] Bentonite Pellets 
| , 

C] Clay-Sand Slurry ! (_] Granular Bentonite 
Was Well Annular Space Grouted? LC} yes LJ No LJ Unknown (J Bentonite-Sand Slurry | (_] Bentonite-Cement Grout 

If Yes, To What Depth? —______ Feet XX) Chipped Bentonite 

(7) . . 7. . 
Sealing Material Used From (Ft) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 12 Bags 

(8) Comments WH 

(9) Name of Person or Firm Doing Sealing Work (io 7 es ON ee SONY een, 

BOART LONGYEAR Date RECEI Ved SOCeMaIe eg 2 IDISIIC/CANty eee 
ES ee I ee ee 

ak Sak CARGLY (cee rd CR SRM. ag BT} SN NORE TG 

-29-I8 Reviewerllnspist iy eral tee 2 cee ee ie ae 
Street or Route Telephone Number a ee ei aN ene | 

NAGA Oe A a ee 101 ALDERSON ST., P.O. BOX 109 715-359-7090 Follow tae PE cag NO daaee ee ee 
City, State, Zip Code 2 S|. i ere 
SCHOFIELD, WI 54476 D-26¢ 

DNR/COUNTY



. State‘of Wisconsin. WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-06 | Forest 
[JE Present Well Owner 

____W/4of ____ 1/4of Sec. ____ 5 T. ____N;:R.__ CL) Ww Crandon Mine 
(If Applicable) Street or Route 

—_____— Gov't Lot Grid Number 
Grid Location City, State, Zip Code 

_  _fCIn Cis, .  ~# UF Ulw. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-06 
Street Address of Well . Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/03/98 
_WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
| (Date) Pump & Piping Removed? Cl yes LI No & Not Applicable 

Liner(s) Removed? CL} yes LJ No XX) Not Applicable 

C] Monitoring Well Construction Report Available? Screen Removed? Cl Yes LI No & Not Applicable 

] Water Well Kl yes (CJ No Casing Left in Place? XJ) yes LJ No 

L} Dritthote IfNo, Explan 

Was Casing Cut Off Below Surface? LC) ves LJ No 

Construction Type: Did Sealing Material Rise to Surface? KI yes LJ No 

XX) Drilled (J Driven (Sandpoint) (J Dug Did Material Settle After 24 Hours? CL] yes & No 
LJ Other (Specify) — If Yes, Was Hole Retopped? C] ves CL) No 

(5) Required Method of Placing Sealing Material 

5 User Type: 0 XJ Conductor Pipe - Gravity (] Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock [] Dump Bailer CJ other (Explain) 

Total Well Depth (ft) ..ttt.. Casing Diameter (in.) — WH ~~~ (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) a [_] Neat Cement Grout monitoring well boreholes only 

(J sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——_____ (J Concrete | _] Bentonite Pellets 
CJ Clay-Sand Slurry | (J Granular Bentonite 

Was Well Annular Space Grouted? CJ yes CL) No LC) Unknown (] Bentonite-Sand Slurry | (] Bentonite-Cement Grout 

If Yes, To What Depth? —_—___________——_ Feet XX) Chipped Bentonite 

(7) . . op . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 6 Bags 

a 

(8) Comments WW 

(9) Name of Person or Firm Doing Sealing Work (10); FOR DNR OR COUNTY USE ONLY 3))e.7 800. 

Signature of Porson Doife™ EL __ ay Signed Oe ee 

13 Se ee ee | come Wot 
© Street or Route } Telephone Number i OP Oa hoe eo lL|© Noncomplying Work) 

101 ALDERSON ST., P.O. BOX 109 _| 715-359-7090 Followsup Necessary. 0 7 “Ws g | en es 
City, State, Zip Code EEE III I gE I a 

° —_ CJ 

SCHOFIELD, WI 54476 D-261 
DNR/COUNTY



_ State ‘of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources . Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. 
Code, whichever is applicable. _ 

1) GENERAL INFORMATION 2) FACILITY NAME ___ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-07 | Forest 
[le Present Well Owner 

_._W/4of ____ 1/4 of Sec. ___. ; T. ____N:R.___ CL w Crandon Mine 
(If Applicable) Street or Route 7 

SC Gov't Lot Grid Number 
Grid Location City, State, Zip Code 

_ itt in Os, — wr De Ow Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-07 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/04/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Piping Removed? CL] yes L] No & Not Applicable | 

Liner(s) Removed? LC] yes LJ No & Not Applicable 
CJ Monitoring Well Construction Report Available? Screen Removed? CJ yes L) No & Not Applicable 

(_] Water Well Xx] yes (CJ No Casing Left in Place? X) Yes LJ No 

LC] prilthole IfNo,Explan oe 

Was Casing Cut Off Below Surface? C] yes LJ No 

Construction Type: Did Sealing Material Rise to Surface? XX yes LI No 

XX Drilled CL) Driven (Sandpoint), C] Dug Did Material Settle After 24 Hours? CL) ves & No 

LJ Other (Specify) —u If Yes, Was Hole Retopped? CJ] ves LI No 

(5) Required Method of Placing Sealing Material 

7 5 Onan Type: 0 XX Conductor Pipe - Gravity LJ Conductor Pipe - Pumped 
: Unconsolidated Formation Bedrock a Dump Bailer C1 Other (Explain) 

Total Well Depth (ff) .t=+=-_—-—- Casing Diameter (in.) WE (6) Sealing Materials For monitoring wells and 

| (From groundsurface) Casing Depth (ft.) ——__ LJ Neat Cement Grout monitoring well boreholes only 

(] sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) —_____ L] Concrete | (_] Bentonite Pellets 

C) Clay-Sand Slurry | (_] Granular Bentonite 
; Was Well Annular Space Grouted? LJ yes LJ No (J unknown (_] Bentonite-Sand Slurry | [_] Bentonite-Cement Grout 

If Yes, To What Depth? ——_—___________ Feet X Chipped Bentonite 

(7) . , . . , 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips | Surface 6 Bags 

AA TS Se SSS SSS SS SSS Ss se hh SS hh ep a Pu si DS 

(8) Comments —WW 

(9) Name of Person or Firm Doing Sealing Work (10) 2 FOR DNR OR: COUNTY USE, ONLY (85) o>) 
BOART LONGYEAR Date Received/Inspected =, | District/County, 

Signature of ya Doingetilark aie 2 ee 
\-"1% Revver Inspector LI Complyme Work 

101 ALDERSON ST., P.O. BOX 109 _| 715-359-7090 Followcup Necessary) 2 [a ee a : [. 2+ #3 #7#7&7&=&237;7:::CCCOC)OCCCOClrl City, State, Zip Code D-262 SU Ga CE ON ee 

SCHOFIELD, WI 54476 : 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
Well/Drillhole/Borehole _ County Original Well Owner (If Known) 

Location BH-08 | Forest 
[JE Present Well Owner 

____I4of ____ 1/4 of Sec. ___ ;T. ____N:R._____ C) w Crandon Mine 
(If Applicable) Street or Route 

ee ——— ~—GOV't Lot TT ~6Grid Number 
Grid Location City, State, Zip Code 

_  _f#f[in Cis, — «Le Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-08 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/05/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) Hse 
(Date) Pump & Piping Removed? LJ yes LI No &XI Not Applicable 

" Liner(s) Removed? Cl yes LI No & Not Applicable 

C] Monitoring Well Construction Report Available? Screen Removed? CL] yes LI No & Not Applicable 

CJ water Well XX) Yes (J No Casing Left in Place? XJ Yes LJ No 

CL] prilthole IfNo, Explan eee 
J Borehole i 

Was Casing Cut Off Below Surface? CL) yes CL) No 

Construction Type: Did Sealing Material Rise to Surface? XX) yes L) No 

XX Drilled (] Driven (Sandpoint) CL) pug Did Material Settle After 24 Hours? CL) ves & No 
CJ Other (Specify) ou If Yes, Was Hole Retopped? C1) yes LJ No 

F ‘on T | (5) Required Method of Placing Sealing Material 

5 ten ype: 0 XJ Conductor Pipe - Gravity CL] Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock CJ Dump Bailer CJ Other (Explain) 

Total Well Depth (ft) ._tt-+==—Ss—s- Casing Diameter (in.) Ws (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —__—— LJ Neat Cement Grout monitoring well boreholes only 

(_] sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) —___— CJ Concrete | L] Bentonite Pellets 
C) Clay-Sand Slurry | (J Granular Bentonite 

Was Well Annular Space Grouted? LJ Yes L] No (CJ Unknown (_] Bentonite-Sand Slurry | [_] Bentonite-Cement Grout 

If Yes, To What Depth? —___________—_ Feet ix] Chipped Bentonite 

(7) . ; a. , 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 7 Bags : 

eee ee 

(9) Name of Person or Firm Doing Sealing Work | (10). 2 FOR DNR OR COUNTY. USE ONLY) itis 
BOART LONGYEAR Date Received/Inspected) 23) 4, #2 |District/County 4 ya : ee 

Signature of Jerson Dodge ork Pa ee 
3 NW-A8 Reviewer/inspectors eyeerieeias([_]< Complying Works 0 

@ Street or Route Telephone Number we ta 1 | Noncomplying Work 

| 101 ALDERSON ST., P.O. BOX 109__| 715-359-7090 Follow-up Necessary) [07 ue Tel 
: : PES AIO GMOs gee ee ee ee 

City, State, Zip Code a eee oe ea 

SCHOFIELD, WI 54476 D-268B 

DNR/COUNTY



- State of Wisconsin 7 WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME _ Crandon Mine : 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-09 | Forest 
[leg Present Well Owner 

_._I/4of_ ____ 1/4 of Sec. ___ :T. ____N;:R.____ LI w Crandon Mine 
(If Applicable) Street or Route 

CC GV't Lot Grid Number 
Grid Location City, State, Zip Code 

_ eft Cn Cs. ______f Cle Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-09 
Street Address of Well Reason For Abandonment 

Test Boring | 
City, Village Date of Abandonment 

Crandon 08/05/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 

(Date) He Pump & Piping Removed? Cl yess LI No & not Applicable 
. | Liner(s) Removed? LC] Yes LJ No & Not Applicable 

C Monitoring Well Construction Report Available? Screen Removed? CL] yes CJ No ©] not Applicable 
(] Water Well Kl yes (J No Casing Left in Place? XX] yes (J No 

C) prilthole IfNo,Explan si‘ 
Xx) Borehole eee 

Was Casing Cut Off Below Surface? C] yes 1 No 

Construction Type: Did Sealing Material Rise to Surface? XX) ves LI No 

XX Drilled C) Driven (Sandpoint) CO Dug Did Material Settle After 24 Hours? C] Yes &X No 

(J Other (Specify) — If Yes, Was Hole Retopped? ~~ OC) Yes CJ No 

F (5) Required Method of Placing Sealing Material 

Bl trees Type: C] Bedrock XJ Conductor Pipe - Gravity J Conductor Pipe - Pumped 
Unconsolidated Formation Bedroc Clb ump Bailer C other (Explain) 

Total Well Depth (ft) __-_._ Casing Diameter (in.) — HW (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) a LJ Neat Cement Grout monitoring well boreholes only 

(_] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——_____ [] Concrete | [_] Bentonite Pellets 

C) Clay-Sand Slurry | (] Granular Bentonite 
Was Well Annular Space Grouted? CJ) ves LJ No CJ Unknown C Bentonite-Sand Slurry | (-] Bentonite-Cement Grout 

(7) . . a . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips | Surface 6 Bags 

Sia a eR SS Sy Sat Sass SASS SSS SS S/S shu TUS he ESS DO SSS eset a i SS SSSA 

(8) Comments Wee 

(9) Name of Person or Firm Doing Sealing Work (10). =e “FOR DNR OR COUNTY USE ONLY 9.8 

BOART LONGYEAR Date Received/Inspected: «| [District/County 3 a 

— WD EO ome ec despa hd a agi ins BU eaibtey Made Meas Deg eM SES OE a Se gees rd as tagged a na 

7 g ¥ Reviewer/Inspector. : |_|. -Complymg Work) 

Street or Route Telephone Number ce LJ Noucomplying Work» © 
101 ALDERSON ST, P.O.BOX 109 __| 715-359-7090 Follow-up Necessary" 9 a ae | 

City, State, Zip Code Oe Se ee 
SCHOFIELD, WI 54476 4 

DNR/COUNTY ;



o . | 
a State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 

Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
| Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-10 | Forest : 7 
[JE Present Well Owner 

—— _l4of ___ I/4of Sec. ____ :T. ___Nn:R.___ LI w Crandon Mine 
(If Applicable) Street or Route 

SS Gov't Lot = Grid Number 
Grid Location City, State, Zip Code 

_.._f0in Os, — v~t Oe Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-10 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon | 08/05/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION _ ° 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 

(Dae) _ ——C—C—C“‘SsSsSsSsS—‘“‘“‘i; Pump & Piping Removed? LJ Yes L] No [& Not Applicable 
Liner(s) Removed? Ll yes LI No Kl Not Applicable 

CJ Monitoring Well Construction Report Available? Screen Removed? Ll yes CL) No & Not Applicable 

L] Water Well XI Yes LJ No Casing Left in Place? XI Yes LJ No 

(_] Dritthole IfNo,Explan oC 
XJ Borehole ee 

Was Casing Cut Off Below Surface? CL) yes L) No 

Construction Type: Did Sealing Material Rise to Surface? XX) ves CL) No 

XX) Drilted L} Driven (Sandpoint) LC Dug Did Material Settle After 24 Hours? C] ves & No 

(] Other (Specify) — If Yes, Was Hole Retopped? LI Yes CL No 

(5) Required Method of Placing Sealing Material 

5 Uren Type: 0 XX] Conductor Pipe - Gravity C) Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock C] Dump Bailer CI] Other (Explain) 

Total Well Depth (ft) _tt-==——s—: Casing Diameter (in.) WH (6) Sealing Materials For monitoring wells and 
(From groundsurface) Casing Depth (ft) = — ~~ (_] Neat Cement Grout monitoring well boreholes only 

(_] sand-Cement (Concrete) Grout 
Lower Drillhole Diameter (in.) C] Concrete | C) Bentonite Pellets 

C) Clay-Sand Slurry | ] Granular Bentonite 

Was Well Annular Space Grouted? CJ yes CJ No (1) Unknown (] Bentonite-Sand Slurry | (] Bentonite-Cement Grout 
If Yes, To What Depth? —_—______________. Feet XK Chipped Bentonite 

(7) . . . , , 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 8 Bags 

(8) Comments WWW 

(9) Name of Person or Firm Doing Sealing Work (10) 2) FOR DNR OR COUNTY USE-ONLY.2) e076 

BOARTLONGYEAR , Po cece ree | SMES oun 

a Se ee ae ae © Complying Work 3 
© Street or Route Telephone Number AL J 2 Noncomplying Works 

City, State, Zip Code D 2 , 5 CES Pe Ha oe ee 
am ZU 

SCHOFIELD, WI 54476 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. : 
Code, whichever is applicable. ; 

1) GENERAL INFORMATION 2) FACILITY NAME ___ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-11 | Forest 
[leg Present Well Owner 

_._W/4of _____ 1/4of Sec. ___ :T. ___N:R.___ LJ w Crandon Mine 
(If Applicable) Street or Route 

Gov't Lot ——__________._ Grid Number 
Grid Location City, State, Zip Code 

—_____ _f Un Os. ___ rt Cle Ow. Crandon, WI 
Civil Town Name . Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-11 
Street Address of Well | Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/24/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 4.0 __ 
(Date) Pump & Piping Removed? Cl] yes LJ No & Not Applicable 

Liner(s) Removed? CLC] yes LI No & Not Applicable 

[-] Monitoring Well Construction Report Available? Screen Removed? C] yes L) No &X Not Applicable - g Pp Pp 
C] Water Well XX] yes LJ] No Casing Left in Place? XX] yes LJ No 
L] Drilthole IfNo,Explan 
J Borehole - " eee 

Was Casing Cut Off Below Surface? [J ves CJ No 

Construction Type: Did Sealing Material Rise to Surface? X] yes CJ No 

XX] Drilled CJ Driven (Sandpoint) C) Dug Did Material Settle After 24 Hours? CL] ves & No 

CJ Other (Specify) If Yes, Was Hole Retopped? LC] ves LI No 

| (5) Required Method of Placing Sealing Material ©} 
5 Une Type: O XX Conductor Pipe - Gravity [J Conductor Pipe - Pumped 

Unconsolidated Formation Bedrock CC Dump Bailer C] other (Explain) 

Total Well Depth (ft) _..._ Ss Casing Diameter (in.) (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —_—_—_— [_] Neat Cement Grout monitoring well boreholes onl g y 
(] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) —______ CL] Concrete | (_] Bentonite Pellets 

CJ Clay-Sand Slurry | CI] Granular Bentonite 
Was Well Annular Space Grouted? LJ Yes C] No C] Unknown [J Bentonite-Sand Slurry | [] Bentonite-Cement Grout 

If Yes, To What Depth? Feet EX) Chipped Bentonite 

(7) , . _ . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 6 Bags 

(8) Comments —WW 

(9) Name of Person or Firm Doing Sealing Work (10)... 5 FOR DNR OR COUNTY USE ONEY (8% <s 
BOART LONGYEAR Dae Rese vedlsperisiaerea: < [Decoys 
Signature %f Person Doing Lt __ OPFOR 2 ee 

Réeviewéer/InsnectOr ee ae a 

d Se ee | Compine Woks 
Street or Route Telephone Number ee ee L |p Noncomplying: Work. % © oA AULD: re PQCAT ye eo OE a ee 

101 ALDERSON ST., P.O. BOX 109 715-359-7090 Oty cee eee oe eee 
City, State, Zip Code D-266 CO Mg 

— () 

SCHOFIELD, WI 54476 

DNR/COUNTY



State of Wisconsin 
WELL/DRILLHOLE/BOREHOLE ABANDONMENT Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. . Code, whichever is applicable. 
1) GENERAL INFORMATION 2) FACILITY NAME Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

LIE Present Well Owner 

—._/4of ___. 1/4of Sec. ____:T._ nr El w Crandon Mine 
(If Applicable) Street or Route 
—_——_________._- Gov't Lot —————)—S Grid Number 
Grid Location City, State, Zip Code 
—__f.[{Jn Os, — ar Oe Ow Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

Street Address of Well Reason For Abandonment 

Test Boring 
City, Village | Date of Abandonment 
Crandon | 08/24/98 

WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 7.0 (Date) Pump & Piping Removed? L] yes LJ No & No Applicable 
Liner(s) Removed? C] yes LI No & Not Applicable 

CJ Monitoring Well Construction Report Available? Screen Removed? CJ Yes CJ No XX) Not Applicable 
(] Water Well X] Yes CJ No Casing Left in Place? XX] yes LI No 
(_] Drilthole IfNo,Explan oO 
XJ) Borehole eee 

Was Casing Cut Off Below Surface? C) Yes C1 No 
Construction Type: Did Sealing Material Rise to Surface? XI] Yes CL) No 
XJ Drilled L) Driven (Sandpoint) CJ pug Did Material Settle After 24 Hours? LC] yes &] No 
C] Other (Specify) ww If Yes, Was Hole Retopped? CJ ves CJ No 

(5) Required Method of Placing Sealing Material 
© Formation Type: X) Conductor Pipe - Gravity L} Conductor Pipe - Pumped (<I Unconsolidated Formation C] Bedrock a Dump Bailer [1 Other (Explain) 

Total Well Depth (ft) ES Casing Diameter (in.) (6) Sealing Materials For monitoring wells and 
(From groundsurface) Casing Depth (ft.) —__— LJ Neat Cement Grout monitoring well boreholes only 

(] Sand-Cement (Concrete) Grout 
Lower Drillhole Diameter (in.) ——___ | LJ Concrete | (] Bentonite Pellets 

C) Clay-Sand Slurry C) Granular Bentonite 
Was Well Annular Space Grouted? C] yes [1 No CO) unknown (] Bentonite-Sand Slurry | (J Bentonite-Cement Grout If Yes, To What Depth? —____ Feet [x] Chipped Bentonite | 

Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

(8) Comments 
eee 

(9) Name of Person or Firm Doing Sealing Work 

pa fos Doe Signature ofPerson TOA __ ee Ge Bae 8 

a SO a ge oN L_ Jy Noncomplying Work 
@ 101 ALDERSON ST., P.O. BOX 109 Follovicup Necessary Gita gioeaorern| ete cone trees a City, State, Zip Code So ee ee SCHOFIELD, WI 54476 D~2q7 

| , DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT . 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-13 | Forest 
LIE Present Well Owner 

____ /4of __ 1/40fSec. ___ :T. ___n;r.___ LI w Crandon Mine 7 
(If Applicable) Street or Route ' 

Gov't Lot ___________ Grid Number 
Grid Location City, State, Zip Code 

__  =$fCin Us, —  —# De Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-13 
Street Address of Well Reason For Abandonment 

Test Boring : 
City, Village Date of Abandonment 

Crandon 08/25/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Piping Removed? LC! yes LI No & Not Applicable 

Liner(s) Removed? Cl] yes LI No X& Not Applicable 

CJ Monitoring Well Construction Report Available? Screen Removed? (CJ yes LI No & Not Applicable 

LJ Water Well XK] yes (J No Casing Left in Place? X] Yes LI No 

_] Drilthole IfNo,Explan 
XX] Borehole oe 

Was Casing Cut Off Below Surface? LC] yes LJ No 

Construction Type: Did Sealing Material Rise to Surface? 2] Yes LJ No 
XX Drilled CL) Driven (Sandpoint). C] Dug Did Material Settle After 24 Hours? LJ Yes XX No 

(_] Other (Specify) If Yes, Was Hole Retopped? [J ves LJ No 

(5) Required Method of Placing Sealing Material 

5 Uno Type: Og XX) Conductor Pipe - Gravity L) Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock (| Dump Bailer CI] Other (Explain) 

Total Well Depth (ft) _t._._—s- Casing Diameter (in.) —WW_- (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —____— [_] Neat Cement Grout monitoring well boreholes only 

(] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) —______. LJ Concrete | (_] Bentonite Pellets 

| C) Clay-Sand Slurry | (-] Granular Bentonite 

Was Well Annular Space Grouted? CL] yes LC) No CJ Unknown (_] Bentonite-Sand Slurry | [-] Bentonite-Cement Grout 
If Yes, To What Depth? ——________. Feet XX] Chipped Bentonite 

(7) , . gs . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 12 Bags 

(8) Comments WH 

(9) Name of Person or Firm Doing Sealing Work (10) >. sFOR-DNR OR COUNTY. USE ONLY -32) 2) 

-|— éeviewer/Inspectot. ee ea meee 
espe es |L I Complymg Work 

Street or Route Telephone Number |] eNoncompljing Work. 
101 ALDERSON ST., P.O. BOX 109 715-359-7090 Follaw-upNecessy Poe 

City, State, Zip Code D-268 ee 
SCHOFIELD, WI 54476 

DNR/COUNTY



State of Wisconsin | WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME ___ Crandon Mine 

Well/Drillhole/Borehole County Onginal Well Owner (If Known) 
Location BH-14 | Forest 

Os Present Well Owner 

——._I/4of ____ 1/4ofSec. ss T. _ _N:R.___ [J] w Crandon Mine 
(If Applicable) Street or Route 

Gv 't Lot ——________ Grid Number 
Grid Location City, State, Zip Code 

ft Cin Cls, —_  _—f Oe Ow Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-14 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/26/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION | 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Piping Removed? Cl] yes LI No & Not Applicable 

| Liner(s) Removed? CL] yes CL) No & Not Applicable 
CJ Monitoring Well Construction Report Available? Screen Removed? LJ Yes LI No & Not Applicable 
C) water Well Xl yes CI No Casing Left in Place? XX Yes LJ No 
C] pDrilthole IfNo, Explan oe 
(XX) Borehole eee 

Was Casing Cut Off Below Surface? CL] yes CJ No 
Construction Type: Did Sealing Material Rise to Surface?  X] Yes (] No 
XI Drilled CJ Driven (Sandpoint) CJ Dug Did Material Settle After 24 Hours? CI Yes & No 
CJ other (Specify) uw If Yes, Was Hole Retopped? CJ) yes LJ No 

(5) Required Method of Placing Sealing Material 
5 Une Type: q J Conductor Pipe - Gravity (] Conductor Pipe - Pumped 

Unconsolidated Formation Bedrock a Dump Bailer C] Other (Explain) 

Total Well Depth (ft) _=--_--~—S— Casing Diameter (in.) (6) Sealing Materials For monitoring wells and 
_ (From groundsurface) Casing Depth (ft.) —_— LJ Neat Cement Grout monitoring well boreholes only 

(] sand-Cement (Concrete) Grout 
Lower Drillhole Diameter (in.) —____ LJ Concrete | LJ Bentonite Pellets 

CO Clay-Sand Slurry | C] Granular Bentonite 
Was Well Annular Space Grouted? CJ yes LJ No OC) Unknown (_] Bentonite-Sand Slurry | (_] Bentonite-Cement Grout 

If Yes, To What Depth? —_____________ Feet XJ Chipped Bentonite 

(7) , . _ p. ; Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface | 6.0 10 Bags 

ee 

(8) Comments WW 

(9) Name of Person or Firm Doing Sealing Work (10).3 5.2 EOR DNR OR COUNTY, USE ONLY a3 pies 

Signature of Person Doing Work “aS P A ee ee a 
er “\- Reviéwer/Inspectors. 23 ee { |k2cémbivineswWore.& ae Poo | L_|  Complymanvorigas Street or Route Telephone Number Ce a es ee S22 |e Noncomplymg Work 5 , ee a en 101 ALDERSON ST., P.O. BOX 109 715-359-7090 Follow-up Necessary gra ule es ea 

City, State, Zip Code 6 a ee 
—_ Y) SCHOFIELD, WI 54476 D-2 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT . 

Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. | 

Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME Crandon Mine 

Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-15 | Forest 
Cle Present Well Owner 

___ /4of —_ 4 of Sec. ____._ ; T. ___N;R.__. L] w Crandon Mine - 
(If Applicable) Street or Route : 

___ GOVE Lot Grid Number 

Grid Location " City, State, Zip Code 

_  =rOn Os, —_ i -#Ule Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-15 

Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/27/98 7 

WELL/DRILLHOLE/BOREHOLE INFORMATION ° 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 

(Date) Pump & Piping Removed? CC) Yes LL] No [& Not Applicable 
Liner(s) Removed? [1 Yes CL) No KX) Not Applicable 

‘= Monitoring Well Construction Report Available? Screen Removed? Cl yes LI No & Not Applicable 

(_] Water Well XK Yes LJ No Casing Left in Place? XX yes LJ No 

(-] Dritthole IfNo, Explan 2 

XX] Borehole a 

Was Casing Cut Off Below Surface? C] yes LC) No 

Construction Type: Did Sealing Material Rise to Surface? XX ves LJ No S 

(XX Drilled (] Driven (Sandpoint) (_] Dug Did Material Settle After 24 Hours? C] Yes & No 

() Other (Specify) If Yes, Was Hole Retopped? (LJ ves LJ No 

F onT (5) Required Method of Placing Sealing Material 

5 trees YPS- Og () Conductor Pipe - Gravity (J Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock a Dump Bailer C1 Other (Explain) 

Total Well Depth (ft) _---._- Casing Diameter (in.) ——~~_ (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —_—_—— [_] Neat Cement Grout monitoring well boreholes only g 

(_] Sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——___— CJ Concrete | L_] Bentonite Pellets 

LJ Clay-Sand Slurry _ C Granutar Bentonite 
Was Well Annular Space Grouted? CJ yes LJ No C1 Unknown (-) Bentonite-Sand Slurry | (] Bentonite-Cement Grout 

If Yes, To What Depth? Feet BX) Chipped Bentonite 

(7) ; , pe . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 10 Bags 

(9) Name of Person or Firm Doing Sealing Work (10). = SRORDNROR. COUNTY USE ONLY 2 | 

BOART LONGYEAR Date Received/Inspectedy (2 9 District/County yoy 

Signature He erson Dew, eet Datg-Signed qa a 

Revewerlnspectee fe LI Comme Wor 
Street or Route Telephone Number ee I) Noncomplyng Work 
101 ALDERSON ST., P.O. BOX 109 _] 715-359-7090 Followup Necessary le 

City, State, Zip Code D-270 Ce 

SCHOFIELD, WI 54476 

DNR/COUNTY ‘



State of Wisconsin 
WELL/DRILLHOLE/BOREHOLE ABANDONMENT Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. . Code, whichever is applicable. 
1) GENERAL INFORMATION 2) FACILITY NAME __Crandon Mine Well/Drillhole/Borehole County Original Well Owner (If Known) 

© Location BH-16 | Forest 
Lj E Present Well Owner 

—._I/4of 4 ofSec. _sT._ OUNR CW LW Crandon Mine 
(If Applicable) Street or Route 
—__t—é«Gc't Lot SC Grid Number 
Grid Location City, State, Zip Code 
—__f.[{Jn (is, _ =e» Oe Ow Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-16 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 
Crandon | 08/26/98 | 

WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Piping Removed? CJ Yes LJ No XX] Not Applicable 

ee . 

° ‘  Liner(s) Removed? C) Yes LJ No XX) Not Applicable 
C] Monitoring Well Construction Report Available? Screen Removed? L] yes LJ No XX Not Applicable 
CL] Water Well: XX Yes CL) No Casing Left in Place? XX] Yes L) No C) pritthote IfNo, Explan 20 
X Borehole 

eee 
Was Casing Cut Off Below Surface? CJ ves 1 No 

Construction Type: Did Sealing Material Rise to Surface? XX] Yes L] No XX) Drilled (_] Driven (Sandpoint) C] Dug Did Material Settle After 24 Hours? LC] ves KX] No CJ Other (Specify) — If Yes, Was Hole Retopped? LC] yes CJ] No 
(5) Required Method of Placing Sealing Material 

@ ony Type: 0 XX) Conductor Pipe - Gravity C1 Conductor Pipe - Pumped Unconsolidated Formation Bedrock | CT Dump Bailer Ol Other (Explain) 

Total Well Depth (ft) HSS Casing Diameter (in.) (6) Sealing Materials For monitoring wells and 
(From groundsurface) Casing Depth (ft.) —__ (_] Neat Cement Grout monitoring well boreholes only 

C] Sand-Cement (Concrete) Grout . 
Lower Drillhole Diameter (in.) — CJ Concrete | CI Bentonite Pellets 

C) Clay-Sand Slurry CJ Granular Bentonite | Was Well Annular Space Grouted? CJ yes [1 No O Unknown L_] Bentonite-Sand Slurry | [_] Bentonite-Cement Grout 

(7) . . op . ; Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 7 Bags 

SSNS ee 
(8) Comments een 

(9) Name of Person or Firm Doing Sealing Work (10); < 4:FOR DNR OR, COUNTY.U SE ONLY 0899 
BOART LONGYEAR Bo Roe spect die enc es |DistetctCounty sega. 3 

BovieteinsPcetet Ses | (_] Complying Work ©: <4 Street or Route Telephone Number oe oot oe |L_|oNoncomplying Work.” 

, , D-2 1 ee GE OE GO TNS GET EG WGA IEE OED GE Gitey tee gue Th L, tk DLE ELL Gy Lh ee 

SCHOFIELD, WI 54476 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. : 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine a 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-17 | Forest 
Cle Present Well Owner 

___ W/4of ___ 1/4of Sec. ____ ;T. ___N:R.___. L] w Crandon Mine 
(If Applicable) Street or Route 

Gov't Lot —___________._ Grid Number 
Grid Location City, State, Zip Code 

__ or(Cin tls, — —t Oe Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-17 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/26/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) 
(Date) Pump & Pipiug Removed? LJ Yes LI No & Not Applicable 

Liner(s) Removed? CL] yes LJ No W& Not Applicable 
L Monitoring Well Construction Report Available? Screen Removed? Cl yes LI No & Not Applicable 

C] Water Well KI yes LJ] No Casing Left in Place? XI yes CJ No 

LJ pritthole IfNo,Explan . esses 
XX) Borehole a 

Was Casing Cut Off Below Surface? LJ ves CJ No 

Construction Type: Did Sealing Material Rise to Surface?  —&X) Yes LJ No 
X] Drilled LJ Driven (Sandpoint) C] Dug Did Material Settle After 24 Hours? C} yes XI No 
L_] Other (Specify) — If Yes, Was Hole Retopped? CI ves LJ) No 

(5) Required Method of Placing Sealing Material 

5 Uses Typ «: 0 Dd Conductor Pipe - Gravity (1) Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock 7 Dump Bailer C] Other (Explain) 

Total Well Depth (ft) _.tt-_=——S>s- Casing Diameter (in.) WWE (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) —— (_] Neat Cement Grout monitoring well boreholes only 
. L] sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——____. CJ Concrete ! L_} Bentonite Pellets 

C] Clay-Sand Slurry | (_] Granular Bentonite 

Was Well Annular Space Grouted? CJ yes CJ No CJ Unknown _] Bentonite-Sand Slurry | _] Bentonite-Cement Grout 
If Yes, To What Depth? —______ Feet [X] Chipped Bentonite 

(7) . . . . . ) 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 7 Bags 

(8) Comments —WWH 

BOART LONGYEAR Date Received/Inspected 37, 4, + |DistrictCounty 3. 
Signature of Person GA Dats Signed oe ee | ee 

Ta re aa Street or Route Telephone Number a [| Noncomiplying Work; 

SCHOFIELD, WI 54476 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. — 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME ___ Crandon Mine 
© Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-18 | Forest 
Cl E Present Well Owner 

____ 1/4of ___. 1/4of Sec. ___ ; T. ____N;R. ____ [I w Crandon Mine 
(If Applicable) Street or Route 

—_ GOV 't Lot SC Grid Number 
Grid Location City, State, Zip Code 

_ if ttin Os, _  #tUle Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-18 
Street Address of Well | Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/27/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) —_____ 
(Date) Pump & Piping Removed? CJ] yes L] No &I Not Applicable 

| Liner(s) Removed? CJ] yes LJ No & Not Applicable pp 

C] Monitoring Well Construction Report Available? Screen Removed? Cl] yes LJ No & Not Applicable 

L] Water Well XJ Yes (LJ No Casing Left in Place? XJ Yes LJ No 

(_] Drilthote IfNo,Explan ss 
XJ Borehole a 

Was Casing Cut Off Below Surface? C] yes CJ No 
Construction Type: ’ Did Sealing Material Rise to Surface? XX) yes LI No 

XI Drilled (] Driven (Sandpoint) C] Dug Did Material Settle After 24 Hours? CL] Yes & No 

(] Other (Specify) If Yes, Was Hole Retopped? [J Yes L] No 

© (5) Required Method of Placing Sealing Material 

5 Uno Typ «: 0 XX) Conductor Pipe - Gravity (J Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock CT Dump Bailer C] Other (Explain) 

Total Well Depth (ft) .=+=+=-—S>—- Casing Diameter (in.) — WH. (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) ————— [_] Neat Cement Grout monitoring well boreholes only 

(_] sand-Cement (Concrete) Grout 

Lower Drillhole Diameter (in.) ——_ | (] Concrete | LJ Bentonite Pellets 

C] Clay-Sand Slurry | L] Granular Bentonite 
Was Well Annular Space Grouted? CJ Yes CJ No C] Unknown C] Bentonite-Sand Slurry | (| Bentonite-Cement Grout 

If Yes, To What Depth? —__________. Feet XK Chipped Bentonite 

(7) . . 7. , 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 5 Bags 

en 

(8) Comments WWW 

(9) Name of Person or Firm Doing Sealing Work (Q-* -2-% RORDNR OR COUNTY USE.ONLY Sig ee 

Date Received/Inspected #7 ?#-<*: | District/Countyiy-474 2 ee BOART LONGYEAR ee ie eee 
Signature of Jerson Dawg Work / A Dats. 99 OO ae ELSA eae 

© Street or Route Telephone Number ae ee |e Noncomplying Work’: 
SATO WallD, NE@COSGAT EN EEE SEE ELITE IE 

101 ALDERSON ST., P.O. BOX 109 715-359-7090 Follow-up Necessary Sey We HG Stat sats Bir 
City, State, Zip Code I TOGO Ob Sa EI aN 
SCHOFIELD, WI_ 54476 D-243 : 

DNR/COUNTY



State of Wisconsin WELL/DRILLHOLE/BOREHOLE ABANDONMENT 
Department of Natural Resources Form 3300-5B Rev. 4-97 

All abandonment work shall be performed in accordance with the provisions of Chapters NR 811, NR 812 or 141, Wis. Admin. 
Code, whichever is applicable. 

1) GENERAL INFORMATION 2) FACILITY NAME __ Crandon Mine | 
Well/Drillhole/Borehole County Original Well Owner (If Known) 

Location BH-19 | Forest 
Cle Present Well Owner 

____W4of ____ 1/4 of Sec. ___ : T. ____N:R.____ L] w Crandon Mine 
(If Applicable) Street or Route ) 

—__ Gov't Lott Grid Number | | 
Grid Location City, State, Zip Code 

_— pn tin Cs, — vr Cle Ow. Crandon, WI 
Civil Town Name Facility Well No. and/or Name (If Applicable) WI Unique Well No. 

BH-19 
Street Address of Well Reason For Abandonment 

Test Boring 
City, Village Date of Abandonment 

Crandon 08/26/98 
WELL/DRILLHOLE/BOREHOLE INFORMATION 

(3) Original Well/Drillhole/Borehole Construction Completed On (4) Depth to Water (Feet) — 
Pump & Piping Removed? Cl yes LJ No & Not Applicable (Date) oO Pp 
Liner(s) Removed? Ll yes LI No & Not Applicable 

C] Monitoring Well Construction Report Available? Screen Removed? Cl yes LI No & Not Applicable 

LJ Water Well XK) yes LI No Casing Left in Place? XX) ves LJ No 

L) pDritthole IfNo, Explan 
{] Borehole ———— eee 

Was Casing Cut Off Below Surface? [] Yes LJ No 

Construction Type: Did Sealing Material Rise to Surface? XX] yes LJ No 

XX] prilled (] Driven (Sandpoint) C] Dug Did Material Settle After 24 Hours? C] ves & No 
LJ Other (Specify) wu If Yes, Was Hole Retopped? LC] ves LJ No 

(5) Required Method of Placing Sealing Material 

5 Une Type: g XX) Conductor Pipe - Gravity LJ Conductor Pipe - Pumped 
Unconsolidated Formation Bedrock [J pump Bailer (] Other (Explain 

Pp Pp 

Total Well Depth (ft) .--»=-————s Casing Diameter (in.) H+. (6) Sealing Materials For monitoring wells and 

(From groundsurface) Casing Depth (ft.) a (_] Neat Cement Grout monitoring well boreholes only 

L_] Sand-Cement (Concrete) Grout 

| Lower Drillhole Diameter (in.) —______ C] Concrete | [_] Bentonite Pellets 

C) Clay-Sand Slurry | (_] Granular Bentonite 

Was Well Annular Space Grouted? LC} yes LJ No CI Unknown (_] Bentonite-Sand Slurry : (_] Bentonite-Cement Grout 

If Yes, To What Depth? —____________ Feet x] Chipped Bentonite 

(7) | . , oo . 
Sealing Material Used From (Ft.) To (Ft.) Mix Ratio or Mud Weight 

Bentonite Chips Surface 5 Bags : 

(8) Comments WWW " 

OA ees Date Received/ingpected ayes ay gy a, | Disticl County aaa 5 
Signature yPerson ofA Dats Te N 4 oO ee el 

= Reviewer/inspector 27 Va) «= (Le Complymg Work © 

10] ALDERSON ST., P.O. BOX 109 715-359-7090 Fete UP Necessary ee he 

SCHOFIELD, WI 54476 D-274 

DNR/COUNTY t



State of Wisconsin Route to: Solid Waste O Haz. Waste Wastewater O MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & Repair OQ Underground Tanks O Other 0 Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. OE. NMC- Area H - & Us. & ow. |MWH-09 
Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 

_______ [|Lat_. song. or oe __ 
Type of Well Water Table Observation Well 411 )St Plane 128822.63 ftN., 2284111.34 ftE. | Date Well Installed / / 

Piezometer CI 12 | Section Location of Waste/Source 2 & 4 o < # 
OE. : Distance Well Is From Waste/Source Boundary _of__ “%ofSec._,T._N,R_ Ow. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 
Is Well A Point of Enforcement Std. Application? u O Upgradient s  O Sidegradient Boart-Longyear 

CO Yes ONojd 0 Downgradient n ONot Known 

A. Protective pipe, top elevation 1594.40 ft MSL 1. Cap and lock? @ Yes O No 
——P 2. Protective cover pipe: 

B. Well casing, top elevation 1594.34 ftMSL amie a. Inside diameter: 40 in. 
b. Length: Q ft. C. Land surface elevation 1591.2 ftMSL C. ne Steel ae 04 

Soares Shes Cher D. Surface seal, bottom 1590.7 ft MSL or_ 0.5 ft. ee ‘ Soe 4. Additional protection? Wyeugs 
12. USCS classification of soil near screen: Nid | If yes, describe: 

GP O GMO Gc 0 GWO SW O SP @ 1] LE 3. Surface seal: Bentonite e »° 
oa Re ncrete 

SMO SC O ML O MHOCL OCHO oe Native Othr @ <& 
Bedrock O a oe 4. Material between well casing and protective pipe: - 

13. Sieve analysis attached? 1 Yes @ No ORS annul Bentonite a 30 
oy ular space Ee 14. Drilling method used: RotaryO 50 BOBS 130 Sand Other @ oo 

Hollow Stem Auger@ 41 Ry BR 5. Annular space seal: a. Chipped Bentonite @ 33 
OthrO 2 BS b. ______Lbs/gal mud weight Bentonite-sand slury O 35 

sans , , 01 my OBS c. _____Lbs/gal mud weight .... Bentoniteslury 0 31 
15. Drilling fluid usedWater 1 0 2 Ard HOR d. _____ss=—-% Bentonite .... Bentonite-cement grout O 50 

Drilling MudQO 03 None 99 a A e. _1.5 Ft’ volume added for any of the above 
© 16. Drilling additives used? 0 Yes O No OEE f. How installed: mer: Troms a0 ! 

. ae remie pum; 
Describe a Gravity @ 08 

17. Source of water (attach analysis): ms 6. Bentonite seal: a. Bentonite granules 0 33 
my ORS bO%in. B%in. O%in. Bentonite chips @ 32 
a Be co ther Oe 

E. Bentonite seal, top 1590.7 f.MSLor_ 0.5 ft. \ : i 7. Pine sand material: Manufacturer, product name & mesh size 

, mn i b. Volume added __0.0 ft? ~ 
F. Fine sand, top -~--~-- ft MSL or__:. =f N ny 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack,top «1587.7 ft. MSLor__3.5ft NO |G e. — Rai Flint ##30_—_—__. B 
. 9. Well casing: Flush threaded PVC schedule 40 D0 23 

H. Screen joint, top = 1587.2 ft. MSL or __4.0 ft 2 © lush threaded PVC schedule 80 w 24 
I. Well bottom 1577.2 ft. MSL or_ 14.0 ft. = 0. Seen NE YO Other O ~~ 

; + Type: 4 J. Filter pack, bottom 1576.2 ft. MSLor_]5.0 ft. SS a. Screen Type Cony cst 2 ; | 

BZ oe 
K. Borehole, bottom 1576 .2 ft. MSL or_ 15 ..0 ft. ZA b Manufacturer Nonhen Aime Other O 2. 

aw ractut —Northem Air ___ 
L. Borehole, diameter _ 8.3 in. 4 Slotted length 0.0 1 4 " 

M. OLD. well casing _ 2.38in. 11. ac material (below filter None @ 14 

ee Other O .’ N. LD. well casing _ 1.87 in. —— 

I hereby certify thgt-shginferrpatyén on this form is true and correct to the bast of my knowledge. 

Signature Ai A Firm V/s fot Ven Dye 
© Please complete both sides of this form and retum to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 

141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 

D-275



State of Wisconsin MONITORING WELL DEVELOPMENT | 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste O Haz. Waste Wastewater @ | | 
Env.Response & RepairO Underground Tanks OtherO. 

Facility/Project Name County Name Well Name © 
Nicolet Minerals Co - Area H Forest MWH-09 

Facility License, Permit or Monitoring Number Comey cose Ne DNR WellNumber 
OK O00 00 21 |... 8200000 =|. 8000 

1. Can this well be purged dry? OYes &MNo Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a i 2.4 9 ft ——L2 & ft. 
surged with bailer and bailed D0 41 well casing) 

surged with bailer and pumped 061 

surged with block and bailed O42 Date b. 0 8/2 8/9 8 0 8/2 8/9 & 

surged with block and pumped 462 mm dd _y y mmddyy 
surged with block, bailed and pumped 070 Zam. Aam. 

compressed air | O20 Time ce. 07:10 Opm. 0 8:2 5 Opm. 

bailed only O10 

pumped only 051 12. Sediment in well __ 9.0. inches __ 0.0 inches 

pumped slowly O50 bottom 

Other 13. Water clarity Clear O10 Clear @ 20 

Turbid 415 Turbid O 25 

3. Time spent developing well _— 25 min. (Describe) (Describe) 

—Turbid- Brown fo 
4. Depth of well (from top of well casing) _t1 72S ft. es 

5. Inside diameter of well — +18 7 in. eS (ee 

6. Volume of water in filter pack and well i 

casing __ 8.5 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 
7. Volume of water removed from well _ 8 5.0 gal. 

14. Total suspended __.__ _.__ mg/l _ __ _.-_._ mg/l 

8. Volume of water added (if any) ___ 0.90 gal. solids 

9. Source of water added___ N/A. 15. COD _ —_ _ —_-__ mg/l _ —__ —__ mg/l 

10. Analysis performed on water added? OYes MNo 

(If yes, attach results) 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. “7 7 

Signature: Zh be 
Name: __Scott Janssen 

Print Initials: & Ar 5 
Firm: Foth & Van Dyke 

Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-276



State of Wisconsin Route to: Solid Waste O Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & Repair O Underground Tanks O Other O Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. OE. NMC - Area H & OS. pt cw. |MWH-09P 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 
______. |Lat_.—sidLong.. or a oe 

Type of Well Water Table Observation Well O11 {St Plane 128827.77 ftN. 2284111.79 f{E. | Date Well Installed 
; O 8/2 6/9 3 Piezometer @ 12 | Section Location of Waste/Source mmddyy 

OE. , 
Distance Well Is From Waste/Source Boundary _ of _ “ofSec._,T._N,R_ 0 w. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 

Is Well A Point of Enforcement Std. Application? u OUpgradient s 1 Sidegradient —Boart-Longyear 
C2 Yes ONojd © Downgradient n Not Known 

A. Protective pipe, top elevation 1594.50 ft. MSL 1. Cap and lock? @ Yes O No 

=? ~~ 2. Protective cover pipe: 
B. Well casing, top elevation 1594.44 ft. MSL re) He a. Inside diameter: 40 in. 

. b. Length: 2.0 ft. 
C. Land surface elevation 1591.2 ft. MSL c. Material: Steel @ 04 

seal, bo ft. MSL ft See ae (ther D. Surface 3 ttom 15990 1 ° or -_ 0 . > . _ Ye eee) d. Additional protection? O Yes O No 

12. USCS classification of soil near screen: . If yes, describe: 

GP O GMa GC O GWO Sw ca sP a s 3. Surface seal: Bentonite 2 0 
ae Re ncrete 

SM O SC O ML O MHO CL O CH O i e Nati Other @ 2 

Bedrock 0 oe 4. Material between well casing and protective pipe: 
13. Sieve analysis attached? O Yes @ No i fe Annul Bentonite 5 30 

14. Drilling method used: RotayO 50 i By 30 Sand mer ee Other ui ~ 

Hollow Stem Auger @ 41 oa. 5. Annular space seal: a. Chipped Bentonite @ 33 
OthrO 2@ ma BR b. ______Lbs/gal mud weight Bentonite-sand slurry O 35 

- oe ORS c. _______Lbs/gal mud weight .... Bentonite slury O 31 
15. Drilling fluid usedWater 01 0 2 Ar 01 oH RN d ___Hs§s_%Bentonite .... Bentonite-cement grout O 50 

Drilling Mud 03 None 99 ORS e. _5.6 Ft volume added for any of the above 
© 16. Drilling additives used? D2 Yes 0 No rs By f. How installed: rem Tremie A ° ; 

i mS remie pumped 
Describe RS Gravity 4 08 

17. Source of water (attach analysis): ms 6. Bentonite seal: a. Bentonite granules O 33 
Bye bO%in. A%in. O%in. Bentonite chips @ 32 
roy BS Co Other Oe 

E. Bentonite seal, top 1590.7 ft. MSLor__ 0.5 ft. \ : i 7. Fine sand material: Manufacturer, product name & mesh size 

| By OBS b. Volume added__0.5 ‘f° ™ 
F. Fine sand, top 15.06.21 MSL or_ 25 0 ft N ny 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack, top 1564.2. MSLor_27.0f NQ Ae  —Red Flint #8 = 
. 9. Well casing: Flush threaded PVC schedule 40 O 23 Fh Screen jot, top 1302.21 MSI or_ 22.0% g Flush threaded PVC schedule 80 w 24 

#2 —_—_____ Othr O x I. Well bottom 1557 .2 ft. MSLor_ 34.0 ft. > 10. Ss material: SS 

. aie a. Screen Type: Factory cut @ 11 J. Filter pack, bottom 1556.2 ft. MSL or_35 .0 ft. BA Continuous slot O 01 

SS ROR, 

K. Borehole, bottom 1556.2 ft. MSLor_ 35.0 ft. L534 5, Manuf 

; c. Slot size: 0.0 1 Q in. L. Borehole, diameter _ 8.3 in. d. Slotted length: 5 Of 

M. OD. well casing _ 2.38 in. 11. ak material (below filter None @ 14 

; a Other O 22 N. ID. well casing _ 1.87 in. 24 

I hereby certify that the information op this form is true and correct to the bast of my knowledge. 

Signature Ye) Jf Firm 
‘Se LAD Foth & Van Dyke 

© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 
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State of Wisconsin MONITORING WELL DEVELOPMENT | 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste 0 Haz. Waste O Wastewater 0 | 
Env.Response & RepairO Underground Tanks © OtherO_ 

Facility/Project Name County Name Well Name © 
Nicolet Minerals Co - Area H Forest __ MWH-09P 

OX OK000 21 | 020000 =| £20209 

1. Can this well be purged dry? OYes WUNo Before Development | After Development 

11. Depth to Water 
2. Well development method (from top of a 7.9 7 ft —— 8.3 8 ft 

surged with bailer and bailed 041 well casing) 
surged with bailer and pumped 0 61 | 

surged with block and bailed O42 Date b. 0 8/2 7/9 & 0 8/2 7/9 & 
surged with block and pumped 462 mmddyy mmddyy - 

surged with block, bailed and pumped O70 : am. Zam. 

compressed air 0 20 Time ce 07:10 Opm. 0 8:2 5 Opm. 

bailed only 010 

pumped only O51 12. Sediment in well __ 0.0 inches _. 0.0 inches 

pumped slowly O50 bottom 

Other Oo 13. Water clarity Clear O10 Clear wm 20 
Turbid OF 15 Turbid O 25 

3. Time spent developing well 1 2 0 min. (Describe) (Describe) 

4. Depth of well (from top of well casing) _3 8.0 ft. _Turbid 

5. Inside diameter of well _ 1.8 7 in. i 

6. Volume of water in filter pack and well 
casing ___ 9.9 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 

7. Volume of water removed from well 1 0 0.0 gal. 

14. Total suspended ____-__ mg/l _____.__ mg/l 

8. Volume of water added (if any) __ 0.0 gal. solids 

9. Source of water added__. N/A 15. COD —_ — — —— mg/l —_—_— —-_ mg/l 

10. Analysis performed on water added? OYes ONo 

(If yes, attach results) 

anne errr ereerrseeeerreccceeeeceeceecceccceecccsecececcccecccccce—c ce rrcnncecen eee reer a Sea SS SS ST SSS cS SSSA 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. _ . 

Signature: LLG) £4 Y4 | 
Name: __Scott Janssen 

Print Initials: & A S 

Firm:  _Foth & Van Dyke 
Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 
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State of Wisconsin. Route to: Solid Waste O Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 
_ Department of Natural Resources Env.Response & RepairO Underground TanksO OtherO).=———S=s«~Fc M1. 4.4000-1113 Rev. 4-90 

Facility/Project Name Local Grid Location of Well Well Name 
QUN. DE. 

NMC - Area H ft OS. Rh OW. MWH-10 

Facility License, Permit or Monitoring Number Gnid Origin Location Wis. Unique Well Number DNR Well Number 
_._____. |Lat_..——sidLong.. ir oon oe 

Type of Well Water Table Observation Well 711 4St Plane 128524.62 ftN 2284996.76 ftE. | Date Well Installed 
, OD 8/2 6/9 3% Piezometer C) 12 | Section Location of Waste/Source mmddyy 

| OE. 
Distance Well Is From Waste/Source Boundary _ of _ “ofSec._,T._N,R.. Cc w. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source _Mike Mueller 

Is Well A Point of Enforcement Std. Application? u OO Upgradient s  OSidegradient _Boart-Longyear si 
C2 Yes OONo/d OC Downgradient n ONot Known 

A. Protective pipe, top elevation 1595.69 ft. MSL 1. Cap and lock? @ Yes O No 
———) ~~ 2. Protective cover pipe: 

B. Well casing, top elevation 1595.62 ft. MSL rr ID a. Inside diameter: 40 in. 

. b. Length: _ 2.0 ft. 
C. Land surface elevation 1592.5. ft. MSL c. Material: Steel @ 04 

D. Surface seal, bottom 1.5.2.2 0 ft. MSL or _ 0 - 5 ft _ pres fs % = d. Additional protection? O Yes O No 
12. USCS classification of soil near screen: \ If yes, describe: 

GP O GMO GC O GWO SW O SP @ 3. Surface seal: Bentonite a s 
oy he ncrete O SM O SC O ML O MHOQO CL O CH QO 5 By Native Other @ 2 

Bedrock 0) es me 4. Material between well casing and protective pipe: 
13. Sieve analysis attached? © Yes 4 No “ Be Annul Benton 5 30 

14. Drilling method used: RotaryO 50 Bs Re 430 Red Flint Fi War spac Other g -= 

Hollow Stem Auger @ 41 im mo 5. Annular space seal: a. Chipped Bentonite @ 33 
OthrO <& ie b. ________—Lbs/gal mud weight Bentonite-sand slury O 35 

_ el OR c. ______Lbs/gal mud weight .... Bentoniteslury O 31 
15. Drilling fluid usedWater 1) 0 2 ArQ 01 OB d. ______—% Bentonite .... Bentonite-cement grout O 50 

Drilling MudO 03  #None@ 99 Bh RS e. _18 Ft’ volume added for any of the above 
© 16. Drilling additives used? 0 Yes 0 No BOR f. How installed: rem Tremie O . 

, a ORS remie pumped O 
Describe oR Gravity @ 08 

17. Source of water (attach analysis): os 6. Bentonite seal: a. Bentonite granules O 33 
Be b.O%in. A2%in. O'Yin. Bentonite chips @ 32 

my ORG CoC Other 
E. Bentonite seal,top 1592.0 ft MSLor__0.5ft \ HBS 1. Pine sand material: — Manufacturer, product name & mesh size 

| OR b. Volume added 0.5 f° ~~ 
F. Fine sand, top 1287.5 ft MSL or __5 0 ft N ry 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack, top -15.86 .5 ft. MSL or _ _6 ..0 ft. NSE a b. Volume added__2.7 if? 
. 9. Well casing: Flush threaded PVC schedule 40 O 23 

Hi Screen joint, top 1283 3 ft MSL or__7.0f = Flush threaded PVC schedule 80 w 24 
I. Well bottom 1575 .5 ft. MSL or_ 17 .0 ft. 3 10. S material: ey 

, oo Screen Type: Factory cut 4 11 Sft Of oo a YPS ry J. Filter pack, bottom 1574.5 ft. MSL or _18 0 ZB Continuous slot O 01 

mA 7 LE Cher 8 K. Borehole, bottom 1574.5 ft. MSL or_18.0 ft L253; b. Manufacturer —Nord ¥ 

, . c. Slot size: 0.0 ] 0 in. L. Borehole, diameter _ 8.3 in. d. Slotted length: Of 

M. OLD. well casing _ 2.38in. 11. oa material (below filter None @ 14 

N. LD. well casing _ 1.9 4 in. eT ~— 

I hereby certify that the information on this form is true and correct to the bast of my knowledge. 

Signature “Wy jf J Firm 
ELE, Foth & Van Dyke 

© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including a completed form should be sent. 
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State of Wisconsin . MONITORING WELL DEVELOPMENT . 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste 0 Haz. Waste 1 Wastewater @ | 
Env.Response & RepairO Underground TanksO OtherO_ 

Facility/Project Name County Name Well Name 

Nicolet Minerals Co - Area H Forest _ MWH-10 

Facility License, Permit or Monitoring Number Comoe ee DNR WellNumber 
0000.00 0 21 | 29909000 | 8090 ... | 

1. Can this well be purged dry? OYes WNo Before Development | After Development 
11. Depth to Water 

2. Well development method (from top of a _ 13.2 7 ft. _ 14.1 0 ft. 
surged with bailer and bailed O41 well casing) 
surged with bailer and pumped 0 61 

surged with block and bailed O42 Date b. O 8/2 7/9 8 0 8/2 7/9 8 
surged with block and pumped 462 mm dd yj y mmddyy 
surged with block, bailed and pumped 0 70 4am. Zam. . 
compressed air O20 Time ec 0 8:3 0 Opm. 0 9:3 0 Opm. 
bailed only O10 

pumped only O51 12. Sediment in well _ 9.0 inches _ 0.0 inches 
pumped slowly O50 bottom 

Other UO 13. Water clarity Clear 0810 Clear @ 20 

Turbid 415 Turbid O 25 
_ 3. Time spent developing well __. 6 5 min. (Describe) (Describe) 

| Brown 
4. Depth of well (from top of well casing) 2 0.3 ft _VeryHigh Turbidity | = 

5. Inside diameter of well _ 1.8 7 in. eS Se 

_ 6. Volume of water in filter pack and well ae 
casing __ 6.2 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 
7. Volume of water removed from well _ 6 5.0 gal. 

14. Total suspended ____... mg/l _——__-_ mg/l 

8. Volume of water added (if any) __ 0.0 gal. solids 

9. Source of water added__ N/A 15. COD —_—_ — —-—_ mg/l —_ — —_ —_._ mg/l 

_-10. Analysis performed on water added? OYes M€4No 

(If yes, attach results) 

anne ee ennn ener renee racecar rr rer ree errr rer errr ee SS SS SSS SSS SDSS SSS Ss sissy 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. 

Lhe Signature: Lf, ZL) 
Name: _ Scott Janssen 0 

Print Initials: © 4S 
Firm: _Foth& VanDyke 

Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 
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State of Wisconsin Route to: Solid Waste O Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & Repair O Underground Tanks O Other O Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. QE. NMC - Area H ft OS. ft Ow. MWH-10P 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unige Well Number DNR Well Number 
_______ |Lat_. song. rr ae oe 

Type of Well Water Table Observation Well O11 ]St. Plane 128534.44 ftN. 2284996.57 ftE. | Date Well Installed 
; D 8/2 7/9 8 Piezometer 4 12 | Section Location of Waste/Source mmddyy 

OE. Distance Well Is From Waste/Source Boundary _*of_. “of Sec._,T._N,R. Cc w. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 
Is Well A Point of Enforcement Std. Application? uO Upgradient s OSidegradient Boart-Longyear 

0 Yes C}No}d $0 Downgradient n ONot Known 

A. Protective pipe, top elevation 1595.54 ft. MSL 1. Cap and lock? @ Yes O No 
=? ~~ 2. Protective cover pipe: 

B. Well casing, topelevation 1595.48 ft. MSL sme a. Inside diameter: AQ in. 

b. Length: _7.Q ft. C. Land surface elevation 1592.4 ft. MSL c. Material: Stel @ 04 

mea aoe Othr O 2% D. Surface seal, bottom _]. 5 9] .9 ft. MSL or_ 0. _5 ft. Bere Fe ee a - = _» ees ages = d. Additional protection? O Yes O No 
12. USCS classification of soil near screen: \ If yes, describe: 

GP 0 GMO GC 0 GWO sw oc $P @ 3. Surface seal: Gentonite a a0 
RH ncrete SM © SC O ML O MHOQ CL O CH O “ BS Native Other W 22, 

Bedrock 0 Ma Be 4. Material between well casing and protective pipe: 
13. Sieve analysis attached? © Yes @ No a Annul Bentonite 5 30 

Os a ar space foe 14. Drilling method used: RotaryO 50 me OBS #30 Sand mersp Other @ a 
Hollow Stem Auger 41 a 5. Annular space seal: a. Chipped Bentonite @ 33 

OthrO mH BM b. Lbs/gal mud weight Bentonite-sand slurry 0 35 
vay: . oe ee c. _____Lbs/gal mud weight .... Bentonite slury O 31 

15. Drilling fluid usedWater C] 0 2 Art] 01 HR d. ____s% Bentonite .... Bentonite-cement grout O 50 
Drilling MudO 03  None@ 99 Re e. _6.0 ___Ft° volume added for any of the above 

116. Drilling additives used? 0 Yes 0 No BS f. How installed: Tremie O 01 
By ORS Tremie pumped O 02 

Describe RS Gravity @ 08 
17. Source of water (attach analysis): my BY 6. Bentonite seal: a. Bentonite granules O 33 

om b.O%in. @%in. O%in. Bentonite chips @ 32 
my Co ther E. Bentonite seal, top ‘Of MSLor__0.5f WN : i 7. Pine sand material: Manufacturer, product name & mesh size 

| OR b. Volume added 0.6 ft _ 
F. Fine sand, top 1204.4 MSL or_2_8 0 ft N ny 8. Filter pack material: Manufacturer, product name and mesh size 

G. Filter pack, top 1562.4 ft. MSL or_3_0.0 ft. RQ E ea b. Volume added PS 

9. Well casing: Flush threaded PVC schedule 40 O 23 
H. Screen joint, top = 15.60 .4ft MSL or_3_2 .0 ft s Flush threaded PVC schedule 80 w 24 
I. Well bottom 15:55 .4 ft. MSL or _3 _7 ..0 ft. os 10. Screen mateqal PVG material: ce 

J. Filter pack, bottom 1554.4 ft. MSLor_38.0 ft. so a. Screen Type: Factory cut @ 1 | 
ZZ Continuous slot O 01 

K. Borehole, bottom 1554.4 ft. MSLor_ 38.0 ft. Gz b. Manuf 

, ; c. Slot size: 0.0 J 0 in. L. Borehole, diameter _ 8.3 in. | d. Slotted length: 5.0 ft 

M. OD. well casing _ 2.38in. 11. ora material (below filter None @ 14 

; Othr O 2 N. LD. well casing _1.87in. I 

I hereby certify that the jnfoymajon/on this form is true and correct to the bast of my knowledge. 

Signature LO £6 Firm 

Foth & Van Dyke 
Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 
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State of Wisconsin MONITORING WELL DEVELOPMENT | 
Department of Natural Resources Form 4400-113B Rev. 4-90 | 

Route to: Solid Waste O Haz. Waste O) Wastewater & } 

Env.Response & RepairO Underground TanksO OtherO_ | 

Facility/Project Name County Name Well Name © 

Nicolet Minerals Co - Area H Forest a 1 0P 
Facility License, Permit or Monitoring Number County Code | Wis.Unique Well Number = [DNR WellNumber 

0 0 0 0 0 0 0 2 1 2000000 |. 200 

1. Can this well be purged dry? OYes WNo Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a __13.9 J] ft _ 14.3 2 ft. 

surged with bailer and bailed O41 well casing) 
surged with bailer and pumped 0 61 

surged with block and bailed O42 Date b. 0 8/2 7/9 8 QO 8/2 7/9 & 

surged with block and pumped 0 62 mmddyy mmddyy | 

surged with block, bailed and pumped “70 Zam. am. 
compressed air O20 Time | c. 0 8:3 0 Opm. 0 9:4 0 Opm. 
bailed only O10 

pumped only 051 12. Sediment in well __ 0.0 inches _ 0.0 inches 

pumped slowly O50 bottom 

Other Oe 13. Water clarity Clear O10 {Clear & 20 
Turbid @ 15 Turbid 0 25 | 

3. Time spent developing well __ 9. 5 min. (Describe) (Describe) 

—Light Brown} 
4. Depth of well (from top of well casing) _4 0.) ft. _slightly Turbid 

5. Inside diameter of well _ 1.8 7 in. a 

6. Volume of water in filter pack and well ss 

casing __ 9.3. gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 

7. Volume of water removed from well _ 9 5.0 gal. 

14. Total suspended __.__ __-__ mg/l _____.__ mg/l 

8. Volume of water added (if any) ___ 9.0 gal. solids | 

9. Source of wateradded__ N/A 15. COD _ — ——-— mg/l —_—_——-— mg/l 

10. Analysis performed on water added? OYes M4No 

(If yes, attach results) 

a 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. A . 

snaue: LLLEL. 
Name: __ScottJanssen 

Print Initials, _© 4S 
Firm: _Foth& Van Dyke 

Firm: Foth & Van Dyke | © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 
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State of Wisconsin Route to: Solid Waste O Haz. Waste Wastewater O MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & RepairO Underground Tanks O Other O Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name . 

ON. OE. NMC - Area H & OS. ft ow. |MWH-ll 

Facility License, Permit or Monitoring Number .{ Grid Origin Location Wis. Unique Well Number DNR Well Number © ~~... jlat._o song. lr __ __ 
Type of Well Water Table Observation Well O11{St. Plane 128234.40 RN. 2285323.43 ftE. | Date Well Installed 

Piezometer 4 12 | Section Location of Waste/Source 2. Biz, 2 - 
Distance Well Is From Waste/Source Boundary “Yof_ “%ofSec. .T. NR 5 Wy Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 
Is Well A Point of Enforcement Std. Application? u_—‘ C0 Upgradient s 10 Sidegradient Boart-Longyear 

0 Yes ONof{d CO Downgradient n ONot Known 

A. Protective pipe, top elevation 1588.25 ft. MSL 1. Cap and lock? @ Yes O No 
———t 2. Protective cover pipe: B. Well casing, top elevation 1588.16 ft. MSL TI) a. Inside diameter: 4.0 in. 

b. Length: 20 ft. C. Land surface elevation 1585.0 ft MSL c. Material: Stel @ 04 

may aime Other O =. D. Surface seal, bottom 15.8 4.5 ft. MSL or_ 0.5 fi. gore ; re d. Additional protection? O Yes O No 
12. USCS classification of soil near screen: as If yes, describe: 

GP 0 GMO GC O GWO Sw osP a , 3. Surface seal: Ventonite a oy oa BS oncrete 0 SM 0 SC O ML ®@ MHOCL ocH gag a Ba Native Other @ 
Bedrock 0 Be 4. Material between well casing and protective pipe: 

13. Sieve analysis attached? 0 Yes @ No ORB Benton O 30 
illi Ry ORS Annular space DO 2s 

Hollow Stem Auger 4 1 aS 5. Annular space seal: a. Chipped Bentonite @ 33 
Other O 2 my BS b. Lbs/gal mud weight Bentonite-sand slury O 35 

nt: oo OR c. ______Lbs/gal mud weight .... Bentonite slury O 31 I>. Drilling fluid usedWater 0 0 2 Ar 01 mye d. % Bentonite .... Bentonite-cement grout O 50 Drilling MudO 03 None 99 eB e. _13 Ft’ volume added for any of the above 
© 16. Drilling additives used? (0 Yes O No | BOBS f. How installed: umped 0 ) , 

ORS Tremie pumped 0 
Describe Be OS Gravity @ 08 17. Source of water (attach analysis): ROBY 6. Bentonite seal: a. Bentonite granules O 33 

ese b.OYin. A%in. O% in. Bentonite chips @ 32 
— BE Co ther 

. ee os 7. Fine sand material: Manufacturer, product name & mesh size . 84. . BY ? : . Bentonite seal, top 1584.5f MSL or__ 0.5 \ my a. _ Badger Mining BB#7 ee 
Be b. Volume added__ 0.0 _ ft? F. F t . ft. MSL -.- ~ ine sand, top ~STS Or = = ft N ry 8. Filter pack material: | Manufacturer, product name and mesh size ; 

Red Flint #30 ee G. Filte t 1581.5 ft. MSL , a ed Et eo “- Mer pack, top OO or_3 3 ft NS a b. Volume added__ 2.4 ft? 
a 9. Well casing: Flush threaded PVC schedule 40 O 23 1H. Screen joint, top _1581.0ft. MSL or__4.0ft = Flush threaded PVC schedule 80 w 24 

aa 
Other O =. , l 1 1.0 1_4.0 ft. = oS -— 

I. Well bottom 5.71 0 ft. MSL or_1_4.0 ft SS 10. Screen material) PV mo 
iB 70.08 eS a. Screen Type: Factory cut @ 11 J. Filter pack, bottom 1570.0 ft.MSLor_ 15 O ft. BA Continuous slot 0 01 

A Other O , h 1570. . ES as -- 
K. Borehole, bottom 57.0 0 ft. MSL or_ 15.0 ft. G2 5 Manuf Northen Air 

; . . Slot size: 0.0 1 0 in. . Borehol t 8 .3 in. c = 
L. Borehole, diameter _ § .3 in d. Slotted length: 10.0f 
M. OLD. well casing _2.38in. 11. ack. material (below filter None 4 14 

N. ID. well casing _ 1.87 in. ————___ Other 0 

I hereby certify that the ipformation gn this form is true and correct to the bast of my knowledge. 
Signature [(—f Ol / Firm 

AL Foth & Van Dyke 
Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent. 
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State of Wisconsin | MONITORING WELL DEVELOPMENT 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste 0 Haz. Waste C1 Wastewater @ | 
Env.Response & RepairO Underground TanksO OtherO_ | 

Facility/Project Name County Name Well Name © 
Nicolet Minerals Co - Area H Forest _ ss —S| MWH-11 

0.0 0 0 0 0 0 2 1 0 D0000 = ft 

1. Can this well be purged dry? OYes UNo Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a _ 7.2 9 ft. __ 9.1 8 ft. 

surged with bailer and bailed 041 well casing) 
surged with bailer and pumped 0 61 

surged with block and bailed O42 Date b. 0 8/2 8/9 8 O 8/2 8/9 & 

surged with block and pumped 4 62 mm dd y y mm ddyyy 

surged with block, bailed and pumped O70 Aam. a.m. 

compressed air D 20 Time ce 1.0:0 0 Opm. 11:10 Opm. 

bailed only O10 

pumped only O51 12. Sediment in well _ 0.0 inches __ 0.9 inches 

pumped slowly 050 bottom 

Other J 13. Water clarity Clear O10 Clear & 20 

Turbid 415 Turbid O 25 

3. Time spent developing well _ 2 QO min. (Describe) (Describe) 

4. Depth of well (from top of well casing) _1 7.0 ft. _Very High Turbidity 

5. Inside diameter of well _ 1.8 7 im. a 

6. Volume of water in filter pack and well ee 
casing __ 8.7 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 
7. Volume of water removed from well _ 9 0.0 gal. 

14. Total suspended ___.._-.. mg/l ____._ mg/l 

8. Volume of water added (if any) ___ 0.0 gal. solids 

9. Source of water added. N/A 15. COD —— — —-_ mg/l _—— —-— mg/l 

10. Analysis performed on water added? OYes MNo 

(If yes, attach results) | 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. _ 

Zk Signature: A <7 

Name: __ScottJanssen 
Print Initials: € AS 

Firm: Foth & Van Dyke 

Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-284



| State of Wisconsin Route to: Solid Waste 0 Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 

Department of Natural Resources Env.Response & Repair O Underground Tanks O OtherO = =—S—s—s Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

QON. OE. . NMC- Area H _ & OS. e ow. |MWEH-IIP 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 

_______ [Lat —sdLong._ Cr oo ___ 

Type of Well Water Table Observation Well 11 4St. Plane 128240.76 ftN. 2285325.07 ftE. } Date Well Installed 
; — : 0 8/2 7/9 & 

Piezometer D 12 | Section Location of Waste/Source mmddyy 
OE. 

Distance Well Is From Waste/Source Boundary _Kof_ KofSec._,T._N,R_ Cw. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source _Mike Mueller —sss—s—s—i—‘“—‘ 

Is Well A Point of Enforcement Std. Application? uO Upgradient s O Sidegradient _Boart-Longyear 

| CO Yes ONo|d ODowngradient n ONot Known 

A. Protective pipe, top elevation 1588.07 ft. MSL 1. Cap and lock? @ Yes O No 
——1 _ 2. Protective cover pipe: 

B. Well casing, top elevation 1588.02 ft. MSL rT) ID a. Inside diameter: _ 4.0 in. 

b. Length: _ 3.0 ft. 
C. Land surface elevation 1584 . 9 ft. MSL c. Material: Steel @ 04 

nae Peete ties 
REAR meget a COther OZ 

D. Surface seal, bottom 15.84 .4 ft. MSL or __0. 5 ft. NES ee <td. Additional protection? Yes O No 

12. USCS classification of soil near screen: XK If yes, describe: 

GP OGMoOGcc oGwoOSW OS? a , 3. Surface seal: Bentonite @ 30 

ee Concrete O 01 
SM O SC O ML OQ MHQ CL OCHO OR Native Other @ — 
Bedrock O MOBS 4. Material between well casing and protective pipe: 

13. Sieve analysis attached? O Yes @ No i Bentonite O 30 

ili RY Annular space seal O 3 

Hollow Stem Auger@ 4 1 a 5. Annular space seal: a. Chipped Bentonite @ 33 

OthrO 2% BM b. Lbs/gal mud weight Bentonite-sandslury O 35 
ate a Air 01 oa c. _____Lbs/gal mud weight .... Bentonite slury O 31 

15. Drilling fluid usedWater OQ 0 2 0 ORS d. _____% Bentonite .... Bentonite-cement grout 0 50 
Drilling MudQO 03 None@ 99 Py e. _5.8 Ft’ volume added for any of the above 

© 16. Drilling additives used? Yes | O No BOBS f. How installed: rem Tremie A 
BM remie pumped 

Describe i Gravity @ 08 
17. Source of water (attach analysis): By OBS 6. Bentonite seal: a. Bentonite granules O 33 

BH Ry bO%in. A%in. OY in. Bentonite chips @ 32 
: my ORY Qo Other 

E. Bentonite seal, top 1584.4 ft MSLor__ 0.5 ft Ee nen mize Mung BEY 

: OB b. Volume added 0.49 __ f° == 
; 9 ft. MSL Q ft. a ; ; ; 

F. Fine sand, top 1552.2 ore. 2 Ny ny 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack, top 1557 .9 ft. MSL or _2 _7 0 ft. INQ E ea b. Volume added fe 

. 9. Well casing: Flush threaded PVC schedule 40 0 23 
. Screen 9 ft. MSL Q ft. a H. Screen joint, top 1339 28 MSI or 22.0 g Flush threaded PVC schedule 80 a 24 

I. Well bottom 1550 .9 ft. MSL or _3 _4 .0 ft. > 10. Ss material: ~ 

Fy bott 9 ft MSL OR a a. Screen Type: Factory cut 4 11 
J. Filter pack, bottom 1549.9 or _35 0 LZ Continuous slot O 01 

ZS Oth oO & 
9 ft. MSL LO ft. LES $$ rO 2. 

K. Borehole, bottom 1549.9 ft. MSL or_ 35.0 L353, >, Manufacturer 

, c. Slot size: 0.0 | 0 in. 
L. Borehole, diameter _ 8.3 in. d. Slotted length: 5 Of 

M. O.D. well casing _ 2.38in. 11. oa material (below filter None @ 14 

N. I.D. well casing 1.87 in. —————$— Other O 

I hereby certify that the infornpatiop’on this form is true and correct to the bast of my knowledge. 

Signature CF. Zip Firm 

, fe Foth & Van Dyke 

© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 

D-285



State of Wisconsin MONITORING WELL DEVELOPMENT . 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste O Haz. Waste O Wastewater @ | 
Env.Response & RepairO Underground TanksO OtherO_ | 

Facility/Project Name County Name Well Name 

Nicolet Minerals Co - Area H Forest _ CE MWEH-11P 

Facility License, Permit or Monitoring Number County Code | Wis.Unique Well Number = {DNR WellNumber 
00000 0 0 21 000000 —6—rhLt OO 

1. Can this well be purged dry? OYes WMNo Before Development | After Development 

11. Depth to Water 

2. Well development method | (from top of a 7.1 2 ft — 1.3 2 ft. 
surged with bailer and bailed O41 well casing) 
surged with bailer and pumped O61 

surged with block and bailed 0 42 Date b. O 8/2 8/9 8 0 8/2 8/9 & 

surged with block and pumped 4 62 mm dd _y y mmddyy : 

surged with block, bailed and pumped O70 @ am. am. 

compressed air 0 20 Time ce 10:0 0 Opm. 1 1:15 Opm. 

bailed only 010 

pumped only O51 12. Sediment in well __ 0.0 inches __ 0.0 inches 

pumped slowly O50 bottom | 

Other O 13. Water clarity Clear O10 Clear &@ 20 

Turbid 415 Turbid O 25 
3. Time spent developing well __-_L 5 min. (Describe) (Describe) 

| 
Brown —— 

4. Depth of well (from top of well casing) _ 3.7.0 ft. _Moderate Turbidity 

5. Inside diameter of well _ 1.8 7 in. fl 

6. Volume of water in filter pack and well a 
casing __ 9.9 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 

7. Volume of water removed from well 1 0 0.0 gal. 

14. Total suspended ______.-__ mg/l ___._-_. mg/l 

8. Volume of water added (if any) ___ 0.0 gal. solids 

9. Source of wateradded_ N/A 15. COD _—_——-_ mg/l ____.__ mg/l 

10. Analysis performed on water added? OYes M4No 

(If yes, attach results) 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. fas 

ware CLL! Signature: AO Ayah L 

Name: __ScottJanssen 
Print Initials: _ArS 

Firm: _Foth & Van Dyke 0 
Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-286



State of Wisconsin Route to: Solid Waste O Haz. Waste Wastewater 0 MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & Repair O Underground Tanks 0 Other O Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. OE. 
NMC - Area H fi Os. ft Ow. MWH-13 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 
______. |Lat_..—sidLong.. rr ~oe ee a 

Type of Well Water Table Observation Well 411 }St Plane 130355.72 ftN. 2285041.29 ftE. | Date Well Installed 
; O 8/2 7/9 & Piezometer C) 12 | Section Location of Waste/Source mmddyy 

OE. 
Distance Well Is From Waste/Source Boundary _%of _ “of Sec._,T._N,R__ Cc w. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 

Is Well A Point of Enforcement Std. Application? u OUpgradient s O Sidegradient _Boart-Longyear, 

OC Yes ONoj{d © Downgradient n ONot Known 

A. Protective pipe, top elevation 1597.60 ft MSL 1. Cap and lock? @ Yes O No 
——"t — 2. Protective cover pipe: 

B. Well casing, top elevation 1597.54 ft. MSL ri) IR a. Inside diameter: AQ in, 

b. Length: _ 2.0 ft. C. Land surface elevation 1594.4 ft. MSL c. Material: Steel @ 04 
ee UFEn Te Facet eps 

D. Surface seal, bottom _1 5 9 3 .9 ft. MSL or_ 0. _5 ft. UN ae ie a 5 d. Additional urotection? dditional protection? O Yes No 

12. USCS classification of soil near screen: X If yes, describe: 

GP O GMO GC Oo GWoO Sw co SP @ > 3. Surface seal: Bentonite a ° 
a ncrete O 

SM 0 SC O ML O MHQ CL QO CH Q i ie Nati Other 2. 

Bedrock O mm BA 4. Material between well casing and protective pipe: 
13. Sieve analysis attached? © Yes @ No Re annul Bentonite / 30 

ay: a ular space Ey 
14. Drilling method used: RotaryDO 50 2 iB #30 Sand Other @ Ze 

Hollow Stem Auger@ 41 By OR 5. Annular space seal: a. Chipped Bentonite @ 33 
OtherrO gg my BS b. Lbs/gal mud weight Bentonite-sand slurry O 35 

vat: . en my c. ______Lbs/gal mud weight .... Bentonite slury O 31 
15. Drilling fluid usedWaterO 02 = AirO 01 Be d. ______%Bentonite .... Bentonite-cement grout O 50 

Drilling MudO 03 None 99 mH RY e _ 13 Ft’ volume added for any of the above 
© 16. Drilling additives used? 1 Yess 0 No BOBS f. How installed: wer Tremie O OF 

. OB remie pumped O 
Deseribe eR Gravity @ 08 

17. Source of water (attach analysis): Re oy 6. Bentonite seal: a. Bentonite granules O 33 
Ra Bt bO%in. A%in. O%4in. Bentonite chips @ 32 
mB c. Othr O 2% 

E. Bentonite seal,top 1593 .9 ft. MSLor__ 0.5 ft WN Bs a 7. Pine sand material: Manufacturer, product name & mesh size 

, te ns b. Volume added ___0.0 fr 
F. Fine sand, top -----f MSL or_ = ft N ry 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack, top 1589.9 ft. MSL or_ 4.5 ft. NE EF b. Volume added re 

. 9. Well casing: Flush threaded PVC schedule 40 0 23 H. Screen joint, top 1589 .4 ft. MSL or_ _5 .0 ft. Z Flush ed PVC schedule 80 wm 24 

I. Well bottom 1579 .4 ft. MSL or_1_5 .0 ft. os 10.S material: ~~ 

J. Filter pack, bottom _1578.4 ft. MSLor_16.0ft aoe a. Screen Type: Factory cut @ 1 1 
ZZ Continuous slot O 01 
LEE Othr O K. Borehole, bottom 1578 .4 ft. MSL or_ 16.0 ft. Gz >. Manufacturer : 

; ; c. Slot size: 0.0 ] 0 in. L. Borehole, diameter _ 8.3 in. d. Slotted length: 10.0f 

M. OLD. well casing _2.38in. 11. ca material (below filter None @ 14 

N. LD.wellcasing © _1.87in. ——_+1!_ Oher 
I hereby certify that the informatjon on this form is true and correct to the bast of my knowledge. 

sem Lo Fm £ Foth & Van Dyke 
© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 

141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 

D-287



State of Wisconsin MONITORING WELL DEVELOPMENT | 
Department of Natural Resources : Form 4400-113B Rev. 4-90 

Route to: Solid Waste Haz. WasteO Wastewater 4 | 
Env.Response & Repair) Underground TanksO OtherO_ 

Facility/Project Name County Name Well Name © 

Nicolet Minerals Co - Area H Forest MWH-13 

0000000 21 |... 280000 |  £)09 

1. Can this well be purged dry? OYes MNo Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a _ 9.) 6 fi. 11.4 8 ft. 

surged with bailer and bailed 041 well casing) 
surged with bailer and pumped 061 

surged with block and bailed O 42 Date b. O 8/2 8/9 & 0 8/2 8/9 & 

surged with block and pumped 62 mmddyy mm dd _y y ° 

surged with block, bailed and pumped 070 am. Olam. 
compressed air O20 Time ce Li:3 5 Opm. 12:40 Wpm. 

bailed only 010 

pumped only D051 12. Sediment in well _ 0.0 inches _ 0.0 inches 

pumped slowly O50 bottom 

Other ds 13. Water clarity Clear O10 Clear @& 20 
Turbid 415 Turbid O 25 | 

3. Time spent developing well __ 6 5 min. (Describe) (Describe) 

_Brown — 

4. Depth of well (from top of well casing) _1 7.9 ft. _Very High Turbidity 

5. Inside diameter of well _ 1.8 7 m. _ 

6. Volume of water in filter pack and well 

casing _ 1.8 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: 

7. Volume of water removed from well __ 8 0.0 gal. 

14. Total suspended ___._-__ mg/l ___._-_ mg/l . 

8. Volume of water added (if any) ___ 0.0 gal. solids | 

9. Source of water added_§ N/A 15. COD ___ _ _-__ mg/l _____ _-__ mg/l 

10. Analysis performed on water added? OYes WNo 

(If yes, attach results) 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. ~ . A - 

MEZZLE 7 Signature: Se pte 

Name: -_ _ScottJanssen 
| a Print Initials: 2A S 

Firm: Foth & Van Dyke 

Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-288 .



State of Wisconsin. Route to: Solid Waste 0 Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 

Department of Natural Resources Env.Response & RepairO Underground Tanks O OtherO_ =———Cs=—s«~Frrm 44000-1133 Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. OE. 
NMC - Area H fos . ¢« ow. |MWH-14 
Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 

iow «fat. Cdn. or oo oe 

Type of Well Water Table Observation Well 411 |St Plane 127088.73 ft N. 2284444.46 ftE. | Date Well Installed 
; OD 8/2 6/9 8 

Piezometer C2 12 } Section Location of Waste/Source mmddyy 

OE. 
Distance Well Is From Waste/Source Boundary _%of _ “ofSec._,T._N,R__ Cw. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source _ToddSchmanfelt = 

Is Well A Point of Enforcement Std. Application? uO Upgradient s 0 Sidegradient _Boart-Longyear 

C Yes OONo|d ODowngradient n ONotKnown 

A. Protective pipe, top elevation 1. 5 9 1 .8 5 ft. MSL 1. Cap and lock? @ Yes O No 
=P — 2. Protective cover pipe: 

B. Well casing, top elevation 1591.92 ft. MSL rr) IRS a. Inside diameter: 40 in. 

b. Length: _... ft. 
C. Land surface elevation 1588.7 ft. MSL c. Material: Stel @ 04 

D. Surface seal, bottom 1588 .2 ft. MSLor_0. 5 ft Sie ee Cher —————— =—— — Loe Sere eee’ = d. Additional protection? O Yes O No 
12. USCS classification of soil near screen: .s If yes, describe: 

GP O GMO Gc o GwO SW Oo SP @ 3. Surface seal: Bentonite @ a0 
mR ncrete 

Bedrock O ee 4. Material between well casing and protective pipe: 

13. Sieve analysis attached? O Yes @ No tt me Annul Bentonite 5 30 

14. Drilling method used: RotaryO 50 ae 130 Send Se Other Btn 
Hollow Stem Auger@ 41 OBR 5. Annular space seal: a. Chipped Bentonite @ 33 

Other O ge ma BR b. _______L.-bs/gal mud weight Bentonite-sand slurry 0 35 
waa: . ot te Be c. ______Lbs/gal mud weight .... Bentonite slurry 0 31 

15. Drilling fluid usedWater CQ) 0 2 ArQ O01 BR d. ____s% Bentonite .... Bentonite-cement grout O 50 
Drilling MudO 03 None 99 a e. _]3 Ft’ volume added for any of the above 

© 16. Drilling additives used? Yes 0 No ORS f. How installed: rem Tremie A ° 
OR remie pumped 

Describe OR Gravity @ 08 
17. Source of water (attach analysis): a BY 6. Bentonite seal: a. Bentonite granules O 33 

my ORS bO%in. A%in. OYin. Bentonite chips @ 32 

E. Bentonite seal, top 2RMSLor__0.5f \ Be 7. Fine sand material: Manufacturer, product name & mesh size 
” ES. a Ry BSS a. _Badger Mining BB#7 

. Ba ORS b. Volume added ft’ / 
F. Fine sand, top ----~— ft MSL or_ = .= ft N RY 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack,top _1584.2ftMSLor__4.5ft RQ E # a ~ ed Blunt 30 ______ int #8 = 
1. 9. Well casing: Flush threaded PVC schedule 40 O 23 

H. Screen joint, top 15837 ft MSL or__5 0 ft = Flush threaded PVC schedule 80 w 24 
eae een AS ap I. Well bottom 15.73 7 ft. MSL or _] _5 .0 ft. os 10. S material: PVC ce 

, pa a. Screen Type: Factory cut @ 11 J. Filter pack, bottom 1572.7 ft MSL or _16 .0 ft. LZ Continuous slot O 01 

K. Borehole, bottom _1572.7ft.MSLor_16.0ft Zz $$$ _____________. Other —— Zz b. Manufacturer _ Northem Air 
, c. Slot size: 0.0 |] 0 in. L. Borehole, diameter _ 8-3 in. d. Slotted length: LOOf 

M. OLD. well casing _ 2.38in. 11. oa material (below filter None @ 14 

N. ID. well casing _ 1.87 in. ——___————_——_———_ Other Oe 

I hereby certify that the infprmgtiongn this form is true and correct to the bast of my knowledge. 

Signature A, VW ff Firm 
I A, AY Foth & Van Dyke 

© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 

D-289



State of Wisconsin MONITORING WELL DEVELOPMENT 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste 0 Haz. Waste O Wastewater 4 | 
Env.Response & RepairO Underground TanksO OtherO_ | 

Facility/Project Name County Name Well Name © 
Nicolet Minerals Co - Area H Forest _ __|MWH-14 

O00 0 0 0 0 2. 1 000000 ll LL | 

1. Can this well be purged dry? OYes &MNo Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a 10.9 9 ft. 1 1.2 2 ft 
surged with bailer and bailed O41 well casing) 
surged with bailer and pumped 0 61 

surged with block and bailed O42 Date b. O 8/2 7/9 8 0 8/2 7/9 8& 

surged with block and pumped 462 mm dd _y y mm ddjyygy - 
surged with block, bailed and pumped 070 OD am. O am. | 

compressed air O 20 Time ce 17:1 5 Wpm. 1 8:0 0 Wpm. 

bailed only O10 

pumped only O51 12. Sediment in well _ 0.90 inches _ 0.0 inches 

pumped slowly O50 bottom 

Other O.. 13. Water clarity Clear O10 Clear 4 20 

Turbid 415 Turbid O 25 
3. Time spent developing well _— 4 5 min. (Describe) (Describe) 

Brown 
4. Depth of well (from top of well casing) —_ 1 8.2 ft. _Very High Turbidity joo 

5. Inside diameter of well —_ 1.8 7 in. | a 

6. Volume of water in filter pack and well 

casing ___ 6.4 gal. 

, Fill in if drilling fluids were used and well is at solid waste facility: 
7. Volume of water removed from well _ 6 5.0 gal. 

14. Total suspended __.___.__ mg/l __—_ —-_ mg/l 
8. Volume of water added (if any) ___ 0.0 gal. solids 

9. Source of water added__ N/A. 15. COD ——— —-—_ mg/l —_—_—_—-_ mg/l 

10. Analysis performed on water added? OYes €4No 

(If yes, attach results) 

i rn 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. > .. 

Signature: KGiLE. | 
Name: Scott Janssen 

Print Initials: cf A ie 

Firm: _Foth& VanDyke 

Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-290 .



State of Wisconsin Route to: Solid Waste O Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & Repair O Underground Tanks O Other O Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. OE. NMC - Area H ft OS. ft Ow. MWH-15 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 
______. |Lat_._—CdLong. rr oo __e 

Type of Well Water Table Observation Well 11 {St Plane 127542.29 ftN. 2284156.78 ftE. | Date Well Installed 
; D 8/2 7/9 8 Piezometer 0 12 | Section Location of Waste/Source mmddyy 

OE. 
Distance Well Is From Waste/Source Boundary _%of_ %of Sec. _,T._N,R_ Ow. Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Todd Schmanfelt 
Is Well A Point of Enforcement Std. Application? u  O Upgradient s _D Sidegradient —Boart-Longyear 

0 Yes ONofd 0 Downgradient n ONot Known 

A. Protective pipe, top elevation 1591] .6.3 ft. MSL 1. Cap and lock? @ Yes O No 
==? — 2. Protective cover pipe: 

B. Well casing, top elevation _159].7.3 ft. MSL re) fe a. Inside diameter: 4.0 in. 
. b. Length: LQ ft. C. Land surface elevation 1588.8 ft. MSL c. Material: Steel B@ 04 

waa: St Miss Taeits Other O 2 
D. Surface seal, bottom 1 5 8 8 .3 ft MSL or _.0. 5 ft § a Wysts = d. Additional protection? O Yes O No 
12. USCS classification of soil near screen: XK ; If yes, describe: 

GP O GMo GC Oo GWoO sw oO sp @ , 3. Surface seal: Bentonite a 3° 
a RY Ncrete O SM O SC O ML O MHQO CL OCH oO S i Nati Other @ 

Bedrock O a Bs 4. Material between well casing and protective pipe: 
13. Sieve analysis attached? Yes @ No OBS Anmul Bentonite 5 30 

ni ROR ular space vay 14. Drilling method used: RotaryO 50 ge 130 Sand Other @ o 

Hollow Stem Auger@ 4 1 a 5. Annular space seal: a. Chipped Bentonite @ 33 
OthrO 2 a b. _____Lbs/gal mud weight Bentonite-sand slurry 0 35 

aie a: one ee c. _______Lbs/gal mud weight .... Bentoniteslury O 31 15. Drilling fluidusedWaterO 02 = AirO 01 OB d. _______% Bentonite .... Bentonite-cement grout O 50 
Drilling MudD 03 None 99 Bs e. _1.8 Ft’ volume added for any of the above 

© 16. Drilling additives used? C0 Yes O No a OBS f. How installed: em: Tremie 
. a vt remie pumped 

Describe i Gravity @ 08 
17. Source of water (attach analysis): Re oy 6. Bentonite seal: a. Bentonite granules O 33 

ome bO%in, 2%in. O%in. Bentonite chips @ 32 
yO c. Other O 2% 

E. Bentonite seal,top 1588.3 ft. MSLor_ - .- ft. \ i ee 1. Pine sand material: Manufacturer, product name & mesh size 

, BS ie b. Volume added ft’ ~ 
F. Fine sand, top ----—f- MSL or_ =.= ft Ny ry 8. Filter pack material: | Manufacturer, product name and mesh size 
G. Filter pack,top _1584.3f.MSLor__4.5ft NSE a * —Red Flint #3 = 

9. Well casing: Flush threaded PVC schedule 40 0 23 H. Screen joint, top 1583.8ft MSL or_ _5 Of g Flush threaded PVC schedule 80 w 24 
= Cher Oe I. Well bottom 15.73 .8 ft. MSL or _1 _5 ..0 ft. - 10. Ss material: a 

. eS a. Screen Type: Factory cut @ 11 J. Filter pack, bottom 1572.8 ft. MSL or_16.0 ft. ZB Continuous slot O 01 

K. Borehole, bottom 1572.8 ft MSLor_16.0ft. L353; b, Manuf 

; c. Slot size: 0.0 1 0 in. L. Borehole, diameter _ &.3 in. d. Slotted length: 100 f 

M. OD. well casing _ 2.38in. 11. oa material (below filter None @ 14 

. Other OO N. LD. well casing _1.87in. ssn, INET 

I hereby certify that thg,infogrpatign on this form is true and correct to the bast of my knowledge. 

Signature ZL Lf Firm 
ef Cad) Foth & Van Dyke 

© Please complete both sides of this form and retum to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
| 141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $1 0, nor more than $5000 for each day of 

violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 

D-291



State of Wisconsin MONITORING WELL DEVELOPMENT . 
Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste 1 Haz. Waste O Wastewater oO 
Env.Response & Repair Underground Tanks 0 Other 0 

Facility/Project Name County Name Well Name ©} 
Nicolet Minerals Co - Area H Forest _ MWH-15 

0000000 21 | 00900900 j= | 600 _. 

1. Can this well be purged dry? OYes No Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a 9.4 0 ft _ 2.7 5. ft 
surged with bailer and bailed O41 well casing) 
surged with bailer and pumped O61 

surged with block and bailed 0 42 Date b. 0 8/2 7/9 8 0 8/2 7/9 & 

surged with block and pumped 462 mm dd _y y mmddyy 

surged with block, bailed and pumped 070 0 am. 0 am. 

compressed air , O 20 Time c 1 8:0 5 @pm. 19:0 0 Wpm. 

bailed only O10 

pumped only 051 12. Sediment in well __ 0.0 inches _ 9.0. inches 

pumped slowly O50 bottom 

Other 0. 13. Water clarity Clear O10 Clear @ 20 
Turbid 415 Turbid O 25 

3. Time spent developing well __ 5. 5 min. (Describe) (Describe) 

4. Depth of well (from top of well casing) _j] 8.2 ft. _Very High Turbidity _ 

5. Inside diameter of well — 1.8 7 in. eS OO 

6. Volume of water in filter pack and well 

casing __ 7.8 gal. TO 

Fill in if drilling fluids were used and well is at solid waste facility: © 

7. Volume of water removed from well _ 8 0.0 gal. 

14. Total suspended __ _._-__ mg/l _____.._ mg/l 

8. Volume of water added (if any) __ 0.0 gal. solids 

9. Source of water added _ N/A 15. COD ____._ mg/l _____.._ mg/l 

10. Analysis performed on water added? OYes MNo 

(If yes, attach results) 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. . | , 

Signature: tat Ladd 

Name: Scott Janssen | 

Print Initials: _€ AS 
Firm: Foth & Van Dyke 

Firm: Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-292 |



State of Wisconsin Route to: Solid Waste O Haz. Waste 0 Wastewater 0 MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & RepairO Underground TanksO OtherO_————SC=C«~Ftcpr mm 44000-1113 Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

CON. OE. 
NMC - Area H ft. OS. R OW. MWH-16 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 
| ______. |Lat._.———iLong.. ir oo oe 

Type of Well Water Table Observation Well 411 }St Plane 129341.85 ftN. 2285471.77 ftE. | Date Well Installed 
; O 8/2 7/9 8& Piezometer 0) 12 | Section Location of Waste/Source mmddyy 

QE. Distance Well Is From Waste/Source Boundary _%of_ YofSec._,T._N,R_ Cc w. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 
Is Well A Point of Enforcement Std. Application? uO Upgradient s OSidegradient —Boart-Longyear, 

0 Yes ONoj{d CDowngradient on ONotKnown 

A. Protective pipe, top elevation 1596.08 ft. MSL 1. Cap and lock? @ Yes O No 
——t ~~ 2. Protective cover pipe: 

B. Well casing, top elevation 1596.02 ft. MSL re) IS a. Inside diameter: 40 in. 

; b. Length: LO ft. C. Land surface elevation 1592.9 ft. MSL c. Material: Stel @ 04 

D. Surface seal, bott 4 ft. MSL or_ 0. 5 ft Seon aT ____________ Other O Ze ace seal bottom 1522 4 ft a= NEES * re d. Additional protection? O Yes O No 
12. USCS classification of soil near screen: \ If yes, describe: 

GP OGMO GC OGWoO SW OSs @ 3. Surface seal: Bentonite 2 s° 
my RY ncrete SM 0O SC QO ML O MHO CL O CH QO i a Nati Other @ 2 

Bedrock O a Be 4. Material between well casing and protective pipe: 
13. Sieve analysis attached? 1 Yes @ No BS Bentonite O 30 2 50 mH Annular spaceseal O 3, 14. Drilling method used: Rotary 0 3 By #30 Sand Other B |. 

Hollow Stem Auger@ 41 By OR 5. Annular space seal: a. Chipped Bentonite @ 33 
OthrO 2% oy b. ________Lbs/gal mud weight Bentonite-sandslury O 35 

sans , oe ee c. _____Lbs/gal mud weight .... Bentonite slury O 31 
[5.  Dnilling fluid usedWater C1 0 2 ArQ 01 Re Re d. ___ss% Bentonite .... Bentonite-cement grout O 50 

Drilling MudO 03 None 99 my Re e. _15____Ft’ volume added for any of the above 
16. Drilling additives used? 0 Yes O No OB f. How installed: _ Tremie O 01 . i Tremie pumped O 02 

Describe me Gravity @ 08 
17. Source of water (attach analysis): os 6. Bentonite seal: a. Bentonite granules O 33 

my ORS bO%in. B%in. O%in. Bentonite chips @ 32 
my Re Co Other Oe F. Bentonite seal, op ARMSLor__0.5f \ : i 7. Pine sand nn Manufacturer, product name & mesh size 

, i a b. Volume added = ft° a 
F. Fine sand, top ---~-- 8. MSL or __ — .= ft N ry 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack, top 1588 .4 ft. MSL or_ 4.5 ft. NQ E ea b. Volume added re 

. 9. Well casing: Flush threaded PVC schedule 40 O 23 H. Screen joint, top = 1587.9 ft MSL or_ _5 .0ft g- Flush threaded PVC schedule 80 w 24 
I. Well bottom 1577 .9 ft. MSL or_1_5 ..0 ft. 23 10. Screenmateial PVG material: Ss 

J. Filter pack, bottom 1576.9 ft. MSL or_16.0 ft aos a. Screen Type: Factory cut @ 11 ZZ Continuous slot O 01 
K. Borehole, bottom .§ 1576.9 ft. MSLor_ 16.0 ft. Gy b. Manufacturer Nodhem At Nort ¥ 

. . c. Slot size: 0.0 1 0 in. L. Borehole, diameter _ 8.3 in. d. Slotted length: 1O0f 

M. OD. well casing _2.38in. 11. oa material (below filter None @ 14 

N. ID. well casing _ 1.87 in. aI EIT orm 

I hereby certify that the infprmgtioy’on this form is true and correct to the bast of my knowledge. 

Signature LS 7 Gf Firm 
| 4h Foth & Van Dyke 

© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 
141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $1 0, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where oS completed form should be sent. 

D-



State of Wisconsin MONITORING WELL DEVELOPMENT 

Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste O Haz. Waste O Wastewater 4 

Env.Response & Repair O Underground Tanks O OtherO_ 

Facility/Project Name County Name Well Name 

Nicolet Minerals Co - Area H Forest _ __|MWH-16 | 

00000 0 0 21 eo 600000 fo oO. 

1. Can this well be purged dry? OYes No Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a | 3.6 5 ft. 1 4.4 6 ft. 

surged with bailer and bailed O41 well casing) 
surged with bailer and pumped 0 61 

surged with block and bailed 0 42 Date b. 0 8/2 8/9 8 0 8/2 8/9 & 

surged with block and pumped 4 62 mm dd _y y mmddyy - 

surged with block, bailed and pumped 070 0) a.m. Oam. 

compressed air O20 Time ce 12:4 5 WMpm. 13:1 5 Wpm. 

bailed only O10 

pumped only O51 12. Sediment in well _ 0.0 inches _ 0..0. inches 

pumped slowly O50 bottom 

Other 0 .. 13. Water clarity Clear O10 Clear 4 20 

Turbid 415 Turbid O 25 

3. Time spent developing well __ 3 0 min. (Describe) (Describe) 

Brown 

4. Depth of well (from top of well casing) _1 7.9 ft _Very High Turbidity jo 

5. Inside diameter of well _ 1.8 7 m. eee 

6. Volume of water in filter pack and well ee 

casing ___ 3.8 gal. 

Fill in if drilling fluids were used and well is at solid waste facility: © 

7. Volume of water removed from well _ 4 0.0 gal. 

14. Total suspended ______-_. mg/l ___ _-_ mg/l . 

8. Volume of water added (if any) ___ 0.0 gal. solids 

9. Source of water added_ N/A 15. COD __ ___.__ mg/l ___ _.__ mg/l 

10. Analysis performed on water added? OYes WMUNo 

(If yes, attach results) 

een 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. _ tf | 

Signature: ZL be 
Name: Scott Janssen | 

Print Initials: £4 S 
Firm: Foth & Van Dyke 

, 

Firm: — ______§____Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-294



State of Wisconsin Route to: Solid Waste O Haz. Waste O Wastewater 0 MONITORING WELL CONSTRUCTION 
Department of Natural Resources Env.Response & Repair O Underground Tanks O Other O Form 4400-113A Rev. 4-90 
Facility/Project Name Local Grid Location of Well Well Name 

ON. OE. NMC - Area H ft OS. et ow. |MWH-19 

Facility License, Permit or Monitoring Number Grid Origin Location Wis. Unique Well Number DNR Well Number 
______. |Lat_.——CLong.. rr a a 

Type of Well Water Table Observation Well 4711 |St. Plane 127614.65 ftN. 2285679.80 ftE. | Date Well Installed 
, 0 8/2 6/9 8& 

Piezometer C) 12 | Section Location of Waste/Source mmddyy 
QE. Distance Well Is From Waste/Source Boundary _Kof_ %ofSec._,T._N,R__ Cc w. | Well Installed By: (Person's Name and Firm) 

ft. | Location of Well Relative to Waste/Source Mike Mueller 

Is Well A Point of Enforcement Std. Application? u © Upgradient s 0) Sidegradient _Boart-Longyear 
CO Yes OXNo}d ODowngradient n ONotKnown 

A. Protective pipe, top elevation 1589.37 ft. MSL 1. Cap and lock? @ Yes O No 
———" ~~ 2. Protective cover pipe: 

B. Well casing, topelevation 1589.38 ft. MSL rey Ae a. Inside diameter: 40 in. 

b. Length: _L.0 ft. 
C. Land surface elevation 1586.2 ft. MSL c. Material: Steel @ 04 

D- Surface seal, bottom 13.85 i MSLor_0-3f aries REGIA. Additional protection? O Yes O No 
12. USCS classification of soil near screen: \ If yes, describe: 

GP O GMO cc o GWwoO SW oOo S$ @ 3. Surface seal: Bentonite 2 3° 
er Re ncrete SM O SC O ML O MHQ CL OCH QO i ce Nati Other Bz 

Bedrock O a Bs 4. Material between well casing and protective pipe: 

13. Sieve analysis attached? © Yes @ No Ba OBS Anmul Bentonite 5 30 
‘114. Drilling method used: RotaryO 50 OBS Other @ eo 

Hollow Stem Auger@ 4 I el 5. Annular space seal: a. Chipped Bentonite @ 33 
OtherO 2 my ht b. Lbs/gal mud weight Bentonite-sand slury 0 35 

Sey von On . 

: ; . ae c. _______Lbs/gal mud weight .... Bentonite slury O 31 
15, Drilling fluid usedWater 01 0 2 Art] 01 OR d. _____% Bentonite .... Bentonite-cement grout O 50 

Drilling MudO 03 None 99 By BY e. _16 Ft’ volume added for any of the above 
© 16. Drilling additives used? 0 Yes 0 No me f. How installed: rem Tremie 0 

. ORS remie pumped 

Desertbe a Re Gravity @ 08 
17. Source of water (attach analysis): OBS 6. Bentonite seal: a. Bentonite granules O 33 

my ORY b.O%in A%in. O%in. Bentonite chips @ 32 
SSS — —— BS c. Othr O 2. 

E. Bentonite seal,top _1585.7ftMSLor__0.5ft. \ i 3 7. Pine sand material: Manufacturer, product name & mesh size 

; if a b. Volume added = ft _ 
F. Fine sand, top ~--~-- 8 MSL or __ — .= ft N RY 8. Filter pack material: | Manufacturer, product name and mesh size 

G. Filter pack,top  _1581.7ft.MSLor__4.5 ft. NSE a & —Red Hint #8 = 
. 9. Well casing: Flush threaded PVC schedule 40 4 23 H. Screen joint, top 1581 .2 ft. MSL or __ _5 .0 ft. = Flush ed PVC schedule 80 Oo 24 

“= _ Othr O 

, Bence. a. Screen Type: Factory cut @ 11 J. Filter pack, bottom _1570.2 ft. MSL or_16 .0 ft. BA Continuous slot O 01 

SA En LB Other K. Borehole, bottom 1570 .2 ft. MSL or _ 16.0 ft. L235; b, Manuf. 

, . c. Slot size: 0.0 | O in. L. Borehole, diameter _ 8.3 in. d. Slotted length: look 

M. OLD. well casing _2.19in. 11. oa material (below filter None @ 14 

. . Other O & N. ID. well casing _ 1.94 in. ee nai 

I hereby certify thes thezhnformgtionn this form is true and correct to the bast of my knowledge. 

Signature Ly Lyf Firm 

A Affe Foth & Van Dyke 
© Please complete both sides of this form and return to the appropriate DNR off listed at the top of this form as required by chs. 144, 147 and 160, Wis. Stat., and ch. NR 

141, Wis. Ad. Code. In accordance with ch. 144, Wis Stats., failure to file this form may result in a forfeiture of not less than $10, nor more than $5000 for each day of 
violation. In accordance with ch. 147, Wis. Stat., failure to file this form may result in a forfeiture of not more than $10,000 for each day of violation. NOTE: Shaded 
areas are for DNR use only. See instructions for more information including where the completed form should be sent. 

D-295



State of Wisconsin MONITORING WELL DEVELOPMENT 

Department of Natural Resources Form 4400-113B Rev. 4-90 

Route to: Solid Waste O Haz. Waste Wastewater 4 | 

Env.Response & Repair Underground Tanks O OtherO_o | 

Facility/Project Name County Name Well Name 

Nicolet Minerals Co - Area H Forest _ | MWH-19 

90090 0 0 0 2. 1 ees 000 0 0 0 OOO | 

1. Can this well be purged dry? OYes W&No Before Development | After Development 

11. Depth to Water 

2. Well development method (from top of a _ 9.4 OQ ft. 10.2 9 ft. 

surged with bailer and bailed O41 well casing) 

surged with bailer and pumped O61 

surged with block and bailed O 42 Date b. 0 8/2 7/9 8 0 8/2 7/9 & 

surged with block and pumped 4 62 mm dd y y mm ddyyy . 

surged with block, bailed and pumped 0 70 O am. 0 am. 

compressed air O20 Time ce J 6:1 5 @pm. 17:10 Wpm. 

bailed only O10 

pumped only D 51 12. Sediment in well __ 0.0 inches __ 0.0 inches 

pumped slowly O50 bottom 

Other 13. Water clarity Clear O81 10 Clear @& 20 

Turbid 415 Turbid O 25 

3. Time spent developing well __5 5 min. (Describe) (Describe) 

_Brown TS 

4. Depth of well (from top of well casing) _ 1 7.9 ft. _Highly Turbid sf] 

5. Inside diameter of well _ 1.8 7 in. eS (Oe 

6. Volume of water in filter pack and well 

casing __ 7.6 gal. 
Fill in if drilling fluids were used and well is at solid waste facility: © 

7. Volume of water removed from well _ 75.0 gal. 

14. Total suspended ___. _-_ mg/l _____ mg/l 

8. Volume of water added (if any) __ 0.0 gal. solids | 

9. Source of water added___ N/A. 15. COD ____ _.__ mg/l ___ mg/l 

10. Analysis performed on water added? OYes No | 

(If yes, attach results) 

16. Additional comments on development: 

Well developed by: Person's Name and Firm I hereby certify that the above information is true and correct to the best of 
my knowledge. ~ DAS 4 a 

Lip | 
Signature: CLEL . 

Name: Scott Janssen 

Print Initials: & AS 
Firm: Foth & Van Dyke 

Firm: ___Foth & Van Dyke © 

NOTE: Shaded areas are for DNR use only. See instructions for more information including a list of county codes. 

D-296



State of 9. GROUNDWATER MONITORING WELL INFORMATION FORM 
Department of Natural Resources Chapter 144, Wis. Stats. 

Form 4400-89 Rev. 1-90 
Facility Name Facility ID Number _| Date Completed By (Name and Firm) . 
Crandon Project - Soil Absorbtion System - Area H 10-20-98 Stephen V. Donohue vi Foth & Van Dyke 

Top of Site 
DNR N ° Gradient Well ID . Date _ Well Datum | Screen] Well || 2] =| % Aban- | Enf'Stds. | Y's D Well Name | Number | Well Location | N E |W] _ Established Type | Casing | Surface | (W ¥) Length} Depth | ®{O] a] doned | Appl or N 

orl] | | sou SPH-1 | 7 T 9/15/98 1.25" | G 1583.69 | 1581.5 | Vv 3 8.29 Point NA NA 2,284,980 Vv | 

naes vt | | | Sand SPH-1A | 7 - 9/16/98 1.25" | G 1585.95 | 1581.4] 7 3' 18.65 Point NA NA 
2,284,981 Vv 

ao Iv] | | 7 SPH-2 TT 7 T 9/16/98 1.25" | G 1583.89 | 1581.9 | V 3' 8.29 Point NA NA 
2,285,360 Vv 

aan (vt | 1 son SPH-2A an 7 T— 9/16/98 1.25" | G 1584.36 | 15818 | Vv 3" 18.86 Point NA NA 
2,285,357 Vv 

wosr_[v| | | soa SPH-3 | 7 T— 9/16/98 1.25" | G 1593.37 | 15911] ¥ 3' 8.17 Point NA NA 
2,284,348 vo 

: ose |v] | | soa NSPH-3A 9/16/98 1.25" | G 1594.49 | 15912 | Vv 3' 18.99 Point NA NA : asco | | [7] 
moe |7 | | son SPH-4 | 7 T 9/16/98 1.25" | G 1593.18 | 15908 | ¥ 3' 8.28 Point NA NA 

2,284,105 Vv 

a0 |v] | | | Sand SPH-4A TT 7 T 9/16/98 1.25" | G 1594.88 | 15908 | ¥ 3' 18.68 Point NA NA 
2,284, 105 Vv 

women (vt | 7 SPH-5 9/16/98 1.25" | G 1581.51 | 15805] W 3' 13.31 Poj NA NA nas | | |v] _ = 
9940 [v] | | | Sand SPH-6 TT T 9/16/98 1.25" | G 1587.18 Jf 3' 7.48 Point 

2,285,545 

Location Coordinates Are: Remarks: NA = Not Applicabl PSS Use: 
= Not Appli e 

O Local Grid System & State Plane Coordinate G = Galvanized Pipe File Maint.Completed:— 
(preferred) 4 Northern 

CO Central | otter: 

DMVW(\93C049\GBAPP\68820.61\10000 .



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAS - AREA H HAH-01 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method | | 

MM/DD/YY MM/DD/YY 4%" HA to 4' | 

Foth & Van Dyke 10/15/98 10/15/98 312" HA to 6' 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

~1580.5 

Boring Location Local Grid Location (if applicable) 

State Plane N, E S/C/N Lat N E 

SW 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. | Rec | Blow | Depth in and geologic origin for C | Graph | Well | PID/ Std | Mst | Lin | as | RQD/ 
Counts Feet each major unit S | Log | Diag] FID Cont | Lim | Lim Comm 

- 0 0-4.5, black, 7.5YR2/0, fibrous peat, wet, 

- soft (root mat 8"-0.2') 

AS-1 - 1-2 

- 3 

- 4 4.5-6.2, dusty red, 10YR5/2, coarse, 

- fibrous peat w/ wood pieces, saturated, 

- very soft 

- 5 

- 6 
- EOB 6.2’ © 

- 3.3', hole caved with water 

- Note: Hole caving during drilling - could 
- retrieve a sample from below 5.5' 

mammoth, 

i hereb Lesttify that the J formation on this form is true and correct to the best of my knowledge. 

Siggfture Firm 
Ads Ayiand tn. Foth & Van Dyke 

D-298 

REM\93C049\GBAPP\68547.61\14000



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number . 

NMC - SAS - AREA H ; HAH-02 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

MM/DD/YY MM/DD/YY 

Foth & Van Dyke 10/15/98 10/15/98 3%" HA to 0' - 5.5' 

DNR Facility Well No. Wi Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

~1580.5 

Boring Location Local Grid Location (if applicable) 
State Plane N, E S/C/N Lat N E 
SW 1/4 of SE 1/4 of Section 17, T35.N, R13 E Long Feet S Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln 

SAMPLE Soil Properties 

U 
No. | Rec | Blow | Depthin Soil/Rock description S {Grap| Well | PID/ Mst | Liq | Plas RQD/ 

(in) | Counts Feet and geologic origin for Cc h | Diag} FID Cont} Lim} Lim Comm 
each major unit S|} Loc 

- Humhocky surface - drilled in depression 

- 0 |0-4, black, 7.5YR2/0, fibrous peat, saturated, PT 
- very soft (root mat 0-0.2') 

AS-1 - 0-2 

AS-2 - 2-4 

- 4 |4-5, dusky red, coarse, fibrous peat, wet, PT 

- very soft 

- 4.5-5.5, grey-brown, 10YR5/2, silty sand w/ SM- 
AS-3 - 5 fine to coarse gravel and clay, saturated, SC 

© - loose to firm (till) 

- EOB 5.5" 

- §.5' refusal - cobble 

- Notes: 
- 1. Hole caving during drilling 

- 2. Water level - 1.0' after boring 

| hereby ce tifythat the ip formation og this form is true and correct to the best of my knowledge. 

(N ZV LLAMA Foth & Van Dyke 

D-299 

REM\93C049\GBAPP\68548.61\14000



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - SAS - Area H HAH-03 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method | 

MM/DD/YY MM/DD/YY 4%" HA to 0'-4' 

| Foth & Van Dyke 10/15/98 10/15/98 3%" HA to 4'-6.2' 

DNR Facility Well No. WI Unique Well No. {Common Well Name — | Final Static Water Level Surface Elevation Borehole Diameter 

~1580.5 . 

Boring Location Local Grid Location (if applicable) 
State Plane N, E S/C/N Lat N E 
SW % of SE % of Section 17, T35N, R13 E Long Feet S Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph | Well | PID/ Sta] Met | Ua | Plas |e RQD/ 

Counts Feet each major unit S | Log | Diag} FID Cont | Lim} Lim Comm 

- 0-0.2, root mat (spagnum) - 

- 0.2-3.5, black, 7.5YR2/0, fibrous peat, saturated] PT 

- very soft 

- 1 

- 2 

- 3 

- 3.5-4, black to dark red-brown, 10YR3/1, peat | PT ° 
- w/ spruce logs, branches, etc., saturated, 
- very soft 

- 4 4-6, black, 75YR2/0, peat, wet, very soft 

- (could not retrieve auger sample below 4.5') 

= © 
- 6 
- E.O.B. 6.2’ 

- 1.7', hole caved in with water 

| hereby certi fy-that the ig ormation on this form is true and correct to the best of my knowledge. 

iN VY AMAA. Foth & Van Dyke © 

D-300 

REM\93C049\GBAPP\68549.61\14000 i



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number . 
NMC - SAS - Area H HAH - 04 

| Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

MM/DD/YY MM/DD/YY 4%." HA to 4.5' 
Foth & Van Dyke 10/15/98 10/15/98 3%" HA to 6.2' 

| DNR Facility Well No. Wi Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

~1582 

Boring Location Local Grid Location (if applicable) 
State Plane N, E S/C/N Lat N E 
SE 1/4 of SE 1/4 of Section 17, T35N, R13E Long Feet Ss Feet Ww 
County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln 

SAMPLE U Soil Properties 
| Soil/Rock description Ss 

No. Rec Blow | Depth in and geologic origin for C | Graph | Weill | PID/ Sta | Mst | Lia | Plas | P| RQD/ 
Counts Feet each major unit S | Log {| Diag} FID Cont | Lim} Lim Comm 

- 0-1, root mat (spagnum) and roots w/ peat, wet | PT 

- 1 1-4, black, 10YR2/1, fibrous peat, saturated, PT 
- very soft 

- 2 

- 3 

- 4 4-5, dark red-brown, 5YR5/3, fibrous peat, PT 
- saturated, very soft 

- 5 5-5.2, fine to coarse gravel (no auger recovery) 

AS-1 - §5.2-6 | Grey-brown, 10YR5/2, silty fine to med SM/ 
- sand w/ fine to coarse gravel & clay w/ layer Sc 
- of dark red-brown, 5YR5/3, peat (till) 

- 6 

- E.O.B. - 6.2' 

- Water level - 3.3' after boring 

© | hereby ce ify that the/ formation on this form is true and correct to the best of my knowledge. 

/ 
LY HA Foth & Van Dyke 

D-301 
REM\93C049\GBAPP\68553.61\14000



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number . 

NMC - SAS - Area H 
HAH-05 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

MM/DD/YY MM/DD/YY 4%," HA - 0-4' 

Foth & Van Dyke 
3%" HA - 4-6' 

DNR Facility Well No. WI Unique Well No. |Common Well Name = | Final Static Water Level Surface Elevation Borehole Diameter 

~1582 
. 

Boring Location Local Grid Location (if applicable) 

State Plane N, E S/C/N Lat N E 

SE 1/4 of NE 1/4 of Sectio 17, T35N, R13 E Long Feet Ss Feet Ww 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoin 

SAMPLE U Soil Properties 

Soil/Rock description Ss 

No. Biow | Depth in and geologic origin for C | Graph] Well | PID/ sts | mst | Lia | Plas | F RQD/ 

Counts Feet each major unit S | Log | Diag] FID Cont | Lim | Lim Comm 

- 0-1, root mat (spagnum) roots and peat 
. 

- 1 1-4, black, 7.5YR2/0, fibrous peat, very soft, wet 

ST-1 - 08- 
- 2.8' 

- 2 

AS-2 - 28- 

- 3.8 

- 3 

- 4 4-5.1, gray 10YR5/1, silty clayey fine to medium 

- sand wi fine to coarse gravel, trace of organics, 

- firm (till) 

- 5 5.1-6, grey-brown, 10YR5/2, medium to coarse 

- sand w/ layer of fine to coarse gravel, water- 

- bearing, loose (outwash) 

- 6 

- E.0.B. - 6' 

- Water level - 2’ after boring 

| hereby certify-ttrat the information on this form is true and correct to the best of m knowledge. 

KU 4 (AMA Foth & Van Duke 
D-302 

REM\93C049\GBAPP\68554.61\14000 .



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number . 

NMC - SAS - Area H = HAH-06 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

MM/DD/YY MM/DD/YY 4%" HA to 0' - 4' 

Foth & Van Dyke | 10/15/98 10/15/98 3%" HA to 4' - 6' 

DNR Facility Well No. Wi Unique Well No. |Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

~1581 

Boring Location Local Grid Location (if applicable) 
State Plane N, E S/C/N Lat N E 
NE 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet WwW 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description S 
No. Rec Blow | Depth in and geologic origin for C |Graph| Weill | PID/ Sid | Mst | Lia | Plas | P| RQD/ 

Counts Feet each maior unit S {| Log { Diag} FID Cont | Lim | Lim Comm 

-- 0-1, root mat and spagnum w/ peat, black, 

-- fibrous PT 

-- 1 water entering hole at 1' 

-- 1-3, black, 7.5YR2/0, fibrous peat, saturated, PT 

-- very soft 

-- 2 

-- 3 3-3.7, grey-brown, 10YR5/1, silty or clayey fine | SM/ 

-- to med sand w/ fine to coarse gravel & cobbles, | SC 

-- wet, dense (till) 

-- 3.7, auger refusal, cobble | 

© -- E.0.B. 3.7’ 

-- Water level - 0.9' after boring 

| hereby cestify-that the information on this form is true and correct to the best of my knowledge. 

©@ An 1 /| Ahn. oth & Van Dyke 

D-303 

REM\93C049\GBAPP\68555.61\14000



HAND AUGER LOG Page 1 of 1 

Facility/Project Name 
License/Permit/Monitoring Number Boring Number 

NMC - SAS - Area H 
HAH-07 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

MM/DD/YY MM/DD/YY 

Foth & Van Dyke 10/15/98 10/15/98 4%" HA © 

DNR Facility Well No. WI Unique Well No. | Common Well Name Final Static Water Level Surface Elevation Borehole Diameter 

1581 

Boring Location 
Local Grid Location (if applicable) 

State Plane N, E S/C/N Lat ___N E 

NE 1/4 of SE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet WwW 

County 
DNR County Code Civil Town/City/or Village 

Forest 
21 Lincoin 

SAMPLE 
U Soil Properties 

Soil/Rock description S 

No. | Rec Blow |} Depth in and geologic origin for C | Graph] Well | PID/ sta | wat | Ua [Plas | | RQD/ 

Counts Feet each major unit S | Log | Diag | FID Cont | Lim {| Lim Comm 

-- 0-1, root mat w/ peat 

-- 1 

-- 1-4.5, black, 7.5YR2/0, fibrous peat, wet, 

-- very soft 

ST-1 -- 1-2 

-- 2 

-- 3 

-- 4. |4.5-6.2, dark brown, 5YR5/2, peat w/ wood 

-- & twigs, wet, very soft 

og © 

-- 6 
-- E.O.B. - 6.2 

-- Water level - 1.9' after boring 

| hereby certify that phe information on this form is true and correct to the best of my knowledge. © 

il i y 
H ALD, Foth & Van Dyke 

D-304 

REM\93C049\GBAPP\68556.61\14000



HAND AUGER LOG Page 1 of 1 

Facility/Project Name License/Permit/Monitoring Number Boring Number 

NMC - Area H HAH-08 

Boring Drilled by (Firm name and name of crew chief) Date Started Date Completed Drilling Method 

©@ MM/DD/YY MM/DD/YY 4%" HA to 0' - 4' 

Foth & Van Dyke 3%" HA to 4' - 6.2' 

DNR Facility Well No. WI Unique Well No. | Common Well Name _ | Final Static Water Level Surface Elevation Borehole Diameter 

1581 

Boring Location Local Grid Location (if applicable) 
State Plane N, E S/C/N Lat N E 
SE 1/4 of NE 1/4 of Section 17, T35N, R13 E Long Feet Ss Feet W 

County DNR County Code Civil Town/City/or Village 

Forest 21 Lincoln 

SAMPLE U Soil Properties 

Soil/Rock description Ss 
No. Rec Blow | Depth in and geologic origin for C | Graph | well | PID/ Std | Mst | Lig | Plas} P RQD/ 

Counts Feet each major unit S | Log | Diag| FID Cont | Lim | Lim Comm 

- (Hole located ~10' N of flowing stream in the 

: wetland) 

- 0-0.9, root mat and peat PT 

- 0.9-3.5, black, 7.5YR5/0, fibrous peat w/ wood | PT 

- 1 

AS-1 - 1-2 

- 2 

- 3 3.5-6.2, black to dark red-brown, 5YR5/2, PT 
- fibrous peat w/ thin (1/16 -1/8") partings of 

© - grey fine sand 

- 4 

- bs) 

- 6 
- E.0.B. - 6.2’ 

- Water level - 1.1' after boring 

© | hereb LeSttity tha the information on this form is true and correct to the best of my knowledge. 

rows Loi =i Sef Yn Foth & Van Dyke 

D-305 

REM\93C049\GBAPP\68557.61\14000
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Soil Survey Data 
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" SECTION II-B 

SOIL DESCRIPTION REPORT | 

| FOREST COUNTY, WISCONSIN 

© Map Unit 
Symbol Map unit name / Description . 

2 FORDUM LOAM, O TO 2 PERCENT SLOPES 
Nearly level, poorly drained and very poorly drained soil 

formed primarily in loamy alluvium over sand and gravelly 
sand. This map unit is not highly erodible. The land 
capability classification is 4W. This map unit is hydric. 

17 CABLE MUCK, 0 TO 2 PERCENT SLOPES, STONY 
Nearly level, poorly drained and very poorly drained soil — 

formed in silty deposits and in the underlying loamy or sandy 
glacial till. This map unit is not highly erodible. The land 
capability classification is 6W. This map unit is prime 
farmland where drained and stones removed. This map unit is 

: hydric. 

18B MONICO SILT LOAM, 1 TO 6 PERCENT SLOPES, STONY 
Nearly level and gently sloping, somewhat poorly drained 7+ 

soil formed in silty deposits and in the underlying loamy or 
sandy glacial till. This map unit is not highly erodible. 
The land capability classification is 6S. It is 2W where 

| stones are removed. This map unit is prime farmland where 
_ drained and stones removed. This map unit may have hydric 

© inclusions. | 

19B WABENO-MONICO COMPLEX, 1 TO 15 PERCENT SLOPES, STONY 
Nearly level to gently sloping, moderately well drained soil 

formed in silty deposits and in the underlying loamy or sandy 
| glacial till; and nearly level and gently sloping, somewhat 

poorly drained soil formed in silty deposits and in the 
underlying loamy or sandy glacial till. This map unit is 

| potentially highly erodible. The land capability 
classification is 6S. It is 3E where stones are removed. 
This map unit may have hydric inclusions. 

19D WABENO-MONICO COMPLEX, 1 TO 35 PERCENT SLOPES, STONY 
Moderately steep and steep, well drained soil formed in 

silty deposits and in the underlying loamy or sandy glacial 
till; and nearly level and gently sloping, somewhat poorly 
drained soil formed in silty deposits and in the underlying 
loamy or sandy glacial till. This map unit is highly 
erodible. The land capability classification is 7S. It is 6E 
where stones are removed. This map unit may have hydric 
inclusions. 

© USDA-SCS-WI 

Section II-B 
Page - l Technical Guide 

05/22/92 
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SECTION II-B 

SOIL DESCRIPTION REPORT 

FOREST COUNTY, WISCONSIN 

Map Unit 
| © 

Symbol Map unit name / Description 

20B GOODMAN-WABENO COMPLEX, 1 TO 6 PERCENT SLOPES, STONY 
Nearly level and gently sloping, moderately well drained 

soils formed in silty deposits and in the underlying loamy or 
sandy glacial till. This map unit is potentially highly 
erodible. The land capability classification is 6S. It is 2E 
where stones are removed. This map unit is prime farmland 
where stones are removed. | 

20C GOODMAN-WABENO COMPLEX, 6 TO 15 PERCENT SLOPES, STONY 
Sloping, moderately well drained soils formed in silty 

deposits and in the underlying loamy or sandy glacial till. 
This map unit is potentially highly erodible. The land 
capability classification is 6S. It is 3E where stones are 
removed. 

20D GOODMAN-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 
Moderately steep and steep, well drained soils formed in 

silty deposits and in the underlying loamy or sandy glacial 
till. This map unit is highly erodible. The land capability 
classification is 7S. It is 6E where stones are removed. 

22B SARONA-WABENO COMPLEX, 1 TO 6 PERCENT SLOPES, STONY 
Nearly level and gently sloping, moderately well drained © 

soils formed in loamy deposits and in the underlying loamy or 
sandy glacial till. This map unit is not highly erodible. | 
The land capability classification is 6S. It is 2E where 
stones are removed. This map unit is prime farmland where 
stones are removed. 

22C SARONA-WABENO COMPLEX, 6 TO 15 PERCENT SLOPES, STONY : 
Sloping, well drained soils formed in loamy deposits and in 

the underlying loamy and sandy glacial till. This map unit is 
potentially highly erodible. The land capability 
Classification is 6S. It is 3E where stones are removed. 

22D SARONA-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 
Moderately steep and steep, well drained soil formed in 

loamy deposits and in the underlying loamy and sandy glacial 
till. This soil is highly erodible. The land capability 
classification is 7S. It is 6E where stones are removed. 

: USDA-SCS-WI ©} 
Section II-B 

Page - 2 Technical Guide 
05/22/92 
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. : SECTION II-B 

SOIL DESCRIPTION REPORT 

FOREST COUNTY, WISCONSIN 

© Map Unit 

Symbol Map unit name / Description 

23D MICHIGAMME-ROCK OUTCROP COMPLEX, 4& TO 60 PERCENT SLOPES, STONY 
Gently sloping to very steep, well drained soil formed in 

loamy deposits and in the underlying loamy or sandy glacial 
7 till underlain by igneous or metamorphic bedrock with areas of 

exposed bedrock at the surface. This map unit is potentially 
highly erodible. The land capability classification is 7E. 

26E ELDERON GRAVELLY SANDY LOAM, 20 TO 45 PERCENT SLOPES, STONY 
Steep and very steep, somewhat excessively drained soil 

formed in thin loamy deposits and in the underlying cobbly and 
gravelly sandy glacial drift. This map unit is highly 
erodible. The land capability classification is 7S. 

27 MINOCQUA MUCK, O FO 2 PERCENT SLOPES 
Nearly level, poorly drained and very poorly drained soil 

formed in loamy deposits underlain by sand and gravelly sand 
glacial outwash. This map unit is not highly erodible. The 
land capability classification is 6W. This map unit is 
hydric. 

30B RUBICON SAND, O TO 6 PERCENT SLOPES 

Nearly level and gently sloping, excessively drained soil 
© formed in sandy glacial outwash. This map unit is not highly 

erodible. The land capability classification is 6S. 

30C RUBICON SAND, 6 TO 15 PERCENT SLOPES 
Sloping, excessively drained soil formed in sandy glacial 

outwash. This map unit is potentially highly erodible. The 
land capability classification is 6S. 

30D RUBICON LOAMY SAND, 15 TO 35 PERCENT SLOPES : 
Moderately steep and steep, excessively drained soil formed 

in sandy glacial outwash. This map unit is potentially highly 
erodible. The land capability classification is 7S. 

51B PADUS-WABENO COMPLEX, 1 TO 6 PERCENT SLOPES, STONY 
Nearly level and gently sloping, well drained soil formed in 

Silty and loamy deposits and in the underlying stratified sand 
and gravelly sand glacial outwash, and moderately well drained 
soil formed in silty and loamy deposits and in the underlying 
loamy or sandy glacial till. This map unit is potentially 

| highly erodible. The land capability classification is 6S. 

It is 2E where stones are removed. This map unit is prime 
farmland where stones are removed. This map unit may have 
hydric inciusiens. 

© TDR -B0S-Wi 
Serthen iT-= 
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SECTION II-B 

SOIL DESCRIPTION REPORT 

FOREST COUNTY, WISCONSIN 

Map Unit 7 © 

Symbol Map unit name / Description 

51C PADUS-WABENO COMPLEX, 6 TO 15 PERCENT SLOPES, STONY 

Sloping, well drained soil formed in silty and loamy 

| deposits and in the underlying stratified sand and gravelly 

sand glacial outwash, and moderately well drained soil formed 

in silty and loamy deposits and in the underlying loamy or 

sandy glacial till. This map unit is potentially highly 

erodible. The land capability classification is 6S. It is 3E 

where stones are removed. This map unit may have hydric 

inclusions. _ 

51D PADUS-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 

Moderately steep and steep, well drained soil formed in 

silty and loamy deposits and in the underlying straitified 

sand and gravelly sand glacial outwash, and well drained soil 

formed is silty and loamy deposits and in the underlying loamy 

or sandy glacial till. This map unit is highly erodible. The 

land capability classification is 7S. It is 6E where stones 

are removed. This map unit may have hydric inclusions. 

100B STAMBAUGH SILT LOAM, O TO 6 PERCENT SLOPES 

Nearly level and gently sloping, well drained soil formed in 

silty deposits overlying stratified sand and gravelly coarse 

sand glacial outwash. This map unit is potentially highly @ 

erodible. The land capability classification is 2E. This map 

unit is prime farmland. 

100C STAMBAUGH SILT LOAM, 6 TO 15 PERCENT SLOPES 

Sloping, well drained soil formed in silty deposits 

overlying stratified sand and gravelly coarse sand glacial 

outwash. This map unit is potentially highly erodible. The 

land capability classification is 3E. 

100D STAMBAUGH SILT LOAM, 15 TO 25 PERCENT SLOPES 

Sloping, well drained soil formed in silty deposits 

overlying stratified sand and gravelly coarse sand glacial 

outwash. This map unit is highly erodible. The land 

capability classification is 6E. 

103A WORCESTER SILT LOAM, 0 TO 3 PERCENT SLOPES 

Nearly level and gently sloping, somewhat poorly drained 

soil formed in silty and loamy deposits underlain by sand and 

gravelly coarse sand glacial outwash. The land capability 

classification is 2W. This map unit is prime farmland where 

drained. This map unit may have hydric inclusions. 

USDA-SCS-WI © 
Section II-B 

Page - & Technical Guide 
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. | SECTION II-B 

SOIL DESCRIPTION REPORT 

FOREST COUNTY, WISCONSIN 

© Map Unit 
Symbol Map unit name / Description 

105B PADUS FINE SANDY LOAM, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, well drained soil formed in 

loamy deposits and in the underlying stratified sand and 
gravelly sand glacial outwash. This map unit is not highly 
erodible. The land capability classification is 2E. This map 
unit is prime farmland. 

105C PADUS FINE SANDY LOAM, 6 TO 15 PERCENT SLOPES 
Sloping, well drained soil formed in loamy deposits and in 

the underlying stratified sand and gravelly sand glacial 
outwash. This map unit is potentially highly erodible. The 
land capability classification is 3E. 

105D PADUS FINE SANDY LOAM, 15 TO 35 PERCENT SLOPES 
Moderately steep and steep, well drained soil formed in 

loamy deposits and in the underlying stratified sand and 
gravelly sand glacial outwash. This map unit is highly 
erodible. The land capability classification is 6E. 

106B PADUS-PENCE COMPLEX, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, well drained soils formed 

in loamy deposits and in the underlying stratified sand and 
©} gravelly sand glacial outwash. This map unit is potentially 

highly erodible. The land capability classification is 3E. 

106C PADUS-PENCE COMPLEX, 6 TO 15 PERCENT SLOPES 
Sloping, well drained soils formed in loamy deposits and in 

the underlying straified sand and gravelly sand glacial 
outwash. This map unit is potentially highly erodible. The 
land capability classification is 4&E. : 

106D PADUS-PENCE COMPLEX, 15 TO 35 PERCENT SLOPES 
Moderately steep and steep, well drained soils formed in 

loamy deposits and in the underlying stratified sand and 
gravelly sand glacial outwash. This map unit is highly 
erodible. The land capability classification is 7E. 

107B PENCE-VILAS COMPLEX, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, well drained soil formed in 

loamy deposits and in the underlying stratified sand and 
gravelly coarse sand glacial outwash, and excessively drained 
soil formed in sandy glacial outwash. This map unit is 
potentially highly erodible. The land capability 
classification is 3E. 

© USDA-SCS-WI 
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SECTION II-B . 

SOIL DESCRIPTION REPORT : 

FOREST COUNTY, WISCONSIN 

Map Unit © 

Symbol Map unit name / Description 

107C PENCE-VILAS COMPLEX, 6 TO 15 PERCENT SLOPES 

Sloping, well drained soil formed in loamy deposits and in 

the underlying stratified sand and gravelly coarse sand 

| glacial outwash, and excessively drained soil formed in sandy 

glacial outwash. This map unit is potentially highly 
erodible. The land capability classification is 4E. 

107D PENCE-VILAS COMPLEX, 15 TO 35 PERCENT SLOPES | 
Moderately steep and steep, well drained soil formed in 

loamy deposits and in the underlying stratified sand and 
gravelly coarse sand glacial outwash, and excessively drained 
soil formed in sandy glaciual outwash. This map unit is 
highly erodible. (The land capability is 7E. 

109B STAMBAUGH SILT LOAM, MODERATELY WET, 0 TO & PERCENT SLOPES 
Nearly level and gently sloping, moderately well drained 

soil formed in silty deposits overlying stratified sand and 
gravelly coarse sand glacial outwash. This map unit is not 
highly erodible. The land capability classification is 2E. 

This map unit is prime farmland. 

111B PENCE SANDY LOAM, O TO 6 PERCENT SLOPES | 

Nearly level and gently sloping, well drained soil formed in © 

loamy deposits and in the underlying stratified sand and 

gravelly coarse sand glacial outwash. This map unit is 

potentially highly erodible. The land capability 
classification is 3E. : 

111C PENCE SANDY LOAM, 6 TO 15 PERCENT SLOPES | 

Sloping, well drained soil formed in loamy deposits and in © 
the underlying stratified sand and gravelly coarse sand 
glacial outwash. This map unit is potentially highly 
erodible. The land capability classification is 4&E. 

111D PENCE SANDY LOAM, 15 TO 35 PERCENT SLOPES 
Moderately steep and steep, well drained soil formed in 

loamy deposits and in the underlying stratified sand and 
gravelly coarse sand glacial outwash. This map unit is highly 
erodible. The land capability classification is 7E. 

USDA-SCS-WI © 
Section II-B 
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SECTION II-B 

| SOIL DESCRIPTION REPORT | 

FOREST COUNTY, WISCONSIN 

© Map Unit | 
Symbol Map unit name / Description 

113A MANITOWISH SANDY LOAM, O TO 3 PERCENT SLOPES 
nearly level and gently sloping, moderately well drained 

} | soil formed in loamy deposits and in the underlying stratified 
sand and gravelly coarse sand glacial outwash. This map unit 
is not highly erodible. The land capability classification is 
3S. 

115B VILAS LOAMY SAND, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, excessively drained soil 

formed in sandy glacial outwash. This map unit is not highly 
' erodible. The land capability classification is 4S. 

115C VILAS LOAMY SAND, .6 TO 15 PERCENT SLOPES 
Sloping, excessively drained soil formed in sandy glacial 

outwash. This map unit is potentially highly erodible. The 
| land capability classification is 6S. 

117B PADUS FINE SANDY LOAM, MODERATELY WET, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, moderately well drained 

soil formed in loamy deposits and in the underlying stratified 
sand and gravelly sand glacial outwash. This map unit is not 

© highly erodible. The land capability classification is 2E. 
, This map unit is prime farmland. 

117X PADUS FINE SANDY LOAM, LOAMY SUBSTRATUM, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, moderately well drained 

| soil formed in loamy deposits and in the underlying stratified 
sand and gravelly sand glacial outwash underlain by loamy 
glacial till or lacustrine deposits. This map unit is not 
highly erodible. The land capability classification is 2E. | 
This map unit is prime farmland. 

124 KINROSS MUCK, O TO 2 PERCENT SLOPES 
Nearly level, poorly drained soil formed in mucky and sandy 

deposits overlying sandy glacial outwash. This map unit is 
not highly erodible. The land capability classification is 
6W. This map unit is hydric. 

126A AU GRES LOAMY SAND, O TO 2 PERCENT SLOPES 

Nearly level, somewhat poorly drained soil formed in sandy 
glacial outwash. This map unit is not highly erodible. The 

land capability classification is 4W. This map unit may have 

hydric inclusions. 

© USDA-SCS-WI 
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SECTION II-B 

SOIL DESCRIPTION REPORT 

FOREST COUNTY, WISCONSIN 

Map Unit : : © 
Symbol Map unit name / Description 

126X AU GRES LOAMY SAND, LOAMY SUBSTRATUM, O TO 3 PERCENT SLOPES 
Nearly level and gently sloping, somewhat poorly drained 

| soil formed in sandy glacial outwash over loamy glacial till 
or lacustrine deposits. This map unit is not highly erodible. 
The land capability classification is 4W. This map unit may 

/ have hydric inclusions. 

127B CROSWELL LOAMY SAND, 0 TO 3 PERCENT SLOPES | 
Nearly level and gently sloping, moderately well drained 

soil formed in sandy glacial outwash. This map unit is not 
highly erodible. The land capability classification is 4S. 

127X CROSWELL LOAMY SAND, LOAMY SUBSTRATUM, O TO 3 PERCENT SLOPES 
Nearly level and gently sloping, moderately well drained 

soil formed in sandy glacial outwash over loamy glacial till 
or lacustrine deposits. This map unit is not highly erodible. 
The land capability classification is 4S. 

150B ALCONA SILT LOAM, O TO 6 PERCENT SLOPES 
Nearly level and gently sloping, moderately well drained 

soil formed in silty and loamy deposits underlain by 
stratified silty, loamy and sandy lacustrine deposits. This 
map unit is not highly erodible. The land capability © 
classification is 2E. This map unit is prime farmland. 

151A GAASTRA SILT LOAM, 0 TO 3 PERCENT SLOPES 
Nearly level, somewhat poorly drained soil formed in silty 

deposits underlain by stratified silty, loamy and sandy 
lacustrine deposits. This map unit is not highly erodible. | 
The land capability classification is 2W. This map unit is 
prime farmland where drained. This map unit may have hydric 

inclusions. 

707 SEELYEVILLE AND CATHRO SOILS, 0 TO 1 PERCENT SLOPES 
Nearly level, very poorly drained soils formed in organic 

material more than 51 inches thick or underlain by loamy 
glacial till or lacustrine deposits at depths of 16 to Sl 
inches. This map unit is not highly erodible unless drained. 
The land capability classification is 6W. This map unit 1s 
hydric. 

USDA-SCS-WI © 
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Se SECTION II-B 

SOIL DESCRIPTION REPORT 

FOREST COUNTY, WISCONSIN 

© Map Unit 
Symbol Map unit name / Description 

714 LOXLEY AND BESEMAN SOILS, 0 TO 1 PERCENT SLOPES 
Nearly level, very poorly drained soils formed in acid 

. organic material more than 51 inches thick or underlain by 
loamy glacial till or lacustrine deposits at depths of 16 to 
51 inches. This map unit is not highly erodible unless 
drained. The land capability classification is 6W. This map 
unit is hydric. 

© USDA-SCS-WI 
Section II-B 
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J68/22/32 

— D315



, 

oe SECTION II-A 

| | SOIL LEGEND 

FOREST COUNTY, WISCONSIN © 
Map 
Symbol Map Unit Name 

2 ~—~SFORDUM LOAM, 0 T0 2 PERCENT SLOPES a i stst—<isS 

17 CAPITOLA MUCK, 0 TO 2 PERCENT SLOPES, VERY STONY 

188 MUDLAKE SILT LOAM, 1 TO 6 PERCENT SLOPES, VERY STONY 

198 WABENO-MUDLAKE SILT LOAMS, 1 TO 15 PERCENT SLOPES, VERY STONY 

19D SOPERTON-MUDLAKE SILT LOAMS, 1 TO 35 PERCENT SLOPES, VERY STONY 

208 WABENO-GOODWIT SILT LOAMS, 1 TO 6 PERCENT SLOPES, VERY STONY 

— 20C WABENO-GOODMAN SILT LOAMS, 6 TO 15 PERCENT SLOPES, VERY STONY 

~ 20D SOPERTON-GOODMAN SILT LOAMS, 15 TO 35 PERCENT SLOPES, VERY 
STONY 

- 228 ARGONNE-SARWET SANDY LOAMS, 1 TO 6 PERCENT SLOPES, VERY STONY 

22C LAONA-SARONA SANDY LOAMS, 6 TO 15 PERCENT SLOPES, VERY STONY 

22D LAONA-SARONA SANDY LOAMS, 15 TO 35 PERCENT SLOPES, VERY STONY @ 

23D METONGA-ROCK OUTCROP COMPLEX, 4 TO 60 PERCENT SLOPES, VERY 
STONY 

26E PELISSIER GRAVELLY SANDY LOAM, 20 TO 45 PERCENT SLOPES, STONY 

27 MINOCQUA MUCK, 0 TO 2 PERCENT SLOPES 

30D RUBICON LOAMY SAND, 15 TO 35 PERCENT SLOPES 

51B PADUS-WABENO SILT LOAMS, 1 TO 6 PERCENT SLOPES, VERY STONY 

51C PADUS-WABENO SILT LOAMS, 6 TO 15 PERCENT SLOPES, VERY STONY 

51D PADUS-SOPERTON, SILT LOAMS, 15 TO 35 PERCENT SLOPES, VERY STONY 

~ 100B STAMBAUGH SILT LOAM, 0 TO 6 PERCENT SLOPES 

| 100C STAMBAUGH SILT LOAM, 6 TO 15 PERCENT SLOPES 

— 100D STAMBAUGH SILT LOAM, 15 TO 25 PERCENT SLOPES 

103A WHISKLAKE SILT LOAM, 0 TO 3 PERCENT SLOPES 

| USDA-SCS-WI © 
Page - 1 Section II-A 

Technical Guide 
06/13/94 
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oh SECTION II-A 

| | SOIL LEGEND | | 

@ FOREST COUNTY, WISCONSIN 
Map 
Symbol Map Unit Name 

103X  WORMET SANDY LOAM, 0 TO 3 PERCENT SLOPES =S=*=CSs=“‘—=S*~S~S 
105B PADUS SANDY LOAM, 0 TO 6 PERCENT SLOPES 

105C PADUS SANDY LOAM, 6 TO 15 PERCENT SLOPES 

105D PADUS SANDY LOAM, 15 TO 35 PERCENT SLOPES 

106B PADUS-PENCE SANDY LOAMS, 0 TO 6 PERCENT SLOPES 

106C PADUS-PENCE SANDY LOAMS, 6 TO 15 PERCENT SLOPES 

t06D PADUS-PENCE SANDY LOAMS, 15 TO 35 PERCENT SLOPES 

107B PENCE-VILAS COMPLEX, 0 TO 6 PERCENT SLOPES 

107C PENCE-VILAS COMPLEX, 6 TO 15 PERCENT SLOPES 

107D PENCE-VILAS COMPLEX, 15 TO 35 PERCENT SLOPES 

109B VANZILE SILT LOAM, 0 TO 6 PERCENT SLOPES | 

©} 111B PENCE SANDY LOAM, 0 TO 6 PERCENT SLOPES 

111¢ PENCE SANDY LOAM, 6 TO 15 PERCENT SLOPES 

111D PENCE SANDY LOAM, 15 TO 35 PERCENT SLOPES 

113A MANITOWISH SANDY LOAM, 0 TO 3 PERCENT SLOPES 

115B VILAS LOAMY SAND, 0 TO 6 PERCENT SLOPES 

115C VILAS LOAMY SAND, 6 TO 15 PERCENT SLOPES 

117A TIPLER SANDY LOAM, 0 TO 3 PERCENT SLOPES 

117X PADWOOD SANDY LOAM, O TO 6 PERCENT SLOPES 

124 KINROSS MUCK, 0 TO 2 PERCENT SLOPES 

126A AU GRES LOAMY SAND, 0 TO 2 PERCENT SLOPES 

| 126X FLINK LOAMY SAND, 0 TO 3 PERCENT SLOPES 

127B CROSWELL LOAMY SAND, 0 TO 3 PERCENT SLOPES 

© | USDA-SCS-WI 
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an SECTION II-A 

| SOIL LEGEND 

. FOREST COUNTY, WISCONSIN @ 
Map 
Symbol Map Unit Name 

127X  CUBLAKE LOAMY SAND, 0 TO 3 PERCENT SLOPES a tti‘(its—sS 
150B FENCE SILT LOAM, 0 TO 6 PERCENT SLOPES 

151A  GAASTRA SILT LOAM, 0 TO 3 PERCENT SLOPES 

403A § WORCESTER SANDY LOAM, 0 TO 3 PERCENT SLOPES 

707 LUPTON, CATHRO, AND MARKEY MUCKS, 0 TO 1 PERCENT SLOPES 

714 °  LOXLEY, BESEMAN, AND DAWSON PEATS, 0 TO 1 PERCENT SLOPES 

Pt ~ PITS, GRAVEL 

ZZ901 WATER LESS THAN 40 ACRES 

© 
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Page - 3 Section II-A 

Technical Guide 
5-318 06/13/94



‘ | ‘ | 

wet SECTION II-A 

| SOIL LEGEND : 

FOREST COUNTY, WISCONSIN | 
© Map 

Symbol Map Unit Name 

2 -FORDUM LOAM, 0 TO 2 PERCENT SLOPES 
17 CABLE MUCK, O TO 2 PERCENT SLOPES, STONY . 

18B MONICO SILT LOAM, 1 TO 6 PERCENT SLOPES, STONY CT 

19B WABENO-MONICO COMPLEX, 1 TO 15 PERCENT SLOPES, STONY 

19D WABENO-MONICO COMPLEX, 1 TO 35 PERCENT SLOPES, STONY 

20B ' GOODMAN-WABENO COMPLEX, i TO 6 PERCENT SLOPES, STONY 

20C GOODMAN-WABENO COMPLEX, 6 TO 15 PERCENT SLOPES, STONY 

20D GOODMAN-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 

22B SARONA-WABENO COMPLEX, 1 TO 6 PERCENT SLOPES, STONY 

22C SARONA-WABENO COMPLEX, 6 TO 15 PERCENT SLOPES, STONY 

22D SARONA-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 

© 23D MICHIGAMME-ROCK OUTCROP COMPLEX, 4 TO 60 PERCENT SLOPES, STONY 

26E ELDERON GRAVELLY SANDY LOAM, 20 TO 45 PERCENT SLOPES, STONY 

27 MINOCQUA MUCK, 0 TO 2 PERCENT SLOPES 

30B RUBICON SAND, 0 TO 6 PERCENT SLOPES 

30C RUBICON SAND, 6 TO 15 PERCENT SLOPES 

30D RUBICON LOAMY SAND, 15 TO 35 PERCENT SLOPES 

51B PADUS-WABENO COMPLEX, 1 TO 6 PERCENT SLOPES, STONY 

91C PADUS-WABENO COMPLEX, 6 TO 15 PERCENT SLOPES, STONY 

51D PADUS-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 

100B STAMBAUGH SILT LOAM, 0 TO 6 PERCENT SLOPES 

100C STAMBAUGH SILT LOAM, 6 TO 15 PERCENT SLOPES 

100D STAMBAUGH SILT LOAM, 15 TO 25 PERCENT SLOPES 

©} USDA-SCS-WI 
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co SECTION II-A 

| SOIL LEGEND 

| FOREST COUNTY, WISCONSIN © 
Map 
Symbol Map Unit Name 

103A WORCESTER SILT LOAM, 0 T0 3 PERCENT SLOPES i tst—‘—S 
105B PADUS FINE SANDY LOAM, 0 TO 6 PERCENT SLOPES 

105C PADUS FINE SANDY LOAM, 6 TO 15 PERCENT SLOPES 

| 105D PADUS FINE SANDY LOAM, 15 TO 35 PERCENT SLOPES 

106B PADUS-PENCE COMPLEX, 0 TO 6 PERCENT SLOPES 

106C PADUS-PENCE COMPLEX, 6 TO 15 PERCENT SLOPES 

106D PADUS-PENCE COMPLEX, 15 TO 35 PERCENT SLOPES - 

1078 PENCE-VILAS COMPLEX, 0 TO 6 PERCENT SLOPES 

- -107¢ PENCE-VILAS COMPLEX, 6 TO 15 PERCENT SLOPES 

--107D.~=—s« PENCE-VILAS COMPLEX, 15 TO 35 PERCENT SLOPES 

| 109B STAMBAUGH SILT LOAM, MODERATELY WET, 0 TO & PERCENT SLOPES © 

-. 4118 PENCE SANDY LOAM, 0 TO 6 PERCENT SLOPES © 

111¢ PENCE SANDY LOAM, 6 TO 15 PERCENT SLOPES 

4424p PENCE SANDY LOAM, 15 TO 35 PERCENT SLOPES 

~ 1138 MANITOWISH SANDY LOAM, 0 TO 3 PERCENT SLOPES 

| 115B VILAS LOAMY SAND, 0 TO 6 PERCENT SLOPES 

| 115C VILAS LOAMY SAND, 6 TO 15 PERCENT SLOPES 

«4178 PADUS FINE SANDY LOAM, MODERATELY WET, 0 TO 6 PERCENT SLOPES 

—. 117X PADUS FINE SANDY LOAM, LOAMY SUBSTRATUM, 0 TO 6 PERCENT SLOPES 

124 KINROSS MUCK, 0 TO 2 PERCENT SLOPES 

126A AU GRES LOAMY SAND, 0 TO 2 PERCENT SLOPES 

126X AU GRES LOAMY SAND, LOAMY SUBSTRATUM, 0 TO 3 PERCENT SLOPES 

127B CROSWELL LOAMY SAND, 0 TO 3 PERCENT SLOPES 

| USDA-SCS-WI © 
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‘ SECTION II-A 

SOIL LEGEND 

© | FOREST COUNTY, WISCONSIN 

Map 

Symbol Map Unit Name 

127X CROSWELL LOAMY SAND, LOAMY SUBSTRATUM, 0O TO 3 PERCENT SLOPES 

150B ALCONA SILT LOAM, O TO 6 PERCENT SLOPES 

151A GAASTRA SILT LOAM, O TO 3 PERCENT SLOPES 

707 | SEELYEVILLE AND CATHRO SOILS, O TO 1 PERCENT SLOPES 

714 LOXLEY AND BESEMAN SOILS, 0 TO 1 PERCENT SLOPES 

Pt PITS, GRAVEL 

ZZ800 WATER LESS THAN 40 ACRES 

© : USDA-SCS-W1 
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FOREST COUNTY, WISCONSIN 
20D GOODMAN-WABENO COMPLEX, 15 TO 35 PERCENT SLOPES, STONY 05/27/92 mg 

Moderately steep and steep, well drained soils formed in silty deposits and in the underlying loamy or sandy glacial till. = 
This map unit is highly erodible. The land capability classification is 7S. It is 6E where stones are removed. 

Component Name: WABENO, WELL DRAINED This map unit has 2 components, and 2 interpretation sheet. © 
Classification: ALFIC FRAGIORTHODS, COARSE-LOAMY, MIXED, FRIGID 

ESTIMATED SOIL PROPERTIES 
| -nneconeo nner nnnncnn ec nnnncnnnc nasa cscnscananannnnnnnncennnemnnnnnnnnnnnnennsaaannnnnnnnnennnnennnenennnnennennne| | | Classification >10 3-10 | Percent < 3 in. passing sieve | Clay % | 
|Depth] USDA Texture Unified AASHTO In. Inches | No 4 No.10 No.40 No.200 | <.002 om] 

| O- 6|SIL ML CL-ML A-4 1-5 5-20 | 90-100 85-100 75-100 60-90] 3-10 | 
| 6-27|SIL L FSL ML CL-ML SM SC-SM =. A-4 0-5 0-20 | 90-100 85-100 60-100 35-90] 4-12 |. 
|27-47|SL GR-SL Ls SM SC SP-SM SC-SM—s A-1. A-2 0-5 0-30 | 70-100 65- 95 30-65 10-35] 6-16 | 
|47-60|LS SL GR-LS SM SC-SM SP-SM A-1 A-2 0-5 0-30 | 70- 90 65- 90 30-65 10-25] 3-10 | 

| Liquid Plas- Moist Perme- Available Soil CEC CacO3. Organic Shrink Erosion] 
|Depth| Limit ticity Bulk Density ability Water Capacity Reaction (me/ Matter Swell Factor | 
}(In) | Index g/cc In/br (In./in) (pH) 100g) Pct Pct Potential kK | 

| o- 6| <25 NP-6 1.2-1.5 0.6-2. 0.14-0.23 3.6- 6. O- 1 - 1.- 2. LOW 0.37 | 
| 6-27| <25 NP-7 1.3-1.5 0.6-2. 0.17-0.24 3.6- 6. 0- 1 - 0.5- 1. LOW 0.43 | 
\27-47] <30 NP-10 1.8- 2. 0.2-0.6 0.08-0.12 3.6- 6. O- 1 - 0.-0.5 LOW 0.28 | 
}47-60] <23 NP-6 1.8- 2. 0.6-2. 0.03-0.05 4.5-6.5 O- 1 - 0.-0.5 LOW 0.28 | 
| ----------------------------------------- ++ -----neee--- eee ene Wind | Risk of Corrosion | Potential | 
|--------- Flooding-----------] ---- Water Table-(feet) ---] Bedrock-(in) ) HYD T Erod. | Uncoated } Prost | 
|Frequency Duration Months | Depth Kind Months | Depth Hard. | GRP Fact. Index | Steel Concrete | Action | | 

| NONE - - | 46.0 - - | >60 } B 4 48 | MODERATE HIGH ) MODERATE | © 

SANITARY FACILITIES . } ‘RATING RESTRICTIVE FEATURE(S) | 
|\Septic Tank Absorption Fields | SEVERE | Percs Slowly | Slope } | 
|Daily Cover for Landfill } POOR | Small Stones | Slope | ] 

| BUILDING SITE DEVELOPMENT | RATING | RESTRICTIVE FEATURE(S) | 
|Shallow Excavations . | SEVERE | Cutbanks Cave | Slope | } 
|Dwellings Without Basements | SEVERE } Slope } } | 
|Dwellings With Basements | SEVERE | Slope | | | 
|Small Commercial Buildings | SEVERE } Slope | 
|Local Streets and Roads | SEVERE | Slope j 
'Lawns, Landscaping, and Golf Fairways | SEVERE | Slope | | | 
TT omen rman nanannnccneeaennn anne macnn ae enenn nen n nnn nanan annn anna enw n nen nn enna nnn nnn nen nanan nnn - =n == === =| 

CONSTRUCTION MATERIAL | RATING | RESTRICTIVE FEATURE(S) | 
| Roadf il} | POOR | Slope | | | 
| Sand | IMPROBABLE || Excess Fines | | | 
|Gravel | IMPROBABLE | Excess Fines | | | 
| Topsoil | POOR | Large Stones | Area Reclaim | Slope | 

| WATER MANAGEMENT | RATING | RESTRICTIVE FEATURE(S) | 
\Pond Reservoir Area | SEVERE | Slope | j | 
|Embankments, Dikes and Levees | SEVERE | Seepage | | | 
|Drainage | LIMITATION | Deep To Water | | 
| Irrigation | LIMITATION | Slope | Large Stones | Rooting Depth | © 
|Terraces and Diversions | LIMITATION | Slope | Large Stones |] Erodes Easily | 
|Grassed Waterways | LIMITATION | Large Stones |] Slope ] Erodes Easily | 
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| RECREATIONAL DEVELOPMENT | RATING RESTRICTIVE FEATURE(S) 
|camp Areas | SEVERE | Slope | | 
|Picnic Areas | SEVERE | Slope | | | 
) Playgrounds ] SEVERE ) Large Stones | Slope | 
|Paths and Trails | SEVERE | Slope | | | 
| --nanonnrnn nnn wn enna enw nnn nnn nnnn enn nnnnn nena nnnennnnnnna nnn nnn eee n en nn eee e ne nenenennnnceenneeeneeeee| 

CROPS AND PASTURE YIELDS 
6. Crop yields in this table are averages for high level management where the crop is commonly grow on the map unit. 

| -nnanoncennnnnnnnn nnn anon nnnn nnn n nnn n anne nnn n nanan na nnnnnennnnnn nena an nnnnnnnnnnnneennennnnenennnennenenanenencnnnncecce| | Corn Grain Corn Silage Soybeans Wheat ats | Alfalfa Hay Red Clover Hay | Improved Pasture Permanemt Pasture | 
}  —bu/a tons/a bu/a bu/a bu/a | tons/acre tons/acre | AUM AUM 
| <---n-nnne nannnnwnnne  nnneenne ween wenn | nnn nnnnnnnn nn ono nnn ne ne nee | wwennnnnnnnnn-- ----2-------------| 
| , | | | 2.6 | 
| : | | 1.3 | 
| ---onnnnnnnn nc nnnnnnnnnnnnnnnnnnnnnnannnnnnnenawannnnannnnnannennnnnnennnsnanannanennennnnnnnnnnnsereeenennnnnmennnnenee| 

WOODLAND INTERPRETATIONS 

|WOODLAND EROSION EQUIPMENT SEEDLING WIND TH. PLANT INTERP | COMMONLY EXISTING TREES (E) WOODLAND | 
JORD. SYB. HAZARD LIMITATION MORTALITY HAZARD COMPETITION ASPECT | and/or SITE PRODUCT- | 
|Jnnnnnnne ennnnnn-  --nnnnnee- ween eee +2888 crccceenece -coce==] TREES RECOMENDED TO PLANT (P) INDEX IVITy | 
| 3R MODERATE MODERATE SLIGHT = MODERATE MODERATE = NORTH ~---------------------------22--- ----- 222 2L | 

oo sugar maple E 67 3 } 
| . yellow birch —E 72 3 | 
| white ash E 78 5 | 

American basswood —E 74 5 | 
| eastern hemlock E 56 | 
| . white spruce P | 

red pine P | 
| wnnonnonnnnnnnnnnnn nnn nnnnnnn nnn n nnn nnnnnn nanan nnennnnnnnnnnnnnnnnnnnne inna nnnennnnennn ana nnnnnnnnennnenneennnneceneene| For more information contact: Area Resource Soil Scientist, Soil Conservation Service, Hwy 70 E. and Timberland Road, 

Route 2, Box 2355, Spooner, WI 54801-1403, Phone: 715-635-3505 
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| FOREST COUNTY, WISCONSIN 
193A «WORCESTER SILT LOAM, 0 TO 3 PERCENT SLOPES 05/27/92 

Bearly level and gently sloping, somewhat poorly drained soil formed in silty and loamy deposits underlain by sand and 
gravelly coarse sand glacial outwash. The land capability classification is 2W. This map unit is prime farmland where 
drained. This map unit may have hydric inclusions. | © 

Component Name: WORCESTER | 
Classification: AQUALFIC HAPLORTHODS, COARSE-LOAMY, MIXED, FRIGID 

ESTIMATED SOIL PROPERTIES 

| | . Classification : >10 3-10 | Percent < 3 in. passing sieve | Clay% | 
|Depth] USDA Texture Unified AASHTO In. Inches | No 4 No.10 0.40 o.200 | <.002 om] 
|-nn--|a2-nnnecnnnnncnnnne aecnsccnsceccccccne ceecnecnecnnncns once aecene Jasecnne cenccae scenes cence | ene] 
| 0- 6|siL ML CL SM SC A-4 - 0-7] 80-100 75-100 65-100 45-90] 6-15. | 
| 6-17|L SL SIL SM SC-SM ML CL-ML = A-2 A-4 - 0-7 | 80-100 75-100 35-95 12-80} 8-18 | 
|17-36|L SL GR-SL SM SC ML CL A-2 A-4 A-1 - 0-7_ - | 50-100 45-100 25-95 10- 80] 8-18 | 
}36-60]S GR-S GRV-S SP SP-SM GP GP-GM = A-1 A-2 A-3 - 0-7 | 30-100 25-100 10-70 1-12} 0-3 | 
|---- naan anna nn nnn nena | 
} | Liquid Plas- Moist Perme- Available Soil CEC CaCO3 Organic Shrink Erosion] 
|Depth} Limit ticity Bulk Density ability _ Water Capacity Reaction  (me/ Matter Swell Factor | 
ier) | Index g/cc In/br (In./in) - (pH) 100g) Pct Pct Potential K : 

] 0- 6} 20-30 3-10 1.4-1.5 0.6-2. 0.16-0.24 4.5~6.5 - - 1.-3. LOW 0.37 | 
] 6-17] 15-20 2-7 1.4-1.7 0.6-2. 0.09-0.22 4.5-6.5 - - - LOW 0.32 | 
}17-36| 15-25 3-10 1.4-1.7 0.6-2. 0.06-0.19 4.5-6.5 - - - LOW 0.32 | 
}36-60}  - NP 1.3- 2. 6.-20. 0.02-0.07 5.1-6.5 - - - LOW 0.15 | 
| ~~~ --- nn -nn nnn en nnn nnn nnn nn nnn nnn enn nnn nnn nnn nen nnn nnn nn nnnnnnnnnne= find | pisk of Corrosion | Potentia}] 
|--------- Plooding--=---------] ---- Water Table-(feet) ---] Bedrock-(in) | HYD 2 Exod. | Uncoated } Frost | 
[Frequency Duration Months | Depth. Kind. Months || Depth Hard. | GRP Fact. Index | Steel Concrete } Action | © 

[ROWE -. - | 1,0-2.0 appaReNT Nou-MAY | >60 }c 4 se j} pre UGH ] HIGH } 
Jon- anon nnnn nnn nnn nnn nnn n wenn nn nn nnn nn nnn nnn nnn nnn nn nnn nn nn nnn nnn nnn nn ne nnn n nnn nnn nnn enn nee enn n naan eee] 
| -n-- nnn nanan annem nnn cnn nnn nnnnnnnnnnnannsasannannennn| 
} SANTTARY. FACILITIES | - PRIETYG \ RESTRICTIVE FERTURE(S) | 
|Septic Tank Absorption Pields | SEVERE | Wetness } Poor Filter | | 
Daily Cover for Landfill } POOR | Seepage |] Too Sandy } Small Stones | | 

| -nn- nanan nn nnn nnn nnn nnn rene 
] BUILDING SITE DEVELOPMENT } RATING | RESTRICTIVE FEATURE(S) | 
|Shallow Excavations | SEVERE | Cutbanks Cave | Wetness ] } 
|Dwellings Without Basements | SEVERE | Wetness | | | 
|Dwellings With Basements | SEVERE ——_=|_ Wetness | 
}Smal] Coamercial Buildings | SEVERE |] Wetness | | | 
|Local Streets and Roads | SEVERE | Frost Action | | | 
|Lawns, Landscaping, and Golf Fairways | MODERATE | Large Stones | Wetness | Droaghty 
| -n=-22-n nanan nnn nnn nnn nnn en cnn 
| CONSTRUCTION MATERIAL } ‘RATING | RESTRICTIVE FEATURE(S) | 
JRoadfil} | FAIR | Wetness } | | 
|Sand | PROBABLE | } | | 
|eravel | PROBABLE | | | | 
|Topsoil | POOR |} Small Stones | Area Reclaim | | 

| WATER MANAGEMENT | RATING | RESTRICTIVE FEATURE(S) | 
}Pond Reservoir Area | SEVERE | Seepage ] 
JEmbankments, Dikes and Levees | SEVERE | Seepage ] Piping | Wetness | © 
}Drainage | LIMITATION | Frost Action | Cutbanks Cave | | 

JIrrigation | LIMITATION | Wetness ] Droughty | | 
|Terraces and Diversions | LIMITATION | Wetness ] Too Sandy } 
|Grassed Waterways | LIMTTATION ©=_- | Wetness } Droughty | Rooting Depth | 
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| KECREATIONAL DEVELOPMENT | RATING RESTRICTIVE FEATURE(S) | 
|Casp Areas | SEVERE | Wetness | | | 
)Picnic Areas | MODERATE | Wetness | | | 
| Playgrounds | SEVERE | Wetness | | | | 
|Paths and Trails | MODERATE | Wetness | | | 

CROPS AND PASTURE YIELDS 
© | Crop yields in this table are averages for high level management where the crop is coumonly grown on the map unit. 

| Corn Grain Corn Silage Soybeans Wheat ats | Alfalfa Hay Red Clover Hay | Improved Pasture Permanemt Pasture | 
| bu/a tons/a bu/a -—— bu/a_—dbu/a_'|_tons/acre tons/acre | AUM AUM | 

70 10 70 | 3.8 3. | 6.3 3.4 | 

WOODLAND INTERPRETATIONS 

|WOODLAND EROSION EQUIPMENT SEEDLING WIND TH. PLANT INTERP | COMMONLY EXISTING TREES (E) WOODLAND | 
JORD. SYB. HAZARD LIMITATION MORTALITY HAZARD COMPETITION ASPECT } and/or SITE PRODUCT- | 
Jnnvnnvae weeeenne nenenncnnn neneenene neeecnne nenccenna-- -------] TREES RECOMENDED 0 PLANT (P) INDEX IVITY | 
| SLIGHT SEVERE SLIGHT MODERATE MODERATE © NORTH -------—------—-----—---------- ---- -----_._ | 
| . balsam fir . &£ | 
| | sugar maple E | 
| ‘ yellow birch E | 
] red maple EP 55 2 } 
} white spruce EP j 
| eastern white pine P | 

| RECOMMENDED WINDBREAK SPECIES AND EXPECTED HEIGHT AT 20 YEARS 
(ee ee eee eee eee eee wee mewe coc eee eee a _. _— a ’ . -—— = - "ecre “saa - ee 
jPlant Name Height Plant Nam Height Plant Name Height Plant Nase Height | 
| ---sernen--- nnn nnn nn ne nnenn eo H- een nnnnnnnnn nen Hoenn nnn e ene ene sen nen enero -----------------| 
‘american cranberrybush 19 common ninebark _ 8 eastern white pine - 30 lilac 10] 
lnannyberzy viburnum _ § northern whitecedar - 25 red maple 30 redosier dogwood 8] . 
Isilky dogwood ' 10 ‘silver maple 30 white ash 30 white spruce 20} . 
_——— tote twee rere nw en nnn on nnn oe on enn nnn ee nn nn ee ne eee eee eee { 

For more information contact: Area Resource Soi! Scientist, Sci? Conservation Servace, Hwy 7¢ £. and Timberland Road, 
Route 2, Box 2355, Spooner, WI 54801-1403, Phone: 715-635-3505 . 
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FOREST COUNTY, WISCONSIN 
1138 MANITOWISH SANDY LOAM, 0 TO 3 PERCENT SLOPES 05/27/92 

nearly level and gently sloping, moderately well drained soil formed in loamy deposits and in the underlying stratified sand . 
and gravelly coarse sand glacial outwash. This map unit is not highly erodible. The land capability classification is 3S. © 

Component Name: MANITOWLSH 

Classification: ENTIC HAPLORTHODS, SANDY, MIXED, FRIGID 

ESTIMATED SOIL PROPERTIES 
| nnn ann anna a 
| | | Classification >10 3-10 | Percent <3 in. passing sieve | Clay% | 
|Depth] USDA Texture Unified AASHTO In. Inches | No4 No.10 o.40 No.200 | <.002 an] 
|-n---|=n-2--cnnmnnnnnnnnn naecaemennnnmnnn ces nace ecnnnn meee cecae Joccnne waneeen eee eee | aa] 
| o- 4|sL SM ML A-4 - 0-7 | 90-100 85-100 S0- 85 35-55] 4-10 | 
| 4-16)SL L FSL SM SC-SM ML CL-ML A-4 A-2 - 0-7 | 85-100 85-100 45-95 30-75} 5-15 | 
|16-22]LCOS GR-LS LFS SM SC-SM GM GM-GC A-2 A-1 A-3A-4_s- 0-8 | 55-100 50-100 20-90 5-50] 3-12 | 
|22-60]COS GR-S GR-COS SP SP-SM GP GP-GK A-1 A-3 A-2 - 0-15 | 50-100 50-100 20-70 0-12} 0-3 | 
| ----- anne oman nnn nnn enna cnc nrc nnn nnn een ene nanan | 
| | Liquid Plas- Moist Perme- Available Soil CEC  CaCO03 Organic Shrink Erosion} 
|Depth| Limit ticity Bulk Density ability . Water Capacity Reaction  (me/ Matter Swell _— Factor | } 
\(In) | Index g/cc In/br (In. /in) (pH) 100g) Pet Pct Potential x | 
Jomn--] mnzem meceee nee ccnee cectnne nn ne | 
} o- 4] <2 NP-4 1.3-1.7 2.-6. 0.11-0.18  4.5-6.5 - - 1.-3. LO 0.24 | 
| 4-16] <5 wP-7 1.4-1.7 2.-6. 0.1-0.19  4.5-6.5 - - - LOW 0.24 | 
\16-22} <25 NP-6 1.5-1.6 2.-6. 0.04-0.12 4.56.5 } - - - LOW 0.1 | 
|22-60] - NP 1.5-1.7 6.-20. 0.02-0.07 5.6-6.5 - - - LOW 0.1 | 
| --a-- nn nnn nnn nnn n nnn nnn nnn nnn nnn nanan nnn nnn nnn nnn nnn nnnnnnnnennnnnen=-= Wind | Risk of Corrosion | Potential] 
|--------- Flooding-----------] ---- Water Table-(feet) ---] Bedrock-(in) ] HYD  Erod. | Uncoated } Frost | 
|Frequency Duratior Months | Depth Kind Months | Depth Hard. | GRP Fact. Index | Steel Concrete } Action | 

| NONE - -  ) 3.0-6:0 APPARENT NOV-MAY | >60 }B 3 8 | LW MODERATE | LOW 

RRC eRe mee Aa Oe amma m meena | 
| SANITARY FACILITIES }  —- RATING ‘RESTRICTIVE FEATURE(S) 
\Septic Tank Absorption Fields | SEVERE | Wetness - | Poor Filter | ~ 
|\Daily Cover for Landfil) } POOR | Seepage | Too Sandy ) Small Stones | | 
| nnn nn | 
| BUILDING SITE DEVELOPMENT | ‘RATING | RESTRICTIVE FEATURE(S) ° | 
}Sballow Excavations | SEVERE | Cutbanks Cave | 
|Dwellings Without Basements |} SLIGHT | } | | 
Dwellings With Basements | MODERATE | Wetness | | | 

|Local Streets and Roads | SLIGHT | | | 
|Lawns, Landscaping, and Golf Fairways | MODERATE | Droughty ] Large Stones | | 

| CONSTRUCTION MATERIAL } ‘RATING | RESTRICTIVE FEATURE(S) 
\Roadfill | coop | | | | 
| Sand | PROBABLE } | | 
\Gravel } PROBABLE | | | | 
| Topsoil |} POOR | Small Stones |} Area Reclaim | Too Sandy | 
| --n- naan n nnn nnn anna nnn nnn en nn enna nnns 
| WATER MANAGEMENT | ——- RATING | RESTRICTIVE FEATURE(S) 
|Pond Reservoir Area | SEVERE | Seepage | | | 
|Embankments, Dikes and Levees } SEVERE } Seepage ] Piping | | @ 
| Drainage | LIMtTaTIoN | Deep To Water | | 
| Irrigation | LIMITATION | Droughty ] Soil Blowing | - 
|Terraces and Diversions } LIMCTATION = |_‘Too Sandy ] Soil Blowing | | 
|Grassed Waterways | LIMITATION | Droughty | | 
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|snrcnrensoncnssossnscnnsnecaa taro enctsaneccncencenenanacantnnaneneenencnnnnnnsneranennenannncnencennenns| | RECREATIONAL DEVELOPMENT | RATING RESTRICTIVE FEATURE(S) | |Casp Areas | SLIGHT | | | 
|Picnic Areas | SLIGHT | | | | | )Playgrounds | MODERATE | Small Stones | } | 
)Paths and Trails | SLIGHT ] | | | 

© 
CROPS AND PASTURE YIELDS 

| Crop yields in this table are averages for high level management where the crop is commonly grown on the map unit. | sono nnrnornnsorancoraecnn neon casenannnna nana roca anne nena eel | Corn Grain Corn Silage Soybeans Wheat ats | Alfalfa Hay Red Clover Hay | Improved Pasture Permanent Pasture | | bu/a tons/a bu/a bu/a bu/a | tons/acre tons/acre | AUM AUM | | w-nvonveee cooreccnnce  necmecas neces neon | etna | nec cee 65 10 ° 60 | 3.5 3. 5.2 2.6 |nnnnnornnenn nnn nnn nena nance eel | WOODLAND INTERPRETATIONS 

JWOODLAND EROSION EQUIPMENT SEEDLING WIND TH. PLANT INTERP | COMMONLY EXISTING TREES (E) WOODLAND } |ORD. SYB. HAZARD LIMITATION MORTALITY HAZARD COMPETITION ASPECT | and/or SITE pRopuct- } [nnnnnma- naeenmne wencnnn nnn ennnenn enenenn= -enenna---- ===] TREES RECOMENDED TO PLANT (P) INDEX IviTy | | 3s SLIGHT MODERATE MODERATE SLIGHT MODERATE § NORTH Conn en nn | | sugar maple E 60 3 | 
| . quaking aspen E ] : red pine EP 59 7 } | eastern white pine EP | 

jack pine P | Joan nnnnrnn nnn nnnnnnnnnnann a nnnnnen  | 
RECOMMENDED WIMDBREAK SPECIES AND EXPECTED HEIGHT AT 20 YEARS . 

|Plant Name Height Plant Name Height Plant Name Height Plant Name Height | |-mvnnnnnonnn nnn aac nc eee ence eee] JAmerican cranberrybush 10 Amur maple 10 eastern redcedar 15 eastern white pine 30] |gray dogwood 8 jack pine 30 lilac 10 manyflower cotoneaster 6} |Norway spruce 20 red pine 30 Siberian peashrub 8 silky dogwood 8} | -----n-nnnnm nnn nnn nnn n nnn nnn nnn nnn nn nn nnn nen en ne en een 
For more information contact: Area Resource Soil Scientist, Soil Conservation Service, Hwy 70 E. and Timberland Road, 

Route 2, Box 2355, Spooner, WI 54801-1403 , Phone: 715-635-3505 
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FOREST COUNTY, WISCONSIN 
111B PENCE SANDY LOAM, O TO 6 PERCENT SLOPES | 05/27/92 

Nearly Jevel and gently sloping, well drained soil formed in loamy deposits and in the underlying stratified sand and 
gravelly coarse sand glacial outwash. This map unit is potentially highly erodible. The land capability classification is © 
3E. 

Component Name: PENCE 

Classification: ENTIC HAPLORTHODS, SANDY, MIXED, FRIGID 

ESTIMATED SOIL PROPERTIES 
|anronoro nnn nnncnn nnn nnn cnn enn 
| Classification >10 3-10 | Percent < 3 in. passing sieve | Clay | 
|Depth} USDA Texture Unified AASHTO In. Inches | No4 No.10 No.40 No.200 | <.002 om| |an-n=|nn-nnomannnnnnnnnns necceacnnnmnanncenns sooeccnmaeennnen sone Sona fooenee anne nee nnn | aeeeenne| 
| O- 2}sL SM ML A-4A-2A-1_— | 0-00-15. | 85-100 75-100 45- 85 20-55} 3-11 | 
| 2-14}SL L GR-SL SM ML CL-ML SC-SM  —s-_ A-4 A-2 A~1 0-4 0-15 | 55-100 50-100 30-95 15-75] 2-12 | 
|14-20}GR-COS LS S SM SP-SM GM GP-GM. ss A-2 A-1 A-3 0-4 0-15 | 55-100 50-100 25-75 2-30] 2-10 | 
|20-60}GR-COS S SG SP SM A-1 A-3 A-2 0-4 0-15 | 55- 85 50-75 15-55 2-15] 0-4 | 
| nnn conn onn  | 
| | Liquid Plas- Moist Perme- . Available Soil CEC CaCO3. Organic Shrink Erosion] 
|Depth} Limit ticity Bulk Density ability Water Capacity Reaction (me/ Matter Swell Factor |} 
\(In) | Index g/cc In/hr (In./in) (pH) 100g) Pct Pct Potential xK | 
a lela } O- 2] <2 NP-4 1.2-1.6 2.-6. 0.1-0.18  4.5-6.5 0-1 - 1.-3. LOW 0.24 | 
} 2-14] <2 NP-7 1.4-1.5 2.-6. 0.1-0.15 4.5-6.5 0.-1 - 0.-0.5 LOW 0.24 | 
}14-20}  - NP 1.6-1.8 2.-20. 0.05-0.08  4.5-6.5 0.-1 - 0.-0.5 LOW 0.1 | 
|20-60)  - NP 1.4-1.8 6.-20. 0.02-0.05 5.1-6.5 0.-0 - 0.-0.5 LOW 0.1 | 
| ----------------------------------- 

+--+ == +--+ +--+ oe en ind | } Risk ot Corrosion } Potential] 
|--------- Flooding-----------] ---- Water Table-(feet) ---| Bedrock-(in} ] HYD 1 rod. | Uncoated } Frost | © 
|Frequency Duration Months | Depth Kind Months | Depth Hard. } GRP Fact. Index | Steel Concrete | Action | 

| NONE - - | >6.0 - oo: } >60 | 3B 3 86 | Lo MODERATE } LOW | 

SANGIARY FACILITSES ~ } katins | RESTRICTivE FEATURE(S) | 
|Septic Tank Absorption Pields _ | SEVERE ] Poor Filter | } . 
|Daily Cover for Landfill } POOR ) Seepage J Too Sandy | small Stones | 
| mannan | 

BUILDING SITE DEVELOPMENT | RATING RESTRICTIVE FEATURE(S) | 
|Sballow Excavations | SEVERE | Cutbanks Cave | | 
|Dwellings Without Basements | SLIGHT | | | | 
|Dwellings With Basements | SLIGHT } | 
|Small Commercial Buildings | SLIGHT | | | | 
|Local Streets and Roads | SLIGHT | | | | 
|Lawns, Landscaping, and Golf Fairways | MODERATE | Large Stones | Dronghty | 
| --nnnnnnn nnn nnn nnn ne ne 
| CONSTRUCTION MATERTAL | ——- RATING | RESTRICTIVE FEATURE(S) 
|Roadf ill | coop | | | |Sand | PROBABLE | | | | 
\Gravel | PROBABLE | | | | 
| Topsoil | POOR } Too Sandy } Small Stones | Area Keclain | 
| --nn nnn nn nanan nnn en nnn | WATER MANAGEMENT | RATING RESTRICTIVE FEATURE(S) | 
|Pond Reservoir Area | SEVERE | Seepage | | © 
|Embankments, Dikes and Levees | SEVERE | Seepage | 
| Drainage | LIMITATION =| Deep To Water | | | 
| Irrigation | LIMITATION =| Slope } Droughty } 
|\Terraces and Diversions | LIMITATION = ©=—- | Too Sandy } Soil Blowing | | 
\Grassed Waterways LIMITATION | Rooting De | Drouahty | Rooting Depth | |



, Saar rman cacc sence ccnannnanacncacsscrecaanaaannecnenancnn | | RECREATIONAL DEVELOPMENT | RATING RESTRICTIVE FEATURE(S) | 
|Camp Areas | SLIGHT | | | | |Picnic Areas | SLIGHT } | Playgrounds | MODERATE | Slope | Small Stones | | : |Paths and Trails | SLIGHT | | | | 

© CROPS AND PASTURE YIELDS 
| Crop yields in this table are averages for high level] management where the crop is commonly grown on the map unit. 

| Corn Grain Corn Silage Soybeans Wheat Oats | Alfalfa Hay Red Clover Hay | Improved Pasture Permanemt Pasture | 
| = bu/a tons/a bu/a bu/a  bu/a | tons/acre tons/acre | AUM AUM | 

| 60 10 s | 3.5 2.5 | 5. 2.5 | | oon monnmnnn nner nnn nn nnn ana anna enna nanan annem nnn 
WOODLAND INTERPRETATIONS 

| “anno nar n nnn anna canara nanan nnn nn nn neal |WOODLAND EROSION EQUIPMENT SEEDLING WIND TH. PLANT INTERP | COMMONLY EXISTING TREES (E) WOODLAND | |ORD. SYB. HAZARD LIMITATION MORTALITY HAZARD © COMPETITION ASPECT } and/or | SITE PRopocT- |  Satateenetenetilieneeteeedtietete eee -------| TREES RECOMENDED TO PLANT (P) INDEX IVITY | | 3s SLIGHT MODERATE SLIGHT SLIGHT § SLIGHT NORTH 0 -w--e-nnnnnann——— nn ne | 
balsam fir _ o£ | | | . sugar saple —E 59 3 j | yellow birch EB l 

| paper birch E 
| quaking aspen E ] | American basswood E | 

red pine EP 59 7 ] | | eastern white pine EP 57 8 ) 
jack pine P | | wane ce enn ee nnn ne ee ee een een neem enn n en nme wna nn nnn nnn ] . ; : 

| - RECOMMENDED WINDBREAK SPECIES AND EXPECTED HEIGHT AT 20 YEARS | . Be 
| ; 

© }Plant Name: Height Plant-Name: - Height: Plant Name - Height Plant: Name Height | 
, | -------------------------=.-- Semen newer enn m nn nen eee nse ee OS SL a a in Mm Sot | American cranberrybush 10. Amur maple 10 eastern redcedar ~ 15 eastern white pine 30] Jgray dogweod ‘8 jack pine 30 lilac - 10 manyflower cotoneaster 6] |Norway spruce 20 red pine 30 Siberian peashrub 8 silky dogwood ; 8] | ono nn 

For more information contact: Area Resource Soil Scientist, Soil Conservation Service, Hwy 70 E. and Timberland Road, 
Route 2, Box 2355, Spooner, WI 54801-1403, Phone: 715-635-3505 ” 
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FOREST COUNTY, WISCONSIN 
707 SEELYEVILLE AND CATHRO SOILS, 0 TO 1 PERCENT SLOPES : 05/27/92 

Wearly level, very poorly drained soils formed in organic material more than 51 inches thick or underlain by loamy glacial 
till or lacustrine deposits at depths of 16 to 51 inches. This map unit is not highly erodible unless drained. The land 
capability classification is 6W. This map unit is hydric. | © 

Component Name: SEELYEVILLE This map unit has 2 components, and 2 interpretation sheet. 

Classification: TYPIC BOROSAPRISTS, EUIC 

ESTIMATED SOIL PROPERTIES 

| | | Classification >10 3-10 | Percent < 3 in. passing sieve | Clay % | 
|Depth| USDA Texture Unified AASHTO = ~=—s In. Inches | No 4 No.10 No.40 No.200 | <.002 om| 

} 0-10]MuCcK PT BB 0 0 | - - - - J o- | 
}10-60|MUCK MPT PT A-8 0 0 | - - - - J - | 

| |} Liquid Plas- Moist Perme- Available Soil CEC  CaC03 Organic Shrink  £Erosion| 
JDepth| Limit ticity Bulk Density ability Water Capacity Reaction (me/ Matter Swel) Factor |} 
}(In) | Index g/cc In/br (In./in) (pH) 100g) = Pct Pct Potential kK | 
Jm-n=| mnm-= wernneceneceennee nee Nor | 
J o-10]_ - - 0.1-0.3 0.2-6. 0.35-0.45 4.5-7.3 2-2 - 25.-99. 0.1 | 
J10-60) - - 0.1-0.3 0.2-6. 0.35-0.45 4.5-7.3 2-2 - 25.-99. } 
|----------------------------—--------—-----___------_-_-_-- -------—---------—— tind] Risk of Corrosion } Potential] 
|—-------- Flooding------~----} ---- Water Table-(feet) ---| Bedrock-(in) | HYD 1 rod. | Uncoated | Frost | 
|Frequency Duration Months | Depth Kind Months | Depth Hard. | GRP Fact. Index | Steel Concrete } Action | 
|—n-w-2nn= wnemnnnnn amnnan mene na nn | en | oe | ee a | | 
|RONE > - | #2+2.0 APPARERT YEAR-ROUND] >60 {aso 5 134 | HIGH MODERATE |-1IGH | 
| ---n----n nnn nn nnn nn nnn nnn nn nn nnn nnn nnn nn nnn nnn nnn nn nn nnn nnn nnn nnn nnn nnn neem nnn nme ene n en nneenenmneen | [aceneeennnc nee nnn nnn @ 
} SANITARY FACILITIES | ‘RATING j RESTRICTIVE FEATURE(S) | 
JSeptic Tank Absorption Fields | SEVERE | Subsides | Ponding } Percs Slowly | 
|Daily Cover for Landfill - } POOR - | Ponding | Excess Huns | | 
| meee OD ee | 

} BUILDING SITE DEVELOPMENT } RATING | RESTRICTIVE FEATURE(S). ae 
JShallow Excavations ] SEVERE | Excess Humus | Ponding | | 
|Dwellings Without Basements | SEVERE | Subsides ] Ponding | Low Strength | 
|Dwellings With Basements ] SEVERE } Subsides } Ponding ) Low Strength | 
}Small Commercial Buildings —~ ) SEVERE | Subsides” | Ponding | Low Strength | 
|Local Streets and Roads | SEVERE | Subsides | Ponding | Frost Action | 
JLawns, Landscaping, and Golf Fairways | SEVERE | Ponding | Excess Hums | 
| anna nn | 
| CONSTRUCTION MATERIAL | RATING | RESTRICTIVE FEATURE(S) | 
JRoadfill | Poor | Wetness | 
\Sand | IMPROBABLE | Excess Hums | | 
\Gravel | IMPROBABLE | Excess Hums | | | 
|Topsoil | POOR | Excess Hams | Wetness | ! 
} os re er oe oo a no oo i a i a a a ne en ee ee ee 

WATER MANAGEMENT | RATING | RESTRICTIVE FEATURE(S) | 
}Pond Reservoir Area | SEVERE | Seepage | | | 
|Embankments, Dikes and Levees | SEVERE | Excess Hums | Ponding | | 
|Drainage | LIMITATION | Ponding | Subsides | Frost Action | 
|Irrigation | LIMTTATION | Ponding | Soil Blowing | | 
Terraces and Diversions | LIMGTATION | Ponding — | Soil Blowing | | 
|Grassed Waterways | LIMITATION | Wetness | | | ©@ 
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port r tr t Oo nwt een ee enn oe eee ee eo en ee nee eee 
| RECREATIONAL DEVELOPMENT | RATING | RESTRICTIVE FEATURE(S) ) 
|Camp Areas | SEVERE | Ponding | Excess Hums | | 
|Picnic Areas | SEVERE | Ponding | Excess Humus | 
| Playgrounds } SEVERE | Excess Humus | Ponding | : 
\Paths and Trails | SEVERE | Ponding | Excess Humus | | 

pe | ono rnn nnn rrr nnn nnn cnc nnennnennnnnn canna nnnnnnnnnanannnsnnennnennnncncnnnmnnananacennncnce| 
© CROPS AND PASTURE YIELDS 

| Crop yields in this table are averages for high level management where the crop is commonly grow on the map unit. 

|------2n-annnnonnnnnnnnnnnnc nec n nnn cenn nnn nnn n naan canna ncn nnnennannnnnnsnnnannannnnannnnnnnnnnnnennannnnnne| 
| Corn Grain Corn Silage Soybeans Wheat Oats | Alfalfa Hay Red Clover Hay | Improved Pasture Permanemt Pasture } 
| = bu/a tons/a bu/a bu/a  bu/a | tons/acre tons/acre | AUM AUM | 
| n---nnno= wascneecene  coccneee ween aces | cneceectecnncnncnscnnccence | coecencccecnnes neeenneeceneceeene| 
| } . | | 4.2 | 
| | | | 4. | 

| WOODLAND INTERPRETATIONS 
|-~-=n2-nnnnnnnnnnn concn rencercnc onan natn nenenenn anna aennnannnncnnnnennennnn anna annnnnnnenennnnn enna 
|WOODLAND EROSION EQUIPMENT SEEDLING WIND TH. PLANT INTERP | COMMONLY EXISTING TREES (E) WOODLAND | 
|ORD. SYB. HAZARD LIMITATION MORTALITY HAZARD COMPETITION ASPECT | and/or SITE PRODUCT- | 
|nnnnnnn- wwnnnnne nennnmenne nnenenn nn nnn--= -----------  -----—] TREES RECOMENDED 10 PLANT (P) INDEX IVITY | 
| 3W SLIGHT § SEVERE SEVERE SEVERE SEVERE NORTH ----------------—--------------- --—— ------- | 
| . black ash "EB 55 2 } 
| : balsam fir EP 45 6 | 
| tamarack EP 56 4 
| black spruce EP 34 3 } 
| , porthern whitecedar EP 30 3 | 
| -nan nannies nnn nanan anne anne nnnnnnnnnnnnnennnnnennennnnnnn) 

| RECOMMENDED WINDBREAK SPECIES AND EXPECTED HEIGHT AT 20 YEARS ; 
| anna nnn annem nnnnnnnn nnn cn ncaa nn nnnnnnnnnnnen nn nnnnannnnnncnnnanannsanamnnnnscannsnsnenanencenanenneeneeel | 
Iplant Mame ~< Height Plant Name Height Plant Name Height Plant Name Height} _ 
| -nn nnn nn nnn nen nn nnn $22 +--+ ee +++ wnnnn no-no -- = ---- =o nn nn-e--} 

©} common ninebark 7 golden willow 33 imperial Carolina poplar SC white willow 33), 
| - - - fol. 
| - , - - | 
| ee 

om 

For more information contact: Area Resource Soil Scientist, Soil Conservation Service, Hwy 70 E. and Timberland Road, 
Route 2, Box 2355, Spooner, WI 54801-1403, Phone: 715-635-3505 . 
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COKFST COUNTY, WISCONSIN 
707 SEELYEVILLE AND CATHRO SOILS, 0 TO 1 PERCENT SLOPES 05/27/92 | 

Nearly level, very poorly drained soils formed in organic material more than 51 inches thick or underlain by loamy glacial 

till or lacustrine deposits at depths of 16 to 51 inches. This map unit is not highly erodible unless drained. The land | 

capability classification is 6W. This map unit is hydric. | © 

Component Name: CATHRO This map unit has 2 components, and 2 interpretation sheet. 

Classification: TERRIC BOROSAPRISTS, LOAMY, MIXED, EUIC 

ESTIMATED SOIL PROPERTIES 

| Classification >10 3-10 | Percent < 3 in. passing sieve | Clay % | 

\Depth| USDA Texture Unified AASHTO In. Inches | No 4 No.10 No.40 No.200 | <.002 ml] 

| 0-14]MUCK PT A-8 0 o | - - - - J o- | 
|14-19]MUCK PT A-8 0 o | - - - | - Jo- | 
}19-60}L SICL SL SC-SM CL-ML SC CL  A-4 A-6 0 0-5 | 80-100 65-100 60-100 35- 90} 10-30 | 

| naan annem anna cnn cnn nnn cence can c acca ana memaa anaemia 
| | Liquid Plas- Moist Perme- Available ‘Soil CEC Cac03 Organic Shrink Erosion} 
Depth} Limit ticity Bulk Density ability Water Capacity Reaction (me/ Matter Swell Factor | 
\(In) | Index g/cc Infor ~*~ (In./in) (pH) 100g) = Pett Pet Potential x | 

} 0-14} - - 0.3-0.4 0.2-6. 0.45-0.55 4.5-7.8 2-2 - 60.-85. 0.1 | 
}14-19} - - 0.2-0.3 0.2-6. 0.35-0.45 4.5-7.8 2-2 - — 60.-85. | 
|19-60] 20-40 4-20 1.5-1.7 0.2-2. 0.11-0.22 5.6-°8.4 0-1 5-25 0.-0.5 LOW 0.32 | 
| wana nnn nnn nena nnn #3 -- = nnn nn nnn === ------- find =| Risk of Corrosion | Potential] 

|~-------- Flooding-----------| ---- Water Table-(feet) ---] Bedrock-(in) |] HYD 1 rod. | Uncceted } Frost | 
|}Prequency Duration Months | Depth Kind Months | Depth Hard. | GRP Fact. Index | Steei Concrete | Action | 

| NONE - - | +1-1.0 APPARENT YEAR-ROUND] >60 Jao 5S 134 | HIGH LO | HIGH © 

|--n2amnonnnnnnnnc nnn nnn nnn canner cscs scarce cae araamrararanenonmmernanaraenannsnnansasnaaenans| 
| SANITARY SACILITIES }. RATING } RESTRICTIVE FEATURE(S) 
Septic Tank Absorption Fields | SEVERE | Ponding | Percs Slowly | 
Inaily Cover -for Landfill } POOR | Ponding | 

| -na--nn naman anna nnn nnn 
| BUILDING SITE DEVELOPMENT | RATING | RESTRICTIVE FEATURE(S) | 

|Shallow Excavations | SEVERE | Excess Humms | Ponding | | 
|Dwellings Without Basements | SEVERE | Subsides | Ponding | | 
|Dwellings With Basements | SEVERE | Subsides | Ponding | 
}Small Commercial Buildings | SEVERE ] Subsides | Ponding 
|Local Streets and Roads | SEVERE | Subsides | Ponding | Frost Action | 
|Lawns, Landscaping, and Golf Fairways | SEVERE | Ponding | Excess Hums | | . 

| CONSTRUCTION MATERTAL | RATING | RESTRICTIVE FEATURE(S) 
|Roadfild | POOR | Wetness | | | 
| Sana | IMPROBABLE | Excess Fines | | | 
|Gravel | IMPROBABLE | Excess Fines | | 

| Topsoil | POOR | Excess Hums | Wetness | | 

| WATER MANAGEMENT | ‘RATING | RESTRICTIVE FEATURE(S) 

|Pond Reservoir Area | SEVERE | Seepage | | | 
|Embankments, Dikes and Levees | SEVERE | Piping | Ponding | 
| Drainage | LIMITATION | Ponding | Subsides J Frost Action | © 
| Irrigation | LIMITATION | Ponding | Soil Blowing | | 
|Terraces and Diversions | LIMITATION | Ponding | Soil Blowing | | 

|Grassed Waterways | LIMITATION | Wetness | | | 
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[TTT T Tort rata ronan nnn ene nnn new enn e en nn nnn nnn n nn ewan ene n eam n nme neene meen eee e een en ne 
J | RECREATIONAL DEVELOPMENT | RATING | RESTRICTIVE FEATURE(S) ) 

 |Camp Areas | SEVERE | Ponding | Excess Hums | | |Picnic Areas | SEVERE | Ponding -| Excess Humas | | | | Playgrounds | SEVERE ] Excess Hums | Ponding ] |Paths and Trails | SEVERE } Ponding | Excess Hums | 

© CROPS AND PASTURE YIELDS 
| Crop yields in this table are averages for high level management where the crop is commonly grown on the map unit. 
| nwovonnccncnnn mene nanan canna nsec n nana annnnnnnennnnnnnnn anne anna nnnnnn nena nnnnnnnnnnnnen nnn nee | | Corn Grain Corn Silage Soybeans Wheat ats | Alfalfa Hay Red Clover Hay | Improved Pasture Permanent Pasture | 
|}  —bu/a tons/a bu/a bu/a bu/a | tons/acre tons/acre | AUM AUM | 
| wnnnnnnnne nnnne nnn meen nee nee | neces J nnn eee Toomaaecannnnnnn an | | ; | | 4.2 | | | 4. | 

WOODLAND INTERPRETATIONS 
nee eee eee 
|WOODLAND EROSION EQUIPMENT SEEDLING WIND TH. PLANT INTERP | COMMONLY EXISTING TREES (E) WOODLAND | JORD. SYB. HAZARD LIMITATION MORTALITY HAZARD COMPETITION ASPECT } and/or SITE PRopuct- | |nnnwnvmm neeeenee ceenmnnnne nnnnnn- wnna--- === —---—] TREES RECOMENDED TO PLANT (P) INDEX IvIry | 
| Sw SLIGHT § SEVERE SEVERE SEVERE SEVERE NORTH ~--n aman nnn nnn nn | | ‘ balsam fir E 40 5 
| red maple E 40 2 | 
| paper birch E | 

tamarack E 35 - 2. | 
| black spruce E 15 2. «| 
| northern whitecedar E 15 2 ; 

white spruce EP i 
| warner enn ene nn nanan +--+ 

PN LS AP OO oD Cm aD ee Sem eee } . 
For more information contact: Area Resource Soil Scientist, Soil Conservation Service, Hwy 70 E. and Timberland Road, : 

6 Route 2, Box 2355, Spooner, WI 54801-1403, Phone: 715-635-3505 - 
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Foth & Van Dyke 
© Memorandum 

November 10, 1998 

TO: Master File 

CC: Gordon Reid, Nicolet Minerals Company 
Jerry Sevick, Foth & Van Dyke, 

7 Steve Dischler, Foth & Van Dyke 

FR: Brad Helmandollar, Foth & Van Dyke yt 

RE: Crandon Project - Wetland Delineation/Verification for Area H 

The following presents an overview of the wetland delineation/verification activities conducted 
on the property proposed for construction of the soil absorption system. The site is known as 
Area "H" and is located within the Rudloff property north of Keith Siding Road. 

Prior to conducting the field investigation, the May 1995 EIR for the Crandon Project was 
© reviewed. In addition, aerial photographs, topographical maps, and the historical wetland maps 

for the site were also reviewed. According to the information presented in the EIR, two wetlands 
were previously identified in the vicinity of Area H by Normandeau Associates, Inc., and 
Interdisciplinary Environmental Planning, Inc. These wetlands, known as wetland T4 and 
wetland Z16, were previously inventoried and are both described as coniferous swamp. 

After the completion of the literature review, a site visit was conducted and a formal wetland 
delineation, in accordance with the 1987 Corps of Engineers Wetland Delineation Manual, was 
completed. Each identified wetland was field delineated by walking several transects across the 
wetland/non-wetland gradient. Observed vegetation, hydrology, and soil characteristics were 
recorded on Routine Wetland Determination Forms. These forms are provided as an attachment 
to this memorandum. Based on the data collected, numbered flags were placed along the 
perimeter of the wetland boundary. The flags were then surveyed to tie the delineated area into 
the site's coordinate system. The site map with the wetland boundaries is attached as Figure 1. It 
should be noted that the entire boundaries of wetland T4 and Z16 were not delineated. The 
delineation covered the wetland/upland boundary nearest to the proposed soil absorption area 
north of Keith Siding Road and west of the Wisconsin Central Limited main line. 

The conditions observed on site were generally consistent with the information obtained from the 
literature review. The delineated western boundary of T4 generally follows the same as reported 
in the EIR. However, the wetland map presented in the EIR shows an upland break between 

© wetland T4 and Z16 in the northern portion of Area H. This area, historically shown as upland, 
appears to have been significantly affected by clearing and agricultural activities. It appears that 

D-335 
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the area was cleared and drained for agricultural purposes. An 8-inch diameter corrugated metal 

culvert pipe (CMCP) is present between T4 and Z16. The CMCP was not conveying water | © 

during other field work performed in August and September, 1998. Evidence of hydric soils and 

hydrophytic vegetation does exist in this area and, therefore, it was included as wetland in the 

most recent delineation. 

Conclusions 

The attached Figure 1 presents a comparison between the wetland boundaries presented in the 

1995 EIR and the verification work completed in 1998. The configuration of the boundaries of 

wetlands T4 and Z16, adjacent to the proposed soil absorption system, are virtually identical in 

both mapping efforts. The only exception is the addition, in 1998, of an abandoned agricultural 

field. This field may have been active during the previous mapping effort and was, therefore, left 

off of the wetland map. 

Based on the 1998 verification, it is concluded that the wetland inventory work completed 

previously, and as presented in the 1995 EIR, is an accurate representation of the wetland 

boundaries within the potential area of influence from the proposed soil absorption system. 

BDRHi:cer1 
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DATA FORM 

ROUTINE WETLAND DETERMINATION | 
(1987 COE Wetlands Delineation Manual) 

Project/Site: | FE - PnDOon) Pes SC) Date: C/I ( [<2 
Applicant/Owner: Wyre County: LowesT— 

Do Normal Circumstances exist on the site? Yes (No) Community ID: | G- 
ls the site significantly disturbed (Atypical Situations? Yes (NQ)| Transect 1D: 
Is the area a potential Problem Area? Yes \No)} Plot ID: A 

(lf needed, explain on reverse.) 

VEGETATION | 

Oominant Plant Species Stratum Indicator Dominant Plant Spec:es Stratum Indicator 

1. — 9 —— 2: ( Fae HesA& | 100 
3he $0, —eEee 1 

—eeeee eee 4. —_—__ ee —_ 
5. 13. rae re en EERSTE EERIE eee | Ce 

LLL 
eR aS PARANERSEStESE eee eee 6. —_ 14 — 

7. 18. 
8. 16. a ——————— eeeeesesesesea—‘_e 

Percent of Dominant Species that are OBL, FACW or FAC ; - (excluding FAC-). 
LL 

© Remarks: LOCTHING AN AceRicocTbeaubieca Boe Beene TY. 

HYDROLOGY 
—— 

| Recorded Data (Describe in Remarks): Wetland Hydrology Indicators: | 

—___. Stream, Lake, or Tide Gauge Primary Indicators: | 
—__._.___... Aerial Photographs | 

Other _____. _Inundated | 
Saturated in Upper 12 inches | _x No Recorded Data Available ______. Water Marks | 
Drift ines 

: 
Sedunent Deposits 
Orairage Patterns in Wetlands 

Field Observations: 

Secondary Indicatsrs (2 of more required): 
Depth of Surface Water: WN (in.) 

N/ Oxic:zed Root Channeis in Upper 12 in. 
Depth to Free Water in Pit: f (in.) Water-Stained Leaves 

Loca Soil Survey Data 
Depth to Saturated Soil: Ni A (in.) FAC-Neutral Test 

Other ‘Explain in Remarks) 

© Remarks: 
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SOILS : , @ 

Map Unit Name | Ls . 

Fieid Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes Pf. : 

Profile Description: 

Depth Matrix Color Mottie Colors Mottie Texture, Concretic. 

(inches) Honzon (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. oe 

CH>  __ tovet/l<_ a Se Sei 

lo-B _ love OB SN 

Hydric Soil Indicators: 

Histosol ________. _Coneretions 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils 
Sulfidic Odor Organic Streaking in Sandy Soils | 
Aquic Moisture Regime Listed on Local Hydric Soils List 

| Reducing Conditions Listed on National Hydric Soils List | 

Gleyed or Low-Chrome Colors Other (Explain in Remarks) 

Remarks: Now Hypeic. Sorc ACES IN ACTivVEe RG@QUcow7Zes 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes (Circle) (Circie) 

Wetland Hydrology Present? Yes 

Hydric Soils Present? Yes Is this Sampling Point Within a Wetiand? Yes 

Remarks: 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 

(1987 COE Wetlands Delineation Manual) 

© Project/Site: Kut oF¥ ThePeery -Cpenivon Peotecy | Date: B17 (SR | Applicant/Owner: NYAnrc _ County: Cotes T— | Investigator: “BttGuerevbbie te _j State: Gor 
. Do Normal Circumstances exist on the site? Yes (No Community ID: Tt _ ) Is the site Significantly disturbed (Atypical Situations? Yes (No Transect ID: / Is the area a potential Problem Area? Yes (No) Plot ID: _ | (If needed, explain on reverse.) 

VEGETATION 

Dominant Plant Species Stratum indicator Dorninant Plant Species Stratum Indicator 

1 Chiectenia bomalis Het Enc Ss 2: Tee fee 10. . 3. TREE TAO 11. 
4. 

12. 
S. Suen Fac. 13. 
6. EvPartative terfel ator Gaeta 7-Pralects otndiraceag Hewes Bese 18 

Percent of Dominant Species that are OBL, FACW or FAC . | (excluding FAC-). 
| ee 

© Remarks: A@za Has fSean SIGNIRicanttiy APFecags BY Lod GING. | 

| 
| 

HYDROLOGY 

Recorded Data (Describe in Remarks): Wetland Hydrology indicators: | 

Stream, Lake, or Tide Gauge Primary Indicators: : —w_... Aerial Photographs | 
—______.. Other —_.._._..._nundated | 

Saturated in Upper 12 inches | ~X____ No Recorded Data Available ______ Water Marks 
Orift Lines 
Sediment Deposits 

Y Drainage Patterns in Wetlands Field Observations: 

Secondary Indicators (2 of more required): Depth of Surface Water: Nie (in.) 

Oxscized Root Channeis in Upper 12 in. Depth to Free Water in Pit: N Y>__(in.) Water-Stained Leaves 
Loca Soil Survey Data Depth to Saturated Soil: kp | (in.) FAC-Neutral Test 
Other (Expiamn in Remarks) 

Remarks: A@gs {iS pey Hoomerer, iT 14aS ez! A BELo~ A4Ragy Yn. Fou 

“Tea Feu, 
® EMVIDENcEe OF HypecloGy (DEPRESSeunaL arzas , Premeageret ) ues 

NI OTED 
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SOILS —_ snencensesemracpncane—cencecear geese ree 

Map Unit Name © 

(Senes and Phase) sé tinge Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes -:- 

Profile Description: 

Depth Matrix Color Motte Colors Mottie Texture, Concretic. 

(inches) Horizon (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. a 

O-4 fo Ye 4/s __ SieTyY Sani 

f-lo loved/s Cay 2/58 725% SeeonvtL Dow 

lo-2t _ ss Gata v¥2Yee fovet(3 425%. SAN 

S$ ——— eee a rE > SW! 

Hydric Soil Indicators: 

Histosol Concretions | 

_____. _ Mistic Epipedon _____. High Organic Content in Surface Layer in Sandy Soils | 

Sulfidic Odor YW Organic Streaking in Sandy Sods | 

Aquic Moisture Regime _________ Listed on Local Hydric Soils List 1 

Reducing Conditions ________,s«Usted on National Hyde Soils List | 

Gleyed or Low-Chrome Colors Other (Explein in Remarks) | © 

Remerks:Sore, es Not SaTinaten, Mower edz, Teeter (S$ EvibenICe™ 
OF Fegvicvscty SATU AID szore . 

WETLAND DETERMINATION 
——— se 

Hydrophytic Vegetation Present? No (Circle) | (Circte) 

Wetland Hydrology Present? No 

Hydric Soils Present? No Is this Sampling Point Within a Wetland? No | 

Remarks: 
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DATA FORM 

ROUTINE WETLAND DETERMINATION | 
(1987 COE Wetlands Delineation Manual) 

S Project/Site: Kut oFF Thepmery -Ceanivon Pestecy Date: a/i2/+2 
Applicant/Owner: Wwe sts Corny : TFeesesT 

| Do Normal Circumstances exist on the site? Yes f> Community !D: TH | Is the site significantly disturbed (Atypical Situations? Yes Transect ID: _ 2 | 
Is the area a potential Problem Area? Yes Plot ID: __ A _ | (If needed, explain on reverse.) 

VEGETATION 

Dominant Plant Species Stratum indicator Dominant Plant Species Stratum Indicator 

WP Melfotes afbg Heen Face 9 | 2-TAtexievr cFFicimale,  Hoerem Feew | 10 —— ——_ | 3. Fal Ee 11. EEE que 
a Rae EEeneEReece eres EEE | eee 4. 12. | Sf BL, sO —_ | 6. 14, | 7s fs —___ _sétgk 

Be 
TD Cc ee 

EES qe |. 

Percent of Dominant Species that are OBL, FACW or FAC 
! (excluding FAC-). 

| aan SSS SSS SEESSPSVSTNDSEEacer> 

© Remarks: (>PTH in) AP GeICULTUR aL FtELD PSyaCENIT To7 #4. | 

HYDROLOGY 
eee —— 

—______.. Recorded Data (Describe in Remarks): Wetland Hydrology indicators: } 

———————, 2UeEM, Lake, of Tide Gauge Primary indicators: 
—... Aerial Photographs 

—______... Other ___.._.. _Inundated } 
Saturated in Upper 12 inches | » No Recorded Data Available ——__., Water Marks 

: Onift Lines 

Seciment Deposits 
Ormanage Patterns in Wetlands Field Observations: 

Secondary Indica:ors (2 of more required): Oepth of Surface Water: Wn (in.) 

Omcaized Root Channeis in Upper 12 in. Oepth to Free Water in Pit: Ni PS (in) Water-Stained Leaves 
N. . Loca Soil Survey Data Depth to Saturated Soil: fp (in.) FAC-Neutral Test 

Other (Explain in Remarks) 

© Remarks: 
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SOILS | a 

Map Unit Name © 

(Senes and Phase). SOs«éO ring Class: 
| Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes /-:: 

Profile Description: 
Depth Matrix Color Mottle Colors Motte Texture, Concretic: | 
(inches) Horizon. (Munsell Moist) (Munsell Moist) Abundsnce/Contrast Structure, etc. _ 

O-[o lo ye F/3 Sty SGAALS 

(o-1g [o Y2G/E | ee Dap 

j—_—- — ——_ ._——-->  ———_-:—S SO? | 
, I 

Hydric Soil Indicators: 

______.. _HMistosol __._____. _Concretions | 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils | 

Sulfidic Odor Organic Streaking in Sandy Soils | 
_________. Aquic Moisture Regime _______ Listed on Local Hydric Sods List | 

Reducing Conditions Listed on National Hydric Soils List | 
Gleyed or Low-Chrome Colors Other (Explain in Remarks) | © 

| 
| 

Remarks: Noal-Hyb2ic Soic. “Reet 1a BACTIUES PGAULLCLTLR AX Linh | 

es 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes (Circle) | (Circie) | 

Wetland Hydrology Present? Yes | 
Hydric Soils Present? Yes : ls this Sampling Point Within a Wetiend? Yes | 

Remarks: 
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DATA FORM : 

ROUTINE WETLAND DETERMINATION | 
- (1987 COE Wetlands Delineation Manual) 

@ Project/Site: CKumeEE ThePmery -Ceanven Pestscy | pate: Birlsez 
Applicant/Owner: Nwre  ———“‘iW County: FoeeeT 
Investigator: BH iupemeuibowe te a State: fet 

Do Normal Circumstances exist on the site? Yes Np} Community ID: Tt ee | 
| Is the site significantly disturbed (Atypical Situations? Yes (No)| Transect ID: 2 

Is the area a potential Problem Area? Yes (N| PlotID: Be 
(If needed, explain on reverse.) | 2 

VEGETATION 

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator 

Ht 1S olidage Ey —— Herp OO fs 

> Seatpeeeniggnnee ee Se = S 4 11. SS 
4.Sc 1 Pvs CypeNnys Heen co! 12. 
5. 13. 
6 Sune vs t 14. 
7. 15. 
Be —_— 160 —_—_ 

Percent of Dominant Species that are OBL, FACW or FAC . | 
(excluding FAC-). ————— | 

© Remarks: Deeo Has Sewn CL1erecn {cy PRHCELTDREW Land, (T AP EL25S | 
Teor 7 Has GEEN! RBoniboniey For Seveenc yenes. : 

Ne | 

HYDROLOGY 

—____ Recorded Data (Describe in Remarks): Wetland Hydrology indicators: | , 

——.. >ream, Lake, or Tide Gauge Primary Indicators: : 
___..___.. Aerial Photographs 

Other —_— inundated | TT 
x Saturated in Upper 12 inches 

x No Recorded Data Available —__..._ Water Marks | 
Onift Lines 

Sedsnent Deposits 

Orarage Patterns in Wetlands 
Field Observations: 

| Secondary Indicators (2 of more required): 
Depth of Surface Water: N A (in.) 

Omaized Root Channels in Upper 12 in. 
Depth to Free Water in Pit: N | LAS (in.) Water-Stained Leaves 

Loca Soil Survey Data 
Oepth to Saturated Soil: SreFacgtin.) FAC-Neutral Test 

Other (Explain in Remarks) 

@ Remarks: 
| 
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SOILS | a _— 

Map Unit Name 
. | © (Senes and Phase) Ct—téO whinge Clg: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes /?:- 

Profile Description: : 
Depth Matrix Color Mottle Colors Motte Texture, Concretic: 

(inches) Horizon (Mungell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. ——_ | 

O-[z love fz. toxe Gf << 2ote SenioY S$ (c7_ 
(o¥@ 4/2. e 

(2-20 (o Ye foyely S2e%. 

. re ew ee} . Ee EE a ee | 

| 
oe a ED ey nD . | | 

Hydric Soil indicators: 
| 

Histosol __.-, Concretions : 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils | 

: Sulfidic Odor ac Organic Streaking in Sandy Sods | 

Aquic Moisture Regime Listed on Local Hydric Sods List | 

Reducing Conditions Listed on National Hydric Soils List 
ae, ~Gleyed or Low-Chrome Colors __ “Other (Explain in Remarks) , © 

Remarks: Sau tas Baw DBisToenen RY AGSICUCTE ROL POT CMT Pay, : 
Hynere Soir sAIDIcATEnrs SVIPENT,. 7 

WETLAND DETERMINATION , 

Hydrophytic Vegetation Present? No (Circle) | (Circle) 

Wetland Hydrology Present? No | 

Hydric Soils Present? No | is this Sampling Poin Within a Wetland? CYed No | 

Remarks: | | 
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DATA FORM 
ROUTINE WETLAND DETERMINATION | 

| (1987 COE Wetlands Delineation Manual) 

pater a aA LS aS a 
oat Sasa = 3] 

® Project/Site: KutroFF ThoPeery -Ceprivon Pestecy | ate: BI7/GR ss Applicant/Owner: WV a 
County: EoessT cEST | 

Do Normal Circumstances exist on the site? Yes AID Community lOTF | ls the site significantly disturbed (Atypical Situations? Yes CN®| Transect ID: > tis; 
Is the area a potential Problem Area? Yes CND} Plot ID: hs 

(If needed, explain on reverse.) 
| 

VEGETATION 

Dominant Plant Species_____ Stratum Indicator | Dominant Plant Species Stratum Indicator 

Uff lel eGov he ee Fe fe tk 
Elf | 10 _ { 

ee 1 — sik 
4. 12. | Se —_— 13 —_— __—SstSX 
a —_— 14 ne 
F —_— a —__ | 
Be ——_ 16 eee Ct 

Percent of Dominant Species that are OBL, FACW or FAC | 
(excluding FAC-). 

Cs 
© Remarks: LO "Fee py I Ce, Freces 

| 

. 
TT 

ee | 

HYDROLOGY 

Recorded Data (Describe in Remarks): Wetland Hydrology indicators: | 

a. 2tream, Lake, or Tide Gauge Primary Indicators: 
—___.__.__. Aerial Photographs 

—______. Other _____.. Inundated , 
Seturated in Upper 12 inches ; 

——_...., No Recorded Data Available Water Marks | 
Orift Lines | 
Sediment Deposits | 
Drainage Patterns in Wetlands 

Field Observations: 
| 

Secondary Indicatsrs (2 of more required): 
Depth of Surface Water: Wie (in.) 

Omdized Root Channeis in Upper 12 in. 
Depth to Free Water in Pit: Nip (in.) Water-Stained Leaves 

Local Soil Survey Data 
Depth to Saturated Soil: Nip | (in.) FAC-Neutral Test 

Other (Explam in Remarks) 

© Remarks: 
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SOILS | 

Mep Unit Name © 

(Senes and Phase) eine Class: 
Field Observations 

Taxonomy (Subgroup): aD Confirm Mapped Type? Yes ?'- 

Profile Description: 
| Depth Matrix Color Mottle Colors Mottie Texture, Concretic. 

(inches) Horizon (Mungell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. _——_ 

O-l0o (oye 4/§ eee Sty Sen) 

fora _ love OC SD 

. ne , =e qu EP « qn ed ee 

Hydric Soil indicators: 

Histosol —_._.... Concretions 
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils ) 

—_______. Sulfidic Odor Organic Streaking in Sandy Soils , 

Aquic Moisture Regime ______._ Listed on Local Hydric Soils List a 

Reducing Conditions Listed on National Hydric Soils List | 

. . Gleyed or Low-Chrome Colors Other (Explain in Remarks) | © 

Remarks: Non -ypece Sore q. 
| 

| 

2. 

WETLAND DETERMINATION | | 
SE 

Hydrophytic Vegetation Present? Yes &i>> (Circle) | (Circle) | 

Wetland Hydrology Present? Yes CHO | | 

Hydric Soils Present? Yes No | Is this Sampling Point Within a Wedand? Yes QB 

Remarks: 
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DATA FORM 
ROUTINE WETLAND DETERMINATION . 

(1987 COE Wetlands Delineation Manual) 

© Project/Site: Kurs or Fk thePeery -C Panton Reastecy Date: 2 ( [cB 
Applicant/Owner: Wun —sSCSCSCSCSC*SrT«SCtgrny EotssT__ 
Investigator: BttGume bot State; Go) : 

| Do Normal Circumstances exist on the site? Yes QNo\} Community lO: TF | 
Is the site significantly disturbed (Atypical Situations? Yes We Transect ID: ———— 
Is the area a potential Problem Area? Yes Ng)j Plot 10: _ FB 

(If needed, explain on reverse.) 

VEGETATION 

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum Indicator 

. 1. Sex pv$ Gece convs bazess _ oC! 9S 
ee Geese 2-2escpes Cypetines ss Mae OR 10 

3-Safiy $2 11, 
4 Sl ideae wrbesreriee SITIO ee OR) Fe 
Slain vecstcolas thea 13 
6. Prmlveis Ofordinece tmn Faco 16 
.: rt wwih$ ef osi 4 16. 
8. 16. | 

Percent of Dominant Species that are OBL, FACW or FAC 
(excluding FAC-). 

SS | 
© Remarks: Piotr wT INI ASANBORLETS PG@COLApAA, LanED | 

| 

| 

HYDROLOGY 
__ _———— 

—.... Recorded Data (Describe in Remarks): Wetland Hydrology indicators: | 

Stream, Lake, or Tide Gauge Primary Indicators: | 
a. Aerial Photographs 

! 
—__._._.__. Other __.__...._Inundated | 7 ¥ Saturated in Upper 12 inches 

_x _ No Recorded Dats Available _____.. Water Marks 

Ont Lines 
| 

Seament Deposits 
Orerage Patterns in Wetlands Field Observations: 

Secondary Indicacors (2 of more required): Oepth of Surface Water: Nia (in,) 

Omcized Root Channeis in Upper 12 in. Depth to Free Water in Pit: Nia {in.) Water-Stained Leaves 

Loca Soil Survey Data Oepth to Saturated Soil: Sr2keegin.) FAC-Neutral Test 
Other (Explain in Remarks) 

© Remarks: 
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SOILS ee 

Map Unit Neme . ®@ 
(Senes end Phase) CC rsinage Classe 

Field Observations 

Taxonomy (Subgroup): _ Confirm Maoped Type? Yes /:- 

Profile Description: 

Depth Matrix Color Motte Colors Motte Texture, Concretic: 

(inches) Horizon (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. ——_ 

OG —— fove3Sfe CL Se Se 

$-2f (oye GR love VU ¢ Se Po , 

| 

Hydric Sail indicators: | 

Histosol _____. _Concretions | 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils . 
; Sulfidie Odor Organic Streaking in Sandy Soils | 

_______. Aquie Moisture Regime _______ Listed on Local Hydric Sods List | 

Reducing Conditions Listed on National Hydric Soils List | 

_X_____ Gleyed or Low-Chrome Colors __ «Other (Explain in Remarks) ; 6 

Remarks: . 

a | 

WETLAND DETERMINATION 
rr 

Hydrophytic Vegetation Present? CYas> No (Circle) | (Circie) 
Wetland Hydrology Present? 2 No | 

Hydric Soils Present? No | Is this Sampling Point Within a Wedend? CY8>. No | 
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DATA FORM : 

ROUTINE WETLAND DETERMINATION 

(1987 COE Wetlands Delineation Manual) 

S Project/Site: Kum eF¥ Thopeery -Coanvon Pests | vate: V/7/GR Applicant/Owner: Wyre County: Lo7esT— 
| INVeStIQatOr: Bit Ruin eb oie | State: fo | 

| Do Normal Circumstances exist on the site? Yes Wo) Community !D: St 7 Io : 
Is the site significantly disturbed (Atypical Situations? Yes NB} Transect ID: a ee 
Is the area a potential Problem Area? Yes Q@ay PlotiO:_ A 

, (If needed, exolainonreverse) 

VEGETATION 

Dominant Plant Species Stratum Indicator Dominent Plant Species Stratum Indicator | 

— 7 BL | 9. | 
2. : ‘ 10. . 
3. 11. 
4. —_ Ie — 
5. 13. 
6. 

14, 
7. 15. 
8. 16. 

Percent of Dominant Species that are OBL, FACW or FAC , 
(excluding FAC-). 

| 
© Remarks: EOee- CF  &e4evUTplRar FieLn. 

| 
| 

| 

HYDROLOGY _ 
Recorded Data (Describe in Remarks): Wedand Hydrology indicators: | 

Stream, Lake, or Tide Gauge Primary Indicators: | 
_—.... Aerial Photographs | 

Other —_ inundated 
ee 

Saturated in Upper 12 inches 
KX No Recorded Data Aveilable —_—_—_... Water Marks 

Orift Lines 

Seciment Deposits 

Orarage Patterns in Wetlands 
Field Observations: 

/ Secondary Indicators (2 of more required): 
Depth of Surface Water: ys b (in.) 

Oxicized Root Channeis in Upper 12 in. Oepth to Free Water in Pit: K/ b&  {in.) Water-Stained Leaves 
Loca Soil Survey Data 

Depth to Saturated Soil: K[e (in.) FAC-Neutral Test 

Other (Explasm in Remarks) 

© Remarks: 
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ESO48: 09/06,94



SOILS oe | : 

Map Unit Neme - © 
(Senes end Phase) Cts«éO rine Class: 

Field Observations 

Taxonomy (Subgroup): CCoonfirrm Mapped Type? Yes ?'- 

Profile Description: 
Depth Matrix Color Mottle Colors Motte Texture, Concretic. | 
(inches) Horizon. (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, ete. ss 

O-4 fo Ye S/$ Ste fay S$ had 

4-(g ___ 2.5 ¥2 ee __ Sunpy rc’ 

- , | 

Hydric Soil indicators: 
: 
| Histosol Lo Concretions | 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils | 

| —_____ Sulfidie Odor "___ Organic Stresking in Sandy Soils | 
Aquic Moisture Regime Listed on Local Hydric Sods List | 
Reducing Conditions Listed on National Hydric Soils List | 

| Gleyed or Low-Chrome Colors Other {Explain in Remarks) . | © 

Remarks: Non-Hyprei ce Sp U ; 
ye 

eee 

WETLAND DETERMINATION 
a E 

Hydrophytic Vegetation Present? Yes CH (Circle) | (Circie) 

Wetland Hydrology Present? Yes CED | | 
Hydric Soils Present? Yes (Nay | is this Sampling Point Within a Wetiand? Yes CNY | 

Remarks: | 
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DATA FORM 

ROUTINE WETLAND DETERMINATION : 
(1987 COE Wetlands Delineation Manual) 

© Project/Site: CKuDioFE bhoPmety -Cpenioom Postey | vate: 17/¢R 
Applicant/Owner: Wee | County: EpeseT 

Do Normal Circumstances exist on the site? Yes No | Community ID: = L-l6 ! 
Is the site significantly disturbed (Atypical Situations? Yes SAR] Transect ID: _f 
Is the area a potential Problem Area? Yes Woy PlotiD:_ sR 

(If needed, explain on reverse.) Sau EnREEEneemsemmmmrimmene immense eee | 

VEGETATION 

Dominant Plant Species Stratum Indicator Dominant Plant Species Stratum indicator 

I Exes pennsy ian Tacs Fac 9. | 

3. Dette vey cee Site Fence Dattees Fee _ Vy | 
4.Ovoclesn Senhbnlis Users Encw ee aE eee S-Ayer Coke >. Teee Fac 13. 
6 —_— 14 — 
a —_——_, 13 —_——— 
8. | 16. _ | | 

Percent of Dominant Species that are OBL, FACW or FAC 
(excluding FAC-). 

——————————————— 
© Remarks: L(THt ink A PEPRESSton) PPY4cewntT Ts aoewocTorRe- | 

HYDROLOGY 
ee SSS 

Recorded Data (Describe in Remarks): Wetland Hydrology Indicators: | 

——.. Stream, Lake, or Tide Geuge Primary indicators: | 
——___._.. Aerial Photographs | 

Other _........ nundated | —— 
«<< Saturated in Upper 12 inches | 

x No Recorded Data Available —X Water Marks 
Drift Lines 

Sediment Deposits 
ae Drainage Patterns in Wetlands 

Field Observations: 

Secondary Indicators (2 of more required): 
Depth of Surface Water: Nf hb (in.) 

Oxdized Root Channels in Upper 12 in. 
Oepth to Free Water in Pit: NY > (in.) Water-Stained Leaves 

Local Soil Survey Data 
Depth to Saturated Soil: Svefecgin.) FAC-Neutral Test 

Other (Explain in Remarks) 

©} Remarks: 
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SOILS | 

Map Unit Neme | © 
(Series and Phase) «Cringe Class: 

Field Observations 
Taxonomy (Subgroup): | Confirm Mapped Type? Yes ?'- 

Profile Description: 

Depth Matrix Color Motte Colors Motte Texture, Concretic: | 

finches) Horizon (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. —— 

O-24 te¥e 2/1 oYe Y%2 = Joe. OL PNUL 

Hydric Soil indicators: 

Histosol ; _.___.... Concretions 
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils 

; & Sulfidic Odor Organic Streaking in Sandy Soils 
Aquic Moisture Regime Listed on Local Hydric Sods List 

Reducing Conditions Listed on National Hydric Soils List 
a ~Gleyed or Low-Chrome Colors 9 Xs Other (Explain in Remarks) © 

Remarks: Sore ConiSesTs OF GEeGAaniic maTegrnac, 

WETLAND DETERMINATION , 
a 

Hydrophytic_Vegetation Present? <¥se> No (Circle) | (Circle) 
Wetland Hydrology Present? T= No 

Hydric Soils Present? cT® No | is this Sampling Point Within a Wetland? Qe No 

Remarks. 
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DATA FORM 

ROUTINE WETLAND DETERMINATION . 
(1987 COE Wetlands Delineation Manual) 

© ProjecuSite: Kutrert bhoPeery -Cgenivons Peatecy | dae: A/7/GR 
Applicant/Owner: Wnre County: Fo@eseT 
Investigator: Bt Guemebouwee State: ZO) 

. . . | | Do Normal Circumstances exist on the site? Yes RY Community !0:°C_- ; 
Is the site significantly disturbed (Atypical Situations? Yes Transect ID: 
Is the area a potential Problem Area? Yes Plot IO: 

(If needed, explain on reverse.) 

VEGETATION 

Dominant Plant Species Stratum Indicator | Dominant Plant Species Stratum Indicator 

. LAR 
uae 6 eee Se 

ED —,. | 2. semtemenemasune eee enone 10. 
—EeEee | comeee 3 —_—__ 3 Vn ——_— 

4 — _____ 12 — Se —__ 13 — 
6. _ 146 — 7. —_—— —_- 13. eee 
8. 

—> | sueeneneen : : J 16. 
eee ee 

Percent of Dominant Species that are OBL, FACW or FAC | 
(excluding FAC-). 

| 
© Remarks: PITHin, BGe1CoUTLRaL Fieri | 

| 
| 

. | 

HYDROLOGY 

Recorded Data (Describe in Remarks): Wetland Hydrology indicators: | | 

Stream, Lake, or Tide Gauge Primary Indicators: | 
Aerial Photographs 

| 
Other ____.... Mnundated | — 

Saturated in Upper 12 inches | xX No Recorded Data Available —___.. Water Marks | —_—_—_— 
Onift Lines 

Secment Deposits 

Oranage Patterns in Wetlands 
Field Observations: 

Secondary Indicators (2 of more required): 
Depth of Surface Water: Hh (in.) 

Oxszed Root Channeis in Upper 12 in. 
Depth to Free Water in Pit: ora (in.) Waz:sr-Stained Leaves 

Loca Soil Survey Data 
Depth to Saturated Soil: Nfe_ (in.) FAC-Neutraé Test 

Other (Explain in Remarks) 

© Remarks: 
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SOILS | 

Map Unit Neme ee | © (Senes and Phase) ee...  Urainage Class: —_ 
Field Observations 

Taxonomy (Subgroup): __.___‘ Confirm Mapped Type? Yes '- 

Profile Description: , 
Depth Matrix Color Motte Colors Mottle Texture, Concretic: 
(inches) Horizon (Mungell_Moist) (Munsell Moist) Abundance/Contrast Structure, ete. _—__ 

O-lo love fs SALBY SeeT eee —_— 
el LD ee 

le-20 lovesig loved: Sony SicT Eee 
eee SEE 

eee — On Ee rT eee 

. ee , —e —EEeEeEeeee . ee LS aan) | 

Ewen EE OO Se eee ° Snare TERS ASRSESSRASTREEEITSSSSDSSERNSEENNOEENESEED i 

Hydric Soil indicators: 

_.._.._... Mistosol —_..._...., Concretions | 
Histic Epipedon —__.. High Organic Content in Surface Layer in Sandy Soils 

; —______. Sulfidic Odor ——_.... Organic Streaking in Sandy Soils | 
——_.., Aquic Moisture Regime ——_—_. “sted on Local Hydric Sods List | 

Reducing Conditions Listed on National Hydric Soils List | 
ee Gleyed or Low-Chrome Colors Other (Explain in Remarks) - | © 

Remarks: PCTILE AG , Lanp 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes CNO (Circle) | (Circle) Wetland Hydrology Present? Yes cil> | 
Hydric Soils Present? Yes NO | Is this Sampling Poin Within a Wetiend? Yes\Qd 

| 

Remarks: 
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DATA FORM 
_ ROUTINE WETLAND DETERMINATION . 

| (1987 COE Wetlands Delineation Manual) 

@ Project/Site: KuucE F ‘boPeery -Ceenoen Pestecy | date: Bree 
Applicant/Owner: NWYWne esses County: LotcesT 
Investigator: “tt Suienen Piatt Oe | State: S—C=izdt 

. Ged 2. | __ || Bo Normal Circumstances exist on the site? No | Community 10: C-(@ | ls the site significantly disturbed (Atypical Situations? Yes SN&| Transect ID: are 
Is the area a potential Problem Area? Yes MQ Ploti0: = os 

(If needed, explain on reverse.) 

VEGETATION 

. 1.Cormos Solon SHevg Face Se ee | 
2. Shor, 10. —— 
3.Oneclen Seotitules _.«-«_ Hen Face Ve 4Sussees CyPefinus _s- Heme off | 12 SSpban ns —_— _ 13 —— 
6ess—‘ UW —_— 14 — 
7. —_— 18 ——— 
BCC 16. — 

Percent of Dominant Species that are OBL, FACW or FAC 
(excluding FAC-). 

oo | 
© Remarks: (orTetyyJ PSPLzs oy ABDTACEAIT To B&. Lanthy : 

| 
| 

HYDROLOGY 

Recorded Data (Describe in Remarks): Wedand Hydrology Indicators: | . 

aww, lean, Lake, or Tide Gauge Primary Indicators: ; 
Aerial Photographs 

| 
Other —__- inundated | , — 

x Saturated in Upper 12 inches | 
—__\___ No Recorded Dats Available x Water Marks 

x Orift Lines 
x Sediment Oeposits 

| x Orainage Patterns in Wetlands 
Field Observations: 

Secondary Indicators (2 of more required): 
Oepth of Surface Water: lin.) 

Oxieized Root Channels in Upper 12 in. 
Depth to Free Water in Pit: (in.) Water-Stained Leaves 

Local Soil Survey Data 
Oepth to Saturated Soil: SAF ecgiin.) ______ -FAC-Neutraé Test 

Other (Explain in Remarks) 

© Remarks: 
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SOILS 

Map Unit Neme | © 

(Senes and Phase) sé rine Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes ?'- 

Profile Description: 

Depth Matrix Color Mottle Colors Mottle Texture, Concretic: | 

finches) § Horizon (Munsell Moist) (Munsell Moist) Abundence/Contrast Structure, ete. | 

7, TYE Si 
t-24- —_— loy 2 bebe tt —_— Step 

—_———__ —_—— er | 

—_—_— —_—_ a Cit 
| 

. | 
| 
| 

Hydric Soil indicators: 
4 

Histosol Concretions | 
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils , 

: ¥ Sulfidic Odor Organic Streaking in Sandy Sods | 

_______. Aquic Moisture Regime _____ Listed on Local Hydric Sods List ) | 

8 Reducing Conditions Listed on National Hydric Soils List | 
52 Gleyed or Low-Chrome Colors Other (Explain in Remarks) © 

Remerks: . ! 

WETLAND DETERMINATION 
eee ee 

Hydrophytic Vegetation Present? CYas> No (Circle) | (Circle) | 
Wetland Hydrology Present? No | = ! 

Hydric Soils Praesent? No | is this Sampling Point Within a Wetland? Yes) No | 

Remarks: 
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DATA FORM 
ROUTINE WETLAND DETERMINATION : 

(1987 COE Wetlands Delineation Manual) 

: Project/Site: Ku cE ¥ bheteery -Ceerimon Pestscy | Date: & (7 [<KR 
Applicant/Owner: Wyre County: LocesT 

_ || Do Normal Circumstances exist on the site? Yes No)| Community 10:2 /G@ | 
Is the site significantly disturbed (Atypical Situations? Yes NO Transect ID: | 
Is the area a potential Problem Area? Yes d¥o\| Plot ID: | 

Wf needed. explain on reverse) CidC 

VEGETATION 

Dominant Plant Species Stratum indicator Dominant Plant Species Stratum Indicator ! 

| 1. Phe rider 9 ov lino. Hong Face 9. | | 
ue - ‘ 10. : meee «Cee REE Ee ee 3. Hente Cacwe 11. | 
4 12 i s. 

13. | 
6 —_— 14 —_ | 
7. 1S. 
Be mee 160 —_— | 

Percent of Dominant Species that are OBL, FACW or FAC . ! 
(excluding FAC-). ———— | . --” 

© Remarks: Em Ge OF Cot +67 p 
| 

| 
| ————— rr 

HYDROLOGY 
er repre nee SS 

| Recorded Data (Describe in Remarks): Wetland Hydrology Indicators: | 

| ——.., eam, Lake, o¢ Tide Gauge Primary Indicators: 
—_._._........ Aerial Photographs | 

Other —__.__._... Inundated | —— 
Saturated in Upper 12 inches 

_XX___ No Recorded Data Available ____ Water Marks 
Orift Lines 

Sediment Deposits 

Drainage Patterns in Wetlands 
Field Observations: 

Secondary Indicators (2 of more required): 
Depth of Surface Water: iad (in.) 

Oxiaized Root Channeis in Upper 12 in. 
Depth to Free Water in Pit: N/p (in.) Water-Stained Leaves 

Local Soil Survay Data 
Depth to Saturated Soil: Nie (in.) FAC-Neutral Test 

Other (Expiain in Remarks) 

© Remarks: 
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SOILS | | 

Map Unit Neme | | © 
(Senes and Phase) Cité wisn Cl: 

Field Observations 
Taxonomy (Subgroup): a _ Confirm Mapped Type? Yes ?'- 

Profile Description: , ! 
Depth Matrix Color . Motte Colors Mottie Texture, Concretic: | 

(inches) Horizon (Mungell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. _— 

OG _ ove S/S 

(f2e te Ys foe OB 

Hydric Soil indicators: 
| | 

——____ Histosol —_ ~Concretions | - 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils | 

: Sulfidic Odor Organic Streaking in Sandy Soils | 

—___.______.. Aquic Moisture Regime __._._.___. Listed on Local Hydric Sols List | 
Reducing Conditions Listed on National Hydric Soils List | 

ee, Gleyod or Low-Chrome Colors = _ «(Other (Explain in Remarks) — . | © 

| | 

Mm 

WETLAND DETERMINATION 

l avaro CT 
Hydrophytic Vegetation Present? Yes (Circle) | (Circle) 

1 Wetland Hydrology Present? Yes J 
Hydric Soils Present? Yes ! Is this Sampling Point Within a Wedand? Yes @lc) 

Remarks: 
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DATA FORM 

ROUTINE WETLAND DETERMINATION | 

(1987 COE Wetlands Delineation Manual) 

© Project/Site: KuioFF ThoPeety -Ceenivon Pestecy | date: B17/GR  _—s«| 
Applicant/Owner: Nye esses County: FoessT 
Investigator: Bete Naat a — State: fo) 

_ || Do Normal Circumstances exist on the site? No | Community 10: Z(G __ | Is the site significantly disturbed (Atypical Situations? Yes 2d, Transect !1D:_& @ _—sitk 
Is the area a potential Problem Area? Yes WY Plot ID: 5 | 

Ufneeded explain on reverse) Cd 

VEGETATION 

Dominant Plant Species | Stratum Indicator Dominant Plant Species Stratum Indicator | EE ———=——— ———— 

ft 1 Alwes ep 
2.Fimminvs Pecnninianiem TREN Fee | 10 | 37ers rer peep re v1. eC t—“‘;«iéis*zt 
4. Orctlee Seowbilis Bet Epeor ff 12 s#tgk 5. Pinr0t baal sevens Teese thew 13. 
6.Peer Coben Henn _ tre 14 —EE | 7 ts OC TsO 

| LC  ”~=~SYt 
Percent of Dominant Species that are OGL, FACW or FAC | 
(excluding FAC-). 

4 
cnn SS SSSR 

© Remarks: porrwin) VETUmNm® ADTACENT “te ASG Hien | 

| 
| 

HYDROLOGY 
gg gr eee een SS 

—_.__., Recorded Data (Describe in Remarks): Wetland Hydrology indicators: : 

ww. 2eam, Lake, or Tide Gauge Primary Indicators: 
—__...._.. Aerial Photographs | 

—__.___... Other __.__. Inundated 
x Saturated in Upper 12 inches , 

_xX No Recorded Data Available i Water Marks | 
Pas Orift Lines 

Sediment Deposits 
: Ormrage Patterns in Wetlands 

Field Observations: 

Secondary Indicators (2 or more required): 
Depth of Surface Water: Hin (in.) 

Omaized Root Channeis in Upper 12 in. 
Depth to Free Water in Pit: N BD iin.) Water-Stained Leaves 

Loca Soil Survey Data 
Oepth to Saturated Soil: Ss (in.) FAC-Neutral Test 

Other (Explain in Remarks) 

© Remarks: 
| 
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SOILS 
aseeeeeemeemeeer pe oer 

Map Unit Name | ®@ (Sernes and Phase) «0 Ci tinge Class: 
Field Observations 

Taxonomy (Subgroup): ——_—=——, Confirm Mapped Type? Yes f'- 

Profile Description: | 
Oepth Matrix Color Mottle Colors Mottle Texture, Concretic: | 
finches) —§ Horizon (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. —— 

o-g oye Ss foe Gl 45% Seupy Sieur 
P24 oye Ut joe V2 : : 

ee one _ a ee ° RE | 

Hydric Soil Indicators: 
- 

_________Histesol . _—___ Coneretions | 
Histic Epipedon High Organic Content in Surface Layer in Sandy Soils : 

—_______.. Sulfidic Odor —_______.. Organic Streaking in Sandy Soils | 
—_._._...., Aquic Moisture Regime —__._.__._, Listed on Local Hydric Soils List ! 

Reducing Conditions Listed on National Hydric Soils List | 
—2s____ Gleyed or Low-Chrome Colors ___ «Other (Explain in Remarks) , © 

WETLAND DETERMINATION 
SY 

Hydrophytic Vegetation Present? latT> No (Circle) | (Circle) 
Wetland Hydrology Present? No | 
Hydric Soils Present? No | ts this Sampling Point Within a Wetiend? C Ye) No 

Remarks: | 
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DATA FORM 
~ ROUTINE WETLAND DETERMINATION | 

| - (1987 CQE Wetlands Delineation Manual) 

8 Project/Site: KutmoF¥ bhoPeery -Cgenvon Pestecy | Date: Bilsee 
Applicant/Owner: Wwe County: FoessT 
Investigator: BU ume bow et | State; foro | 
Do Normal Circumstances exist on the site? Yes &> Community ID:2!/G st 
Is the site significantly disturbed (Atypical Situations? Yes Bp Transect 10: % } - | 
Is the area a potential Problem Area? Yes Plot 10: _ fA | 

(lf needed, explain on reverse.) | | 

VEGETATION 

Dominant Plant Species Stratum indicator Dominant Plant Species Stratum Indicator 

iia Fy __ 9 eS ee Ge fe 10 ‘tha &e 11. 
4. 12. | S. 13. | 6. —_—_ 14 — | 7. —_— 18 ——_ | Be ee ee 16 —— : | 

Percent of Dominant Species that are OBL, FACW or FAC | 
(excluding FAC-). ————— 

| 
Remarks: , 

, 
© EeGe oF no, Fier p | 

| 

HYDROLOGY 
ee eee SS SS 

| Recorded Data (Describe in Remarks): Wedand Hydrology Indicators: | 

aaa, 2eam, Lake, or Tide Gauge Primary Indicators: | 
Aerial Photographs 

| 
—_____.. Other —_..._.._.._nundated | 

Saturated in Upper 12 inches | 
» No Recorded Data Available —___.___._ Water Marks 

Drift Lines 

Sediment Deposits 
, 

Drainage Patterns in Wetlands 
Field Observations: 

Secondary Indicators (2 of more required): 
Depth of Surface Water: N/» (in.) 

——__ Oxidized Root Channels in Upper 12 in. 
Cepth to Free Water in Pit: nie {in.) Water-Stained Leaves 

Local Soil Survey Data 
Depth to Saturated Soil: Ala (in.) FAC-Neutral Test 

Other (Expiain in Remarks) 

© Remarks: 
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SOILS 

Map Unit Neme | ‘| © 
(Senes and Phase) COC rtsinage Class: 

Field Observations 

Taxonomy (Subgroup): | | _- Confirm Mapped Type? Yes f'- 

Profile Dege¢ription: 
Depth Matrix Color Mottie Colors Mote Texture, Concretic: | 

(inches) Horizon (Muyngell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. _——_ | 

2 toe pe 

| 
Hydric Soil indicators: 

| 
—____._ Histosol _____ Coneretions 7 

Histic Epipedon High Organic Content in Surface Layer in Sandy Soils | . 
; Sulfidic Odor Organic Streaking in Sandy Soils | 

Aquic Moisture Regime Listed on Local Hydric Sods List | 

Reducing Conditions _.__..__. Listed on National Hydric Soils List 
a, Gleyed of Low-Chrome Colors __ «Other (Explain in Remarks) . eo 

| 

WETLAND DETERMINATION 
Sa eee 

Hydrophytic Vegetation Present? Yes Cid (Circle) | (Circle) | 
Wetland Hydrology Present? Yes CD | | 
Hydric Soils Present? Yes to, | ts this Sampling Point Within a Wetland? Yes Ry | 

Remarks. | 

| 
| 
| 
| 
| 
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DATA FORM 

ROUTINE WETLAND DETERMINATION | 
(1987 COE Wetlands Delineation Manual) 

© Project/Site: CutroF FE ProPeery -Ceariven Pestecy | date: 2/17/48 
Applicant/Owner: NWwrqg ss —s—ss—s—s—‘(Ci‘—;C—SsSSSSSSSSSS County: EeeesT 
Investigator: Bet Seuenmnl Dt te ‘State: fot 

_ || Do Normal Circumstances exist on the site? Yes Woy Community 10:27 (G 
Is the site significantly disturbed (Atypical Situations? Yes p| Transect!0:_ 3% > _ 
Is the area a potential Problem Area? Yes >| Plot ID: B 

(If needed, explain on reverse.) 
smn 

VEGETATION 

| iS, CBv6 Crmerinns Heng 661 9. ___ — 
2-Crocles SenSehils Seer. 10 
3 Woes Gebteee tee eee 1 
4 eCFNRNEN €|"w_—— 12 —— 
Se 8 | 
6. 14 
7. | Ss Tit 
Be ues eee 16 —E | 

Percent of Dominant Species that are OBL, FACW or FAC } 
(excluding FAC-). 

een , | 

© Remarks: EDaQe- CF PS Fao | 
| 

, SY 

HYDROLOGY 
reg grrr errr cnr rr = 

Recorded Data (Describe in Remarks): Wetland Hydrology indicators: | 

—__........ Stream, Lake, or Tide Gauge Primary Indicators: 3 
—__...... Aerial Photographs | 

__._.._._.. Other __..__ inundated ) 
<_<... Saturated in Upper 12 inches | 

xX No Recorded Data Available —__.._...... Water Marks | 

Orift Lines 

Sediment Deposits 

Orainage Patterns in Wetlands 
Field Observations: 

Secondary Indicators (2 or more required): 
Depth of Surface Water: Nfm (in.) 

Oxidized Root Channels in Upper 12 in. 
Depth to Free Water in Pit: N(p {in.) Water-Stained Leaves 

oT Local Soil Survay Data 
Oepth to Saturated Soil: _—______. fin.) FAC-Neutral Test 

Other (Explain in Remarks) 

@ Remarks: 
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SOILS : 

Map Unit Name | © 
(Sertes and Phase) Orainage Class: 

| Fieid Observations 
Taxonomy (Subgroup): | _ Confirm Mapped Type? Yes *'- 

Profile Description: 

Oepth Matrix Color Motue Colors Mottie Texture, Concretic. | 
(inches) Horizon (Munsell Moist) (Munsell Moist) Abundance/Contrast Structure, etc. _— 

O-2 (o Ye. ef! ORaans(c 

22 eR Ge poveet OR Snes 
S24 fof "| foyetly Spay $1eT— 
oe Coen ae Ee Ee TN 

: oe co ee) — a a ge neneSE 

eeweceueee ed mene hn nneneenel LD ° —e | 

Hydric Soil indicators: 

Histosol Coneretions 
Histic Epipedon ae High Organic Content in Surface Layer in Sandy Soils | 
Sulfidic Odor ax Organic Streaking in Sandy Soils 

—_.____., Aquic Moisture Regime —________._ Listed on Local Hydric Sods List | 
Reducing Conditions Listed on National! Hydric Soils List | 

Xe «~Gleyed or Low-Chrome Colors Other (Explain in Remarks) | © 

me 

WETLAND DETERMINATION . 

Hydrophytic Vegetation Present? (Yes) No (Circle) | (Circle) 
Wetland Hydrology Present? (Yeg> No 
Hydric Soils Present? oe No Is this Sampling Point Within a Wetland?\ Ye) No 

Remarks: 
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© Appendix E 

Vertical Gradient Calculations 
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Client: NV MC | Scope I.D.: 43004 

Foth & Van Dyke | Project: SA&pT- Ace, ete Page:_/ , 
consultants - engineers: scientists Prepared By: KEM Date: 2G, & | 

© | Checked By: S YO! Date: (efs/ee 
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© Appendix F 

Double-Ring Infiltrometer Tests 
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Infiltration Test 
TPH-06B 
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: Data Form for infiltration Test (ASTM D 3385) 

Project: SAPII - Area H Inner Ring (in2): 113.1 | © 
Location: TPH-06B Annular Space (in2): 141.4 
Water Source: Flannery Shop 
Date: August 28, 1998 Penetration of Rings: Inner: 5.5 inches Outer: 6.5 inches 
Estimated Depth to Water Table: Approx. 6 Feet from Ground Surface 

Inner Ring Annular Space Infiltration Rate 
Trial Number Time (min.) Reading (ml) Flow (in2) Reading (ml) Flow (in2) Inner (in/hr) Annular (in/ 

] 10 12900 787.16 15700 958.01 41.76 40.65 

2 20 12900 787.16 14400 878.69 41.76 37.29 

3 30 12800 781.06 13800 842.08 41.44 35.73 

4 40 13000 793.26 13000 793.26 42.08 33.66 

5 50 12860 784.72 13000 793.26 41.63 33.66 

6 60 12700 774.95 11900 726.14 41.11 30.81 

7 70 13200 805.46 11500 701.73 42.73 29.78 

8 80 12800 781.06 11100 677.32 41.44 28.74 

9 90 13000 793.26 11000 671.22 42.08 28.48 

10 100 12800 781.06 10700 652.91 41.44 27.70 

11 110 13100 799.36 9800 598.00 42.41 25.37 

12 120 12900 787.16 9500 579.69 41.76 24.60 

. 13 130 13400 817.67 9600 585.79 43.38 24.86 

Oe 14 140 13000 793.26 9000 549.18 42.08 23.30 

15 150 13400 817.67 8700 530.87 43.38 22.53 © 

16 160 13000 793.26 8600 524.77 42.08 22.27 

17 170 12100 738.34 8000 488.16 39.17 20.71 

18 180 12700 774.95 8400 512.57 41.11 21.75 

19 190 13200 805.46 7700 469.85 42.73 19.94 

20 200 13600 829.87 7700 469.85 44.03 19.94 

J:\SCOPES\93C049\SOILAB~1\INFILAUG.WB2 D-371



@ 

Infiltration Test 

TPH-8D 
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Data Form for Infiltration Test (ASTM D 3385) 

Project: SAPII - Area H Inner Ring (in2): 113.1 | © 
Location: TPH-8D Annular Space (in2): 141.4 
Water Source: Flannery Shop 
Date: August 26, 1998 Penetration of Rings: Inner: 5.75 inches Outer: 6 inches 
Estimated Depth to Water Table: Approx. 6 Feet from Ground Surface 

Inner Ring Annular Space Infiltration Rate 

Number Time (min.) Reading (ml) Flow (in2) Reading (ml) Flow (in2) Inner (in/hr) Annular (in/hr) 
] 10 850 51.87 5000 305.10 2.75 12.95 

2 20 825 50.34 4000 244.08 2.67 10.36 

3 30 650 39.66 3930 239.81 2.10 10.18 

4 40 500 30.51 4300 262.39 1.62 11.13 

5 50 350 21.36 4280 261.17 1.13 11.08 

6 60 940 57.36 4000 244.08 3.04 10.36 

7 70 800 48.82 4270 260.56 2.59 11.06 

8 80 700 42.71 4000 244.08 2.27 10.36 

9 90 1030 62.85 4000 244.08 3.33 10.36 

10 100 750 45.77 3700 225.77 2.43 9.58 

11 110 750 45.77 4000 244.08 2.43 10.36 

12 120 800 48.82 4270 260.56 2.59 11.06 

13 130 1030 62.85 4300 262.39 3.33 11.13 

14 140 1000 61.02 4000 244.08 3.24 10.36 

15 150 1050 64.07 4000 244.08 3.40 10.36 © 

16 160 850 51.87 3730 227.60 2.75 9.66 

17 170 900 54.92 3730 227.60 2.91 9.66 

18 180 810 49.43 3620 220.89 2.62 9.37 

19 190 830 50.65 4025 245.61 2.69 10.42 

20 200 800 48.82 4100 250.18 2.59 10.62 

21 210 1080 65.90 3875 236.45 3.50 10.03 

22 220 870 53.09 3775 230.35 2.82 9.77 

23 230 850 51.87 3720 226.99 2.75 9.63 

24 240 1050 64.07 4350 265.44 3.40 11.26 
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Infiltration Test 
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Data Form for Infiltration Test (ASTM D 3385) 

Project: SAPII - Area H Inner Ring (in2): 113.1 © 
Location: TPH-33B Annular Space (in2): 141.4 

Water Source: Flannery Shop 
Date: August 28, 1998 Penetration of Rings: Inner: 5.5 inches Outer: 6 inches 

Estimated Depth to Water Table: Approx. 6 Feet Till 

es 

Inner Ring Annular Space Infiltration Rate 

Number Time (min.) Reading (ml) Flow (in2) Reading (ml) Flow (in2) Inner (in/hr) Annular (n/hr) 

] 10 0 0.00 0 0.00 0.00 0.00 

2 20 50 3.05 450 27.46 0.16 1.17 

3 30 50 3.05 250 15.26 0.16 0.65 

D-375 
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Infiltration Test 
TPH-38B 
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Data Form for Infiltration Test (ASTM D 3385) 

Project: SAPI! - Area H Inner Ring (in2): 113.1 

Location: TPH-38B Annular Space (in2): 141.4 © 

Water Source: Flannery Shop 
Date: August 25, 1998 Penetration of Rings: Inner: 5 inches Outer: 6 inches 
Estimated Depth to Water Table: Approx. 6.0 feet 

Inner Ring Annular Space Infiltration Rate 

“Trial Number Time (min.) Reading (ml) Flow(in2) Reading(ml) Flow(in2) —‘Inner(in/hr) Annular (in/hr) 
1 10 9000 549.18 12000 732.24 29.13 31.07 

2 20 10000 610.20 12000 732.24 32.37 31.07 

3 30 10300 628.51 11810 720.65 33.34 30.58 

4 40 9810 598.61 11000 671.22 31.76 28.48 

5 50 10100 616.30 11000 671.22 32.70 28.48 

6 60 9800 598.00 10950 668.17 31.72 28.35 

7 70 9500 579.69 10930 666.95 30.75 28.30 

8 80 9750 594.95 10970 669.39 31.56 28.40 

9 90 9950 607.15 11080 676.10 32.21 28.69 

10 100 9900 604.10 10635 648.95 32.05 27.54 

11 110 10100 616.30 10440 637.05 32.70 27.03 

12 120 10200 622.40 10410 635.22 33.02 26.95 

13 130 9750 594.95 10120 617.52 31.56 26.20 

14 140 9750 594.95 10110 616.91 31.56 26.18 

15 150 9950 607.15 10250 625.46 32.21 26.54 

16 160 9800 598.00 10210 623.01 31.72 26.44 

17 170 9650 588.84 10220 623.62 31.24 26.46 

18 180 9950 607.15 10220 623.62 32.21 26.46 6 
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Infiltration Test 

TPH-42 
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Data Form for Infiltration Test (ASTM D 3385) 

Project: SAPII - Area H Inner Ring (in2): 113.1 © 
Location: TPH-42 Annular Space (in2): 141.4 

Water Source: Flannery Shop 
Date: August 26, 1998 Penetration of Rings: Inner: 5.25 inches Outer: 6 inches 
Estimated Depth to Water Table: Approx. 6 feet 

Inner Ring Annular Space Infiltration Rate 

Trial Number Time (min.) Reading (ml) Flow (in2) Reading (ml) Flow (in2) Inner (in/hr) Annular (in/hr) 
] | 10 21200 1293.62 27000 1647.54 68.63 69.91 

2 20 23000 1403.46 25000 1525.50 74.45 64.73 

3 30 24000 1464.48 24500 1494.99 77.69 63.44 

4 40 26000 1586.52 22000 1342.44 84.17 56.96 

5 50 27900 1702.46 21000 1281.42 90.32 54.37 

6 60 24500 1494.99 20500 1250.91 79.31 53.08 

7 70 24000 1464.48 21000 1281.42 77.69 54.37 

8 80 26000 1586.52 21000 1281.42 84.17 54.37 

9 90 26000 1586.52 22000 1342.44 84.17 56.96 

10 100 26200 1598.72 21300 1299.73 84.81 55.15 

11 110 25500 1556.01 20000 1220.40 82.55 51.79 

12 120 25000 1525.50 21000 1281.42 80.93 54.37 
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Infiltration Test 
TPH-47 
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Data Form for Infiltration Test (ASTM D 3385) 

Project: SAPII - Area H Inner Ring (in2): 113.1 © 

Location: TPH-47 

Annular Space (in2): 141.4 

Water Source: TW-02 Flannery Shop 

Date: August 28, 1998 Penetration of Rings: Inner: 5.25 inches Outer: 6 inches 

Estimated Depth to Water Table: Approx. 6 Feet from Ground Surface 

Inner Ring Annular Space Infiltration Rate 

~ Trial Number - Reading (ml) Flow (in2) Reading ow (in2) Inner (in/hr) Annular (in/ 
] 10 10500 640.71 17000 1037.34 33.99 44.02 

2 20 13000 793.26 16000 976.32 42.08 41.43 

3 30 13500 823.77 17000 1037.34 43.70 44.02 

4 40 13500 823.77 15100 921.40 43.70 39.10 

5 50 10800 659.02 14900 909.20 34.96 38.58 

6 60 11200 683.42 15000 915.30 36.26 38.84 

7 70 10900 665.12 14700 896.99 35.28 38.06 

8 80 10500 640.71 14000 854.28 33.99 36.25 

9 90 10800 659.02 14700 896.99 34.96 38.06 

10 100 10800 659.02 15300 933.61 34.96 39.62 

11 110 10500 640.71 16000 976.32 33.99 41.43 

12 120 11000 671.22 15300 933.61 35.61 39.62 

13 130 10560 644.37 15000 915.30 34.18 38.84 

14 140 10500 640.71 16000 976.32 33.99 41.43 

15 150 11400 695.63 16000 976.32 36.90 41.43 © 

16 160 10850 662.07 14600 890.89 35.12 37.80 

17 170 10800 659.02 15600 951.91 34.96 40.39 

18 180 10600 646.81 13200 805.46 34.31 34.18 

19 190 11000 671.22 14800 903.10 35.61 38.32 

20 200 11400 695.63 15800 964.12 36.90 40.91 

21 210 11800 720.04 14500 884.79 38.20 37.54 
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Data Form for Infiltration Test (ASTM D 3385) 

Project: SAPII - Area H Inner Ring (in2): 113.1 ©@ 
Location: TPH-53 Annular Space (in2): 141.4 
Water Source: Flannery Shop 
Date: August 27,1998 Pentration of Rings: Inner: 5.20 Inches Outer: 6 Inches 
Estimated Depth to Water Table: Approx. 6 Feet from Ground Surface 

Inner Ring Annular Space Infiltration Rate 

Trial Number Time (min.) Reading (ml) Flow (in2) Reading (ml) Flow (in2) Inner (in/hr) Annular (in/hr) 
1 10 4300 262.39 8700 530.87 13.92 22.53 

2 20 4600 280.69 7200 439.34 14.89 18.64 

3 30 4500 274.59 7800 475.96 14.57 20.20 

4 40 5100 311.20 7800 475.96 16.51 20.20 

5 50 4800 292.90 8000 488.16 15.54 20.71 

6 60 4600 280.69 8000 488.16 14.89 20.71 

7 70 4300 262.39 8800 536.98 13.92 22.79 

8 80 4600 280.69 7600 463.75 14.89 19.68 

9 90 4200 256.28 7800 475.96 13.60 20.20 

10 100 4500 274.59 7700 469.85 14.57 19.94 

11 110 4100 250.18 7600 463.75 13.27 19.68 

12 120 4100 250.18 7600 463.75 13.27 19.68 

13 130 4300 262.39 6500 396.63 13.92 16.83 

14 140 4100 250.18 6400 390.53 13.27 16.57 © 

15 150 3800 231.88 6600 402.73 12.30 17.09 

16 160 4000 244.08 6400 390.53 12.95 16.57 

17 170 4300 262.39 7000 427.14 13.92 18.12 

18 180 4000 244.08 6300 384.43 12.95 16.31 

19 190 4100 250.18 6500 396.63 13.27 16.83 

20 200 4000 244.08 6500 396.63 12.95 16.83 
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© Appendix G 

| In-Field Hydraulic Conductivity Tests | 

Note that for well MWH-09P multiple slug-in and slug-out tests were completed to verify 

| the consistency of results. MWH-09P (Test 1) failed due to data logger error. MWH-09P 

(Test 2) and MWH-09P (Test 4) were slug-in tests. MWH-09P (Test 3) and MWH-09P 

(Test 5) were slug-out tests. The average of the four tests is reported in Table 4-4 of this 

report. Slug-out tests were performed on water table wells and MWH-10P. A slug-in test 

was performed on MWH-11P. 
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DATA SET: 

TST13W.1. DAT 

10. 5 = 09/ 28/98 

| AQUI FER TYPE: 

a QO Unconf i ned 

XS SOLUTION METHOD: 
® 

Bouwer - Ri ce 

~ 1. y TEST DATE: 
o Y September 11, 1998 

0 ~ &, 
oD < \ae ESTI MATED PARAMETERS: 

Q Xz. 
- @ erm 2D K = 0.022 ft/min 

£ | By yO = 4.486 ft 
© 0.1 “CESSES 

q O TEST DATA: 
— HO = 2. 863 ft 
o. 

rc = 0.078 ft 
vom | nn rw = 0.346 ft 
= ee L = 10. ft 

0.01 b = 10.4 ft 
H = 9.4 ft 

0.001 
QO. 0.1 0.2 0.3 0.4 0.5 

Time (min)



Project Ne.: 93C049 ee 
MWH-O09P (test 2) 

DATA SET: 

tst15wi 1. dat 

10.6 \ = 10/26/98 

AQUI FER TYPE: 

| Unconfi ned 

| SOLUTI ON METHOD: 
1 ; “ Bouwer - Rice 

~ “ey TEST DATE: 
o NY September 11, 1998 0 ~ N OBS. VELL: Ww ~ 2 

o c Oo NMH- 09P 
© 0 SH 
g O01 Ns ESTI MATED PARAMETERS: 
5 wacom C K = 0.056 ft/min 

cs r Oy ey yO = 723.7 ft 

o 00 TEST DATA: 
a | GO HO = 1.437 ft 

re = 0.078 ft 

0.01 rw = 0. 346 ft 
L= 5. ft 

| b = 30.84 ft 
H = 29.84 ft 

0.001 
QO. QO.1 0.2 0.3 0.4 0.5 

Time (min)



Project No.: 93C049 ee 

MWH-O9P (test 3) 

DATA SET: 

tst16wi 1. dat 

10. ¢ = 10/ 26/98 

AQUI FER TYPE: 

\ 
Unconfined— 

Loe SOLUTION METHOD: 

1 mR Bouwer - Rice 

~ \ TEST DATE: 
~) . 

Cont Oy September 11, 1998 

y — & OBS. VELL: Wo ~ XO, 
s q Kas MMH- 09P 

Nee } 

g 0.1 ESTI MATED PARAMETERS: : 
5 on K = 0.03906 ft/min 
os om yO = 4.082 ft 
pd xe 

2. | ~~ ; th) TEST DATA: 
opel eypey 

Q “ee HO = 1.606 ft 
om re = 0.078 ft 

0.01 OQ rw = 0.346 ft 

Oo @ oO t= 5. ft 
CNC b = 30. 84 ft 

corey H = 29. 84 ft 

0 0 O 1 Ald AN 

QO. 0.1 0.2 0.3 0.4 0.5 

Time (min)



MWH-—O9P(test 4) 

DATA SET: 

tst17wi 1. dat 
10. ¢ = 09/30/98 

AQUI FER TYPE: 

| Unconfi ned 

aT ey) SOL UTI ON METHOD: 
' ‘ , 

Bouwer - Ri ce 

~ ‘ TEST DATE: 
+) A, 

Coot ER, . | September 11, 1998 y ot 5 | 

OR by ~ eS ESTI MATED PARAMETERS: 
oO c Ry 

@ Cres. K = 0.025 ft/min 
Sey, yo = 1.978 ft fF Ou O 

w YD 
oO VOD TEST DATA: oS oS CIO ~~! CD -) NM en HO = 1.915 ft 
2. ~ “we “~ . re = 0.078 ft A C ed \ 

om rw = 0. 346 ft 
Q | . L = 5. ft 

0.01 b = 30.84 ft 
H = 29.84 ft 

0.001 S 
QO. O.1 0.2 0.3 0.4 0.5 

Time (min)



MWH-O9P (test 5) 

DATA SET: 

tst18wi 1. dat ,; 

10. ¢ | = 10/ 26/98 

AQUI FER TYPE: 

Unconfi ned 7 

KBD, SOLUTION METHOD: 

1 . Os, Bouwer - Rice 
~ . a 

TEST DATE: 
Ry 

oa & September 11, 1998 

© - eo ESTI MATED PARAMETERS: 
LO “Sy we Dy 

. Xe, K = 0.027 ft/min 

g Ce a yO = 2.946 ft 

© 0-1 Ca QOD, 0, 
O SOTO ~TEST DATA: 
wo O 

~—4 O HO = 1.909 ft 
“ cy . re = 0.078 ft 

emt os rw = 0.346 ft 
a) , L= 5. ft 

0.01 b = 30.84 ft 
H = 29.84 ft 

af \ 

0.001 * ) 
Q. O.1 0.2 0.3 0.4 0.5 

Time (min) |



DATA SET: 

TST10WL1. DAT 
10. ¢ = 09/28/98 

C6 AQUI FER TYPE: 
| 

Unconf ined 

SS, SOLUTI ON METHOD: 
1 “Ra . Bouwer - Ri ce 

~ " a TEST DATE: 
a) TR en, | 

Cot Sigs. | September 11, 1998 

o ~ RE ESTI MATED PARAMETERS: © io SS 
Y oon opeven ye K = 0.008 ft/mn 

UALR ee 

& 0.1 ‘ yO = 2.725 ft 
@ 6 
5S . TEST DATA: 

om oO 4 HO = 3.834 ft 
Q, 

re = 0.081 ft o 
rw = 0.346 ft 

2 L = 10. ft 
0.01 : b = 7.77 ft 

H = 6.77 ft 

0.001 
0. 0.1 0.2 0.3 0.4 0.5 

Time (min)



Project No: 93C049 ee 

DATA SET: 

TST12WL1. DAT 

10. 5 = 09/28/98 

AQUI FER TYPE: 

A Unconf ined 

: fk SOLUTION METHOD: 

| 1 Bouwer - Ri ce 

~ & TEST DATE: 
a, Rs September 11, 1998 

? < X 
3 ~ d ESTI MATED PARAMETERS: 
m e NS. K = 0.038 ft/min 

RD 
g | yO = 3.665 ft 
S 0.1 6 

3 TEST DATA: 

— HO = 1.824 ft 
or ro = 0.078 ft 
a2 rw = 0.346 ft 
Q L=5. ft 

0.01 b = 27.07 ft 
H = 26.07 ft 

0.001 Ss 
0. 0.1 0.2 0.3 0.4 0.5 

Time (min)



DATA SET: 

TSTO7W.1. DAT 

10. ry - 09/28/98 ; 

AQUI FER TYPE: : 

Unconfi ned 

SOLUTI ON METHOD: 

1 CXS Bouwer - Ri ce 

~ ° 5 A TEST DATE: | 

a ~ &¥ September 11, 1998 
Oo we” X 

i WN 

eS “ % ESTI MATED PARAMETERS: 
~ O X K = 0.035 ft/min | 

0 = 13.35 ft 

E 0.1 O \ Y ) 

O = . TEST DATA: 
© Q 

. pond ¥ EOS 
HO = 1.481 ft 

Ra, OOo ro = 0.078 ft i) 
. se rN 

vont O cima Sep COgn rw = 0.346 ft 
A L = 10. ft 

0.01 & b = 10.63 ft 
c) 

H = 9.63 ft 

0.001 
0. 0.1 0.2 0.3 0.4 0.5 

Time (min)



DATA SET: 

TSTO8WL1. DAT 
10. 5 = 09/28/98 

AQUI FER TYPE: 

\ . Unconfi ned 

SOLUTION METHOD: 

1 a." Bouwer - Ri ce 

~ " EO, TEST DATE: 
o September 11, 1998 

y < : 
Ww 2 q ESTI MATED PARAMETERS: 
” re) Ve K = 0.073 ft/min 

¢ 0.1 yO = 3.243 ft 

w | | 
oO \ TEST DATA: c 4193 

s 4 HO = 1.345 ft 
Qa, | rc = 0.078 ft 
o& | b OO rw = 0.346 ft 
A | C} L= 5. ft 

0.01 . b = 30.83 ft 

&o H = 29.83 ft 

0.001 
0. 0.1 0.2 0.3 0.4 0.5 

Time (min)



Project Ne.: 93C049 ee 

DATA SET: 

TSTO4WL1. DAT 

10. ¢- 3 09/28/98 
iN 

AQUI FER TYPE: 

Unconf i ned 

SOLUTI ON METHOD: 

Om Bouwer - Ri ce 
1. ry ~ 5 TEST DATE: 

o D> aN September 11, 1998 

7 ~ rn? 
© ~ > ESTI MATED PARAMETERS: | o g Shp 

a) WO K = 0.02 ft/min 

& 0.1 “eb oes . yO = 7.699 ft 

@ , 0 “ap, 
© Jermrens TEST DATA: 

md £) HO = 1.086 ft 
2, re = 0.078 ft 

2 rw = 0. 346 ft 
A L = 10. ft 

0.01 : b = 9.59 ft 
H = 8.59 ft 

0.001 4 S 
QO. 0.1 0.2 0.3 0.4 0.5 

Time (min) |



DATA SET: 

_ TSTO2WL1. DAT 

10. ¢ = 09/28/98 

A AQUI FER TYPE: 
Unconf i ned 

| SOLUTI ON METHOD: 
| 1 \ Bouwer - Ri ce 

> e TEST DATE: 
eu > 

Cone September 11, 1998 

Y — 
bw ~ * ESTI MATED PARAMETERS: 
on S RX, 

® % | K = 0.03 ft/min 
¢ 0.1 V yO = 7.075 ft 

. 4‘ 

® ~ o VORKD py TEST DATA: 
4 oe OD HO = 1.388 ft 
2, re = 0.078 ft 
o 

rw = 0.3485 ft 

A L = 10. ft 

0.01 b = 8.08 ft 
H = 7.08 ft 

0.001 * , 
0. 0.1 0.2 0.3 0.4 0.5 

Time (min)



Project No: 93C049 

DATA SET: 

TSTO3W.1. DAT 
1.¢ ¥ | my 09/ 28/98 

@D | 
oC ®¥ | AQUIFER TYPE: 

X | Unconfi ned 

q | SOLUTION METHOD: 

Bouwer - Ri ce 

> “ TEST DATE: 
+ 

oe y = 0.1 a, Sept efber 11, 1998 

on 
© sa ~ ESTI MATED PARAMETERS: . | 
> 5 O iD | K = 0.029 ft/min : 

g | yO = 7.608 ft | 

© 0° 6 06 lest DATA ) | 
& CB ap HO = 0. 964 ft * 
fry ro = 0.078 ft 
o£ 0.01 - m OO rw = 0.346 ft 
A ~ L = 10. ft , 

b = 9.42 ft 
H = 8.42 ft 

tS 

0.001 ” 
0. 0.1 0.2 0.3 0.4 0.5 

Time (min)



| DATA SET: | 
: TSTOSW1. DAT Oe 

. 10. 5 | - i 09/ 28/98 - | 

| AQUI FER TYPE: 
NO Unconfi ned : | 

RY. | SOLUTION METHOD: 
oO : | Bouwer - Ri ce 

~ f. Q | TEST DATE: 
ra SS September 11, 1998 

T — Ree * | 
Ne +# ep, | ESTI MATED PARAMETERS: 
~ | : 5 we K = 0.011 ft/min 

£ 0.1 Rap, yO = 3.143 ft | 
o " Serrore 
o ee TEST DATA: 
— oO 4 HO = 2.566 ft 
02, rc = 0.078 ft 
2 | rw = 0.346 ft 
a) L = 10. ft 

0.01 b = 5.09 ft 
H = 4.09 ft 

0.001 s | 
0. 0.1 0.2 0.3 —~0.4 0.5 

Time (min)



DATA SET: 

TSTO1WL1. DAT 

10. 6c m7 09/28/98 

AQUI FER TYPE: 

\ 
Unconf i ned 

SOLUTION METHOD: 
’ NX 

Bouwer - Ri ce 

“~ NR TEST DATE: 

os 1 ’ September 11, 1998 Uy — . oY A i 
Lae oa 

oS < XQ ESTI MATED PARAMETERS: 
“ @ © a K = 0.01667 ft/min 

¢ B. yO = 4.472 ft e 
o CEP hp TEST DATA: 
— a Se HO = 2. 166 ft 2. SS ms ro = 0.081 ft 
2 0 1 ~ rw = 0. 346 ft 
Q 

L = 10. ft 
ay 

b = 9.42 ft 

H = 8.42 ft 

0.01 
| QO. 0.1 0.2 0.3 0.4 0.5 

Time (min)



} Appendix H 

| | Soil Testing Data 

H-1 - Nummelin Testing Services, Inc. Data 

H-2 - Thresher & Son, Inc. Test Data 

DMW\93C049\GBAPP\67726.61\10000 D-399



| © oe oe | Appendix H-1 | | 

re | _ Nummelin Testing Services, Inc. Data _ 

Sa DMW\93C049\GBAPP\67726.61\10000 os  _p-400 |



| CENTRAL WISCONSIN AREA: | 
332 N. Georgia Street 

S NX U M M F [ i NX Stevens Point, WI! 54481 a654 

@\ TESTING SERVICES, INC. US) STOMA Fax is) ses 
MADISON AREA: 

5620 Woodiand Drive 
Waunakee, WI 53597 
(608) 849-9120 « Fax (608) 849-9122 

: September 29, 1998 

Foth & Van Dyke Project No. 1154703.lab 
2737 South Ridge Road 

P.O. Box 19012 

Green Bay, WI 54307-9012 Report No. 03 

Attention: Mr. Ronald E. Meister, P.G. 

Re: Laboratory Analyses 

Crandon Project #93C049 
SAP II - Area H 

Dear Mr. Meister: 

Please find enclosed the laboratory test results for the 66 soil samples obtained from your office 
© on September 14, 1998. Grain size distribution, consisting of nested sieves and hydrometer were 

performed on all 66 samples. Permeability tests were performed on the 5 out of the 8 designated 
samples, not enough soil was obtained for the 3 perms not performed. All permeability tests 
were performed at a sample density of 100 Ibs/ft’, as requested. All tests were performed in 
general conformance with ASTM standards. Due to the small percentages passing the #200 
sieve and the accuracy of the hydrometer test, the hydrometer test results do show some 
variation from the nested sieve results. 

If you have any questions please feel free to call me. 

Sincerely, 

Bruce Nummelin, President 

NUMMELIN TESTING SERVICES, INC. 

encl. Grain size graphs, permeability summary, sample list. 

D-401 
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GRAIN SIZE DISTRIBUTION TEST REPORT 

c ec ¥ :¢ fs o 9 

© Sci igss 3s 2 & $2 23 \®@ 

NTT TT) 90 ULTTTPN ‘ 

2 A te 
AMET TIN TPT 

Y 

eT MUN = 60 

MT > 5a 
LJ 

Sy MME TNT i) 40 

TT 38 Y 

sc CINTA UT 
A 

TOW TIT RT e 
230 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

Testln sa | GRAVEL [| SANDC SLT & CLAY 

elo lool. .34 | 1 | 168 [a7 

a A 
oe 

apo ere eat | o36 [oe7a [oeise |o.i9s2| o.04 [21 

TOI 

ree 

Pro ject No.: 115.47 Remarks: 

Pro ject: Foth & Van Dyke Checked Bu: Bn 

@ Location: Nicolet Minerals Co. TO 
ASTM D1i140 & D422 

Date: 99-12-98 
© 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 

D-402



GRAIN SIZE DISTRIBUTION TEST REPORT 

=~ ¢ ¢¢ 
© 6 € 28 £5 55 > es ss 28 

190 _¥ mus ae ae . > ~ > + 

vo) UNE ULI 
TN NEL ETE B80 IN 

eS 70 Ss 

St ITE TN TET ITI = 60 UN 

oe TNE = 

TUM NEE g tL 40 ‘ 

ee IN 30 N 

20 Reh 

ee Nt tere @| «JIM I MU 
eco0 100 10.0 1.0 O.1 0.01 0.001 

GRAIN SIZE —- mm 

als |o.0 | 0.7 CS C=C“ (td 
OO OO 
OOOO 

el | «dP 2-11 [| 1.72 [| 0.92 [@.425 [a.2682 [0.2257 | 0.47 | 7-6 | 

yO CSC (tstSC 

pee 

Project No.: 115.47 Remarks: 

Project: Foth & Van Dyke Checked By: Bn. 

@ Location: Nicolet Minerals Co. TO 
ASTM D1140 & D42e 

Date: 89-10-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 

D-403



GRAIN SIZE DISTRIBUTI ON TEST REPORT 

-  . ww tk ES 
é ££3 £242 , § 8 $$ 8 8 © 

TT TOIT Inn 90 (TTS XC 

TT INT 
MINT 70 MN 

5 FUME MTA LJ 

= 60 

TM AEN > 5B 
LiJ 

a WE EIT i 40 
y 

MTN 30 

WET cu 

TMT MT AT 
WEE MITT TS DB 

Oe 

200 100 10.0 1.0 0.1 @.01 @.001 © 

GRAIN SIZE - mm 

wootlu sa | GRAVEL DC SAND SLT CLAY 

eli [ool 43 | e728 

po 
ToT 

at Lt? | oss | 0.31 | e226 foivieoisi4[ ose | 2.3 

Oo SO OO GC 

po 

Pro ject No.: 115.47 
Remarks: 

Project: Foth & Van Dyke Checked By: for) 

@ Location: Nicolet Minerals Co. 
oe 

ASTM D1140 & D422 

Date: 09-11-98 

© 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 

D-404



| GRAIN SIZE DISTRIBUTION TEST REPORT | 

ge ee 
© £ £223 4se02 5 gs 2g g¢ 8 :8 

MTN 5 MTN WE 
EIEN Be Ss 

re 
gt IM MTN IN Lid 

= 62 

et I be 

z 5U 
LiJ 

et TTA tly 40 

ee AI 30 

ot EI 
TO 

e| : ETE TNE 
2ov 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE —- mm 

Test]z 43°] % GRAVEL. |. * SAND.—~—“‘“LSSSC‘ SULT % CLAY | 
elt [eel 1.7. 96.7 SOsi«~dYSC“(‘z 
pO OSO—CsCSOSO 
Os 

el | pase | 2.34 | 2.30 | 2.239 [o.1809/a.1603] 1.05 | 2.1 

po OCiaNCN SS = 

Po waemra vescriprion SY USSARSHTO. 

pee 

Project No.: 115.47 Remarks: 

Project: Foth & Van Dyke Checked Bu: Bu 

@ Location: Nicolet Minerals Co. TO 
ASTM D1140 & D4ede2 

© Date: 89-16-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 
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GRAIN SIZE DISTRIBUTION TEST REPORT 

. . on eek ES 
= 243 4rv2 , 8s 8 g g £8 ©@ 

100 w nm Nt AM wt ee — a a a * th . 

vo) WEE TNT ET 
WET TEEN iN 

el IN 70 N 

cot ETE WTA ET LiJ 

< 60 | 

vol TEL EE EIN TE > 5B 
Hs | Sot MTT ITE EN | ly 40 

oo MITT IEE AEE EI 30 

wo EEL UTE TEE 
EE ERE TATE 

- NU SL UAL EEE |W PNM 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE —- mm 

efe [ool o2 | 989 | #9 | 29 
PE 
cp 

ef | 57 | 38 | 2.34 | 0.264 [0.2037 |0.1734 | 1.96 | 2.2 
Pf 
[ot fe 

rr ee 

Project No.: 115.47 Remarks: 

Project: Foth & Van Dyke Checked Bu: arn, 

@ Location: Nicolet Minerals Co. Ce 
ASTM Dii4@ & D422 

Date: 09-12-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 
D-406



GRAIN SIZE DISTRIBUTION TEST REPORT | 

© £ 2e8er ee , |e sg ¢ g £8 
100 \o ao vet oe oe * * # “ - 2 

EA is 90 TIN 

HEE TEENA I BB IN 

EMTS 7O 'N 2 

St IE TNE Z 60 

at ME TN > 50 
LiJ 

St MT ly 40 

so IMI 30 y 

ot EIU 
EEA EE 10 = 

WINE TSH © Q IMTTL IO. vt 

200 100 10.0 1.0 O.1 @.01 0.901 

GRAIN SIZE - mm 

Test|x sa] % GRAVEL. |. * SANDS SILT % CLAY 
wt feel 33 CO —CiaS(t‘“‘“ CT 
op PC“ 
mpi 

er | a1 | 2.39 | 2.35 [0.266 [2.1993 |o.1658 | 1.08 | 2.4 _ 

ToC CC C*~dSC (‘ST 
TOO 

Pro ject No.: 115.47 Remarks: 

Project: Foth & Van Dyke Checked Bu: Bn 

@ Location: Nicolet Minerals Co. TO 
ASTM D1140 & D422 

@ Date: 99-18-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES | 

D-407



GRAIN SIZE DISTRIBUTION TEST REPORT 

oa ek ES | 
£ £ £3 £3 we cs s ss £8 

ipo oe we wy Se Sh 6UELULhULUE UU \@ 

LNA Te | TSS $< 

2 ST On TE 
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eof ATT ETN ti 40 
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GRAIN SIZE —- mm 
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TT 

el ts | es | 0.49 [0.299 [0.2133 |@.1677| 0.74 | 3.4 

rr. OUTt~—“—swSC‘(‘iCCUrd 
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Project No.: 115.47 Remarks: 

Pro ject: Foth & Van Dyke Checked Bu: rR 

@ Location: Nicolet Minerals Co. CO 
ASTM D1140 & D422 

Date: 09-16-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 
D=- 40%



GRAIN SIZE DISTRIBUTION TEST REPORT | 

a oe ee 
© £ £43 £2402 , 2g g ¢ 8 8 
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Pro ject No.: 115.47 
Remarks: 

Project: Foth & Van Dyke 
Checked By: ban 

@® Location: Nicolet Minerals Co. 
TO 

ASTM D1i140 & D422 

Date: 89-12-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 

D-409



GRAIN SIZE DISTRIBUTION TEST REPORT 
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Project No.: 115.47 Remarks: 

Pro ject: Foth & Van Dyke Checked By: BA 

@ Location: Nicolet Minerals Co. re 
ASTM D1i140 & D422 

Date: 89-18-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 
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GRAIN SIZE DISTRIBUTION TEST REPORT | 
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Project No.: 115.47 Remarks: 

Project: Foth & Van Dyke Checked Bu: 34. 

@ Location: Nicolet Minerals Co. - a 
ASTM D1140 & D422 

® Date: 09-12-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 
y= Z



GRAIN SIZE DISTRIBUTION TEST REPORT 
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Pro ject No.: 115.47 
Remarks: 

Pro ject: Foth & Van Duke 
Checked Bu: Ln 

@ Location: Nicolet Minerals Co. 
oe 

ASTM D1i140 & D422 

Date: 09-10-98 

GRAIN SIZE DISTRIBUTION TEST REPORT 

NUMMELIN TESTING SERVICES 
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| GRAIN SIZE DISTRIBUTION TEST REPORT 
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Pro ject No.: 115.47 
Remarks: 

Project: Foth & Van Dyke 
Checked By: Bn. 

@ Location: Nicolet Minerals Co. 
TO 

ASTM Di1i4@ & D422 
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HYDRAULIC CONDUCTIVITY SUMMARY SHEET 

(CONSTANT HEAD) 

CLIENT: FOTH & VAN DYKE | 
PROJECT: NICOLET MINERALS CO. 
PROJECT #: 1154702.H 
REPORT #: 03 

SAMPLE # SAMPLE | NATURAL FINAL HYDRAULIC 
DENSITY | MOISTURE | MOISTURE CONDUCTIVITY 

MWH-11P, 32'- | 100 Ibs/ft? 17.1% 23.0% 1.8 x 10? 
34) © 

BH-09, 8'-10' 100 Ibs/ft 21.9% 2.4 x 10° 

BH-11, 10'-12' 100 Ibs/ft? 18.2% 2.2 x 107 

MWHL-O9P, 32'- | 100 lbs/ft? 15.4% 22.1% 1.5 x 10? 
34 

BH-10, 14'-16' 100 Ibs/ft 16.2% 23.3% 1.8 x 10? 

Te ed 
eo | | oT 
* MWH-1O0P, 34'- 
36 

* NOT ENOUGH SAMPLE 

1154702H 

NTS. we. © 
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© Thresher & Son, Inc. 
Memorandum : 

6 November 1998 

TO: Jerry W. Sevick, Foth & Van Dyke 
Steve A. Dischler, Foth & Van Dyke 

CC: Gordon Reid, Nicolet Minerals Company 
Ken Black, Nicolet Minerals Company 
Master File 

FR: John E. Thresher, Jr., Thresher & Son, Inc. 

RE: Moisture Content of Soils from the Double-Ring Infiltrometer Tests 

1 Introduction 

Soil grab samples were collected at and beneath the infiltrative surface from three of the 
double-ring infiltrometer test sites (TPH-6B, TPH-47 and TPH-53) having intermediate 
infiltrative capacities. These samples were analyzed for their soil moisture content and 

© distribution as recommended in ASTM D 3385. 

The calculated volumetric soil moisture contents for each test site were plotted and contoured 
to show the soil moisture conditions existing at the end of each test. These figures show that 
the highest moisture contents concentrated vertically beneath the infiltrometer rings, with the 

greatest moisture contents in the 1- to 4-foot range below the infiltrative surface. These 
results confirm the field observations of the apparent wetting front and the vertical nature of 
infiltration beneath the infiltrometer rings. 

2 Sample Collection 

The soil grab samples collected at and beneath the infiltrative surfaces from the double-ring 

infiltrometer test sites conducted at TPH-6B, TPH-47 and TPH-53 were stored in double 

plastic bags and were analyzed in the laboratory for their moisture content and distribution. 

Water remaining within the double-ring apparatus was allowed to percolate into the soil prior 

to the removal of the apparatus. A trench intersecting the center of the double-ring location 

site was then dug by backhoe. Grab samples were collected from the exposed soil surface 

on the XZ plane intersecting the center of the double-ring location. Sampling was completed 

within about one-half hour following the termination of each test. The samples collected at 

the three test sites was as follows: | 

TPH-6B Sampling. The infiltrative surface at TPH-6B was 24 inches below the land 

© surface. Grab samples were collected at the infiltrative surface beneath the rings, and 

at 2’ and 4’ north and south of the rings. Additional grab samples were collected at 

D-470



_ ©@ 
depths of 1%’, 3’ and 4%’ beneath the infiltrative surface samples. A total of 20 grab 
samples were collected from this test site. 

TPH-47 Sampling. The infiltrative surface at TPH-47 was 60 inches below the land 
surface. Grab samples were collected at the infiltrative surface beneath the rings, and 
at 2’ east of, and at 2’ and 4’ west of the rings. Additional grab samples were 
collected at depths of 1%’ and 3’ below the infiltrative surface samples. A total of 12 
grab samples were collected from this test site. | 

TPH-53 Sampling. The infiltrative surface at TPH-53 was 48 inches below the land 
surface. Grab samples were collected at the infiltrative surface beneath the rings, and 
at 2’ and 4’ east of, and at 2’ west of the rings. Additional grab samples were 
collected at depths of 1%’ and 3’ below the infiltrative surface samples. A total of 12 
grab samples were collected from this test site. 

3 Laboratory Analyses 

Undisturbed core samples were collected from sandy soil horizons in five soil test pits during 
the Phase | evaluation of Area H, before the double-ring infiltrometer tests were conducted. 
The bulk density (D,) and soil moisture content (weight %, 9,,) of the samples were 
determined using the core method of sample collection and bulk density determination 
as described by Blake and Hartge (in SSSA 1986, Method 13-2). The results of these © 

analyses were averaged to determine the average site sand bulk density. 

Soil samples were collected on an XZ grid pattern beneath three of the double-ring 
infiltrometer test sites to determine the soil moisture content (both by % weight, 8,,, and % 
volume, @,) of the samples and the distribution of soil moisture content (@,) beneath the test 
rings. The moisture content (weight %, @,,) of each samples was determined using ASTM 
Method D 2216. The volumetric (%) moisture content (6,) of each sample collected on the 
XZ grid was calculated by multiplying the moisture content (weight %, @,,) by the average site 

sand bulk density. 

4 Results and Discussion 

The results of the bulk density and soil moisture (6,,) determinations of the undisturbed core 

samples are included in Table 1. The average bulk density of the sands at the site was 

determined to be 1.52 g/cm’ (approximately 95 lbs/cf). 

The results of the soil moisture (@,,) determinations and calculations (@,) of the grab samples 

collected at and beneath the infiltrative surface are included in Table 2. The calculated 

volumetric soil moisture contents (@,) of the samples have been plotted and contoured for 

each test site, as shown in Figures 1 through 3. These figures show that the highest 

moisture contents are concentrated vertically beneath the infiltrometer rings, especially at 

TPH-6B (Figure 1). The greatest soil moisture contents at each test site were in the 1- to 4- ©} 

foot depth range below the infiltrative surface. 
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Respectfully submitted, 

John E. Thresher, Jr. 

110697 
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Blake, G. R. and K. H. Hartge. 1986. Bulk Density. in A. Klute, ed. Methods of Soil 

Analysis. Part 1, Physical and Mineralogical Methods. 2nd edition. Soil Science Society of 
America Monograph No. 9. Madison, Wisconsin. 

D-472



' ' ' Soil Texture 4S 2'S Center 2'N 4°N 
Infiltrative Surface 0 : —__—_—__—_. rs a a - —# — ms 

, ’ ’ ‘ ‘-° ' ‘ ‘ ‘ . See err” ? . 

, °? , ' : ‘ ‘ ‘ ‘ ‘ ‘ . 

® o 7 / } ‘ ‘ ‘ ‘ yA 6 
4 é é 

x . ~ 
w Pa ‘ ~< ‘ = 8 yma co -1 ao 7 / w * ‘. ° ‘ "> . 

D ‘ ‘ ‘ / ‘s ‘ ‘ ‘ ‘ a ’ ‘ ‘ ’ ‘ 

® o / : 0 o / por Bee, ‘ in A ‘ Oo ‘ mM-COs 

z= ‘ Pd “ a *sy ‘ ‘ ‘ ‘ ' 
tc , a ‘ ‘ e ae ‘ ‘ \ ’ ' ‘ 
AY -2 . ‘ ‘ , , o” “. . ‘ 1 ’ ‘ ‘ 
3s Pad ‘ ‘ / , o” a s, ‘, ‘ ‘ ' ‘ wo 

Y = o” A e é ¢ of =e A ’ \ ' \ ' ? -° ? o” -. ’ oo" | Cc a , : ‘ . i ro ort e \ ‘\ ‘, ‘ ' ' ' 7. 5 omen ? e ' : ! 7 / , ° ? . . . ‘ ‘ . ‘ ’ : . / 

¢ ' ‘ ; ore ‘ ‘ ¢ 
bo 3 of ° : : : : . , on ‘. ‘. ‘ ‘ ‘ ‘ ‘ : ‘ ‘ ; 

oO -3 Oo 7 ° 7 oO / / i ‘ : Pa . o ‘ ‘ ‘ ‘ \ ‘ ‘ \ oo *. ‘ Oo o ms 

QO-" r s @# g # 4 6 i oy SN Ye YY . ‘ See’ m w-u---- - ‘ 4 ' / : ~Y ‘ ‘ ‘ rn en | ‘ \ ‘sy ‘. ~* 
— a “ : : fa ‘ o : ' ‘ ‘ ‘ ‘ vs ‘s s, < 7” oo e ‘ ‘ a ‘ Neo? ’ ‘ ’ t ‘ ‘ \ s. mel 
~~” woo” a é 3 4 a 8 § ‘ ' ‘ A ‘ “ se meee x on ee o / i ; ‘ ' ' S ‘ ‘ ‘ ‘ \ mL = mw 

oo? e x ° 

a 4 oor b * Pd ~@ : N ‘ ' ' ‘ ‘ ‘ ‘ ‘. 70... - ° ’ ~ 3 5 3 ‘ ‘ ‘ Ss. wee 
® oeeee N : 4 : ‘ ' ' 1 ‘ ‘ ‘\ sy ee CE wo J! : ' i ' ens, ' ’ ' ‘ ‘ . Tee ~. fs 

oo emi et Mm rN Ag, ---o ” .? ‘ \ a ‘ ‘ ‘ s -. ‘. oe oe a ‘ ’ ‘ a a ‘ ‘ % x “ a uo / ; : ‘ J ' ‘ \ \ S. . 
5 ¢ o ‘ ~ . 

O = Soil sample location 

Figure 1. Moisture Content (vol., %) and Soil Texture of Samples Collected Following the 
Double-Ring Infiltrometer Test at TPH-6B.
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Figure 2. Moisture Content (vol., %) and Soil Texture of Samples Collected Following the 
Double-Ring Infiltrometer Test at TPH-47.
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Figure 3. Moisture Content (vol., %) and Soil Texture of Samples Collected Following the 
Double-Ring Infiltrometer Test at TPH-53.



Table 1. Bulk Density (D,) and Soil Moisture (6,,) Determinations of Soil Samples 
Collected at the Rudloff Property 

(SSSA: 13-2 and ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

TPH-S5, TPH-13, TPH-21, TPH-32, TPH-38A, 
52" 54" 48" 60" 42" 

pRingno te fT ls TP 
Wt. ring + moist soil (g) 179.14 181.59 181.92 181.27 184.37 PP 

9 Wt. ring + dry soil (g) 173.93 176.60 . 177.45 173.87 177.98 Pf 
i . 

“i Wt. of ring (g) 73.06 73.02 73.19 72.95 73.04 PP 

Wt. of water (9) _ sar | 4s | a7 | ao | oa | 
Wt. of dry soil (g) 100.87 103.58 104.26 100.92 104.94 Pf 

Bulk Density, Dy (gem) 140 | it. | tse | tao | ts | 
Moisture content, 6, (wt..%) || 8.17 | 402 | 420 | 703 | 60 | | 
Soll Texture (SCS, field) |_mcos_| m-cos_ | ms | moos | moos | | 

Bulk density, D,, (g/cm*) = (wt. of dry soil, g) / (vol. of ring, cm’); ring vol. = 67.7 cm® 

Moisture content, @,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 
608-233-0297



Table 2. Moisture Content (6,, and 6,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

TPH-6B TPH-6B TPH-6B TPH-6B TPH-6B TPH-6B TPH-6B 
C, surf. C, 1%’ C, 1%" C, 3’ C, 4%’ 4S, surf. 4S, 1%’ 

— 3 | 9 | « | 2 | 2 | 2s [ 2 
Wt. Tin + Moist Soil (g) | 5855 61.83 60.00 12.44 64.22 60.39 56.54 

o Wt. Tin + Dry Soil (g) 54.33 57.73 | 5559 63.75 57.02 58.45 54.93 

5 Wt. of Tin (g) 15.51 15.25 15.59 15.41 15.54 15.35 15.53 
~] 

Wt. of Water (g) 
Wt. of Dry Soil (g) 38.82 42.48 40.00 48.34 41.48 43.10 39.40 

Moisture Content, dy (wt.%) | 109 | 965 | 110 | tao | 174 | 450 | 400 | 
Moisture Content, 6, (vo. % 
Soil Texture (SCS) | ms | moos | moos | ms | ts | ms | moos 

Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Moisture content, @, (vol., %) = 6,, x (bulk density, D,); av. D, = 1.52 g/cm? 

| * = duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 

608-233-0297



Table 2 (continued). Moisture Content (6,, and 6,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

= 4S, 3’ 4S, 4%’ 2S, surf. | 2S, surf.* 2S, 1%’ 2S, 3’ 2S, 4%’ 

| 6028 | sos1 | 5419 | 5652 | Saaz | soso | 5857 
3 

: 

pei | oso | 490 | 409 | 716 | 921 | 109 

poms | | ms | ms | moos | ms | ts 
Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Moisture content, @, (vol., %) = 0,, x (bulk density, D,); av, D, = 4.52 g/cm* 

* = duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 

2828 Regent St. 
Madison, WI 53705 

608-233-0297 
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Table 2 (continued). Moisture Content (6,, and 6,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

= 2N, surf. 2N, 1%’ 2N, 3’ 2N, 3”* 2N, 4%’ 2N, 42" 4N, surf. 

| ssss_| sao1_ | se14 | 5035 | 811 | 6200 | 55.97 
7 _sse7_| siso_| s54a_| 5077 | 5440 | 5025 | 55.04 
3 

_ 169 | 232 | 26 | 268 | 371 | 464 | 093 

430 | 643 | 663 | 626 | 984 | 109 | 235 
| ser | 977 | 11 | 952 | 145 | 166 | 357 
| ms | _meos | ims | ms | | & | ims 

Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Moisture content, 0, (vol., %) = @,, x (bulk density, D,); av D, = 1.52 g/cm’ 

* = duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 

608-233-0297



Table 2 (continued). Moisture Content (6,, and 6,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) | 
Nicolet Minerals Company, Crandon Wisconsin 

== 4N, 1%’ 4N, 3’ 4N, 4%,’ C, surf. C, 1%’ C, 1%" C, 3’ 

_ x | wo | mw | wo | 6 [| oo [3 

¢  LWetine Dy sot soar | ete7 [ase | svar | coas | sos | 6220 
: 

a ee 

_ 743 | 506 | 21 | tee | tea | 156 | 243 
| meos | ms | te | ms | cos | cos | meus 

Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)} x 100 

Moisture content, @, (vol., %) = @,, x (bulk density, D,); av. D, = 1.52 g/cm® 

“= duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. : 

Madison, WI 53705 
608-233-0297 
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Table 2 (continued). Moisture Content (0,, and @,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) ! 
Nicolet Minerals Company, Crandon Wisconsin 

= 4E, surf. 4E, 1%’ 4E, 3’ 2E, surf. 2E, surf.* 2E, 1%’ 2E, 3’ 

sao | soso | ores | s627 | saa | 6113 | ot0a 
_s575 | sees | somo | s5se | sa60 | 6715 | s752 

i 
: -weotwater() tora | ze [2258 | os | 073 | 308 | aa 

_ ts | 61 | si | 108 | sor | ose | 105 
27 | oa | 775 | 286 | 200 | ue | 160 

jms | cos | moos | ims | ms | cos | mcos 
Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)} x 100 

Moisture content, @, (vol., %) = 6,, x (bilk density, D,); av. D, = 1.52 gicm* 

“= duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 
608-233-0297



Table 2 (continued). Moisture Content (0,, and @,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

TPH-47 TPH-47 TPH-47 TPH-53 TPH-53 TPH-53 TPH-53 
2W, surf. 2W, 112’ 2W, 3’ C, surf. C, 1%’ C, 3’ Cc, 3” 

3 | wo | 2 | wv | 7 fis | wv 
Wt. Tin + Moist Soil (g) | 58.05 | 59.48 65.61 62.19 72.37 65.41 69.49 

5 Wt Tin + Dry Soll (9) 547 | 5601 | sass | s7s0 | 0505 | 600s | esa 
Go Wt. of Tin (g) 15.31 15.41 15.51 15.51 15.34 15.59 15.26 

WL of Water (9) | 258 | sar | 708 | 460 | 642 | 536 | 600 
Wt. of Dry Soil (g) 40.16 40.60 43.02 42.08 50.61 44.46 48.23 

Moisture Content, dy (wt.%) | 642 | ess | tes | 109 | 127 | 121 | 124 
Moisture Content, vol.%) | 076 | 130 | 251 | 166 | 193 | 104 | 108 Soil Texture (SCS) ms | cos [moos | ims | cos | moos | moos 

Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Moisture content, @, (vol. %) = 6,, x (bulk density, D,); av. D, = 1.52 g/cm? 

*= duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 
608-233-0297
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Table 2 (continued). Moisture Content (6,, and 6,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

ss 2E, surf. 2E, 1%’ 2E, 3’ 2W, surf. 2W, 1%.’ 2W, 3’ 4W, surf. 

— am | 2 | os | om {| 2 | «6 | i 

: 
s 

_ eso | 3 | 430 | 498 | 917 | 207 | 186 

ms | cos | moos | ms | cos__| moos | ms 
Moisture content, @,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Moisture content, 0, (vol., %) = @,, x (bulk density, D,); av. D, = 1.52 g/cm® 

* = duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 

608-233-0297



Table 2 (continued). Moisture Content (@,, and 6,) of Soil Samples Collected Following the Completion of the 
Double-Ring Infiltrometer Tests at the Rudloff Property. 

(ASTM: D 2216) 

Nicolet Minerals Company, Crandon Wisconsin 

[ee lee tee 4W, surf.* | 4W, 1%’ 4w, 3’ 

ES ee ee 
| coro | sss | oz | | | | | | 

3 WitinsDysoi [sess | cas. | soe | | | | 
: jweotting) | ssa | t560 | se [TCC 

or | io | we | [ [| | 
LWiofdy sii) | aaas | ase | ass | | S| Sd 

_ se | 22 | a7 [| [| | 
246 | su | ao | | TT 
ms | cos | mo | [| | [| 

Moisture content, 6,, (wt., %) = [(wt. of water, g) / (wt. of oven dry soil, g)] x 100 

Moisture content, @, (vol., %) = 6,, x (bulk density, D,); av. D, = 1.52 g/cm? 

* = duplicate sample 

Analyzed and prepared by: JET, 090598 Thresher & Son, Inc. 
2828 Regent St. 

Madison, WI 53705 

608-233-0297 
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CRANDON PROJECT 
© SOIL ABSORPTION SYSTEM DESIGN 

RUDLOFF PROPERTY - AREA H 

DESIGN STEP 1 - CALCULATE MAXIMUM CELL WIDTH 

W = ((K*D*H)/(d*L)) 

WHERE: 

K = HYDRAULIC CONDUCTIVITY - FT/DAY 

D = AQUIFER DEPTH, FT 

PIPE ELEVATION = APPLICATION POINT FOR WASTEWATER DISPOSAL 

DISCHARGE ELEVATION = MAXIMUM WATER LEVEL IN DISCHARGE WETLAND 

MAXIMUM GROUNDWATER MOUND ELEV. = PIPE ELEVATION - 5 FEET 

H = VERTICAL GROUNDWATER ELEV.; MAX MOUND - DISCHARGE ELEV., FT 

d = DISTANCE FROM CENTER OF APPLICATION SYSTEM TO DISCHARGE POINT, FT 

L = HYDRAULIC APPLICATION RATE, FT/DAY 

W = ABSORPTION POND MAX WIDTH, FT 

CELL A B C D E F 

K 75 75 75 75 75 75 

D 30 30 30 30 30 30 

PIPE ELEV. 1597 1597 1595 1591 1592 1592 

DISCHARGE ELEV. 1581 1581 1581 1580.5 1580.5 1580.5 

MAX MOUND ELEV. 1592 1592 1590 1586 1587 1587 

© H 11 11 9 5.5 6.5 6.5 

d 300 200 200 200 250 250 

L 0.50 0.50 0.50 0.50 0.50 0.50 

W 165 248 203 124 117 117 

LENGTH 250 250 300 300 730 750 

Prepared by: PAK 

Checked by: TWS 
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DESIGN STEP 2 - CALCULATE SIZE AND APPLICATION RATE TO MEET 
MAXIMUM MOUND RESTRICTIONS © 

GROUNDWATER MOUNDING FROM "EPA - LAND TREATMENT OF MUNICIPAL WASTEWATER" 
MOUND IS DETERMINED GRAPHICALLY IN TEXT BUT CONVERTED TO STRAIGHT LINE 
EQUATION IN THE TABLES BELOW 

W/(4@T)*.5 
W = BASIN WIDTH 
T = LENGTH OF WASTEWATER APPLICATION, DAYS TO STEADY STATE 

T = (d/((K*(H/d))/V)) 
@ = KD/V 

K = HYDRAULIC CONDUCTIVITY 
D = AQUIFER THICKNESS 
V = SPECIFIC YIELD = 0.25 FOR FINE SAND 

CELL W T K D V WI(4@T)*.5 

A* 150 27.27 75 30 0.25 0.15 
B* 150 12.12 75 30 0.25 0.23 
C* 150 14.81 75 30 0.25 0.21 
D* 100 24.24 75 30 0.25 0.11 
E* 100 32.05 75 30 0.25 0.09 
F* 100 32.05 75 30 0.25 0.09 

* CELL WIDTH REDUCED FROM MAXIMUM FOR ACTUAL DESIGN 

RT 
R=IV 

©@ 
|= INFILTRATION RATE 

hO/RT = COMPUTED VALUE BASED ON GRAPHICAL SOLUTION (STRAIGHT LINE) 
hO = GROUNDWATER MOUND 

MAX GW MAX 
CELL T | V RT hO/RT hO EL MOUND 
A 27.27 0.43 0.25 46.91 0.105968 4.97 1587 5 
B 12.12 0.50 0.25 24.24 0.158952 3.85 1586 6 
C 14.81 0.50 0.25 29.63 0.143777 4.26 1585 5 
D 24.24 0.50 0.25 48.48 0.074931 3.63 1582 4 
E 32.05 0.44 0.25 96.41 0.065166 3.68 1583 4 
F 32.05 0.44 0.25 96.41 0.065166 3.68 1583 4 

AREA 
CELL GPD GPM LENGTH WIDTH ACRES 
A 120615 84 250 150 0.86 
B 140250 97 250 150 0.86 
C 168300 117 300 150 1.03 
D 112200 78 300 100 0.69 
E 240258 167 730 100 1.68 
F 246840 171 750 100 1.72 

TOTAL 1,028,463 714 6.84 

Prepared by: PAK 

Checked by: TWS © 
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ALTERNATE DESIGN - 60’ AQUIFER DEPTH | 

© CRANDON PROJECT 
SOIL ABSORPTION SYSTEM DESIGN 

RUDLOFF PROPERTY - AREA H 

DESIGN STEP 1 - CALCULATE MAXIMUM CELL WIDTH 

W = ((K*D*H)/(d*L)) 
WHERE: 

K = HYDRAULIC CONDUCTIVITY - FT/DAY 
D = AQUIFER DEPTH, FT 
PIPE ELEVATION = APPLICATION POINT FOR WASTEWATER DISPOSAL 
DISCHARGE ELEVATION = MAXIMUM WATER LEVEL IN DISCHARGE WETLAND 
MAXIMUM GROUNDWATER MOUND ELEV. = PIPE ELEVATION - 5 FEET 
H = VERTICAL GROUNDWATER ELEV.; MAX MOUND - DISCHARGE ELEV., FT 
d = DISTANCE FROM CENTER OF APPLICATION SYSTEM TO DISCHARGE POINT, FT 
L = HYDRAULIC APPLICATION RATE, FT/DAY 
W = ABSORPTION POND MAX WIDTH, FT 

CELL A B Cc D E F 

K 75 75 75 75 75 75 
D 60 60 60 60 60 60 

PIPE ELEV. 1597 1597 1595 1591 1592 1592 
© DISCHARGE ELEV. 1581 1581 1581 1580.5 1580.5 1580.5 

MAX MOUND ELEV. 1592 1592 1590 1586 1587 1587 
H 11 11 9 5.5 6.5 6.5 
d 300 200 200 200 250 250 
L 0.50 0.50 0.50 0.50 0.50 0.50 

WwW 330 495 405 248 234 234 

LENGTH 250 250 300 300 730 750 

Prepared by: PAK 

Checked by: TWS 
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DESIGN STEP 2 - CALCULATE SIZE AND APPLICATION RATE TO MEET 
MAXIMUM MOUND RESTRICTIONS © 

GROUNDWATER MOUNDING FROM "EPA - LAND TREATMENT OF MUNICIPAL WASTEWATER" 
MOUND IS DETERMINED GRAPHICALLY IN TEXT BUT CONVERTED TO STRAIGHT LINE 
EQUATION IN THE TABLES BELOW 

W/(4@T)*.5 
W = BASIN WIDTH 

: T = LENGTH OF WASTEWATER APPLICATION, DAYS TO STEADY STATE 

T = (d/((K*(H/d))/V)) 
@ = KD/V 

K = HYDRAULIC CONDUCTIVITY 
D = AQUIFER THICKNESS 

V = SPECIFIC YIELD = 0.25 FOR FINE SAND — 

CELL Ww T K D V W/(4@T)*.5 

A* 180 27.27 75 60 0.25 0.13 
B* 300 12.12 75 60 0.25 0.32 
C* 240 14.81 75 60 0.25 0.23 
D* 150 24.24 75 60 0.25 0.11 
E* 130 32.05 75 60 0.25 0.09 
F* 130 32.05 75 60 0.25 0.09 

* CELL WIDTH REDUCED FROM MAXIMUM FOR ACTUAL DESIGN 

RT 
R=IV © 

| = INFILTRATION RATE 
hO/RT = COMPUTED VALUE BASED ON GRAPHICAL SOLUTION (STRAIGHT LINE) 
hO = GROUNDWATER MOUND 

MAX GW MAX 
CELL T | V RT hO/RT hO EL MOUND 
A 27.27 0.50 0.25 54.55 0.089917 4.90 1587 5 
B 12.12 0.50 0.25 24.24 0.224792 5.45 1586 6 
C 14.81 0.50 0.25 29.63 0.162665 4.82 1585 5 
D 24.24 0.50 0.25 48.48 0.079476 3.85 1582 4 
E 32.05 0.50 0.25 64.10 0.059904 3.84 1583 4 

| F 32.05 0.50 0.25 64.10 0.059904 3.84 1583 4 

AREA 
CELL GPD GPM LENGTH WIDTH ACRES 

: A 168300 117 250 180 1.03 
B 280500 195 250 300 1.72 
C 269280 187 300 240 1.65 

: D 168300 117 300 150 1.03 
E 354926 246 730 130 2.18 
F 364650 253 750 130 2.24 

TOTAL 1,605,956 1115 9.86 

Prepared by: PAK 
Checked by: TWS © 
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SOIL ABSORPTION BED DESIGN 

ASSUME CELLS A-F OPERATE INDEPENDANTLY 

© ASSUME "EVEN DISTRIBUTION" OVER EACH CELL TO BE DONE 
WITH LATERALS SPACED 20 FEET APART AND WITH 
DISCHARGE ORIFICES SPACED 10 FEET APART. 

TO PROVIDE EVEN DISTRIBUTION, THE HEAD LOSS ACROSS 
THE LATERAL MUST BE <10% OF THE HEAD AT EACH ORIFICE 

GIVEN THE ABOVE CONDITIONS, THE MAXIMUM LATERAL LENGTH IS 

1.5 INCH PIPE = 1.59" ID 75 FEET (8 ORIFICES) 
2 INCH PIPE = 2.047" ID 125 FEET (13 ORIFICES) 

CELLA——— 

: MAXIMUM AVERAGE FLOW RATE = 84 GPM 
DIMENSIONS = 250 LONG 

150 WIDE 
LATERAL LENGTH 62.5 FEET 
LATERAL DIAMETER 1.59 INCHES 
LATERALS PER ROW 4 
ROWS OF LATERALS 8 
TOTAL LATERAL LENGTH = 2000 FEET 
NUMBER OF HOLES = 200 
FLOW RATE PER HOLE = 1.28 GPM 
TOTAL FLOW RATE = 256 GPM 

LATERAL VOLUME = | | 0.01378166 CU FT/FT 
© | 206 GALLONS 

DOSE VOLUME = - 2474 GALLONS 

MAXIMUM AVERAGE FLOW RATE = 97 GPM 
DIMENSIONS = 250 LONG 

150 WIDE | 
LATERAL LENGTH 62.5 FEET 
LATERAL DIAMETER 1.59 INCHES 
LATERALS PER ROW 4 
ROWS OF LATERALS 8 
TOTAL LATERAL LENGTH = 2000 FEET 
NUMBER OF HOLES = 200 
FLOW RATE PER HOLE = 1.28 GPM 
TOTAL FLOW RATE = 256 GPM 

LATERAL VOLUME = 0.01378166 CU FT/FT 
206 GALLONS 

DOSE VOLUME = 2474 GALLONS 

Prepared by: PAK 

Checked by: TWS 
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CELL C 

MAXIMUM AVERAGE FLOW RATE = 117 GPM © 
DIMENSIONS = 300 LONG 

150 WIDE 
LATERAL LENGTH 75 FEET 
LATERAL DIAMETER 1.59 INCHES 
LATERALS PER ROW 4 
ROWS OF LATERALS 8 
TOTAL LATERAL LENGTH = 2400 FEET 
NUMBER OF HOLES = 240 
FLOW RATE PER HOLE = 1.28 GPM 
TOTAL FLOW RATE = 307 GPM 

LATERAL VOLUME = 0.01378166 CU FT/FT 
247 GALLONS 

DOSE VOLUME = 2969 GALLONS 

CELL 

MAXIMUM AVERAGE FLOW RATE = 78 GPM 
DIMENSIONS = 300 LONG 

100 WIDE 
LATERAL LENGTH 75 FEET 
LATERAL DIAMETER 1.59 INCHES 
LATERALS PER ROW 4 
ROWS OF LATERALS 5 
TOTAL LATERAL LENGTH = 1500 FEET 
NUMBER OF HOLES = 150 © FLOW RATE PER HOLE = 1.28 GPM 
TOTAL FLOW RATE = 192 GPM 

LATERAL VOLUME = 0.01378166 CU FT/FT 
155 GALLONS 

DOSE VOLUME = 1856 GALLONS 

CE a 
MAXIMUM AVERAGE FLOW RATE = 167 GPM 
DIMENSIONS = 730 LONG 
a 100 WIDE 
LATERAL LENGTH 91.25 FEET 
LATERAL DIAMETER 2.047 INCHES 
LATERALS PER ROW 8 
ROWS OF LATERALS 5 
TOTAL LATERAL LENGTH = 3650 FEET 
NUMBER OF HOLES = 365 
FLOW RATE PER HOLE = 1.28 GPM 
TOTAL FLOW RATE = 467 GPM 

LATERAL VOLUME = 0.02284246 CU FT/FT 

624 GALLONS 

DOSE VOLUME = 7484 GALLONS @ 

Prepared by: PAK 
Prepared by: TWS 
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‘CELLFOO—~™—OOO 

MAXIMUM AVERAGE FLOW RATE = 171 GPM 
© DIMENSIONS = . | | 750 LONG 

: : cee 100 WIDE 

LATERALLENGTH 3 | a 93.75 FEET 
LATERAL DIAMETER 2.047 INCHES 

LATERALS PER ROW =~ - ine. 8 
ROWS OF LATERALS Tv. Bt 5 

TOTAL LATERAL LENGTH = 3750 FEET 
NUMBER OF HOLES = ~— ee ~ 37H 

FLOW RATE PER HOLE = 1.28 GPM 
TOTAL FLOW RATE = - = .480 GPM 

LATERAL VOLUME = —- 0.02284246 CU FT/FT 
| | 641 GALLONS 

DOSE VOLUME = 7689 GALLONS 

DOSE VOL 
CELL FLOW-GPM % TOT. GAL, % TOT. 

A 84 12% 2474 10% 
B : 97 14% 2474 10% 
Cc 117 16% 2969 12% 
D 78 11% 1856 7% 
E 167 23% 7484 30% 
F 171 24% 7689 31% 

© 714 24945 

| Prepared by: PAK 

Checked by: TWS 
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Foth & Van Dyke 
© Memorandum | 

November 6, 1998 

TO: Jerry Sevick, Foth & Van Dyke 
Steve Dischler, Foth & Van Dyke 

CC: Gordon Reid, Nicolet Minerals Company 

Ken Black, Nicolet Minerals Company 
Master File 

FR: Steve Donohue, Foth & Van Dyke GS Ui 

Greg Council, HSI GeoTrans, Inc. 

Pete Andersen, HSI GeoTrans, Inc. 

RE: Crandon Project - Design Basis Memorandum for Surface Absorption System - Area H 

1 Introduction 

© Nicolet Minerals Company (NMC) is currently evaluating the feasibility of discharging treated 
mine water via a soil absorption system (SAS). The primary criteria which describes the layout 

and capacity of the SAS is the ability of the aquifer at the site to accept the required quantity of 
discharge water. As such, the performance of the proposed system will be dictated by the 
hydrogeologic conditions at the site. 

Area H, located north of Keith Siding Road in the Town of Lincoln, has been investigated as a 
potential site for locating the SAS. Test pits have been completed to characterize the unsaturated 
zone beneath the SAS. Soil borings have been completed to define the approximate aquifer 
thickness. Monitoring wells, sand points, and staff gages have been installed to evaluate 
groundwater flow characteristics and the interaction of wetlands and surface waters with the local 

groundwater system. Slug tests and infiltrometer tests have been completed to evaluate the 

hydraulic conductivity of the outwash aquifer and the soils beneath the proposed soil absorption 
cells. In addition, survey work has been completed to evaluate the elevation of various wetland 

areas and culverts that will control, in part, the overall hydrologic response of the system due to 

the water added via the SAS. 

The purpose of this memorandum is to provide a basis upon which to design the dimensions and 

infiltration capacity of the SAS given hydrogeologic conditions at Area H. Section 2 of this 

memorandum describes the conceptual model of the hydrogeology at the site and the general 

response of the system due to the SAS. Utilizing the conceptual model, Section 3 of this 
@ memorandum describes a cross-sectional, finite-difference flow model that was developed to 

SVD1\CER1\93C049\GBAPP\68758.61\6000 1 
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evaluate the capacity of the site to handle the treated mine water based on preliminary design 

concepts, and to provide guidance for the final design of the SAS. Section 4 of this . © 

memorandum describes the use of the cross-sectional model to evaluate the performance of the 

system based on the final design layout. The purpose of evaluating the final layout of the system 

via the cross-sectional model is to provide an additional check on the design calculations with 

respect to system performance and groundwater mounding. 

2 Conceptual Model 

Area H is located north of the confluence of Swamp Creek and Hemlock Creek. Basedon 

geomorphological characteristics, this area is best described as a broad outwash plain that 

extends roughly from the southern end of Lake Metonga to just south of Swamp Creek. Based 

on the regional potentiometric surface map, regional groundwater flow near the site is 

predominantly to the south and east, with Swamp Creek functioning as a regional groundwater 

discharge point. Area H is bounded to the east by the Z16 wetland complex that generally 

follows an erosional channel that conveys runoff and seasonal groundwater discharge down to 

Swamp Creek. Creek 17-13, located east of wetland Z16 North, is a groundwater fed creek that 

is a tributary to Swamp Creek. A spring which feeds into Creek 17-13 is located in wetland Z16 

North. The layout of the area is shown in Figure 2-1. 

Based on the site investigation data, the hydrogeologic characteristics of the site can be 

summarized as follows: 

¢ The outwash aquifer is approximately 70 ft thick at a minimum, based on soil boring © 

data, and consists of coarse and fine grained outwash sands. 

¢ Based on site groundwater level data and water table contour maps, the hydraulic gradient 

at the site is likely to range between 0.001 to 0.004 ft/ft with groundwater flow to the east 

and southeast toward the spring in Wetland Z16 North and Creek 17-13, wetlands Z16 

Central and Z16 South, and Swamp Creek. 

¢ Based on slug test data, the field measured hydraulic conductivity of the outwash is 

approximately 50 ft/d. Accounting for scale dependency, a reasonable conservative 

estimate of the outwash hydraulic conductivity at the scale of the SAS is 75 ft/d. 

¢ The soils beneath the peat in the adjacent wetland to the east of Area H are underlain by a 

mixture of clean outwash sands, and lenses of silty sand and clayey sand tills. Based on 

this, the vertical permeability of the wetland soils are likely to be in the range of 0.5 ft/d 

(till) to 5 ft/d (outwash). Given the variability of the soils beneath the wetland, an 

average value of 1 ft/d is considered a reasonable value for design analysis. 

¢ The infiltrometer tests on the soils beneath Area H measured the infiltration capacity of 

the shallow outwash soils at approximately 80 ft/d. The infiltration capacity of the soils 

is conservatively estimated to be 10 times lower than this, or approximately 8 ft/d. An 
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, even lower value of 0.5 ft per day (or less) was used in the final design layout of the cells 
© to limit mounding beneath the SAS. 

¢ The elevation of the wetlands east of Area H, which will likely function as a discharge 

point for some or all of the infiltrated water, range in elevation from about 1580.5 
(wetlands Z16 South and Z16 Central) to 1581 (Wetland Z16 North) based on surveyed 

spot elevations (all elevations are in ft. M.S.L.). 

The water table at the site displays a rather uniform flow field with groundwater flowing to the 
east and southeast toward the adjacent wetland and Swamp Creek. Very weak vertical gradients 
have been measured at the site. Under high water table conditions, groundwater is likely to be 

expressed in the wetlands immediately east of the site. An active groundwater spring exists in 

wetland Z16 North, and is a source of groundwater discharge to Creek 17-13 via a culvert pipe 

beneath the Wisconsin Central Limited railroad bed. The Z16 Central and Z16 South wetlands 

that exist to the north and south of the dredge canal exhibit a water table that is several inches to 

approximately 1 ft beneath the land surface. Under high water table conditions, the water table is 
likely to be expressed in the wetland. Surface water and groundwater discharge to wetlands Z16 

Central and Z16 South is conveyed through a series of culverts beneath a snowmobile trail that 
bisects the wetland and then through a culvert beneath Keith's Siding Road, where it then drains 

through additional wetlands to Swamp Creek. 

Given the above, the wetlands to the east of Area H act on a permanent (Z16 North) to transient 

© (Z16 Central and Z16 South) basis as areas of groundwater discharge. With the exception of 
that portion of wetland Z16 Central that is north of the dredge canal, the wetlands have outlets 
and function as permanent or ephemeral tributaries of groundwater discharge to Creek 17-13 and 
Swamp Creek. As part of the restoration of the dredge canal and wetland, drainage through 

Wetland Z16 Central will be reestablished. As such, all of wetland Z16 Central, in addition to the 

wetlands Z16 South and Z16 North, will act as a potential discharge point for groundwater 
resulting from the SAS. The discharge of treated water to the SAS will increase the water table 
elevation, thus increasing the amount of groundwater discharge to the wetlands and the amount 

of water that flows through the wetlands to Swamp Creek. As such, the wetlands will function as 
a boundary condition that will affect the response of the water table at Area H in response to the 
SAS. The probable hydrologic response of the groundwater system is described below. The key 

question is to what degree the wetlands will function as the controlling boundary condition vs. 

Swamp Creek, which is further removed from the site. 

3 Cross-Sectional Flow Modeling - Scoping Analysis 

Using preliminary design concepts for the proposed SAS cells (the approximate locations are 
shown in Figure 2-1), a scoping analysis was performed to determine: 1) the approximate range 
of mounding that could be expected beneath each SAS cell; 2) the critical design parameters 

affecting mounding; and 3) parameter values to be used in calculations made for the final design 
layout. The scoping analysis was performed with three cross-sectional flow models that 
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extended from different SAS cells to groundwater discharge points. A separate model was 

constructed for SAS cells B, E, and F based on a preliminary SAS design. These three models © 

were used in order to capture the range of conditions that would affect groundwater flow and 

mounding. . 

3.1 Conceptual Analysis 

The conceptual model of groundwater flow is the same for each SAS cell. The hydrogeologic 

setting is generally coarse- to fine-grained outwash. Groundwater flows from northwest to 
southeast, approximately perpendicular to the long axis of a proposed rectangular SAS cell. 
Groundwater eventually discharges into wetland Z16 South, Z16 Central, or Z16 North and 

associated spring, or Creek 17-13, or directly to Swamp Creek. Precipitation recharge provides a 

source of groundwater flow in the area. 

Additional infiltration from the SAS will cause ambient groundwater elevations to increase. The 

increase would be most dramatic directly beneath the cell. A properly designed SAS cell will 

create a mound that is sufficiently below the base of the SAS bed. The conceptual model of 
groundwater flow near the SAS is illustrated in Figure 3-1. 

An analytical solution for groundwater elevation change can be found if the following 
assumptions are made: 1) the aquifer transmissivity and recharge are constant; 2) the SAS cell is 

effectively an infinite line source perpendicular to groundwater flow; 3) upgradient flow is 

unaffected by the SAS flux; 4) the groundwater head is unaffected by the SAS cell at a known © 

downgradient distance (i.e., at a discharge point); and 5) there is no groundwater discharge 

between the SAS cell and the known constant-head location. In this case, the mounding beneath 

the SAS cell, Ah, is given by (from Attachment A): 

Ane Le 
P (1) 

where Q’ is the SAS cell infiltration rate per unit length, T is the aquifer transmissivity, and L is 
the distance from the SAS cell to the constant-head boundary. 

This simple analysis was found to be inadequate for designing the SAS cells. If Z is chosen as 
the distance from the SAS cell to the wetland, then the prediction of mounding from equation (1) 

is low, but it may be inappropriate to assume that the wetland creates a true constant-head 
boundary. If L is chosen to be a larger distance (e.g., the distance from the SAS cell to Swamp 
Creek), then the prediction of mounding is large, but the assumption of no discharge at 

intermediate distances (i.e., at the wetland Z16 complex) is clearly over-restrictive. 

While it is inappropriate for use in the final design, equation (1) provides two useful functions. 
First, it can be used to check the reasonableness of results obtained by a more sophisticated 

analysis (this is done in Section 4). Second, the analytical analysis shows which parameters are 

likely to be critical in determining mounding. From equation (1) it is clear that SAS infiltration 

rate, aquifer transmissivity, and the distance to head controlling boundaries will affect mounding. 

SVD1\CER1\93C049\GBAPP\68758.61\6000 4 | © 

D-501



Conversely, though included in the derivation (see Attachment A), neither the background 
© recharge rate nor upgradient groundwater flux appear in equation (1). Thus, the degree of : 

mounding is not likely to be sensitive to these rates. 

3.2 Modeling Method 

In order to factor into the analysis the role of local and regional groundwater discharge points in 
controlling groundwater mounding at the site, while maintaining the overall simplicity desired 
for this scoping analysis, 2-D cross-sectional finite-difference models were constructed for 
cells B, E, and F. Each model followed an approximate groundwater flow path from the SAS 
cell through wetland Z16 to a regional groundwater discharge point (for cells F and E the 
regional discharge point was chosen to be Swamp Creek; for cell B it was the spring in wetland 

Z16 North. The MODFLOW program was used for this modeling (McDonald and Harbaugh, 

1988; McDonald and Harbaugh, 1996). 

Each section ‘was similarly constructed (as discussed in Section 3.3) with the geometry 

appropriate for the SAS cell and flow path. Existing conditions were then simulated and model 
parameters were varied to achieve a reasonable match to observed conditions (Section 3.4). 

Subsequently, SAS cell seepage was simulated to determine the impact on groundwater heads 

and flows (Section 3.5). The process of calibration to existing conditions and prediction of 

condition with SAS infiltration was repeated with different parameter sets to test model 
sensitivity (Section 3.6). Finally, the results of the models were summarized to complete the 

© scoping analysis (Section 3.7). 

Note that the three models presented in this section were based on SAS preliminary design 

concepts. Section 4 presents models for the final-design layout of SAS cells. 

3.3. Model Construction 

For each model, the appropriate cross-sectional domain was discretized into rectangular cells and 

boundary conditions were applied on the model edges. The details of the model construction are 
presented below for SAS cell F. For cells B and E, the construction is similar, with some 

dimensions changed to account for different flow paths. | 

3.3.1 SAS Cell F Model Construction 

The cross-sectional model domain for cell F (conceptual design) extends from the northwest 
(upgradient) edge of the SAS cell to the middle of Swamp Creek, about 3,700 ft (Figure 3-2). 

Vertically, the model extends from an elevation of 1510 ft (all elevations relative to mean sea 

level) to the water table, which varies from about 1577 ft at Swamp Creek to about 1581 ft at the 
SAS cell under current conditions. Horizontally, the domain is discretized into 370 cells of 10-ft 
width. Vertically, seven layers are used, with the bottom of layer 1 (the top layer) set to a 

uniform elevation of 1570 ft , and all other layers set to uniform thicknesses of 10 ft. Note that 
@ the thickness (and transmissivity) of layer 1 is allowed to vary, depending on the elevation of the 
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water table. However, for the purpose of setting the vertical leakance between layers 1 and 2, 

layer 1 is assumed to be 10 ft thick. " © 

The bottom elevation for the model, 1510 ft , was chosen because it approximates the bottom of 

the transmissive outwash zone. Below this elevation it is assumed that lower-permeability Pre- 

to Early Wisconsinan till exists. Accordingly, the boundary condition for the model bottom is set 

to no-flow. The downgradient edge of the model, beneath Swamp Creek, is assumed to 

approximate a flow divide, meaning that groundwater is not allowed to pass beneath Swamp 

Creek. This condition is supported by head measurements on both sides of the creek that are 

higher than the creek elevation. A uniform constant flux condition is imposed on the upgradient 

edge of the model. This flux represents lateral inflow of groundwater to the aquifer, and its 

magnitude is adjusted as part of calibration (Section 3.4). This flux condition is incorporated in 

MODFLOW using wells in all layers in model column 1. 

Along the top of the model, several boundary conditions are applied. First, a constant uniform | 

recharge flux is applied at all cells in the top layer. The recharge rate is initially set to 8 in/yr : 

(1.8e-3 ft/d), which is approximately the default rate used in the regional groundwater flow 

model (HSI GeoTrans, 1998). Swamp Creek is simulated with a head-dependent flux boundary 

in column 370 of layer 1. The stage of the creek is set to 1577 ft and the conductance of the 

creekbed is initially set to 10 ft?/d (per ft perpendicular to the section). This conductance is also 

based on parameters in the regional flow model: the creekbed vertical conductivity is 1 ft/d, the 

creekbed thickness is 1 foot, and Swamp Creek is approximately 20 ft wide (half of this width, 

10 ft, is used in the model since the groundwater divide is assumed to extend vertically from the © 

center of the creek). The wetland Z16 South is simulated as a drain boundary on the top of the 

model in columns 28-66 (270 ft to 660 ft from the upgradient edge of the model). The wetland 

water elevation is 1580.5 ft and the sediment vertical leakance is 0.2 d'. The leakance is based 

on a wetland thickness of 5 ft (from the regional flow model) and an initial sediment conductivity 

of 1 fi/d (estimated from field observations). The total conductance for this wetland is 

78 ft/d (per ft). 

Finally, an additional flux boundary condition is applied in predictive simulations to model 

infiltration from the SAS cell. The first 10 cells in layer 1 are used to simulate the 100-ft width 

of SAS cell F. The applied infiltration rate (from preliminary design calculations) is 0.5 ft/d, 

giving a total inflow of 50 ft’/d (per ft). 

All model simulations are made in steady-state mode. Therefore, the only aquifer parameters 

required are horizontal and vertical conductivities. For this model, the horizontal conductivity is 

initially set to 75 ft/d (based on field measurements), and the vertical conductivity is set to 

7.5 fd. This gives a total aquifer transmissivity of approximately 5250 ft?/d (variable depending 

on water table elevation). 
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@ 3.3.2 Model Construction for SAS Cell E and SAS Cell B 

Two similar models were also constructed - one for SAS cell E and one for SAS cell B 
(conceptual layouts of the cells were used). Note that final design layouts are evaluated below in 
Section 4. The models differ in length, location, and width of the top-layer boundary conditions, 

and elevations for the stream and wetland. The differences in the construction of the models are 
identified in Table 3-1. 

SAS cell E is 90 ft wide, with a 320-ft wide wetland Z16 Central located 250 ft from the cell's 

edge. The middle of Swamp Creek is 2,210 ft from the cell's edge. The wetland and creek 

elevations are 1580.5 ft and 1578 ft , respectively. 

SAS cell B is 130 ft wide, with a 490-ft wide wetland (Z16 North) located 420 ft from the cell's 

edge. The model ends at the spring at the far edge of the wetland Z16 North, 920 ft from the 

edge of SAS cell B. The spring is assumed to be hydraulically similar to Swamp Creek. The 

wetland and spring elevations are 1581 ft and 1579 ft , respectively. 

The three models constructed for this scoping analysis simulate groundwater flow from 3 of the 
original 6 cells in the preliminary SAS design. These 3 cells were chosen to represent a range of 
conditions that would cover all 6 cells. 

3.4 Parameterization and Calibration 

© Adjustable parameters in the models include: aquifer horizontal conductivity, aquifer vertical 

conductivity, recharge rate, wetland sediment vertical conductivity, stream sediment vertical 
conductivity, and upgradient aquifer influx. 

The primary calibration target for each model is the observed water table elevation on the 
upgradient edge of the model (Table 3-1). Several parameter value combinations will achieve 
acceptable calibration. The process of achieving a set of calibrated parameter values was as 
follows: 1) reasonable values are chosen for all parameters except the upgradient flux; and 2) the 
model is run multiple times in calibration mode (no influx from SAS cells), using various 

upgradient flux values until calibration is achieved. 

With the initial values for all other parameters, the calibrated upgradient inflows needed for 
calibration were 3.5 ft’/d/ft for cells F and E and 23.1 ft’/d/ft for cell B. These flows represent 
horizontal hydraulic gradients of approximately 0.0007 (cells F and E) and 0.004 (cell B) at the 
model edges. These horizontal gradients are in reasonable agreement with the range of gradients 

observed near the proposed SAS cells. As discussed in Section 3.6, the actual value of 
upgradient influx and even the accuracy of the calibration is unimportant for the prediction of 
mounding beneath the SAS cells. 

Additional parameter value sets are simulated as part of the sensitivity analysis discussed in 

© Section 3.6. 
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3.5 Model Predictions e 

Using the preliminary design SAS infiltration rate of 0.5 ft/d, each model is run again to calculate 
the effect of the SAS cells on groundwater heads and flows. The water table predictions are 
compared to the calibration water table elevations to determine the degree of mounding 
(Figures 3-3 through 3-5). The greatest mounding occurs at the upgradient edge of the model 
beneath the SAS cell. Note that the upgradient aquifer flux is held at the calibration value for _ 
these simulations, while in reality it would decrease due to the SAS infiltration. Holding the 

upgradient flux constant is a simplifying assumption that makes the predicted mounding larger 
than it would be in reality. 

Predictive simulation results are listed for all 3 models in Table 3-2. For these base models, the 

maximum predicted mounding is: 4.6 ft for cell F, 4.8 ft for cell E, and 8.3 ft for cell B. In each 

model, nearly all of the SAS infiltration is transmitted to the wetland rather than Swamp Creek. 
The predicted mounding is greatest for SAS cell B because the cell is wider (more infiltration 
flux) than the other cells, and the controlling outlet is further away (analogous to a larger L in 
equation (1)). 

For the cell F model, particle traces originating at the SAS cell all terminate at the wetland 

(Figure 3-6). On the way to the wetland, some of the infiltrating water flows to the lowest model 

layer, indicating that the full aquifer transmissivity is important for predicting mounding. This 

conclusion was corroborated by a sensitivity simulation in which the conductivities in the lowest 

3 layers were reduced by a factor of 10. The maximum mounding for this simulation was 5.6 ft, © 

which is about 1 ft more than was predicted by the base model. 

3.6 Model Sensitivity 

Early simulations with the cell F model indicated that the model-predicted mounding was most 
sensitive to two hydraulic parameters: aquifer horizontal conductivity and wetland sediment 

vertical conductivity. The modeled mounding was much less sensitive to the values used for 

creekbed conductance, aquifer vertical conductivity, recharge rate, and upgradient aquifer influx. 
These relative degrees of sensitivity agreed with an earlier analytical analysis (Section 3.1). 

Early simulations with the cell F model also revealed that the selected level of discretization was 

appropriate and that it was unimportant whether the aquifer was simulated as confined or 

unconfined. Also, it was determined that spreading the same infiltration volume over a wider 
SAS cell would decrease the maximum mounding only slightly. | 

To test the model sensitivity, multiple simulations were made with a range of values for the two 

important hydraulic parameters and a range of possible SAS infiltration rates. Aquifer 

conductivity values of 50 ft/d and 75 ft/d were simulated. Wetland sediment conductivities of 
0.5 fi/d, 1 ft/d, and 5.0 ft/d were simulated, and SAS infiltration rates of 0.5 ft/d and 1.0 ft/d were 

simulated. All 12 possible combinations of these parameter values were simulated with each of 

the three models, and the predicted maximum mounding was tabulated (Table 3-3). Note that 

calibration was first achieved for each combination of hydraulic parameter values, and the @ 
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calibrated water table surfaces were then compared to the predictive simulation results to 
© compute mounding. Note also that some combination of parameter values (namely high 7 

infiltration rates, low conductivities) could cause mounding above land surface (mounding 
greater than about 9 ft). 

3.7 Scoping Analysis Conclusions 

The scoping analysis performed here indicates that the mounding beneath the proposed SAS cells 
will be dependent on the aquifer transmissivity, the wetland sediment conductivity, and the 

designed infiltration rate. For base parameter values (aquifer conductivity = 75 ft/d, wetland 
conductivity = 1 ft/d, SAS infiltration = 0.5 ft/d), the model-predicted maximum mounding 

would be between 4.6 and 8.3 ft, depending on the width of the wetland. For design calculations, 
the modeling indicates that an aquifer thickness of approximately 70 ft is appropriate since the 
bottom-most model layers do transmit water from the SAS cell to the wetland. 

It is important to note that this modeling method is conservative with respect to predictions of 

mounding - it does not allow a flattening of the gradient on the upgradient side of the SAS cells 

and does not allow flow to spread laterally as it moves toward discharge locations. Confining 
flow to the cross-sectional domain starting at the edge of the SAS cell makes the analysis 
simpler, but overestimates groundwater mounding. The analysis described above was used to 
guide the final design layout and infiltration rates for the SAS. The following section describes 

the analysis of the final SAS design using modified versions of the cross-sectional models 
© described above. 

4 Final Design of SAS Cells 

Using the scoping analysis of Section 3 and the final engineering design layout calculations, the 

SAS cells were reconfigured to optimize the SAS capacity. The final layout of the SAS cells is 
shown in Figure 4-1. The mounding impact of the SAS cells was evaluated using reconfigured 
versions of the 3 cross-sectional models presented in Section 3 to compare to the results of the 
final engineering design layout calculations. The results of the models were then checked for 
reasonableness using analytical calculations. 

4.1 Final Design Cross-Sectional Models 

Three cross-sectional models were constructed to simulate groundwater flow and head mounding 

for SAS cells F, E, and B. The conceptual model and modeling method remained the same, as 

described in Sections 3.1 and 3.2. However, the construction of the models was changed slightly 
to account for the optimized layout of the SAS cells and a more careful evaluation of the cross- 

sectional locations. Figure 4-1 shows the location of the three cross-sections in plan view. 

Figure 4-2 shows how each model differs in extent and placement of boundary conditions. The 
construction dimensions are listed in Table 4-1, and can be compared to the preliminary model 
construction dimensions in Table 3-1. For the cell B cross-section, it was noted that the spring 

e may not provide a groundwater divide boundary, so the model was extended to Creek 17-13. 
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Both the spring and Creek 17-13 are included in the model for cell B. @ 

Parameter values chosen for the final SAS layout were selected from available data and earlier 

analyses. The parameter values are the initial parameter values of Section 3, including an aquifer 

hydraulic conductivity of 75 ft/d (horizontal) and a wetland sediment hydraulic conductivity of 

1 fi/d (vertical). These conductivities are the most reasonable interpretations of the site-specific 

field data (Section 2). The parameter values are listed in Table 4-2. 

The three models were run, first in calibration mode (to determine the upgradient aquifer flux), 

then in impact mode with the designed infiltration rates (0.44 fi/d for SAS cells F and E, 0.5 ft/d 

for SAS cell B). Note that SAS cell B is located near the Z16 North wetland and spring, which 

forms a well-defined discharge and drainage pathway. As such, the engineering design 

maximizes the use of this area for infiltration of treated wastewater. Accordingly, the design 

layout for cell B contains a wider seepage bed and a higher infiltration rate than other SAS cells. 

Thus, it is expected that the maximum mounding will occur in the vicinity of SAS cell B. The 

predicted rise in the water table is shown in Figures 4-3 through 4-5, and listed in Table 4-3. 

Also listed in Table 4-3 is the percentage of flow to the discharge wetland. In all three models, 

nearly all of the SAS cell water discharges to the wetland. 

4.2 Analytical Check of Numerical Model Results 

The analytical solution for mounding, explained in Section 3.1, is revisited here for the purpose 

of checking the reasonableness of the MODFLOW model results. Rearranging the terms of ® 

equation (1) yields: 
AhT 

L=—- 
g (2) 

In this equation, L is the distance to a hypothesized constant-head boundary downgradient of the 

SAS cell, which is a function of aquifer transmissivity, SAS cell infiltration rate, and the 

mounding beneath the SAS cell. 

Though a constant-head aquifer boundary does not truly exist in the numerical models, we do 

know (from Table 4-3) that the vast majority of the SAS flow discharges into the wetland which 

has a constant controlling elevation. We would therefore expect that if the MODFLOW- 

predicted mounding beneath the SAS cell were taken as Ah, then the value of L would likely lie 

in range between: 1) the distance from the SAS cell to the near edge of the discharge wetland; 

and 2) the distance from the SAS cell to the far edge of the discharge wetland. Certainly, L 

should not be shorter than 1) or very much longer than 2) for the results to be valid. 

The values of L in equation (2) are computed for the MODFLOW results for all three models. 

The transmissivity used in the calculations is 5250 ft’/d. The SAS infiltration flux (calculated as 

infiltration rate x cell width) is 44 ft?/d (per ft) for cells F and E, and 75 ft’/d (per ft) for cell B. 

The computed values of L, listed in Table 4-3, all lie in the expected range, indicating that the 

MODFLOW results are reasonable for the conceptual model and parameter values chosen. 
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@ 4.3 Final Design Assessment 

The three models used to evaluate mounding beneath 3 of the 6 proposed SAS cells show 

maximum mounding of 3.9 ft to 5.9 ft. The three SAS cells modeled were chosen because they 

represent the range of conditions for all 6 SAS cells. Higher flux rates per unit area, and greater 

distances to the controlling discharge wetland lead to increased mounding. 

The amount of mounding predicted in the cross-sectional models is likely to be an overprediction 

of actual mounding. The cross-sectional models do not allow the SAS infiltration to spread 

laterally and do not allow redirection of upgradient groundwater flow around the SAS cells. 

Both lateral spreading and upgradient groundwater redirection would actually occur as a result of 

SAS operation, leading to groundwater head mounding that is less than the amounts predicted by 

this simplified analysis. 

For comparison purposes, Table 4-3 compares the results of the predicted mounding from the 

cross-sectional models to the final engineering design layout calculations. The predicted. 

mounding from the cross-sectional models are very similar to that from the engineering design 

layout calculations. Overall, the analysis provided by the cross section models, the analytical 

check on the cross sectional models, and comparison to the engineering design calculations 

shows that the proposed SAS and hydrologic conditions will provide suitable drainage of 

infiltrated water. 
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Table 3-1 | ©@ 

Construction Details for the Preliminary Design Cross-Sectional Models 

(A) Horizontal dimensions 

Cell F Cell E Cell B 

ft cells ft cells ft cells 

Width of SAS cell 100 10 90 9 130 13 

Distance between 170 17 250 25 420 42 
SAS cell and wetland 

. Width of wetland 390 39 320 32 490 49 

Distance between 3030 303 1630 163 0 «0 
wetland and stream 

(Half) stream width 10 l 10 ] 10 1 

Total model width 3700 370 2300 230 1050 105 

(B) Elevations (ft, M.S.L.) © 

Cell F Cell E Cell B 

Wetland 1580.5 1580.5 1581 

Stream 1577 1578 1579 

Water table beneath 1581 1581.5 1585 
cell 

Prepared by: GWC 
Checked by: SVD1 
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@ Table 3-2 

Results of Preliminary Cross-Sectional Model Simulations with Initial 

Parameter Values 

ON 

Maximum Mounding (ft) Discharge to Wetland! 

Cell F 4.6 99% 

Cell E 4.8 97% 

Cell B 8.3 95% 

! Amount of SAS cell infiltration that discharges to the wetland, as a percentage of total SAS cell 

infiltration. 
Prepared by: GWC 
Checked by: PFA 
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Table 3-3 @ 

Modeled Mounding (in feet) for Various Combinations of Parameter Values 
(Scoping Analyses - Preliminary Cell Layout) 

SAS Aquifer Wetland 
Infiltration | Conductivity Conductivity 

rate (ft/d ft/d ft/d) Cell F Cell E Cell B 

0.5 50 0.5 7.1 7.4 12.1 

1.0 6.4 6.7 11.4 

5.0 5.6 6.0 10.5 

75 0.5 5.3 35 8.9 

1.0 4.6 4.8 8.3 

5.0 3.9 4.2 7.5 

1.0 50 0.5 13.4 13.9 22.5 

1.0 12.1 12.6 21.2 

5.0 10.6 11.3 19.7 © 

75 0.5 10.1 10.5 16.8 

1.0 8.9 9.2 15.6 ) 

5.0 7.5 8.0 14.2 

Note: Bolded values indicate results with field estimated values for all parameters. 
Prepared by: GWC 
Checked by: PFA 
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@ Table 4-1 | 

Cross-Sectional Model Construction Details for the Final SAS Design Layout 

(A) Horizontal dimensions 

eee 

Cell F Cell E Cell B! 

ft cells ft cells ft cells 
SEES ——————EXZ[[===_—_—_—_—_—_———————————————— 

Width of SAS cell 100 10 100 10 150 15 

Distance between 150 15 150 15 100 10 
SAS cell and wetland 

Width of wetland 390 39 400 40 ~~ ~— 490 49 

Distance between 3050 305 1640 164 200 200 
wetland and stream 

(Half) stream width 10 l 10 l 10 ] 

Total model width 3700 370 2300 230 950 95 a 

© (B) Elevations (ft, M.S.L.) 

a 

Cell F Cell E Cell B! 
SSa=SSeEeEeEeEeEeEeEeIeEeEEeEEEEEEEEEIEIEIEIEIUIEIyIEE—ESESES——L—————————————————————EEEEEEEEeEEEEeEEEEEeEEeEeee 

Wetland 1580.5 1580.5 1581 

Stream 1577 1578 1578.5 

Water table beneath 1581 1581 1583 
cell 

eee 

' For cell B, there is also a small spring located 440 feet from the upgradient edge of the model which is 
1 cell (10 feet) wide with an elevation of 1579 ft, M.S.L. Its vertical leakance is assumed to be the 
same as Swamp Creek. 

Prepared by: GWC 
Checked by: SVD1 
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Table 4-2 : © 

Parameter Values in the Final SAS Cross-Sectional Models 

Parameter Value 

Aquifer horizontal conductivity (ft/d) 75 

Aquifer vertical conductivity (ft/d) 7.5 

Wetland sediment vertical conductivity (ft/d) 1 

Recharge rate (in/yr) 8 

Stream sediment vertical conductivity (ft/d) 1 

Calibrated upgradient flux (ft?/d/ft) Cell F 3.5 

Cell E 3.5 

Cell B 23.1 

: Co Prepared by: GWC 
Checked by: SVD1 © 
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Results of Cross-Sectional Models for Final Design SAS Cells, 
Compared to Engineering Design Layout Calculations 

Engineering Engineering‘ 
. 4 .; 

Cross-Sectional Models Design D esign 
—_——<$$ $$ ——§_ — Calculation Calculations 

Length (L) 30 ft Thick 60 ft Thick 

Maximum Discharge to "constant Aquifer Aquifer 
Mound (ft) to Wetland’ head"? (ft) (Mound Ft) (Mound Ft) 

Cell F 3.9 99% 470 4 4 

Cell E 3.9 98% 470 4 4 

Cell B 5.9 94%? 410. 6 6 

' Amount of SAS cell infiltration that discharges to the wetland, as a percentage of total SAS cell 
infiltration. 

2 Computed from equation (2). 
> Includes discharge to spring within the wetland. 

© * Engineer design layout calculations from USEPA Process Design Manual for Land Treatment of 
Municipal Wastewater (USEPA, 1981). Calculations were performed assuming 30 ft thick aquifer and 
60 ft thick aquifer. 

Prepared by: GWC 
Checked by: SVD1 
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Attachment A @ 

Analytical Solution for Head Change in a Confined Aquifer Due to a Changing 
Boundary Flux 

Consider the case of a confined aquifer with a uniform transmissivity, 7, a constant head 
boundary, a constant flux boundary, and a uniform recharge source (Figure A.1). The aquifer 

and boundaries are assumed to extend uniformly and infinitely in the y-direction (perpendicular 

to the page). The groundwater head (h) equation can be written in its 1-D depth-averaged from 
for this case: 

O{ och 

Erg] +R=0 
(A-1) 

With boundary conditions given by: 
oh 

Q=-T— atx=0 
ox (A-2) 

h=h, atx=L (A-3) 

where T is the aquifer transmissivity [L7/T], R is the recharge rate [L/T], Q is the left-boundary 

flux per unit length in the y-direction [L’/T], and h, is the constant head elevation [L] on the right 
boundary. The length of the domain is L. © 

The solution to equations (A-1) through (A-3) can be found by integrating (A-1) twice and 
applying (A-2) and (A-3) to determine the integration constants. The result is: 

R Q h(x) = —(2? - x*)+=(L-x)+h (x)= Sp(L - x’) + F(L- x) +h, Ad 
If the left edge flux is increased by an amount Q’ (making the left-edge flux equal to 0+Q’), then 
the change in head (Dh) can be expressed as: 

Ah(x) = gir x) 
P (A-5) 

The change in head is maximized at the left edge: 

'L 
Ah= gi atx = 0 

r (A-6) 
Equation (A-6) is therefore then analytical expression for the maximum change in a confined 

aquifer due to a change in a confined aquifer due to a change in boundary flux equal to Q’. 
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@ Foth & Van Dyke 
Memorandum 

November 23, 1998 

TO: Steve Dischler, Foth & Van Dyke 

CC: Steve Donohue, Foth & Van Dyke 

Jerry Sevick, Foth & Van Dyke 

Gordon Reid, Nicolet Minerals Company 

Master File 

FR: Michael D. Liebman, P.E., Senior Water Resource Consultant “pz _ 

Steve R. Birr, Water Resource Engineer S#& 

RE: Crandon Project - Soil Absorption System Wetland Surface Water Flow Impacts 

Introduction 

© With the discharge from the soil absorption system (SAS) ultimately entering nearby down- 
gradient wetlands (i.e., Z16 north, central, and south), the impact of the SAS on the hydrology 

and surface water flow of these wetlands was investigated. Also investigated was the potential 
impact of the SAS discharge on the floodplain of Swamp Creek. 

This memorandum summarizes the results of the surface water flow evaluation. For these 

analyses, it was assumed that positive surface water drainage is maintained across the dredged 
canal and snowmobile trail which bisect the wetland body. 

Methods of Analyses 

The method used to determine the impact of additional water discharges near wetlands was based 

on Haestad Methods "TR-55" hydrologic software, Mannings formula hydraulics across the 

wetland valley (Haestad Methods "Flowmaster" software), and culvert nomographs where 
culverts control hydraulics (adding weir flow where appropriate). An existing or base condition 

flow was established from various storm events for the drainage areas tributary to each of the 

Z16 north, central, and south wetlands. A depth of flow associated with each storm event peak 
flow was calculated using the appropriate hydraulics. Then, the rates of peak discharge from the 

SAS were added to the existing base flows calculated for each wetland, and new depths of flow 
were determined. Any increase in depth caused by the SAS discharge could then be determined. 
To be conservative, it was assumed that all of the additional water from each SAS cell discharges 

© to the respective wetland. Also, to assure conservativeness, discharge from cell D was added to 
the flow analysis for both the central and north wetlands, as it is not certain to which wetland the 

flow will pass. 
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Possible effects of the SAS discharge on the Swamp Creek floodplain were evaluated by 

calculating the 100-year flood flow of Swamp Creek in this area, and determining the associated © 

depth of flow in Swamp Creek. The flood flow was found using the NRC5 TR20 hydrological 
program. The associated depth of flow was calculated from a Mannings analysis ("Flowmaster") 

across a section of the Swamp Creek floodplain. By calculating this depth of flow with the SAS 

discharge added to the 100-year flow, an increase caused by the SAS could be determined. 

Figure 1 illustrates the location of the SAS cells and their peak discharge rates, the location of the 

conveyance culverts, the location of the wetlands that were investigated, the location of the 

Swamp Creek cross-section used in the floodplain evaluation, and the location of the other valley 

sections used in the analysis. 

Results 

Table 1 illustrates the results of the hydraulic analysis. The north wetland (Area A) has a 

drainage area of 42.7 acres. To be conservative in terms of base flow comparison, adding SAS 

flow to a lower base flow would show a greater impact. The approximate 9-acre wetland area 

that may intermittently drain through the 8 inch agricultural drain tile was excluded from the area 

which drains to the Z16 north wetland. Using this assumption, Area A contributes from 

approximately 2 cfs to approximately 24 cfs of runoff for the 2 through 100-year recurrence 

interval storm events under existing conditions. Surface water flow for this wetland is controlled 

by the railroad culvert east of the north wetland. A base flow of 0.5 cfs was estimated from field 

observation of depth and velocity at this culvert. This brings total existing flow to a range from @ 

0.5 cfs (no storm event) to 24.5 cfs (100-year storm event). The proposed peak discharge from 

the northern SAS cells (A, B, C, and D) is a combined 376 gal/min (0.84 cfs) of discharge, which 

would give a total flow rate of 3.34 cfs to 25.34 cfs of flow at the wetland for the 2 through 

100-year storm events, respectively. Depth of increase of the wetland water surface upgradient 

from this culvert varied from 0.05 to 0.07 ft for these storm events if the SAS were operating, 

and showed 0.10 ft increase with SAS flow only. 

Similarly, the central wetland (Area B1) has a drainage area of 50 acres. The range of flows for 

the 2-100 year storm events was found to be approximately 2 cfs to approximately 28 cfs. With 

the 245 gal/min (0.55 cfs) discharge from the SAS cells D and E, the depth increase based on the 

wetland valley hydraulics if the SAS were operating was from 0 to 0.01 ft during the storm 

events, and 0.03 ft with no storm flow. 

The south wetland (south of Keith Siding Road - Area B2) has a drainage area of 105 acres, 

which includes the 50-acre central area (Area B1). This drainage area includes a dredge canal 

and pond, and contributes from approximately 4 cfs to approximately 53 cfs of runoff for the 

2 through 100-year storm events under existing conditions. The proposed peak discharge from 

the southern SAS cell (F) is 171 gal/min (0.38 cfs) of flow which, when combined with the 

central area flows (245 gal/min or 0.55 cfs), gives a total flow rate of 4.93 cfs to 53.93 cfs of 

flow in the wetland when the SAS is operating. For the south wetland, both valley section and 

culvert crossing hydraulics were evaluated. Depth increase of the wetland water surface at these © 

locations varied from 0.00 ft to 0.01 ft if the SAS were operating during storm events, and 0.6 ft 
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with only SAS flow. The capacity of the 12-inch CMCP that conveys runoff across Keith Siding | 

© Road is only 4 cfs. Therefore, weir flow overtopping of the road is predicted for larger storm / 

events under base flow conditions without the SAS in operation. The weir length was estimated 

to be 680 ft, which is the width of the wetland at the road (refer to Figure 1). Attachment 1 

| documents modeling data used in obtaining results illustrated in Table 1. 

For Swamp Creek, floodplain impacts were found to be non-existent because the increase in flow 

—_ caused by the SAS discharge changed the 100-year flow from 277.5 cfs to 278.34 cfs, which 

makes no detectable difference to the hydraulics of the floodplain. 

Conclusion | 

The wetland surface water elevation increase as a direct result of the SAS discharge was shown 

to be minimal. Under predicted base flow conditions during operation of the SAS (i.e., with no 

surface water component and 100% discharge from the SAS), 0.10 ft is predicted to occur in the 

upstream vicinity of the culvert in the north wetland. At the south wetland, the post-SAS 

operation base flow predicts an increase in elevation of 0.6 ft in the upgradient vicinity of the 

culvert which crosses Keith Siding Road. 

Referring to the valley section modeling, the biggest increase to onsite flow depths during storm 

events is 0.01 ft. Any increase at the northern wetland will occur only at the upstream side of the 

railroad culvert due to the presence of the railroad berm. Similarly, increases at the south area 

e culvert will only extend upstream on NMC property due to the road grade of Keith Siding Road. 

No changes to the Swamp Creek floodplain elevation occur as a result of operation of the SAS. 

As such, floodplain issues are not relevant. 

Based upon the information contained on Table 1 and the documentation in Attachment 1, it has 

been shown that the amount of flow that will be discharged from the SAS is very small in 

comparison to the existing drainage basin runoff to each wetland and, as a result, surface water 

hydrology in the Z16 wetland and Swamp Creek will not be significantly affected by SAS 

operation. 
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Table 1 @ 

Crandon Project - Soil Absorption Sites Surface Flow Analyses 
eee 

Storm Events 
—EEEaEamqE~—eEeEEEEeEEEI—EeyeayayeyEeEeEeEeIEIylaIEEIEIEEEEEEEEEIEIEIIEIEIEIEIEIEIIIIII—————— LLL L_—_ Ee 

North Area OYear 2 Year 5 Year 10 Year 25 Year 100 Year 
(42.7 Acres) (Base) (2.4") (3.1") (3.6") (4.2") (5.0") 

Railroad Crossing _—_ Existing Flow 0.5 cfs 2.5 cfs 4.5 cfs 11.5 cfs 16.5 cfs 24.5 cfs 
Existing Depth 1.15 ft 1.30 ft 1.40 ft 1.75 ft 2.10 ft 2.71 ft 
Existing + SAS Flow 1.34 cfs 3.34 cfs 5.34 cfs 12.34 cfs 17.34 cfs 25.34 cfs 
Existing + SAS Depth 1.25 ft 1.35 ft 1.45 ft 1.80 ft 2.17 ft 2.78 ft 

Central Area 
(50 Acres) 

Valley Section! Existing Flow 0 cfs 2 cfs 5 cfs 13 cfs 19 cfs 28 cfs 
Existing Depth 0 ft 0.06 ft 0.10 ft 0.18 ft 0.23 ft 0.29 ft 
Existing + SAS Flow 0.55 cfs 2.55 cfs 5.55 cfs 13.55 cfs 19.55 cfs 28.55 cfs 
Existing + SAS Depth 0.03 ft 0.07 ft 0.11 ft 0.19 ft 0.23 ft 0.29 ft 

South Area 
(105 Acres) 

Valley Section! Existing Flow 0 cfs 4 cfs 9 cfs 24 cfs 36 cfs 53 cfs © 
Existing Depth 0 ft 0.06 ft 0.10 ft 0.18 ft 0.24 ft 0.30 ft 
Existing + SAS Flow 0.93 cfs 4.93 cfs 9.93 cfs 24.93 cfs 36.93 ft 53.93 cfs 
Existing + SAS Depth 0.03 ft 0.07 ft 0.11 ft 0.19 ft 0.24 ft 0.30 ft 

Keith Siding Road _ Existing Flow 0 cfs 4 cfs 9 cfs 24 cfs 36 cfs 53 cfs 
Existing Depth 0 ft 1.70 ft 1.72 ft 1.75 ft 1.77 ft 1.79 ft 
Existing + SAS Flow 0.93 cfs 4.93 cfs 9.93 cfs 24.93 cfs 36.93 cfs 53.93 cfs 
Existing + SAS Depth 0.6 ft 1.71 ft 1.72 ft 1.75 ft 1.77 ft 1.79 ft 

Neenneereeeeeeeeee reer SS a a rn nenreneee 

Swamp Creek 
(15 Sq Mi) 

Floodplain Section Existing Flow 3.5 cfs 66.5 cfs 114.5 cfs 153.5 cfs 204.5 cfs 277.5 cfs 
Existing Depth 0.05 ft 0.31 ft 0.43 ft 0.51 ft 0.61 ft 0.73 ft 
Existing + SAS Flow 4.34 cfs 67.34 cfs 115.34cfs 154.34cfs 205.34cfs 278.34 cfs 
Existing + SAS Depth 0.06 ft 0.31 ft 0.43 ft 0.51 ft 0.61 ft 0.73 ft 

eee 

' Section locations are shown on attached Figure 1. 

Prepared by: SRB 
Checked by: MDL 
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Quick TR-55 Ver.5.46 $/N:1315430197 

Executed: 16:38:52 10-06-1998 7 

NICOLET MINING COMPANY 

SOIL ABSORPTION SITE 

RUNOFF CURVE NUMBERS FOR WETLANDS 

FOTH AND VAN DYKE: 93C049 10/98 

RUNOFF CURVE NUMBER SUMMARY 

Subarea Area CN . 

Description (acres) (weighted) 

42.70 62 
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Quick TR-55 Ver.5.46 $/N:1315430197 = 

Executed: 16:38:52 10-06-1998 , 

NICOLET MINING COMPANY a 

SOIL ABSORPTION SITE - 

RUNOFF CURVE NUMBERS FOR WETLANDS 
FOTH AND VAN DYKE: 93C049 10/98 

RUNOFF CURVE NUMBER DATA 

Composite Area: ~ 

“AREA CN 

SURFACE DESCRIPTION (acres) 

Al 25.50 50 
A2 17.20 80 

COMPOSITE AREA ---> 42.70 62.1 (62) 
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Quick TR-55 Ver.5.46 $/N:1315430197 - 
Executed: 16:38:17 10-06-1998 | 

NICOLET MINING COMPANY 

SOIL ABSORPTION SITE 

RUNOFF CURVE NUMBERS FOR WETLANDS 

FOTH AND VAN DYKE: 93C049 10/98 

RUNOFF CURVE NUMBER SUMMARY 

Subarea Area CN 

Description (acres) (weighted) 

105.00 62 
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Quick TR-55 Ver.5.46 $/N:1315430197 | | 

Executed: 16:38:17 10-06-1998 

NICOLET MINING COMPANY ce 

SOIL ABSORPTION SITE 
; 

RUNOFF CURVE NUMBERS FOR WETLANDS 

FOTH AND VAN DYKE: 93C049 10/98 

RUNOFF CURVE NUMBER DATA 

Composite Area: - 

AREA CN 

SURFACE DESCRIPTION (acres) 

B1 43.90 50 

B2 36.10 80 

B3 25.00 55 

COMPOSITE AREA ---> 105 .00 61.5 (¢ 62) | 
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Quick TR-55 Ver.5.46  $/N:1315430197 | 
Executed: 17:42:18 10-22-1998 

NICOLET MINING COMPANY . 

SOIL ABSORPTION SITE 
RUNOFF CURVE NUMBERS FOR WETLANDS 

FOTH AND VAN DYKE: 93C049 10/98 

RUNOFF CURVE NUMBER SUMMARY 

Subarea Area CN 

| Description Cacres) (weighted) 

50.00 62 

Coe Cena, RASA 

S\ 

( VALLEY Section ) 
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Quick TR-55 Ver.5.46 S/N:1315430197 

Executed: 17:42:18 10-22-1998 

NICOLET MINING COMPANY ° ~ 

SOIL ABSORPTION SITE - 

RUNOFF CURVE NUMBERS FOR WETLANDS 

FOTH AND VAN DYKE: 93C049 10/98 

RUNOFF CURVE NUMBER DATA 

Composite Area: - 

AREA CN 

SURFACE DESCRIPTION (acres) 

B1 30.00 50 | 

B2 20.00 80 

COMPOSITE AREA ---> 50.00 62.0 ( 62 ) 

D-543 |



Quick TR-55 Ver.5.46  S/N:1315430197 | 
Executed: 17:32:48 10-22-1998 NMCSOIL.TCT 

© NICOLET MINING COMPANY 

TIME OF CONCENTRATION (Tc) ESTIMATES 

FOR SOIL ABSORPTION SITE: WETLAND ISSUES 

FOTH & VAN DYKE: 93C049 10/98 

Te COMPUTATIONS FOR: A 

SHEET FLOW (Applicable to Tc only) 

Segment ID A 

Surface description MEADOW 

Manning’s roughness coeff., n 0.2500 

Flow length, L (total < or = 300) ft 300.0 

Two-yr 24-hr rainfall, P2 in 2.400 

Land slope, s ft/ft 0.0067 

0.8 : 

007 * (n*L) 

T B coc ceeccceneee hrs 1.06 =z 1.06 

0.5 0.4 

P2 * 8s 

SHALLOW CONCENTRATED FLOW | 

Segment ID B | | 

Surface (paved or unpaved)? Unpaved 

Flow length, L ft 1150.0 

Watercourse slope, s ft/ft 0.0057 

0.5 

Avg.V = Csf * (s) ft/s 1.2181 

© where: Unpaved Csf = 16.1345 
Paved Csf = 20.3282 

Tab / (3600*V) hrs 0.26 = 0.26 

CHANNEL FLOW 

Segment ID 

Cross Sectional Flow Area, a sq.ft 0.00 

Wetted perimeter, Pw ft 0.00 

Hydraulic radius, r = a/Pw ft 0.000 — 

Channel slope, s ft/ft 0.0000 

Manning’s roughness coeff., n 0.0000 

2/3 1/2 

1.49 * r * § 

VB reer cece cceececcess ft/s 0.0000 | 

n 

Flow length, L ft 0 

T=tL / (3600*V) hrs 0.00 = Q.00 

TOTAL TIME (hrs) 1.32 
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Quick TR-55 Ver.5.46 $S/N:1315430197 : 

Executed: 17:32:48 10-22-1998 NMCSOIL.TCT . 

| NICOLET MINING COMPANY “ © 

" TIME OF CONCENTRATION (Tc) ESTIMATES 

“FOR SOIL ABSORPTION SITE: WETLAND ISSUES oo 

FOTH & VAN DYKE: 93C049 10/98 . 

Te COMPUTATIONS FOR: B 

SHEET FLOW (Applicable to Te only) 

Segment ID A 
Surface description MEADOW 

Manning’s roughness coeff., n 0.2400 

Flow length, L (total < or = 300) ft 300.0 

Two-yr 24-hr rainfall, P2 in 2.400 

Land slope, s ft/ft 0.0220 

0.8 | 

007 * (n*L) 

TB ce ccteceeeense hrs 0.64 =z 0.64 

0.5 0.4 

P2 * 8s 

SHALLOW CONCENTRATED FLOW 

Segment ID B 

Surface (paved or unpaved)? Unpaved 

Flow length, L ft 2120.0 

Watercourse slope, s ft/ft 0.0015 

0.5 

Avg.V = Csf * (s) ft/s 0.6249 

where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

Tal / (3600*V) hrs 0.94 = 0.94 

CHANNEL FLOW 

Segment ID 

Cross Sectional Flow Area, a - sq.ft 0.00 

Wetted perimeter, Pw ft 0.00 

Hydraulic radius, r = a/Pw ft 0.000 | 

Channel slope, s ft/ft 0.0000 

Manning’s roughness coeff., n 0.0000 

. 2/3 1/2 

1.49 * r * § 
VB acc wcw enc ecwccecoece ft/s 0.0000 

n 

Flow length, L ft 0 

T=L / (3600*V) hrs 0.00 = 0.00 

TOTAL TIME (hrs) 1.58 
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Quick TR-55 Ver.5.46 S/N: 1315430197 | 

Executed: 17:32:48 10-22-1998 NMCSOIL.TCT 
| 

© NICOLET MINING COMPANY 

TIME OF CONCENTRATION (Tc) ESTIMATES 
. 

FOR SOIL ABSORPTION SITE: WETLAND ISSUES 

FOTH & VAN DYKE: 93C049 10/98 

Tc COMPUTATIONS FOR: AREA B1 (CENTL) 

SHEET FLOW (Applicable to Tc only) 

Segment ID A 

Surface description MEADOW 

Manning’s roughness coeff., n 0.2400 

Flow length, L (total < or = 300) ft 300.0 

Two-yr 24-hr rainfall, P2 in 2.400 

Land slope, s ft/ft 0.0220 | 

0.8 

007 * (n*L) 

TB ccecsencececce hrs 0.64 = 0.64 

0.5 0.4 

P2 * sg 

SHALLOW CONCENTRATED FLOW 

Segment ID B 

Surface (paved or unpaved)? Unpaved 

Flow length, lL ft 1300.0 

Watercourse slope, s ft/ft 0.0020 

0.5 

Avg.V = Csf * (s) ft/s 0.7216 

© where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T=L / (3600*V) hrs 0.50 = 0.50 

CHANNEL FLOW 

Segment ID 

Cross Sectional Flow Area, a sq.ft 0.00 

Wetted perimeter, Pw ft 0.00 

. Hydraulic radius, r = a/Pw ft 0.000 

Channel slope, s ft/ft 0.0000 

Manning’s roughness coeff., n ~ 0.0000 

, 2/3 1/2 

1.49 * r * s 

VS cree cee weccnesccesce ft/s 0.0000 

n 

Flow length, L ft 0 

Te=L / (3600*V) hrs 0.00 = 0.00 

TOTAL TIME (hrs) 1.14 

D-546



Quick TR-55 Ver.5.46 $/N:1315430197 

Executed: 17:32:48 10-22-1998 NMCSOIL.TCT 

SUMMARY SHEET FOR Te or Tt COMPUTATIONS = 

(Solved for Time using TR-55 Methods) 

NICOLET MINING COMPANY 

TIME OF CONCENTRATION (Tc) ESTIMATES 

FOR SOIL ABSORPTION SITE: WETLAND ISSUES 

FOTH & VAN DYKE: 93C049 10/98 

: Subarea descr. Tce or Tt Time (hrs) ~ 

A Te 1.32 

B Te 1.58 

AREA B1 (CENTL) Te 1.14 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 1 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution Z-VYEAK a 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:44:00 

Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN To *Tt Precip. | Runoff la/p 

Description (acres) (hrs) (hrs) Cin) | (Cin) input/used | 

AREA A 42.70 62.0 1.25 0.00 2.40 | 0.19 .51 .50 

AREA B 405.00 62.0 1.50 0.00 2.40 | 0.19 .51 .50 

AREA B1 50.00 62.0 1.25 0.00 2.40 | 0.19 .51 .50 

* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 197.70 acres or 0.3089 sq.mi 

Peak discharge = 8 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

© Input Values Rounded Values la/p 

Subarea Te * Tt Te * Tt Interpolated Ta/p 

Description chr) chr) chr) chr) (Yes/No) Messages 

AREA A 1.32 0.00 1.25 0.00 No Computed Ia/p > .5 

AREA 8B 1.58 0.00 1.50 0.00 No Computed Ia/p > .5 

AREA B1 1.14 0.00 1.25 0.00 No Computed Ia/p > .5 

* Travel time from subarea outfall to composite watershed outfall point. 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 2 | | . 

TR-55 TABULAR HYDROGRAPH METHOD a 

Type II Distribution 

(24 hr. Duration Storm) , 

Executed: 10-22-1998 17:44:00 . 
Watershed file: --> NMCSOIL .WSD . 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS oo. 10/98 

>>>> Summary of Subarea Times to Peak <<<< 

Peak Discharge at Time to Peak at 

Composite Outfall Composite Outfall 

Subarea (cfs) chrs) 

AREA A 2 13.0 

AREA B 4 13.2 
AREA B1 2 13.0 

Composite Watershed 8 13.2 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 3 

TR-55 TABULAR HYDROGRAPH METHOD | 

Type II Distribution . 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:44:00 | 

Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 

Description hr hr hr hr hr hr hr hr hr 

AREA A 0 0. 0 0 0 0 0 0 0 

AREA B 0 0 0 0 0 0 0 0 0 

AREA B1 0 0 0 0 0 0 0 0 0 

Total (cfs) 0 0 0 0 0 0 0 0 0 

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 

ov: hr hr hr hr hr hr hr hr hr 

AREA A 0 1 1 1 2 2 2 2 1 

AREA B 0 1 1 2 3 4 4 4 4 

AREA B1 0 1 1 1 2 2 2 2 2 

Total (cfs) 0 3 3 4 7 8 8 8 7 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 4 . 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) ° 

Executed: 10-22-1998 17:44:00 
Watershed file: <--> NMCSOIL .WSD : - 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 

Description hr hr hr hr hr hr hr hr hr 

AREA A 1 1 1 1 1 1 1 1 1 

AREA B 3 3 3 2 2 2 2 2 1 | 

AREA B1 2 1 1 1 1 1 1 1 1 

Total (cfs) 6 5 5 4 4 4 4 4 3 

Subarea 18.0 19.0 20.0 22.0 26.0 

Description hr hr hr hr hr 

AREA A 1 0 0 0 0 © 

AREA B 1 1 1 1 0 

AREA B1 1 1 1 0 0 

Total (cfs) 3 2 2 1 0 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 5 . 

© TR-55 TABULAR HYDROGRAPH METHOD ° 

Type II Distribution 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:44:00 

Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 930049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 

Chrs) (cfs) Chrs) (cfs) 

11.0 0 14.8 4 

11.1 0 14.9 4 

11.2 0 15.9 4 

11.3 0 15.1 4 

11.4 0 15.2 4 , 

11.5 0 15.3 4 

11.6 0 15.4 4 

11.7 0 15.5 4 

| 11.8 0 15.6 4 

11.9 0 15.7 4 

12.0 0 15.8 4 

12.1 0 15.9 4 

12.2 0 16.0 4 

12.3 0 16.1 4 

12.4 0 16.2 4 

12.5 0 16.3 4 

12.6 3 16.4 4 

12.7 3 16.5 4 

12.8 4 16.6 4 

12.9 ) 16.7 4 

13.0 7 16.8 4 

13.1 8 16.9 4 

13.2 8 17.0 4 

13.3 8 17.1 4 

13.4 8 17.2 4 

13.5 8 17.3 3 

13.6 8 17.4 3 

13.7 8 17.5 3 

13.8 7 17.6 3 

13.9 6 17.7 3 

14.0 6 17.8 3 

14.1 6 17.9 3 

14.2 5 18.0 3 

14.3 5 18.1 3 

14.4 5 18.2 3 

14.5 5 18.3 3 

14.6 5 18.4 3 

14.7 5 18.5 2 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 6 | . 

TR-55 TABULAR HYDROGRAPH METHOO 
. | 

Type II Distribution 

(24 hr. Duration Storm) 
© 

Executed: 10-22-1998 17:44:00 a 

Watershed file: --> NMCSOIL .WSD . 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow . 

Chrs) (cfs) (hrs) (cfs) . 

18.6 2 22.4 1 

18.7 2 22.5 1 

18.8 2 22.6 1 

18.9 2 22.7 1 

19.0 2 22.8 1 

19.1 2 22.9 1 

19.2 2 23.0 1 

19.3 2 23.1 ' 

19.4 2 23.2 1 

19.5 2 23.3 1 

19.6 2 23.4 1 

19.7 2 23.5 1 

19.8 2 23.6 1 

19.9 2 23.7 1 © 

20.0 2 23.8 1 

20.1 2 23.9 1 

20.2 2 24.0 0 

20.3 2 24.1 0 : | 

20.4 2 24.2 0 

20.5 2 24.3 0 

20.6 2 24.4 0 

20.7 2 24.5 0 

20.8 — 2 24.6 0 

20.9 2 24.7 0 

21.0 2 24.8 0 

21.1 1 24.9 0 

21.2 1 25.0 1) 

21.3 1 25.1 0 | 

21.4 1 25.2 0 

21.5 1 25.3 0 

21.6 1 25.4 0 

21.7 1 25.5 0 

21.8 1 25.6 0 

21.9 1 25.7 0 

22.0 1 25.8 0 

22.1 1 25.9 0 

22.2 1 

22.3 1 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 1 . 

TR-55 TABULAR HYDROGRAPH METHOD 
| 

© Type II Distribution fe Y¥EAF : 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:44:37 | 

Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN Te * Tt Precip. | Runoff la/p 

Description (acres) (hrs) (hrs) (Cin) | (Cin) input/used 

AREA A 42.70 62.0 1.25 0.00 3.10 | 0.44 .4 .50 

AREA B 105.00 62.0 1.50 0.00 3.10 | 0.44 .4 «50 

AREA B1 50.00 62.0 1.25 0.00 3.10 | 0.44 .4  .50 

* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 197.70 acres or 0.3089 sq.mi 

Peak discharge = 18 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

© Input Values Rounded Values la/p 

Subarea Te * Tt Tc * Tt Interpolated la/p 

Description chr) chr) Chr) Chr) (Yes/No) Messages 

AREA A 1.32 0.00 1.25 0.00 No -- 

AREA B 1.58 0.00 1.50 0.00 No -- 

AREA B1 1.14 0.00 1.25 0.00 No “- 

* Travel time from subarea outfall to composite watershed outfall point. : 

D-554



Quick TR-55 Version: 5.46 S/N: 1315430197 Page 2 : 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:44:37 | 
Watershed file: <--> NMCSOIL .WSD “ 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Summary of Subarea Times to Peak <<<< 

Peak Discharge at Time to Peak at 

Composite Outfall Composite Outfall 

Subarea (cfs) Chrs) 

AREA A 4 13.0 

AREA B 9 13.4 . 

AREA B1 5 13.2 

Composite Watershed 18 13.4 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 3 . 

TR-55 TABULAR HYDROGRAPH METHOO 
| 

Type II Distribution 
| 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:44:37 

Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3, 12.4 

Description he hr hr hr hr hr hr hr hr 

AREA A 0 0 0 0 0 0 0 0 0 

AREA B 0 0 0 0 0 0 0 0 1 

AREA B1 0 0 0 0 0 0 0 0 0 

Total (cfs) 0 0 0 0 0 0 0 0 1 

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 

ou: hr hr hr hr hr hr hr hr hr , 

AREA A 1 1 2 3 4 4 4 4 3 

AREA B 1 2 3 4 7 8 9 9 9 

AREA B1 1 2 2 3 4 5 5 4 4 

Total (cfs) 3 5 7 10 15 17 18 17 16 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 4 . 

TR-55 TABULAR HYDROGRAPH METHOD | 

Type II Distribution 
(24 hr. Duration Storm) © 

Executed: 10-22-1998 17:44:37 oo 
Watershed file: <--> NMCSOIL .WSD . 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) | 

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 | 

Description hr hr hr hr hr hr hr hr hr 

AREA A 3 3 2 2 2 2 2 1 1 

AREA 8 8 7 6 6 5 4 4 4 3 

AREA B1 4 3 3 2 2 2 2 2 2 

Total (cfs) 15 13 11 10 9 8 8 7 6 

Subarea 18.0 19.0 20.0 22.0 26.0 

Description hr hr hr hr hr 

AREA A 1 1 1 1 0 ©} 

AREA B 3 3 3 2 0 

AREA B1 1 1 1 1 0 

Total (cfs) 5 5 5 4 0 
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@" TR-55 Version: 5.46 S/N: 1315430197 Page 5 a 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) " 

Executed: 10-22-1998 17:44:37 

Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 

(hrs) (cfs) (hrs) (cfs) 

11.0 0 14.8 10 

11.1 0 14.9 10 

11.2 0 15.0 10 

11.3 0 15.1 10 

11.4 0 15.2 | 10 

11.5 0 15.3 9 

11.6 0 15.4 9 

. 1.7 0 15.5 9 

11.8 0 15.6 9 

11.9 0 15.7 9 

© 12.0 0 15.8 8 

12.1 0 15.9 8 

12.2 0 16.0 8 

12.3 0 16.1 8 

12.4 : 16.2 8 

12.5 3 16.3 8 

12.6 5 16.4 8 

12.7 7 16.5 . 8 

12.8 10 16.6 8 

12.9 12 16.7 8 

13.0 15 16.8 7 

13.1 16 16.9 7 

13.2 17 17.0 7 

13.3 18 17.1 7 

13.4 18 17.2 7 

13.5 18 17.3 6 

13.6 17 17.4 6 

13.7 16 17.5 6 

13.8 16 17.6 6 

13.9 16 17.7 6 

14.0 15 17.8 5 

14.1 14 17.9 5 

14.2 14 18.0 5 

14.3 13 18.1 5 

14.4 12 18.2 5 

14.5 12 18.3 5 

14.6 11 18.4 5 

14.7 11 18.5 5 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 6 

TR-55 TABULAR HYDROGRAPH METHOO ; . 

Type II Distribution 

(24 hr. Duration Storm) : © 

Executed: 10-22-1998 17:44:37 | - 

Watershed file: <--> NMCSOIL .WSD ; 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 

Chrs) (cfs) (hrs) (cfs) 

18.6 5 22.4 4 

18.7 5 22.5 4 

18.8 5 22.6 3 

18.9 5 22.7 3 

19.0 5 22.8 3 

19.1 5 22.9 3 

19.2 5 23.0 3 

19.3 5 23.1 3 

19.4 5 23.2 3 

19.5 5 23.3 3 

19.6 5 23.4 3 . 

19.7 5 23.5 2 

19.8 5 23.6 2 

19.9 5 23.7 2 © 

20.0 5 23.8 2 

20.1 5 23.9 2 

20.2 5 24.0 2 - 

20.3 5 24.1 2 

20.4 5 24.2 2 

20.5 5 24.3 2 

20.6 5 24.4 2 

20.7 5 24.5 2 : 

20.8 5 24.6 1 

20.9 5 24.7 1 

21.0 4 24.8 1 

21.1 4 24.9 1 

21.2 4 25.0 1 

21.3 4 25.1 1 

21.4 4 25.2 1 

21.5 4 25.3 1 

21.6 4 25.4 1 

21.7 4 25.5 0 

21.8 4 25.6 0 

21.9 4 25.7 0 

22.0 4 25.8 0 

22.1 4 25.9 0 . 

22.2 4 

22.3 4 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 1 . 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution /d- YEAR | 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:45:20 . 

Watershed file: --> NMCSOIL .WSD 

Hydrograph files --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN To} =6©* Tt Precip. | Runoff la/p 
Description (acres) (hrs) (hrs) (Cin) | (Cin) input/used 

AREA A 42.70 62.0 1.25 0.00 3.60 | 0.66 .34 .30 

AREA B 105 .00 62.0 1.50 0.00 3.60 | 0.66 .34 .30 

AREA B1 50.00 62.0 1.25 0.00 3.60 | 0.66 .34 .30 

* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 197.70 acres or 0.3089 sq.mi 

Peak discharge = 46 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

© Input Values Rounded Values la/p 

Subarea Te * Tt Te * Tt Interpolated la/p 

Description Chr) Chr) Chr) Chr) (Yes/No) Messages 

AREA A 1.32 0.00 1.25 0.00 No -- 
AREA B 1.58 0.00 1.50 0.00 No -- 

AREA B1 1.14 0.00 1.25 0.00 No -- 

* Travel time from subarea outfall to composite watershed outfall point. , 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 2 | 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) ° © 

: Executed: 10-22-1998 17:45:20 . 

Watershed file: <--> NMCSOIL .WSD . 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Summary of Subarea Times to Peak <<<< : 

Peak Discharge at Time to Peak at 

Composite Outfall Composite Outfall 

Subarea (cfs) (hrs) 

AREA A 11 13.0 

AREA B 24 13.2 

AREA B1 13 13.0 

Composite Watershed 46 13.2 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 3 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) 
- 

Executed: 10-22-1998 17:45:20 
| . 

Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 

Description hr hr hr hr hr hr hr hr hr 

AREA A 0 0 0 0 1) 0 0 1 2 

AREA B 0 0 0 0 0 0 1 2 3 

AREA B1 0 0 0 0 0 4) 0 1 3 

Total (cfs) 0 0 0 0 0 0 1 4 8 

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 

on: hr hr hr hr hr hr hr hr hr 

AREA A 4 6 8 9 11 10 9 7 6 

AREA B 6 9 12 16 21 24 23 20 17 

AREA B1 4 7 9 11 13 12 10 8 7 

Total (cfs) 14 22 29 36 45 46 42 35 30 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 4 | a 

TR-55 TABULAR HYDROGRAPH METHOD | 

Type II Distribution 

(24 hr. Duration Storm) ‘ © 

Executed: 10-22-1998 17:45:20 a 

Watershed file: --> NMCSOIL .WSD ; 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 930049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 , 

Composite Hydrograph Summary (cfs) 

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 

Description hr hr hr hr hr hr hr hr hr 

AREA A °§ 4 3 3 2 2 2 2 1 

AREA B 15 12 10 8 6 5 5 4 4 

AREA B1 6 5 4 3 3 2 2 2 2 

Total (cfs) 26 21 17 14 11 9 9 8 7 

Subarea 18.0 19.0 20.0 22.0 26.0 

Description hr hr hr hr hr 

AREA A 1 1 1 1 0 © 

AREA B 3 3 3 2 0 

AREA B1 2 1 1 1 0 

Total (cfs) 6 5 5 4 0 

4 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 5 

© TR-55 TABULAR HYDROGRAPH METHOO , 

Type II Distribution 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:45:20 

Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 

(hrs) (cfs) Chrs) (cfs) 

11.0 0 14.8 16 

411.1 0 14.9 15 

11.2 0 15.0 14 

11.3 0 15.1 13 

11.4 0 15.2 13 

11.5 0 15.3 12 

11.6 0 15.4 12 

11.7 0 15.5 11 

11.8 0 15.6 11 

| 11.9 0 15.7 10 

© 12.0 0 15.8 10 
12.1 0 15.9 9 

12.2 1 16.0 9 

12.3 4 16.1 9 

12.4 8 16.2 9 

12.5 14 16.3 9 

12.6 22 16.4 9 

12.7 29 16.5 9 

12.8 36 16.6 9 

12.9 40 16.7 9 

13.0 45 16.8 8 

13.1 46 16.9 8 

13.2 46 17.0 8 

13.3 44 17.1 8 

13.4 42 17.2 8 

13.5 39 17.3 7 

13.6 35 17.4 7 

13.7 32 17.5 7 

13.8 30 17.6 7 | 

13.9 28 17.7 7 

14.0 26 17.8 6 

14.1 24 17.9 6 

14.2 23 18.0 6 

14.3 21 18.1 6 

14.4 20 18.2 6 

14.5 18 18.3 6 

14.6 17 18.4 6 

14.7 16 18.5 6 
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Quick TR-55 Version: 5.46 S/N: 1315430197 _ Page 6 | 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) “ © 

Executed: 10-22-1998 17:45:20 - 

Watershed file: --> NMCSOIL .WSD . 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY | 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow - 

Chrs) (cfs) (hrs) (cfs) 

18.6 5 22.4 4 

18.7 5 22.5 4 

18.8 5 22.6 3 

18.9 5 22.7 3 

19.0 5 22.8 3 

19.1 5 22.9 3 

19.2 5 23.0 3 

19.3 5 23.1 3 

19.4 5 23.2 3 

19.5 5 23.3 3 

19.6 5 23.4 3 . 

19.7 5 23.5 2 

19.8 5 23.6 2 

19.9 5 23.7 2 : © 

20.0 5 23.8 2 

20.1 5 23.9 2 

20.2 5 24.0 2 

20.3 5 24.1 2 

20.4 5 24.2 2 

20.5 5 24.3 2 

20.6 5 24.4 2 

20.7 5 24.5 2 

20.8 5 24.6 1 

20.9 5 24.7 1 

21.0 4 24.8 : 

21.1 4 24.9 1 

21.2 4 25.0 1 

21.3 4 25.1 1 

21.4 4 25.2 1 

21.5 4 25.3 1 

21.6 4 25.4 1 

21.7 4 25.5 0 

21.8 4 25.6 0 

21.9 4 25.7 0 

22.0 4 25.8 0 

22.1 4 25.9 0 

22.2 4 

22.3 4 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 1 

TR-55 TABULAR HYDROGRAPH METHOO 
. 

Type II Distribution 25-YEAKR : 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:46:32 | 
Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN Te *Tt Precip. | Runoff la/p 

Description (acres) (hrs) (hrs) -¢in) |  (¢in) input/used 

AREA A 42.70 62.0 1.25 0.00 4.20 | 0.97 .29 .30 

AREA B 105 .00 62.0 1.50 0.00 4.20 | 0.97 .29 .30 

AREA B1 50.00 62.0 1.25 0.00 4.20 | 0.97 .29 .30 

* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 197.70 acres or 0.3089 sq.mi 

Peak discharge = 69 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

© Input Values Rounded Values la/p 

Subarea Te * Tt Te * Tt Interpolated la/p 

Description Chr) Chr) (hr) chr) (Yes/No) Messages 

AREA A 1.32 0.00 1.25 0.00 No °- 

AREA 8 1.58 0.00 1.50 0.00 No -- 

AREA B1 1.14 0.00 1.25 0.00 No °° 

* Travel time from subarea outfall to composite watershed outfall point. 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 2 | 

TR-55 TABULAR HYDROGRAPH METHOO 

Type II Distribution 

(24 hr. Duration Storm) ‘ 

Executed: 10-22-1998 17:46:32 | 
Watershed file: --> NMCSOIL .WSD - 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

>>>> Summary of Subarea Times to Peak <<<< - 

Peak Discharge at Time to Peak at 

Composite Outfall Composite Outfall 

Subarea (cfs) (hrs) 

AREA A 16 13.0 | 
AREA B 36 13.2 

AREA B1 19 13.0 

Composite Watershed 69 13.2 

D-567



Quick TR-55 Version: 5.46 S/N: 1315430197 Page 3 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 
(24 hr. Duration Storm) 

Executed: 10-22-1998 17:46:32 | 

Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 930049 . 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 

Description hr hr hr hr hr hr hr hr hr 

AREA A 0 0 0 0 0 0 1 2 3 

AREA B 0 0 0 0 0 0 1 2 5 

AREA B1 0 0 0 0 0 0 1 2 4 

Total (cfs) 0 0 0 0 0 0 3 6 12 

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 

oun: hr hr hr hr hr hr hr hr hr 

AREA A 6 8 11 13 16 15 13 11 9 

AREA B 8 13 18 23 31 36 33 30 25 

AREA B1 7 10 13 16 19 18 15 12 10 ; 

Total (cfs) 21 31 42 52 66 69 61 53 44 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 4 

TR-55 TABULAR HYDROGRAPH METHOD 
| 

Type II Distribution 

(24 hr. Duration Storm) ° 

Executed: 10-22-1998 17:46:32 | 

Watershed file: <--> NMCSOIL .WSD . 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY | 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 

Description hr hr hr hr hr hr hr hr hr 

AREA A 7 6 5 4 3 3 3 2 2 

AREA B 21 17 14 11 9 8 7 6 5 

AREA B1 9 7 6 5 4 3 3 3 2 

Total (cfs) 37 30 25 20 16 14 13 11 9 

Subarea 18.0 19.0 20.0 22.0 26.0 

Description hr hr hr fr hr 

AREA A 2 2 2 1 0 © 

AREA B 5 4 4 3 0 

AREA B1 2 2 2 1 0 

Total (cfs) 9 8 8 5 0 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 5 - 

© TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 
. 

(24 hr. Duration Storm) | 

Executed: 10-22-1998 17:46:32 

Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 930049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 

Chrs) (cfs) Chrs) (cfs) 

11.0 0 14.8 22 

11.1 0 14.9 21 

11.2 0 15.0 20 

11.3 0 15.1 19 

11.4 0 15.2 18 

11.5 0 15.3 18 

11.6 0 15.4 17 

11.7 0 15.5 16 

11.8 0 15.6 16 

11.9 | 0 15.7 15 

7 12.0 0 15.8 15 

12.1 i: 0 15.9 14 

12.2 3 16.0 14 

12.3 6 16.1 14 

12.4 12 16.2 14 

12.5 21 16.3 13 

12.6 31 16.4 13 

12.7 42 16.5 13 

12.8 52 16.6 13 

12.9 59 16.7 12 

| 13.0 66 16.8 12 

13.1 68 16.9 11 

13.2 69 17.0 11 

13.3 65 17.1 11 

13.4 61 17.2 10 

13.5 57 17.3 10 

13.6 53 17.4 9 

13.7 48 17.5 9 

13.8 44 17.6 9 

13.9 40 17.7 9 

14.0 37 17.8 9 

14.1 35 17.9 9 

14.2 32 18.0 9 

14.3 30 18.1 9 

14.4 28 18.2 9 

14.5 27 18.3 9 

14.6 25 18.4 9 

14.7 24 18.5 8 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 6 , 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 
(24 hr. Duration Storm) : 

. Executed: 10-22-1998 17:46:32 - 
Watershed file: --> NMCSOIL .WSD - 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A | 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow - 

¢hrs) (cfs) (hrs) (cfs) 

18.6 8 22.4 4 

18.7 8 22.5 4 

18.8 8 22.6 4 

18.9 8 22.7 4 

19.0 8 22.8 4 

19.1 8 22.9 4 

19.2 8 23.0 4 

19.3 8 23.1 4 

19.4 8 23.2 4 

19.5 8 23.3 3 

19.6 8 23.4 3 

19.7 8 23.5 3 

19.8 8 23.6 3 

19.9 8 23.7 3 © 

20.0 8 23.8 3 

20.1 8 23.9 3 . 

20.2 8 24.0 2 

20.3 8 24.1 2 

20.4 7 24.2 2 

20.5 7 24.3 2 

20.6 7 24.4 2 

20.7 7 24.5 2 

20.8 7 24.6 2 

20.9 7 24.7 2 

21.0 6 24.8 2 

21.1 6 24.9 1 

21.2 6 25.0 1 

21.3 6 25.1 1 

21.4 6 25.2 1 

21.5 6 25.3 1 

21.6 6 25.4 1 

21.7 5 25.5 1 

21.8 5 25.6 0 

21.9 5 25.7 0 

22.0 5 25.8 0 

22.1 5 25.9 0 

22.2 5 

22.3 5 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 1 

TR-55 TABULAR HYDROGRAPH METHOD . 

Type II Distribution /00- YEAR : 
(24 hr. Duration Storm) . 

Executed: 10-22-1998 17:47:26 | 
Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 | 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN Te * Tt Precip. | Runoff la/p 

Description (acres) (hrs) (hrs) (Cin) | (Cin) input/used 

AREA A 42.70 62.0 1.25 0.00 5.00 | 1.44 .25 .30 

AREA B 105 .00 62.0 1.50 0.00 5.00 | 1.44 .25 .30 

AREA B1 50.00 62.0 1.25 0.00 5.00 | 1.44 .25 .30 

* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 197.70 acres or 0.3089 sq.mi 

Peak discharge = 102 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

6 Input Values Rounded Values la/p 

Subarea Te * Tt Te * Tt Interpolated Ta/p 

Description Chr) Chr) chr) ¢hr) (Yes/No) Messages 

AREA A 1.32 0.00 1.25 0.00 No -- 
AREA B 1.58 0.00 1.50 0.00 No -- | 

AREA B1 1.14 0.00 1.25 0.00 No -- 

* Travel time from subarea outfall to composite watershed outfall point. 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 2 | | | 

TR-55 TABULAR HYDROGRAPH METHOO 

Type II Distribution 

(24 hr. Duration Storm) ‘ 

Executed: 10-22-1998 17:47:26 

Watershed file: <--> NMCSOIL .WSD s., 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 930049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS . 10/98 

>>>> Summary of Subarea Times to Peak <<<< " 

: Peak Discharge at Time to Peak at 

Composite Outfall Composite Outfall 

Subarea (cfs) chrs) 

AREA A 24 13.0 

AREA B 53 13.2 

AREA B1 28 13.0 

Composite Watershed 102 13.2 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 3 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 
: 

(24 hr. Duration Storm) 

Executed: 10-22-1998 17:47:26 | 

Watershed file: <--> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 930049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 

Description hr hr hr hr hr hr hr hr hr 

AREA A 0 0 0 0 0 0 1 2 5 

AREA B 0 0 0 0 0 0 1 4 7 

AREA B1 0 0 0 0 0 0 1 3 6 

Total (cfs) 0 0 0 0 0 0 3 9 18 

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 

ovr hr hr hr hr hr hr hr hr hr 

AREA A 8 12 17 20 24 23 19 16 13 

AREA B 13 19 26 34 46 53 49 44 37 

AREA 81 10 15 20 23 28 26 23 18 15 

Total (cfs) 31 46 63 77 98 102 91 78 65 

D-574



Quick TR-55 Version: 5.46 S/N: 1315430197 - Page 4 . 

TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 
(24 hr. Duration Storm) : 

Executed: 10-22-1998 17:47:26 ° 

Watershed file: <--> NMCSOIL .WSD - 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Composite Hydrograph Summary (cfs) 

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 

Description hr hr hr hr hr hr hr hr hr 

AREA A 11 9 7 6 5 4 4 3 3 

AREA B 32 26 21 17 13 11 10 9 8 

AREA B1 13 10 9 7 6 5 4 4 4 

Total (cfs) 56 45 37 30 24 20 18 16 15 

Subarea 18.0 19.0 20.0 22.0 26.0 

Description hr hr hr hr hr 

AREA A 3 3 2 2 0 © 

AREA B 7 7 6 5 0 

AREA Bi 3 3 3 2 0 

Total (cfs) 3 #13) «11 9 0 
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Quick TR-55 Version: 5.46 S/N: 1315430197 Page 5 | 

© TR-55 TABULAR HYDROGRAPH METHOD 

Type II Distribution 

(24 hr. Duration Storm) . 

Executed: 10-22-1998 17:47:26 

Watershed file: --> NMCSOIL .WSD 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE 93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 

(hrs) (cfs) (hrs) (cfs) 

11.0 0 14.8 34 

11.1 0 14.9 32 . 

11.2 0 15.0 30 

11.3 0 15.1 29 

11.4 0 15.2 28 

11.5 0 15.3 26 

11.6 0 15.4 25 

11.7 0 15.5 24 

11.8 0 15.6 23 

11.9 0 15.7 22 

12.0 0 15.8 22 

12.1 0 15.9 21 

12.2 3 16.0 20 

12.3 9 16.1 20 

12.4 18 16.2 19 | 

12.5 31 16.3 19 

12.6 46 16.4 18 

12.7 63 16.5 18 

12.8 7 16.6 18 

12.9 88 16.7 17 

13.0 98 16.8 17 

13.1 100 16.9 16 

13.2 102 17.0 16 

13.3 96 17.1 16 

13.4 91 17.2 16 

13.5 85 17.3 15 

13.6 78 17.4 15 

13.7 71 17.5 15 

13.8 65 17.6 15 

13.9 60 17.7 14 

14.0 56 17.8 14 

14.1 52 17.9 13 

14.2 49 18.0 13 

14.3 45 18.1 13 

14.4 42 18.2 13 

14.5 40 18.3 13 

14.6 37 18.4 13 

14.7 35 18.5 13 
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Quick TR-55 Version: 5.46 S/N: 1315430197 7 Page 6 | 

TR-55 TABULAR HYDROGRAPH METHOD 
| 

Type II Distribution 

(24 hr. Duration Storm) 
° © 

Executed: 10-22-1998 17:47:26 
, 

Watershed file: --> NMCSOIL .WSD 
. 

Hydrograph file: --> NMCSOIL .HYD 

NICOLET MINING COMPANY 

FOTH AND VAN DYKE  93C049 

SOIL ABSORPTION SITE AREA A 

LOCAL WETLAND IMPACTS 10/98 

Time Flow Time Flow 
- 

Chrs) (cfs) Chrs) (cfs) 

18.6 13 22.4 8 

18.7 13 22.5 8 

18.8 13 22.6 8 
| 

18.9 13 22.7 7 

19.0 13 22.8 7 

19.1 13 22.9 7 

19.2 13 23.0 7 

19.3 12 23.1 7 

19.4 12 23.2 6 

19.5 12 23.3 6 

19.6 12 23.4 6 

19.7 12 23.5 6 

19.8 11 23.6 5 , 

19.9 11 23.7 5 
© 

20.0 11 23.8 5 

20.1 11 23.9 5 

20.2 11 24.0 4 

20.3 11 24.1 4 

20.4 11 24.2 4 

20.5 10 24.3 4 

20.6 10 24.4 4 

20.7 10 24.5 3 

20.8 — 10 24.6 3 

20.9 10 24.7 3 

21.0 10 24.8 3 

21.1 10 24.9 2 

21.2 10 25.0 2 

21.3 10 25.1 2 

21.4 10 25.2 2 

21.5 10 25.3 2 

21.6 9 25.4 1 

21.7 9 25.5 1 

21.8 9 25.6 1 
7 

21.9 9 25.7 1 

22.0 9 25.8 0 

22.1 9 25.9 0 

22.2 9 

22.3 8 
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Meee RRMA RERERAARRRERERERRERNAEREIE 

* * TR 20 S/N : * 

* * HMVersion : 3.40 * 

* TR 20 * Date : 10/30/98 * | 

* * Time : 15:48:44 * 

* Project Formulation Hydrology * Input file |: NMCSOIL.T20 * - © 

* * Output file : NMCSOIL.OUT * 
* * * ; 

* * * : 

RURRRRRRARRRRRRRERRERRERERERRERUERERERREREREREERRERREREEEREERREREREEEREEREREREREREERERE 
: 

XXXXXXX  XXXXXX XXXXX XXXXX 

x x x X x x XX , 

x x x x XxX XX 

x XXXXXX xX x X X 
x x xX x xx xX 

x x x xX XX x 

x x X XXXXXXX XXXXX 

ss: Full Microcomputer Implementation ::: 

33: by oss 

$3: Haestad Methods, Inc. 333 

37 Brookside Road * Waterbury, Connecticut 06708 * (203) 755-1666 
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eo LIST OF INPUT DATA FOR TR-20 HYDROLOGY ******e eee ereeaKee . 

JOB TR-20 PASS= 1 NOPLOTS | | 
TITLE 1 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 
TITLE EXISTING FILE:NMCSOIL.T20  FOTH & VAN DYKE 93C049 
3 STRUCT 01 
8 1644.00 0.00 0.00 
8 1644.10 1.0 2.00 
8 1644.50 6.0 524.00 
8 1645.00 10.0 1060.00 
8 1645.50 13.0 1610.00 
8 1646.00 15.0 2170.00 
8 1647.00 19.0 3320.00 
8 1650.00 50.0 7000.00 | 
9 ENDTBL 
3 STRUCT 02 METONGA 
8 1599.00 0.00 0.00 
8 1599.20 6.0 400.0 | 
8 1599.50 23.4 1020.0 
8 1599.80 47.3 1645.0 
8 1600.00 65.9 2060.0 
8 1601.00 185.0 4200.0 
8 1602.00 3500.0 6350.0 
8 1605.00 30000.0 2800.0 
9 ENDTBL 
6 RUNOFF 1 10 5 2.06 70 12.51 1 x1 
6 RUNOFF 1 10 6 2.37 75 11.61 1 x2 
6 ADDHYD 4 10 567 1 1 

6 REACH 3 20 7 5 10 0.2 1.31 1 
} RUNOFF 1 20 7 7.92 82 13.51 1 x3 

ADDHYD 4 20 576 1 1 

6RESVOR2 16 7 1646 ‘ 1 LUCERNE 
6 REACH 3 30 7 §5 21000 1.5 1.251 1 

6 RUNOFF 1 30 6 3.05 Th 13.61 1 x4 
6 ADDHYD 4 30 564 1 1 
6 RUNOFF 1 40 7 1.43 7 8.51 1 x9 
6 REACH 3 45 7 5 4000 1.2 1.21 1 
6 RUNOFF 1 45 6 2.99 75 21.71 1 X10 
6 ADDHYD 4 45 567 1 1 
6 REACH 3 50 7 5 10000 1.2 1.21 1 
6 RUNOFF 1 50 7 4.75 73 6.51 1 x11 
6 ADDHYD 4 50 576 1 1 
6 ADDHYD 4 50 467 1 1 | 

ENDATA 
7 INCREM 6 0.1333333333 

7 COMPUT 7 10 50 0 2.4 1.01 2 1 2YR 
ENDCMP 1 

7 COMPUT 7 10 50 0 3.1 1.01 2 2 SYR 
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RRRAHARRRRRRHRRRRRRRRED) - 80 L I ST OF I NPUT D AT A (CONT I NUED RHR KRRRHHRRREREERER © : 

ENOCMP 1 
7 COMPUT 7 10 50 0 3.6 1.01 2 3 10YR 

ENDCMP 1 - 
7 ComPUT 7 10 50 0 4.2 1.01 2 4 25YR 

ENDCMP 1 
7 COMPUT 7 10 50 0 5.0 1.01 2 5 100YR 

ENDCMP 1 | 
ENDJOB 2 

RHKKRRRRAARARKRRERRRUERRRRRERERREREE ND OF 80 - 80 LI ST RARRRHAKRKAERRERREREEREREERREEEEEE 
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20 XEQ 10/30/98 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 JoB 1 PASS 1- 

REV 09/01/83 EXISTING FILE:NMCSOIL.T20 FOTH & VAN DYKE 93C049 “ PAGE 1 

FILE NO. 1 

COMPUTER PROGRAM FOR PROJECT FORMULATION - HYDROLOGY USER NOTES 

7 THE USERS MANUAL FOR THIS PROGRAM IS THE MAY 1982 DRAFT OF TR-20. CHANGES FROM THE 2/14/74 VERSION INCLUDE: 

REACH ROUTING - THE MODIFIED ATT-KIN ROUTING PROCEDURE REPLACES THE CONVEX METHOD. INPUT DATA PREPARED FOR 

PREVIOUS PROGRAM VERSIONS USING CONVEX ROUTING COEFFICIENTS WILL NOT RUN ON THIS VERSION. 

THE PREFERRED TYPE OF DATA ENTRY IS CROSS SECTION DATA REPRESENTATIVE OF A REACH. IT IS RECOMMENDED THAT 

- THE OPTIONAL CROSS SECTION DISCHARGE-AREA PLOTS BE OBTAINED WHENEVER NEW CROSS SECTION DATA IS ENTERED. 

THE PLOTS SHOULD BE CHECKED FOR REASONABLENESS AND ADEQUACY OF INPUT DATA FOR THE COMPUTATION OF "Mm" 

VALUES USED IN THE ROUTING PROCEDURE. . 

GUIDELINES FOR DETERMINING OR ANALYZING REACH LENGTHS AND COEFFICIENTS (X,M) ARE AVAILABLE IN THE USERS 

MANUAL. SUMMARY TABLE 2 DISPLAYS REACH ROUTING RESULTS AND ROUTING PARAMETERS FOR COMPARISON AND CHECKING. 

HYDROGRAPH GENERATION - THE PROCEDURE TO CALCULATE THE INTERNAL TIME INCREMENT AND PEAK TIME OF THE UNIT 

HYDROGRAPH HAVE BEEN IMPROVED. PEAK DISCHARGES AND TIMES MAY DIFFER FROM THE PREVIOUS VERSION. OUTPUT 

HYDROGRAPHS ARE STILL INTERPOLATED, PRINTED, AND ROUTED AT THE USER SELECTED MAIN TIME INCREMENT. 

INTERMEDIATE PEAKS - METHOD ADDED TO PROVIDE DISCHARGES AT INTERMEDIATE POINTS WITHIN REACHES WITHOUT ROUTING. 

OTHER - THIS VERSION CONTAINS SOME ADDITIONS TO THE INPUT AND NUMEROUS MODIFICATIONS TO THE OUTPUT. USER 

OPTIONS HAVE BEEN MODIFIED AND AUGMENTED ON THE JOB RECORD, RAINTABLES ADDED, ERROR AND WARNING MESSAGES 

© EXPANDED, AND THE SUMMARY TABLES COMPLETELY REVISED. THE HOLDOUT OPTION IS NOT OPERATIONAL AT THIS TIME. 

PROGRAM QUESTIONS OR PROBLEMS SHOULD BE DIRECTED TO HYDRAULIC ENGINEERS AT THE SCS NATIONAL TECHNICAL CENTERS: 

CHESTER, PA (NORTHEAST) -~ 215-499-3935, FORT WORTH, TX (SOUTH) -- 334-5242 (FTS) 

LINCOLN, NB (MIDWEST) “- 541-5318 CFTS), PORTLAND, OR (WEST) -- 423-4099 C(FTS) 

OR HYDROLOGY UNIT, ENGINEERING DIVISION, LANHAM, MD -- 436-7383 (FTS). 

PROGRAM CHANGES SINCE MAY 1982: 

12/17/82 - CORRECT PEAK RATE FACTOR FOR USER ENTERED DIMHYD 

CORRECT REACH ROUTING PEAK TRAVEL TIME PRINTED WITH FULLPRINT OPTION 

5/02/83 - CORRECT COMPUTATIONS FOR --- 

1. DIVISION OF BASEFLOW IN DIVERT OPERATION 

2. HYDROGRAPH VOLUME SPLIT BETWEEN BASEFLOW AND ABOVE BASEFLOW 

3. CROSS SECTION DATA PLOTTING POSITION 

4. INTERMEDIATE PEAK WHEN "FROM" AREA IS LARGER THAN "THRU" AREA 

5. STORAGE ROUTED REACH TRAVEL TIME FOR MULTIPEAK HYDROGRAPH 

6. ORDERING “FLOW-FREQ" FILE FROM SUMMARY TABLE #3 DATA 

7. BASEFLOW ENTERED WITH READHYD 

8. LOW FLOW SPLIT DURING DIVERT PROCEDURE #2 WHEN SECTION RATINGS START AT DIFFERENT ELEVATIONS 

ENHANCEMENTS --- 

4. REPLACE USER MANUAL ERROR CODES (PAGE 4-9 TO 4-11) WITH MESSAGES 

2. LABEL OUTPUT HYDROGRAPH FILES WITH CROSS SECTION/STRUCTURE, ALTERNATE AND STORM NO‘S 

09/01/83 - CORRECT INPUT AND OUTPUT ERRORS FOR INTERMEDIATE PEAKS 

CORRECT COMBINATION OF RATING TABLES FOR DIVERT 

CHECK REACH ROUTING PARAMETERS FOR ACCEPTABLE LIMITS 

; ELIMINATE MINIMUM REACH TRAVEL TIME WHEN ATT-KIN COEFFICIENT EQUALS ONE 
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TR20 XEQ 10/30/98 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 JOB 1 PASS 1 

REV 09/01/83 EXISTING FILE:NMCSOIL.T20 FOTH & VAN DYKE 93C049 PAGE 2 

EXECUTIVE CONTROL OPERATION INCREM MAIN TIME INCREMENT = -13 HOURS RECORD ID 

EXECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 10 TO XSECTION 50 RECORD ID 2YR 

STARTING TIME = 00 RAIN DEPTH = 2.40 RAIN DURATION= 1.00 RAIN TABLE NO.= 1 ANT. MOIST. COND= 2 

ALTERNATE NO.= 0 STORM NO.= 1 MAIN TIME INCREMENT = -13 HOURS 

OPERATION RUNOFF CROSS SECTION 10 - 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

23.50 31.27 CRUNOFF ) 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

21.36 54.53 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

22.00 84.77 (NULL) © 

wee WARNING REACH 20 ATT-KIN COEFF.(C) GREATER THAN 0.667, CONSIDER REDUCING MAIN TIME INCREMENT *** 

wee WARNING - REACH 20 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 9.27 CFS, 10.94 % OF PEAK. 

OPERATION REACH CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGECCFS) PEAK ELEVATIONCFEET) » 

22.00 84.77 (NULL) 

OPERATION RUNOFF CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGECCFS) PEAK ELEVATIONCFEET) 

22.22 271.79 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

22.18 356.53 (NULL) 
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20 XEQ 10/30/98 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 JOB 1 PASS 1° 

REV 09/01/83 EXISTING FILE:NMCSOIL.T20 FOTH & VAN DYKE 93C049 PAGE 3 

OPERATION RESVOR STRUCTURE 1 

wee WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 5.60 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) 

39.87 3.60 1644.47 

wee WARNING - REACH 30 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 5.60 CFS, 100.00 % OF PEAK. 

OPERATION REACH CROSS SECTION 30 

*** WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 3.27 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

39.87 3.27 (NULL) 

OPERATION RUNOFF CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

23.53 60.91 CRUNOFF ) 

Deerisiv ADDHYD CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

23.71 62.80 (NULL) 

OPERATION RUNOFF CROSS SECTION 40 7 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

18.32 34.73 CRUNOFF) 

OPERATION REACH CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) 

18.84 34.54 (NULL) 

OPERATION RUNOFF CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

30.01 49.88 (RUNOFF) 
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TR20 XEQ 10/30/98 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 JOB 1 PASS 1 

REV 09/01/83 EXISTING FILE:NMCSOIL.T20 FOTH & VAN DYKE 93C049 PAGE 4 

OPERATION ADDHYD CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 
26.65 71.28 (NULL) 

wk WARNING - REACH 50 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 29.41 CFS, 41.26 % OF PEAK. 

OPERATION REACH — CROSS SECTION 50 - 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) | 

27.59 70.82 (NULL) 

OPERATION RUNOFF CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
16.35 118.06 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

19.24 154.69 (NULL) © 

OPERATION ADDHYD CROSS SECTION 50 | 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
22.42 212.06 (NULL) 

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS 1 RECORD ID 

EXECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 10 TO XSECTION 50 RECORD ID 5YR 

STARTING TIME = .00 RAIN DEPTH = 3.10 RAIN DURATION= 1.00 = RAIN TABLE NO.= 1 ANT. MOIST. COND= 2 

ALTERNATE NO.= O STORM NO.= 2 MAIN TIME INCREMENT = ~13 HOURS 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
22.25 59.63 (RUNOFF) 
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20 XEQ 10/30/98 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 JOB 1 PASS 2 
REV 09/01/83 EXISTING FILE:NMCSOIL.T20 FOTH & VAN DYKE 93C049 ‘PAGE 5 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

20.70 96.65 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

21.25 155.00 (NULL) 

we® WARNING REACH 20 ATT-KIN COEFF.(C) GREATER THAN 0.667, CONSIDER REDUCING MAIN TIME INCREMENT *** 

OPERATION REACH CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

21.25 155.00 (NULL) 

OPERATION RUNOFF CROSS SECTION 20 | 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

© 21.68 433.60 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

21.52 588.29 (NULL) 

OPERATION RESVOR STRUCTURE 1 

*** WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 7.97 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

39.87 7.97 1644.75 | 

wk* WARNING - REACH 30 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 7.97 CFS, 100.00 % OF PEAK. 

OPERATION REACH CROSS SECTION 30 

*#* WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 7.62 CFS. 
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TR20 XEQ 10/30/98 HYDROLOGY FOR SWAMP CREEK AT SAS-NICOLET MINING CO. 10/30/98 Joo 1 PASS) «(2 
REV 09/01/83 EXISTING FILE:NMCSOIL.T20  FOTH & VAN DYKE 93C049 PACE 6 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) : 
39.87 7.62 (NULL) 

OPERATION RUNOFF CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 
22.77 108.32 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 30 

PEAK TIME(HRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
22.95 110.73) (NULL) 

OPERATION RUNOFF CROSS SECTION 40 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) | 
17.77 64.11 (RUNOFF) 

OPERATION REACH CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) | 
18.23 63.83 (NULL) 

OPERATION RUNOFF CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
29.38 86.13 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
26.16 122.31 (NULL) 

#** WARNING - REACH SO INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 48.26 CFS, 39.46 % OF PEAK. 

OPERATION REACH CROSS SECTION 50 | 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 
27.05 121.72 (NULL) 
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OPERATION RUNOFF CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(C FEET) 

15.87 227.66 CRUNOFF ) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

16.59 286.55 (NULL) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

19.98 373.07 (NULL) 

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS 2 RECORD ID 

CUTIVE CONTROL OPERATION COMPUT FROM XSECTION 10 TO XSECTION 50 RECORD ID 10YR 

STARTING TIME = .00 RAIN DEPTH = 3.60 RAIN DURATION= 1.00 RAIN TABLE NO.= 1 ANT. MOIST. COND= 2 

ALTERNATE NO.= 0 STORM NO.= 3 MAIN TIME INCREMENT = .13 HOURS 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

21.84 83.69 (RUNOFF) 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

20.43 130.89 (RUNOFF) | 

OPERATION ADDHYD CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

20.90 213.07 (NULL) 

weet WARNING REACH 20 ATT-KIN COEFF.(C) GREATER THAN 0.667, CONSIDER REDUCING MAIN TIME INCREMENT *** 
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OPERATION REACH CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC(FEET) 

20.90 213.07 (NULL) 

OPERATION RUNOFF CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) | ” 

21.42 558.32 (RUNOFF ) 

OPERATION ADDHYD CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE (CFS) PEAK ELEVATIONC FEET) 

21.25 770.86 (NULL) 

OPERATION RESVOR STRUCTURE 1 

**® WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 9.75 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) 

39.87 9.75 1644.97 © 

w** WARNING - REACH 30 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 9.75 CFS, 100.00 % OF PEAK. 

OPERATION REACH CROSS SECTION 30 

w*® WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 9.35 CFS. 

PEAK TIMECHRS) PEAK DISCHARGECCFS) PEAK ELEVATION(FEET) 

39.87 9.35 (NULL) 

OPERATION RUNOFF CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

22.44 147.04 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

22.56 149.98 (NULL) 
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OPERATION RUNOFF CROSS SECTION 40 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

17.53 88.43 (RUNOFF ) 

OPERATION REACH CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) 

17.95 88.10 (NULL) 

OPERATION RUNOFF CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) 

29.01 115.14 (RUNOFF) . 

OPERATION ADDHYD CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

25.89 162.90 (NULL) 

© #e*® WARNING - REACH 50 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 62.82 CFS, 38.56 % OF PEAK. 

OPERATION REACH CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

26.75 162.21 (NULL) 

OPERATION RUNOFF CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

15.65 320.10 (RUNOFF ) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

16.31 401.58 (NULL ) 

OPERATION ADDHYD CROSS SECTION 50 
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PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

19.30 507.24 (NULL ) 

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS 3 RECORD ID 

EXECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 10 TO XSECTION 50 RECORD ID 25YR 

STARTING TIME = .00 RAIN DEPTH = 4.20 RAIN DURATION= 1.00 RAIN TABLE NO.= 1 ANT. MOIST. COND= 2 

ALTERNATE NO.= 0 STORM NO.= 4 MAIN TIME INCREMENT = .13 HOURS 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

21.47 115 .82 (RUNOFF) 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGEC(CFS) PEAK ELEVATION(FEET) 

20.14 175 .34 (RUNOFF ) 

OPERATION ADDHYD CROSS SECTION 10 : 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

20.60 289 .44 (NULL) 

wee WARNING REACH 20 ATT-KIN COEFF.(C) GREATER THAN 0.667, CONSIDER REDUCING MAIN TIME INCREMENT *** 

OPERATION REACH CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

20.60 289.44 (NULL) 

OPERATION RUNOFF CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

21.19 714.87 (RUNOFF ) 

OPERATION ADDHYD CROSS SECTION 20 
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PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

20.97 1003 .36 (NULL) 

OPERATION RESVOR STRUCTURE 1 

*#&® WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 11.47 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC FEET) 

39.87 11347 1645 .24 

*** WARNING - REACH 30 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 11.47 CFS, 100.00 % OF PEAK. 

OPERATION REACH CROSS SECTION 30 

*##® WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 11.10 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(CFEET) 

39.87 11.10 (NULL) 

OPERATION RUNOFF CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

22.14 197.40 (RUNOFF ) 

OPERATION ADDHYD CROSS SECTION 30 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

22.28 200.90 4 (NULL) 

OPERATION RUNOFF CROSS SECTION 40 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

17.28 120.37 CRUNOF F ) 

OPERATION REACH CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

17.71 119.97 (NULL) 

OPERATION RUNOFF CROSS SECTION 45 
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PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) | 

28.69 152.50 (RUNOFF ) 

OPERATION ADDHYD CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

25.70 214.92 (NULL) 

we® WARNING - REACH 50 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 81.12 CFS, 37.74 % OF PEAK. _ 

OPERATION REACH CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

26.60 214.15 (NULL) | 

OPERATION RUNOFF CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(C FEET) 

15.46 442.68 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 50 © 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(C FEET) 

16.14 390.56 (NULL) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION( FEET) 

18.73 681.98 (NULL) 

EXECUTIVE CONTROL OPERATION ENOCMP COMPUTATIONS COMPLETED FOR PASS 4 RECORD ID 

EXECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 10 TO XSECTION 50 RECORD ID 100YR 

STARTING TIME =  .00 RAIN DEPTH = 5.00 RAIN DURATION= 1.00 RAIN TABLE NO.= 1 ANT. MOIST. COND= 2 

ALTERNATE NO.= 0 STORM NO.= 5 MAIN TIME INCREMENT = .13 HOURS 

OPERATION RUNOFF CROSS SECTION 10 
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PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

21.15 162.88 CRUNOFF ) 

OPERATION RUNOFF CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

19.83 239.01 CRUNOFF ) 

OPERATION ADDHYD CROSS SECTION 10 

PEAK TIMECHRS) PEAK DISCHARGEC(CFS) PEAK ELEVATION(FEET) 

20.33 399.79 (NULL) 

wee WARNING REACH 20 ATT-KIN COEFF.(C) GREATER THAN 0.667, CONSIDER REDUCING MAIN TIME INCREMENT *** 

OPERATION REACH CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

20.33 399.79 (NULL) 

eo ION RUNOFF CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

20.92 931.95 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 20 

PEAK TIMECHRS) PEAK DISCHARGEC(CFS) PEAK ELEVATION( FEET) 

20.68 1330.49 (NULL) 

OPERATION RESVOR STRUCTURE 1 

*** WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 13.51 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

39.87 13.51 1645 .63 

wee WARNING - REACH 30 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 13.51 CFS, 100.00 % OF PEAK. 

OPERATION REACH CROSS SECTION 30 
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wee WARNING-NO PEAK FOUND, MAXIMUM DISCHARGE = 13.21 CFS. 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONC(FEET) 

39.87 13.21 (NULL) 

OPERATION RUNOFF CROSS SECTION 30 . - : 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

21.76 269.66 (RUNOFF) ~ 

OPERATION ADDHYD CROSS SECTION 30 | 

PEAK TIMECHRS) PEAK 0 HARGE (CFS) PEAK ELEVATIONCFEET) 

OPERATION RUNOFF . CROSS SECTION 40 

PEAK TIMECHRS) PEAK DISCHARGEC(CFS) PEAK ELEVATION(CFEET) | 

17.05 166.49 CRUNOFF) . 

OPERATION REACH CROSS SECTION 45 © 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

17.46 165.99 (NULL) | 

OPERATION RUNOFF CROSS SECTION 45 | 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

28.40 205 .52 (RUNOFF) 

OPERATION ADDHYD CROSS SECTION 45 

PEAK TIMECHRS) PEAK DISCHARGEC(CFS) PEAK ELEVATIONCFEET) 

25.53 288 .41 (NULL) 

we® WARNING - REACH 50 INFLOW HYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 106.49 CFS, 36.92 % OF PEAK. 

OPERATION REACH CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

26.30 287.60 (NULL) 
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OPERATION RUNOFF CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 

15.26 621.19 CRUNOF F ) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGEC(CFS) PEAK ELEVATION(FEET) 

15.97 771.59 (NULL) 

OPERATION ADDHYD CROSS SECTION 50 

PEAK TIMECHRS) PEAK DISCHARGE(CFS) PEAK ELEVATIONCFEET) 

17.52 939.65 (NULL) 

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS 5 RECORD ID 

or CONTROL OPERATION ENDJOB RECORD ID 
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SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED 
(A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.) 

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK piscarce 
STRUCTURE | CONTROL DRAINAGE TABLE MOIST TIME  -------ce------e-ennnnne- RUNOFF 9 on nn nnn nnn n nnn nen een n eee n eee n ene 

ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE 
(SQ MI) (HR) CHR) = CIN) = (HR)—sCIN) (FT) CHR) (CFS) (CSM) 

ALTERNATE 0 storm 1 2-V7EAK 
XSECTION 10 RUNOFF 2.06 1 2 13 0 2.40 24.00 039 oo- 23.50 31.27 15.2 

XSECTION 10 RUNOFF = 2.37 1 2 «6B 0 2.40 24.00 .58 --- 21.36 54.53 23.0 
XSECTION 10 ADDHYD 4.43 1 2. 13 0 2.40 24.00 49 --- 22.00 84.77 19.1 
XSECTION 20 REACH 4.43 1 2. («AB 0 2.40 26.00 49 --- 22.00 84.77 19.1 
XSECTION 20 RUNOFF 7.92 1 2 «1B 0 2.40 24.00 .89 --- 22.22 271.79 34.3 

XSECTION 20 ADDHYD 12.35 1 2 «13 0 2.40 24.00 74 --- 22.18 356.53 28.9 
STRUCTURE 1 RESVOR 12.35 1 2 1B 0 2.40 24.00 .01 1644.47 39.87? 5.60? 5 
XSECTION 30 REACH 12.35 1 2 1B 0 2.40 24.00 01 “+ 39.877 5.277 4 
XSECTION 30 RUNOFF 3.05 1 2» 4.13 0 2.40 24.00 52 --- 23.53 60.91 20.0 
XSECTION 30 ADDHYD 15.40 1 2 13 0 2.40 24.00 11 --- 23.71 62.80 4.1 

XSECTION 40 RUNOFF 1.43 1 20 13 0 2.40 26.00 55 --- 18.32 34.73 24.3 
XSECTION 45 REACH 1.43 1 2 13 0 2.40 24.00 259 ated 18.84 34.54 24.2 

XSECTION 45 RUNOFF =. 2.99 1 2 13 0 2.40 24.00 46 --- 30.01 49.88 16.7 
XSECTION 45 ADDHYD 4.42 1 2 13 0 2.40 24.00 49 oo- 26.65 71.28 16.1 

XSECTION 50 REACH 4.42 1 2 13 0 2.40 24.00 48 --- 27.59 70.82 16.0 

XSECTION 50 RUNOFF 4.75 1 2. «AB 0 2.40 24.00 51 --- 16.35 118.06 24.9 
XSECTION 50 ADDHYD 9.17 1 2 13 0 2.40 24.00 50 --- 19.24 154.69 16.9 
XSECTION 50 ADDHYD 24.57 1 2 1B 0 2.40 24.00 .25 --- 22.42 212.06 8.6 

ALTERNATE 0 STORM 2 '5-7Z44 : 
XSECTION 10 RUNOFF $2.06 1 2. 13 0 3.10 24.00 7h --- 22.25 59.63 28.9 
XSECTION 10 RUNOFF = 2.37 1 2 413 0 3.10 24.00 1.00 --- 20.70 96.65 40.8 
XSECTION 10 ADDHYD 4.43 1 2 «413 -0 3.10 24.00 .88 “+. 21.25 155.00 35.0 
XSECTION 20 REACH 4.43 1 2. 13 0 3.10 26.00 .88 --- 21.25 155.00 35.0 
XSECTION 20 RUNOFF 7.92 1 2 13 0 3.10 24.00 1.40 °-- 21.68 433.60 34.7 

XSECTION 20 ADDHYD 12.35 1 2 «1B 0 3.10 24.00 1.21 --- 21.52 588.29 47.6 
STRUCTURE 1 RESVOR 12.35 1 2 13 0 3.10 24.00 .02 1644.75 39.87? 7.972 6 
XSECTION 30 REACH 12.35 1 2 13 0 3.10 24.00 .01 --- 39.87? 7.62? 6 
XSECTION 30 RUNOFF $3.05 1 2. «13 0 3.10 24.00 93 --- 22.77 108.32 35.5 
XSECTION 30 ADDHYD 15.40 1 2 «AB .0 3.10 24.00 .19 --- 22.95 7.2 

XSECTION 40 RUNOFF 1.43 1 2. 13 0 3.10 24.00 97 --- 17.77 64.11 44.8 
XSECTION 45 REACH 1.43 1 2. 13 0 3.10 24.00 97 --- 18.23 63.83 44.6 
XSECTION 45 RUNOFF 2.99 1 2. 1B 0 3.10 24.00 .81 --- 29.38 86.13 28.8 

* must ADD BASE Flow OF 3.6 CFS 10 GET TOTAL PEAK Yew @ 
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SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED 
(A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 

A QUESTION MARK(7) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.) 

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE 

STRUCTURE CONTROL DRAINAGE TABLE MOIST TIME  ----------------------20 RUNOFF 0 conn nencn en neee ene ncerc errr en ecenrees 

ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE 

(SQ MI) (HR) CHR) CIN) ~—s CHR)—s«CIN) (FT) CHR) (CFS) (CSM) 

ALTERNATE 0 STORM 2 

XSECTION 45 ADDHYD 4.42 1 2 «13 .0 3.10 24.00 86 2+. 26.14 122.31 27.7 

XSECTION 50 REACH 4.42 1 2.13 .0 3.10 24.00 84 --- 27.05 121.72 27.5 

XSECTION 50 RUNOFF 4.75 1 2. 13 .0 3.10 24.00 92 --- 15.87 227.66 47.9 

XSECTION 50 ADDHYD 9.17 1 2» 13 .0 3.10 24.00 .88 “+. 16.59 286.55 31.2 

XSECTION 50 ADDHYD 24.57 1 2 13 0 3.10 24.00 £45 --- 19.98 373.07 15.2 

ALTERNATE 0. storm 3 /Q-7EAR 
XSECTION 10 RUNOFF 2.06 1 2 413 0 3.60 26.00 1.03 --- 21.84 83.69 40.6 

XSECTION 10 RUNOFF = 2.37 1 2 .1 0 3.60 24.00 1.34 --- 20.43 130.89 55.2 

XSECTION 10 ADDHYD 4.43 1 2. 13 .0 3.60 246.00 1.20 --- 20.90 213.07 48.1 

XSECTION 20 REACH 4.43 1 2. 13 0 3.60 246.00 1.20 --- 20.90 213.07 48.1 

XSECTION 20 RUNOFF 7.92 1 2. AB 0 3.60 26.00 1.79 --- 21.42 558.32 70.5 

SECTION 20 ADDHYD 12.35 1 2. «AB 0 3.60 26.00 1.58 “+. 21.25 770.86 62.4 

on”. 1 RESVOR 12.35 1 2.13 0 3.60 26.00 .02 1644.97 39.87? 9.752 8 

XSECTION 30 REACH 12.35 1 2. AB 0 3.60 24.00 .02 --- 39.872 9.35? 8 

XSECTION 30 RUNOFF = 3.05 1 2. AB 0 3.60 24.00 1.25 “+ 22.446 147 0 48.2 

XSECTION 30 ADDHYD 15.40 1 2» «13 .0 3.60 24.00 26 --- 22.56 9.7 

XSECTION 40 RUNOFF 1.43 1 2 1B .0 3.60 26.00 1.30 “+. 17.53 88.43 61.8 

XSECTION 45 REACH 1.43 1 2. 613 0 3.60 24.00 1.30 --- 17.95 88.10 61.6 

XSECTION 45 RUNOFF 2.99 1 2. 1B 0 3.60 24.00 1.09 --- 29.01 115.14 38.5 

XSECTION 45 ADDHYD 4.42 1 2. 13 0 3.60 26.00 1.16 --- 25.89 162.90 36.9 

XSECTION 50 REACH 4.42 1 2». 0 3.60 24.00 1.14 “+e 26.75 162.21 36.7 

XSECTION 50 RUNOFF 4.75 1 2. «AB 0 3.60 26.00 1.25 “+ 15.65 320.10 67.4 

XSECTION 50 ADDHYD 9.17 1 2. 1B 0 3.60 26.00 1.19 “se 16.31 401.58 43.8 

XSECTION 50 ADDHYD 24.57 1 2 «AB .0 3.60 24.00 .61 --- 19.30 507.24 20.6 

ALTERNATE _0 STORM 4 24 VtAk 
XSECTION 10 RUNOFF 2.06 1 2 13 0 4.20 24.00 1.42 --- 21.47 115.82 56.2 

XSECTION 10 RUNOFF § 2.37 1 2.» 13 0 64.20. 24.00 ‘1.78 “+. 20.14 175.34 74.0 

XSECTION 10 ADDHYD 4.43 1 2 13 0 4.20 24.00 1.61 --- 20.60 289.44 65.3 

XSECTION 20 REACH 4.43 1 2. 13 0 4.20 24.00 1.61 ++ 20.60 289.44 65.3 

XSECTION 20 RUNOFF 7.92 1 2. 13 0 4.20 24.00 2.29 --- 21.19 714.87 90.3 

XSECTION 20 ADDHYD 12.35 1 2 13 0 4.20 26.00 2.04 --- 20.97 1003.36 81.2 

STRUCTURE 1 RESVOR 12.35 1 2. 13 0 4.20 24.00 03 1645.24 39.877 11.472 9 

XSECTION 30 REACH 12.35 1 2. 13 0 4.20 24.00 .02 --- 39.877 11.10? 9 

XSECTION 30 RUNOFF = 3.05 1 2.13 0 4.20 26.00 1.67 --- 22.146 197.40 64.7 

XSECTION 30 ADDHYD 15.40 1 2 13 0 4.20 24.00 .35 --- 22.28 13.0 

eo: 40 RUNOFF 1.43 1 2. 13 0 4.20. 24.00 ‘1.76 ~-e 17.28 120.37 84.2 
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SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED - 
(A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.) 

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE 
STRUCTURE | CONTROL DRAINAGE TABLE MOIST TIME  --------------cceeenenne= RUNOFF 0 conn ncn n nen enn n ncn e ene w ee ween en neee 

ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE 
(SQ MI) (HR) CHR) CIN) CHR) CIN) (FT) CHR) (CFS) (CSM) eo 

ALTERNATE 0 STORM 4 
XSECTION 45 REACH 1.43 1 2 £13 .0 4.20 24.00 1.74 --- 17.71 119.97 83.9 
XSECTION 45 RUNOFF 2.99 1 2 £13 .0 4.20 246.00 1.45 --- 28.69 152.50 51.0 
XSECTION 45 ADDHYD 4.42 1 2 13 .0 4.20 246.00 1.54 --- 25.70 214.92 48.6 
XSECTION 50 REACH 4.42 1 2 13 .0 4.20 24.00 1.51 ass 26.60 214.15 48.4 he 
XSECTION 50 RUNOFF 4.75 1 2 13 .0 4.20 24.00 1.67 o-- 15.46 442.68 93.2 | 

XSECTION 50 ADDHYD 9.17 1 2 13 .0 4.20 24.00 1.59 --- 16.14 550.56 60.0 | 
XSECTION 50 ADDHYD 24.57 1 2 13 .0 4.20 24.00 .81 --- 18.73 681.98 27.8 

ALTERNATE 0 storm 5 /00-yZ4ALE 
XSECTION 10 RUNOFF 2.06 1 2 13 0 5.00 24.00 1.97 --- 21.15 162.88 79.1 
XSECTION 10 RUNOFF 2.37 1 2 13 0 5.00 24.00 2.40 --- 19.83 239.01 100.8 
XSECTION 10 ADDHYD 4.43 1 2 13 .0 5.00 24.00 2.20 --- 20.33 399.79 90.2 
XSECTION 20 REACH 4.43 1 2 13 .0 5.00 24.00 2.20 --- 20.33 399.79 90.2 
XSECTION 20 RUNOFF 7.92 1 2 £13 .0 5.00 24.00 2.97 --- 20.92 931.95 117.7 

XSECTION 20 ADDHYD 12.35 1 2 13 .0 5.00 24.00 2.69 --- 20.68 1330.49 107.7 
STRUCTURE 1 RESVOR 12.35 1 2 13 .0 5.00 24.00 .03 1645.63 39.877 13.51? 1.1 
XSECTION 30 REACH 12.35 1 2 13 .0 5.00 24.00 .02 --- 39.872 13.21? 1.1 
XSECTION 30 RUNOFF 3.05 1 2 £13 .0 5.00 24.00 2.27 --- 21.76 269.66 88.4 
XSECTION 30 ADDHYD 15.40 1 2 13 0 5.00 24.00 47 --- 21.93 < 273.97. 17.8 

XSECTION 40 RUNOFF 1.43 ‘ 2 13 .0 5.00 24.00 2.36 --- 17.05 166.49 116.4 
XSECTION 45 REACH 1.43 1 2 13 0 5.00 24.00 2.35 --- 17.46 165.99 116.1 
XSECTION 45 RUNOFF 2.99 1 2 13 .0 5.00 24.00 1.97 --- 28.40 205.52 68.7 
XSECTION 45 ADDHYD 4.42 1 2 13 .0 5.00 24.00 2.09 --- 25.53 288.41 65.3 
XSECTION 50 REACH 4.42 1 2 13 .0 5.00 24.00 2.05 --- 26.30 287.60 65.1 

XSECTION 50 RUNOFF 4.75 1 2 13 .0 5.00 24.00 2.28 --- 15.26 621.19 130.8 
XSECTION SO ADDHYD 9.17 ‘ 2 13 0 5.00 24.00 2.17 --- 15.97 771.59 84.1 
XSECTION SO ADDHYD 24.57 1 2 £13 .0 5.00 24.00 1.10 --- 17.52 939.65 38.2 
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SUMMARY TABLE 2 - SELECTED MODIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONTROL INSTRUCTIONS 

(A STAR(*) AFTER VOLUME ABOVE BASECIN) INDICATES A HYDROGRAPH TRUNCATED AT A VALUE EXCEEDING BASE + 10% OF PEAK 

A QUESTION MARK(?) AFTER COEFF.(C) INDICATES PARAMETERS OUTSIDE ACCEPTABLE LIMITS, SEE PREVIOUS WARNINGS) 

HYDROGRAPH INFORMATION ROUTING PARAMETERS PEAK 

OUTFLOW+ VOLUME MAIN ITER- Q AND A PEAK S/Q  ATT- TRAVEL TIME 

XSEC REACH INFLOW _ OUTFLOW INTERV.AREA BASE- ABOVE TIME ATION EQUATION LENGTH RATIO @PEAK KIN STOR- KINE- 

ID LENGTH PEAK TIME PEAK TIME PEAK’ TIME FLOW BASE  INCR # COEFF POWER FACTOR O/1 (K) COEFF AGE MATIC 

CFT) (CFS) CHR) (CFS) (CHR) (CFS) (CHR) (CFS) CIN) (CHR) CX) (M) (CK*) (Q*) (SEC) (C) (CHR) CHR) 

ALTERNATE 0 STORM 1 
20 10 85 22.0 85 22.0 357 22.1 0 49 1.13 «0 .200 1.30 .000 1.000 10 1.00? .00 .00 

30 21000 6. 39.9 3 39.9 63 23.7 0 01* .13 1 1.50 1.25 .109 .941 8606 .05 00 2.40 

45 4000 35 18.3 35 18.8 71 26.7 0 a) 13 1 1.20 1.20 .019 .995 1585 .26 233 AG 

50 10000 71 26.7 71 27.6 155 19.2 0 49* = .13 1 1.20 1.20 .034 .993 3516 .13 93 .98 

ALTERNATE QO STORM 2 
20 10 155 21.2 155 21.2 388 21.5 0 88 213 0 -200 1.30 .000 1.000 8 1.00? .00 .00 

30 21000 8 39.9 8 39.9 111 22.9 0 02* .13 1 1.50 1.25 .098 .956 8019 .06 00 2.23 

45 4000 64 17.7 64 18.3 122 26.1 0 97 13 1 1.20 1.20 .017 .996 1431 .29 95 6-40 

50 10000 122 26.1 122 27.1 287 16.5 0 -86* .13 1 1.20 1.20 .030 .995 3213 .14 93 .89 

ALTERNATE Q___ STORM 3 
0 10 213 20.9 213 20.9 771 «21.2 0 1.20 13 0 200 1.30 .000 1.000 8 1.002? .00 .00 

0 21000 10 39.9 9 39.9 150 22.5 0 .02* .13 1 1.50 1.25 .094 .958 7702 .06 00 2.14 

45 4000 88 17.5 88 18.0 163 25.9 0 1.30 13 1 1.20 1.20 .017 .996 1357 .30 233 =o 38 

50 10000 163 25.9 162 26.8 402 16.3 0 1.16* .13 1 1.20 1.20 .028 .996 3063 .15 93 85 

ALTERNATE 0 _ STORM 4 

20 10 289 20.7 289 20.7 1003 20.9 0 1.61 213 0 200 1.30 .000 1.000 7 1.007 .00  .00 

30 21000 11 39.9 11 39.9 201 22.3 0 .03* .13 1. 1.50 1.25 .087 .968 7457 .06 00 2.07 

45 4000 120 17.3 120 17.7 | 215 25.7 0 1.74 213 1 1.20 1.20 .016 .997 1289 .31 -40 = =.36 

50 10000 215 25.7 214 26.5 551 16.1 0 1.54* .13 1 1.20 1.20 .026 .996 2925 .15 -67 81 

ALTERNATE QO _STORM 5 

20 10 400 20.3 400 20.3 1330 20.7 0 2.20 13 0 -200 1.30 .000 1.000 7 1.00? .00 .00 

30 21000 14 39.9 13 39.9 274 21.9 0 03* 13 1 1.50 1.25 .081 .978 7216 .06 00 2.01 

45 4000 166 17.1 166 17.5 288 25.5 0 2.36 13 1 1.20 1.20 .016 .997 1221 .33 40 8.34 

50 10000 288 25.5 288 26.3 772 16.0 0 2.09* .13 1 1.20 1.20 .024 .997 2785 .16 67 77 
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SUMMARY TABLE 3 - DISCHARGE (CFS) AT XSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES 

XSECTION/ DRAINAGE 

STRUCTURE AREA STORM NUMBERS.....ceces | 

ID (SQ MI) 1 2 3 4 3 

STRUCTURE _1 12.35 

ALTERNATE 0 3.60 7.97 9.75 11.47 13.51 

XSECTION _10 4.43 

ALTERNATE 0 84.77 155.00 213.07 289.44 399.79 

XSECTION _20 12.35 

ALTERNATE 0 356.53 588.29 770.86 1003.36 1330.49 

XSECTION 30 15.40 

ALTERNATE 0 62.80 110.78 149.98 200.90 273.97 

XSECTION 40 1.43 

ALTERNATE 0 34.73 64.11 88.43 120.37 166.49 

XSECTION 45 4.42 

ALTERNATE 0 71.28 122.31 162.90 214.92 288.41 

XSECTION _50 24.57 © 

ALTERNATE 0 212.06 373.07 507.24 681.98 939.65 
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HYDROLOGIC ANO CHANNEL INFORMATION ; 2 } 

Project NORTH ARFA | Elev /50E3 . Designer ~YDpeZ 

Culvert Ste, _pAKOAD CAvERT “| Date 1096 

wee 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCFLOOD 
| 

Comment: CENTRAL VALLEY - BASE CONDITION 

Solve For Depth | 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.0031 (H:V) 

Right Side Slope. 8.0031 CHV) 

Manning’sS N..eee. 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge. .cccees 0.55 cfs 

Computed Results: . 

Depth. .cccccccces 0.03 ft 

Velocity..cccceee 0.05 fps 

Flow Area..cccoes 10.35 sf 

Flow Top Width... 380.44 ft 

Wetted Perimeter. 380.44 ft 

Critical Depth... 0.00 ft 

Critical Slope... 0.5869 ft/ft 

Froude Number.... 0.06 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design - 

Open Channel - Uniform flow : | 

Worksheet Name: NMCCENT : 

Comment: CENTRAL VALLEY- EXISTING 2-YR | . 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.0031 CH:V) | 
Right Side Slope. 8.0031 CH:V) 

Manning’sS n...cee 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge. ..esoee 2.00 cfs | 

Computed Results: 

Depth. ...ccscceee 0.06 ft 

Velocity. .ccccses 0.09 fps 

Flow Area...cccee 22.47 sf 

Flow Top Width... 380.94 ft 

Wetted Perimeter. 380.95 ft 

Critical Depth... 0.01 ft 

Critical Slope... 0.4405 ft/ft 

Froude Number.... 0.06 (flow is Subcritical) 

& 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-605



Trapezoidal Channel Analysis & Design 

e Open Channel - Uniform flow | 

Worksheet Name: NMCFLOOO 

Comment: CENTRAL VALLEY - PROPOSED 2-YR 

Solve For Depth 7 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.0031 ¢H:V) 

Right Side Slope. 8.0031 (H:V) 
Manning’s nn... 0.080 

' Channel Slope.... 0.0010 ft/ft 

Discharge...ceeee 2.55 cfs 

Computed Results: 

Depth. .cccccccces 0.07 ft 

Velocity..ccccese 0.10 fps 

Flow Area...ccecee 26.00 sf 

Flow Top Width... 381.09 ft 

Wetted Perimeter. 381.10 ft 

Critical Depth... 0.01 ft 

Critical Slope... 0.4174 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow : 

Worksheet Name: NMCCENT 

Comment: CENTRAL VALLEY- EXISTING 5-YR | - 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.00:1 (H:V) 

Right Side Slope. 8.0031 CHsV) 

Manning’s nN... 0.080 | 

Channel Slope.... 0.0010 ft/ft - 

Discharge. .ccccee 5.00 cfs 

Computed Results: 

Depth. .cccccccees 0.10 ft 

Velocity..ccccene 0.13 fps 

Flow Area..cccees 38.97 sf 

Flow Top Width... 381.64 ft 

Wetted Perimeter. 381.65 ft 

Critical Depth... 0.02 ft 

Critical Slope... 0.3594 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow 

Worksheet Name: NMCFLOOD 
. 

Comment: CENTRAL VALLEY - PROPOSED 5-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.0031 (H:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’s n...e.- 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge. ..ccoes 5.55 cfs 

Computed Results: 

Depth. .cccccccecce 0.11 ft 

Velocity. .ceccoee 0.13 fps 

Flow Area. .ccccee 41.49 sf 

Flow Top Width... 381.74 ft 

Wetted Perimeter. 381.76 ft 

Critical Depth... 0.02 ft 

Critical Slope... 0.3512 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design , 

Open Channel - Uniform flow 

Worksheet Name: NMCCENT ~, 

Comment: CENTRAL VALLEY- EXISTING 10-YR i. 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 CH:V) 
Manning's n..eene 0.080 

Channel Slope.... 0.0010 ft/ft ~ 

Discharge....seee 13.00 cfs 

Computed Results: 

Depth....ccsaceee 0.18 ft 

Velocity...cccees 0.19 fps 

Flow Area...cccee 69.22 sf 

Flow Top Width... 382.90 ft \ 
Wetted Perimeter. 382.93 ft 

Critical Depth... 0.03 ft 

Critical Slope... 0.2907 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) | 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCFLOOO 

Comment: CENTRAL VALLEY - PROPOSED 10-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.00:1 CH:V) 

Manning’s n....0. 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge...cseee 13.55 cfs 

Computed Results: 

Depth. .ccccccccce 0.19 ft 

Velocity. .cccccce 0.19 fps 

Flow AreO.cccccce 70.97 sf 

Flow Top Width... 382.98 ft 

Wetted Perimeter. 383.00 ft | 

Critical Depth... 0.03 ft 

Critical Slope... 0.2880 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

. Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel- Analysis & Design 
Open Channel - Uniform flow | 

Worksheet Name: NMCCENT : 

Comment: CENTRAL VALLEY- EXISTING 25-YR - 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.0031 (H:V) 

Right Side Slope. 8.00:1 CH:V) 

Manning’s n...eee 0.080 

Channel Slope.... 0.0010 ft/ft ~ 

Discharge. ..ceces 19.00 cfs 

Computed Results: 

Depth....cccceee 0.23 ft 

Velocity. ccccees 0.22 fps 

Flow Area......e. 86.99 sf 

Flow Top Width... 383.65 ft 

Wetted Perimeter. 383.67 ft | 
Critical Depth... 0.04 ft | 

Critical Slope... 0.2672 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) ‘, 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCFLOOD 
. 

| Comment: CENTRAL VALLEY - PROPOSED 25-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

| Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’sS M.eeeee 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge.......- 19.55 cfs 

Computed Results: 

Depth......e00... 0.23 ft 
Velocity. ..ccccee 0.22 fps 

Flow Area..cccese 88.50 sf 

Flow Top Width... 383.71 ft 

Wetted Perimeter. 383.74 ft 

Critical Depth... 0.04 ft 

Critical Slope... 0.2655 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design 

Open Channel - Uniform flow 

Worksheet Name: NMCCENT , 

Comment: CENTRAL VALLEY- EXISITNG 100-YR - 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 CH:V) 
Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft . 

Discharge. .cecsee 28.00 cfs 

Computed Results: 

Depth. .cccccccece 0.29 ft 

Velocity. .cccccee 0.25 fps 

Flow Area........ 109.89 sf 

Flow Top Width... 384.60 ft 
Wetted Perimeter. 384.63 ft | | 
Critical Depth... 0.06 ft 

Critical Slope... 0.2452 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design 
| 

Open Channel - Uniform flow 

Worksheet Name: NMCFLOOD 

Comment: CENTRAL VALLEY - PROPOSED 100-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 380.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’s N..cecee 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge. .cceccee 28.55 cfs 

Computed Results: 

Depth. .cccccccses 0.29 ft 

Velocity. ..ccccece 0.26 fps 

Flow Area..sceesee 111.19 Sf 

Flow Top Width... 384.65 ft 

Wetted Perimeter. 384.69 ft 

Critical Depth... 0.06 ft 

Critical Slope... 0.2441 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 
Open Channel - Uniform flow | 

; Worksheet Name: NMCSOUT 

Comment: SOUTH AREA-BASE CONDITION WITH SAS 

Solve For Depth 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.00:1 (H:V) 

. Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge........ 0.93 cfs 

Computed Results: 

Depth. .cccccccece 0.03 ft 

Velocity. ..ccccee 0.05 fps 

Flow Area..ccccee 17.90 sf 

Flow Top Width... 680.42 ft 

Wetted Perimeter. 680.42 ft 

Critical Depth... 0.00 ft 

Critical Slope... 0.5943 ft/ft 

Froude Number.... 0.06 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design 

Open Channel - Uniform flow 

Worksheet Name: NMCSOUT 
: 

Comment: SOUTH AREA-EXISTING 2-YR 
. 

Solve For Depth 

Given Input Data: 

Bottom Width. @ese 680.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’S N..ceee 0.080 

Channel Slope.... 0.0010 ft/ft - 

Discharge......0- 4.00 cfs 

Computed Results: 

Depth.......c.ee- 0.06 ft 

Velocity.cccccees 0.09 fps . 

Flow Area....e.e- 42.97 sf 

Flow Top Width... 681.01 ft 

Wetted Perimeter. 681.02 ft 

Critical Depth... 0.01 ft ~ 

Critical Slope... 0.4298 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCSOUT . 

Comment: SOUTH AREA-PROPOSED 2-YR 

7 Solve For Depth 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 (CH:V) 

Manning’s n..eeee 0.080 

Channel Slope.... 0.0010 ft/ft : 

Discharge. .cscoee 4.93 cfs 

Computed Results: 

Depth. .ccccccscone 0.07 ft 

Velocity. ..cccoce 0.10 fps 

Flow Area.cccceee 48.71 sf 

Flow Top Width... 681.15 ft 

Wetted Perimeter. 681.15 ft 

Critical Depth... 0.01 ft 

Critical Slope... 0.4102 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design - 

Open Channel - Uniform flow 

Worksheet Name: NMCSOUT | ; 

Comment: SOUTH AREA-EXISTING 5-YR - 

Solve For Depth 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 CH:V) 
Manning’s n...ee- 0.080 

Channel Slope.... 0.0010 ft/ft ~ 

Discharge...ceeee 9.00 cfs | 

Computed Results: 

Depth. .ccccccccce 0.10 ft 

Velocity. .ceccses 0.13 fps 

Flow Area...cccece 69.92 sf 

Flow Top Width... 681.64 ft 

Wetted Perimeter. 681.66 ft 

Critical Depth... 0.02 ft 

Critical Slope... 0.3589 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCSOUT . 

Comment: SOUTH AREA-PROPOSED 5-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’s n...... 0.080 

. Channel Slope.... 0.0010 ft/ft 

Discharge....eee- 9.93 cfs 

Computed Results: 

Depth. .ccccccccce 0.11 ft 

Velocity. .ccccese 0.13 fps 

Flow Area...ccceee 74.18 sf 

Flow Top Width... 681.74 ft 

Wetted Perimeter. 681.76 ft 

Critical Depth... 0.02 ft 

Critical Slope... 0.3511 ft/ft 

Froude Number.... 0.07 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow . 

Worksheet Name: NMCSOUT : 

Comment: SOUTH AREA-EXISTING 10-YR | - 

Solve For Depth | 

Given Input Data: 

Bottom Width..... 680.00 ft | * 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 (H:V) 

Manning’s n...e.e- 0.080 

Channel Slope.... 0.0010 ft/ft ~ 

Discharge. .cecece 24.00 cfs 

Computed Results: 

Depth. .cccccccces 0.18 ft . 

Velocity. .cccecee 0.19 fps 

Flow Area......-. 126.05 sf 

Flow Top Width... 682.96 ft 

Wetted Perimeter. 682.98 ft 

Critical Depth... 0.03 ft 

Critical Slope... 0.2886 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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, Trapezoidal Channel Analysis & Design | | 

Open Channel - Uniform flow | 

Worksheet Name: NMCSOUT 
. 

Comment: SOUTH AREA-PROPOSED 10-YR 

Solve For Depth 

Given Input Data: 

Bottom Width. .ce- 680.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge........ 24.93 cfs 

Computed Results: 

Depth. .cccccccere 0.19 ft 

Velocity. .cscccee 0.19 fps 

Flow Area........ 128.96 sf 

Flow Top Width... 683.03 ft 

Wetted Perimeter. 683.05 ft 

Critical Depth... 0.03 ft 

Critical Slope... 0.2862 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-621



Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCSOUT 

Comment: SOUTH AREA-EXISTING 25-YR . 

Solve For Depth oo | 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’sS n.ecece 0.080 

Channel Slope.... 0.0010 ft/ft - 

Discharge. ..cesee 36.00 cfs 

Computed Results: 

Depth. ..cccscccee 0.24 ft 

Velocity..csccvee 0.22 fps 

Flow Area........ 160.84 sf 

Flow Top Width... 683.77 ft 

Wetted Perimeter. 683.80 ft 

Critical Depth... 0.04 ft 

Critical Slope... 0.2638 ft/ft 
Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow 

: Worksheet Name: NMCSOUT - 

Comment: SOUTH AREA-PROPOSED 25-YR 

Solve For Depth 

7 Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.0031 CHsV) 

Right Side Slope. 8.0031 CHsV) 

Manning’s n....0. 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge. .ccscee 36.93 cfs 

Computed Results: 

Depth. ..cccccceee 0.24 ft 

Velocity...ceceee 0.23 fps 

Flow Area....e... 1635.33 sf 

Flow Top Width... 683.83 ft 

Wetted Perimeter. 683.86 ft 

Critical Depth... 0.05 ft 

Critical Slope... 0.2623 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design 

Open Channel - Uniform flow : 

Worksheet Name: NMCSOUT : 

Comment: SOUTH AREA-EXISTING 100-YR ee | - 

Solve For Depth 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.00:1 (H:V) 
Right Side Slope. 8.0031 (H:V) 
Manning's n...ee- 0.080 

Channel Slope.... 0.0010 ft/ft " 
Discharge........ 53.00 cfs 

Computed Results: 

Depth...ccccccece 0.30 ft 

Velocity. ..ccsece 0.26 fps 

Flow Area.....2.. 202.97 sf 

Flow Top Width... 684.76 ft 

Wetted Perimeter. 684.80 ft 

Critical Depth... 0.06 ft 

Critical Slope... 0.2421 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-624 |



Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow 

Worksheet Name: NMCSOUT . 

Comment: SOUTH AREA-PROPOSED 100-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 680.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning’s n....-.- 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge. .eseses 53.93 cfs 

Computed Results: 

Depth. .cccccccces 0.30 ft 

Velocity. ..cccces 0.26 fps 

Flow Area...ee.-- 205.11 sf 

Flow Top Width... 684.81 ft 

Wetted Perimeter. 684.85 ft 

Critical Depth... 0.06 ft 

Critical Slope... 0.2411 ft/ft 

Froude Number.... 0.08 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-625
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow 

Worksheet Name: NMCSWMP @ 

Comment: SWAMP CREEK -EXISTING BASE CONDITION . 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft | 

Left Side Slope.. 8.00:1 (H:V) | 

Right Side Slope. 8.0031 (H:V) 
Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft - 

Discharge....ee.. 3.50 cfs 

Computed Results: 

Depth. ..ccccccces 0.05 ft 

Velocity. .ccccces 0.08 fps 

Flow Area...cesee 42.32 sf 

Flow Top Width... 800.85 ft 

Wetted Perimeter. 800.85 ft 

Critical Depth... 0.01 ft 

Critical Slope... 0.4590 ft/ft 

Froude Number.... 0.06 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design 

Open Channel - Uniform flow | 

e oe 
Worksheet Name: NMCSWMP 

Comment: SWAMP CREEK -PROPOSED BASE CONDITION 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.00:1 CH:V) 

Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge...ceeee 4.34 cfs 

Computed Results: 

Depth. ..cccccoees 0.06 ft 

Velocity..ccccces 0.09 fps 

Flow Area....ceee 48.15 sf 

Flow Top Width... 800.96 ft 

Wetted Perimeter. 800.97 ft 

Critical Depth... 0.01 ft 

Critical Slope... 0.4375 ft/ft 

Froude Number.... 0.06 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-629



Trapezoidal Channel Analysis & Design | - 

Open Channel - Uniform flow 

Worksheet Name: NMCSWMP ; 

Comment: SWAMP CREEK -EXSITNG 2-YR . 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.00:1 (H:V) 

Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft - 

Discharge........ 66.50 cfs 

Computed Results: 

Depth...cccccccece 0.31 ft 

Velocity....secee 0.27 fps 

Flow Area........ 248.11 sf 

Flow Top Width... 804.95 ft 

Wetted Perimeter. 804.99 ft 

Critical Depth... 0.06 ft 

Critical Slope... 0.2386 ft/ft . 

Froude Number.... 0.09 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-630 |



Trapezoidal Channel Analysis & Design 

Open Channel - Uniform flow 
| 

Worksheet Name: NMCSWMP 

Comment: SWAMP CREEK -PROPOSED 2-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.0031 CH:V) 

Manning's Neceeee 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge...eeee- 67.34 cfs 

Computed Results: 

Depth. .cccscecces 0.31 ft 

Velocity. .ccccces 0.27 fps 

Flow Area@..cccesee 249.99 Sf 

Flow Top Width... 804.98 ft 

Wetted Perimeter. 805.02 ft 

Critical Depth... 0.06 ft 

Critical Slope... 0.2380 ft/ft 

Froude Number.... 0.09 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow , 

Worksheet Name: NMCSWMP @ 

Comment: SWAMP CREEK -EXISTING 5-YR _ 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.00:1 (H:V) 

Right Side Slope. 8.00:1 CH:V) 
Manning's niece 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge........ 114.50 cfs 

Computed Results: 

Depth. .csccccccee 0.43 ft 

Velocity...cceee. 0.33 fps . 

Flow Area........ 344.08 sf 

Flow Top Width... 806.85 ft 

Wetted Perimeter. 806.91 ft 

Critical Depth... 0.09 ft 

Critical Slope... 0.2115 ft/ft | 

Froude Number.... 0.09 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow | 

Worksheet Name: NMCSWMP 
- 

Comment: SWAMP CREEK -PROPOSED 5-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.0031 ¢H:V) 

Right Side Slope. 8.0031 (H:V) 
Manning’s Neceeee 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge.....-.. 115.34 cfs 

Computed Results: 

Depth. .cccccccece 0.43 ft 

Velocity. ..cccees 0.33 fps 

Flow Ared@..csceee 345.59 Sf 

Flow Top Width... 806.88 ft 

Wetted Perimeter. 806.94 ft 

Critical Depth... 0.09 ft 

Critical Slope... 0.2112 ft/ft 

Froude Number.... 0.09 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design - 

Open Channel - Uniform flow | 

Worksheet Name: NMCSWMP @ 

Comment: SWAMP CREEK -EXISTING 10-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.00:1 (H:V) 

Right Side Slope. 8.0021 CH:V) 
Manning’s n..eee- 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge........ 153.50 cfs 

Computed Results: 

Depth. .cccccccece 0.51 ft 

Velocity. cccovce 0.37 fps 

Flow Area........ 410.51 sf | 

Flow Top Width... 808.17 ft 

Wetted Perimeter. 808.23 ft 

Critical Depth... 0.10 ft 

Critical Slope... 0.1982 ft/ft 

Froude Number.... 0.09 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-634



Trapezoidal Channel Analysis & Design | 

Open Channel - Uniform flow a 

Worksheet Name: NMCSWMP . 

Comment: SWAMP CREEK -PROPOSED 10-YR 

| Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.00:1 CH:V) 

Manning’s n...... 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge........ 154.34 cfs 

Computed Results: 

Depth.....sccceee 0.51 ft 

Velocity. .ccccess 0.37 fps 

Flow Area....e... 411.86 sf 

Flow Top Width... 808.20 ft 

Wetted Perimeter. 808.26 ft | 

Critical Depth... 0.10 ft 

Critical Slope... 0.1979 ft/ft 

Froude Number.... 0.09 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 | 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-635



Trapezoidal Channel Analysis & Design , 

Open Channel - Uniform flow 

Worksheet Name: NMCSWMP 

Comment: SWAMP CREEK -EXISTING 25-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.00:1 CH:V) 

Right Side Slope. 8.0031 (H:V) 

Manning’s n....e. 0.080 

Channel Slope.... 0.0010 ft/ft 
Discharge.....--. 204.50 cfs | 

Computed Results: 

Depth.....cceceee 0.61 ft 

Velocity...cccces 0.42 fps 

Flow Area........ 487.98 sf 

Flow Top Width... 809.70 ft 

Wetted Perimeter. 809.78 ft 

Critical Depth... 0.13 ft 

Critical Slope... 0.1860 ft/ft , 

Froude Number.... 0.10 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design 

Open Channel - Uniform flow 

worksheet Name: NMCSWMP | | 

Comment: SWAMP CREEK -PROPOSED 25-YR 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.00:1 ¢CH:V) 

Right Side Slope. 8.0021 CH:V) | 

Manning’sS Nn... 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge.....-.. 205.34 cfs 

Computed Results: 

Depth. .cacccocces 0.61 ft 

Velocity...ccccoee 0.42 fps 

Flow Area@.seceee. 489.19 sf 

Flow Top Width... 809.72 ft 

Wetted Perimeter. 809.80 ft 

Critical Depth... 0.13 ft 

Critical Slope... 0.1858 ft/ft 

Froude Number.... 0.10 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-637



Trapezoidal Channel Analysis & Design - 

Open Channel - Uniform flow | 

Worksheet Name: NMCSWMP : 

Comment: SWAMP CREEK -EXISTING 100-YR _ 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.0031 CH:V) 

Right Side Slope. 8.00:1 CH:V) . 

Manning’s n..ecee 0.080 

Channel Slope.... 0.0010 ft/ft - 

Discharge........ 277.50 cfs 

Computed Results: 

Depth. .ccccvccees 0.73 ft 

Velocity...cccsee 0.47 fps 

Flow Area........ 586.63 sf 

Flow Top Width... 811.65 ft 

Wetted Perimeter. 811.74 ft 

Critical Depth... 0.16 ft 

Critical Slope... 0.1738 ft/ft 

Froude Number.... 0.10 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Trapezoidal Channel Analysis & Design | | 

Open Channel - Uniform flow | 

Worksheet Name: NMCSWMP . 

Comment: SWAMP CREEK -PROPOSED 100-YR | 

Solve For Depth 

Given Input Data: 

Bottom Width..... 800.00 ft 

Left Side Slope.. 8.0031 (H:V) 

Right Side Slope. 8.00:1 CHV) 
Manning’s n...ee. 0.080 

Channel Slope.... 0.0010 ft/ft 

Discharge........ 278.34 cfs 

Computed Results: 

Depth...cccccccee 0.73 ft 

Velocity. ..ceeee- 0.47 fps 

Flow Area........ 587.70 sf 

Flow Top Width... 811.67 ft 

Wetted Perimeter. 811.76 ft 

Critical Depth... 0.16 ft 

Critical Slope... 0.1737 ft/ft 

Froude Number.... 0.10 (flow is Subcritical) 

Open Channel Flow Module, Version 3.21 (c) 1990 

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

D-639



@ | Appendix L 

Work Plan for Baseline Environmental Monitoring at Area H 
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rete 

° ET UA, / ° Nicolet @x Minerals 
C O M P A N Y 

Rhinelander Office: 7 N. Brown Street, 3rd Floor * Rhinelander, WI 54501-3161 ¢ Ph: 715.365.1450 ¢ Fax: 715.365.1457 

Crandon Office: 104 W. Madison Street, P.O. Box 336 * Crandon, WI 54520-0336 ¢ Ph: 715.478.3393 ¢ Fax: 715.478.3641 

Web Site: www.crandonmine.com 

November 6, 1998 

Ms. Char Hauger 

U. S. Army Corps of Engineers 
St. Paul District 
190 5th Street East 
St. Paul, MN 55101-1638 

Mr. Bill Tans 
Wisconsin Department of Natural Resources 
Bureau of Integrated Science Services 
101 South Webster Street 
P.O. Box 7921 
Madison, WI 53707-7921 

Dear Ms. Hauger and Mr. Tans: . 

Re: Crandon Project - Environmental Data Collection for Soil Absorption Site - 
Area 

In early 1998, Nicolet Minerals Company (NMC) reinitiated investigations to determine 

if a suitable site could be located in the vicinity of its Crandon Project for the 
installation of a soil absorption system (SAS) to accept treated water from the project's 
planned wastewater treatment plant. The nature of the investigations was discussed in 
various work plans previously provided to your agencies. Details regarding the results 

of the investigations will be presented in a SAS design report to be submitted to the 
appropriate regulatory agencies and others in the near future. 

One of a number of potential sites that shows promise for the development of a soil 
absorption system 1s located just north of the intersection of the project's proposed 
railroad spur and the Wisconsin Central Limited Railroad. This site, referred to as 
Area H (Figure 1), consists of an approximate 200 acre parcel of land. The site is 
situated north and west of Swamp Creek. 

A significant amount of environmental data related to geology, hydrogeology, wetlands, 
groundwater quality, etc., has been collected to date for Area H in accordance with the 
above-referenced work plans. NMC has determined that the collection of additional 

BDH\CER1\DMW\93C049\GBAPP\68649.61\4000 
D-641



Ms. Char Hauger | 
Mr. Bill Tans 
November 6, 1998 
Page 2 

site-specific environmental data is desirable. The additional data collection will include 

flora and fauna, surface water, groundwater and leach tests on and in the vicinity of 

Area H. | | 

The proposed aquatic investigations will focus on aquatic macrophytes, fish, mussels, 
and macroinvertebrates. Terrestrial investigations will focus mainly on the plant 
communities within the surrounding wetlands. Surface water investigations will include 
water quality monitoring within selected surface water bodies in the vicinity of the site, 
and measurement of flow in Stream 17-13. Two rounds of sampling and analysis are 

planned for surface water monitoring sites. 

Two rounds of samples have been collected from three on-site groundwater monitoring 
wells as part of the site investigations performed at Area H. The samples were analyzed 
for selected metals, inorganic parameters, and priority pollutants, among others. __. 

Finally, water leach tests on soils that would be beneath an operating soil absorption 

system will be conducted to assess the potential to leach agricultural chemicals, if 
present, and to assess the leachability of anions and cations (especially iron and 

manganese) from site soils. 

NMC is collecting the environmental data specified above to assist the regulatory @ 
agencies in their environmental review process and in the preparation of their respective 

environmental impact statements. Prior to commencement of construction, NMC will 

conduct additional baseline monitoring related to Area H. A plan for this work will be 
submitted at a future date. 

It should also be noted that, since 1993, NMC has collected appreciable environmental 

data in and around its proposed project area. Some of that data has been collected near 

Area H. The data collected specific to Area H is to be used as a supplement to, or in 
addition to, data previously collected. Finally, data collection and analytical procedures 

for the work identified in this plan will be performed in accordance with previously 
submitted protocols for the Crandon Project. Personnel performing the work will be 

individuals who have completed such work for the project in the past. 

A presentation of proposed environmental data collection work elements follows. A 
listing of planned field events and their proposed schedule are presented in Table 1. 

Aquatic Macrophytes 

An investigation will be conducted within Swamp Creek from its confluence with 
Hemlock Creek upstream to Creek 17-13. Creek 17-13 will also be investigated 
upstream to a point approximately 1,200 ft north of the confluence with the feeder creek © 

BDH\CER1\DMW\93C049\GBAPP\68649.61\4000 
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Ms. Char Hauger 
. Mr. Bill Tans 

November 6, 1998 
Page 3 

flowing out of wetland Z16. The feeder creek will also be investigated. In addition, an 

investigation will be conducted on Lake 17-16. The purpose of the investigations will 

be to identify plant species which may appear on the Natural Heritage Inventory List. 

The investigations will be scheduled for the low-flow periods of July or August of 1999, 

depending on field conditions. The aquatic plant search team will consist of Bradley 

Helmandollar of Foth & Van Dyke and Gary Fewless of the University of Wisconsin 

Green Bay (UWGB). Voucher specimens of listed species will be collected and 
retained at the UWGB herbarium for documentation. 

Fish 

The investigation for fish species will be conducted within the same study area as 
described in the aquatic macrophyte section. Sampling will take place during early to 
mid November of 1998. The fish sampling team will consist of Bradley Helmandollar 

of Foth & Van Dyke and Gregory Seegert of EA Engineering. Following is an overview 
of sampling locations and procedures. 

e The study area will be visually surveyed for brook trout spawning activity. 

© Spawning areas and suitable spawning habitat will be noted. 

e | Swamp Creek will be sampled in at least two locations to characterize the 
composition of the fish community and to determine whether state-listed species 
are present. The two locations will be determined based on the information 
collected during the trout spawning area identification effort. Each of the two 
locations will be sampled by electrofishing a 200-meter segment of the stream. 

e Creek 17-13 will be sampled using electrofishing equipment or seining (depending 
on bottom type) at one 150-meter segment. 

¢ Lake 17-16 will be sampled using a 12-foot minishocker. The entire shoreline of 
the lake will be sampled. According to Steve AveLallemant of the WDNR, the 
conductivity of Lake 17-16 may reduce the effectiveness of electrofishing. If the 
mini-shocker is ineffective, a gill net will be used to complete the sampling. 

Fish captured during these efforts will be counted and identified. Collection of fish 
specimens is not anticipated. 

Mussels 

The investigation for mussels will be conducted within the same study area described in 

© the Aquatic Macrophyte section. Target species for the collection effort will be the 
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same as those for the sampling effort previously completed in 1994 both downstream on 
Swamp Creek and on Hemlock Creek, with any additions which may have been made to 

the Natural Heritage Inventory. Mussel collection activities will be conducted in June 
1999 by Donald Helms of Helms & Associates. Because of the relatively shallow depth 
of Swamp Creek, the search team will likely use snorkel equipment to locate mussels. 

If deeper water is encountered, divers will be required. 

If mussel beds are noted within the study area, a minimum of three beds will be 

evaluated. A "bed" of mussels may consist of an area of several feet in length or, 

depending on substrate and other conditions, 300 feet or more in length. If defined beds 
are located, collectors will randomly pick 20 mussels and place them in a mesh bag or 
several mesh bags. The mesh bags will be brought to shore, remaining submerged, 

where a taxonomist will identify the mussels. Collectors will repeat this procedure 

picking 20 mussels at a time until no new species are found for six replicate picking 
efforts. If insufficient mussels are encountered within a bed to accomplish this protocol, 
then the collectors will continue to search for four hours in lieu of completing six 
replicate collections. 

In addition to general reconnaissance and hand picking techniques described above, © 
bank searches will also be conducted. Field technicians will walk designated sections of 
the river looking for shells which may lie in the shallows or which other animals may 
have left along the bank. Shells may also be found during other aquatic investigations. 
These findings will be documented and will supplement the in-stream picking 
technique. 

Live specimens of mussels which have been identified will be returned to the 
approximate location of their finding and replaced with proper alignment to substrate 

and flow. Collected voucher specimens will be retained per requirements of the 
Wisconsin Department of Natural Resources collector’s permit. 

General Macroinvertebrates 

Aquatic macroinvertebrates, including Odonata, will be collected within the study area 
described in the aquatic macrophyte section of this letter. A search for these species 
will be conducted in the fall of 1998 and the spring and early summer of 1999. Specific 

search dates are presented in Table 1. The collection team for this field effort will 

consist of Mr. William West of Environmental Compliance Consultants, Inc. (ECCI) 

and Dr. Kenneth Tennessen of the Tennessee Valley Authority (TVA). 

Qualitative in-stream sampling efforts of macroinvertebrates other than Odonata will 
include the use of dip nets to hand pick sections of the creeks selected from general © 
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areas identified to represent a cross section of available micro-habitats (i.e., pool, riffles, 

detrital masses in slackwater, cut banks with overhanging cover, snags, and various 

bottom types). Each micro-habitat will be sampled by hand picking for no less than one 

hour, or until a five minute period produces no new species, whichever is longest. 
Some organisms such as the nymphs of Ephemeroptera and Plecoptera as well as the 
larvae of Trichoptera and Coleoptera generally cannot be identified to species. 
Therefore, sampling for adults using UV light traps and sweep netting will be conducted 
during the specific known flight seasons of target species (i.e., late spring/early 
summer). 

In addition, a riffle area in each site will be sampled using a surber sampler. Triplicate 
samples will be taken at each site. Pools with soft bottom substrates will be sampled 
using an Ekman dredge for collection of infaunal forms. Triplicate samples will be 
taken at each location. Samples will be washed through a surber net (mesh size 600 - 
800) and preserved in formalin. Sampling locations for the general macroinvertebrate 

collections and Odonata nymphs will be the same as those described for the exuviae 

collections. Dr. Tennessen will provide specimen verification. 

© Odonata 

The field investigations for Odonata will employ three techniques for collecting 
Odonata, including collection of exuviae from shoreline habitats, observation and 

collection of adult specimens, and in stream sampling. Depending on the species of 

Odonata, one collection technique may be more suited than the other for obtaining 

information on potential species. For instance, the gomphid dragonflies will be most 
easily sampled by the collection of exuviae. Exuviae can be found along the banks of 
streams and lakes and on vegetation or other objects immediately after adults have 

emerged from the water body in spring and early summer. Because of their relative 

size, members of the genus Somatochlora are best surveyed as adults. 

In general, all larval Odonata may be collected using in-stream sampling techniques in 

either the fall or early spring, while most species are in the late instars or at pre- 

emergence stages. It should be noted that in-stream sampling techniques may 
underestimate the numbers of organisms present and may miss some populations 
altogether. The collection of exuviae is a good technique for obtaining specimens 

which are uncommon or rare in an area and for determining relative species abundance. 

It is proposed to collect exuviae in the spring/early summer. A field reconnaissance 

may be required to determine the specific timing of the emergence. Typically in 

northern Wisconsin, emergence will occur in late May or the first two weeks of June for 
the gomphids, although one gomphid (Stylurus scudderi) does not emerge until the 

© second week of July. Depending on exuviae abundance, 150 to 300 ft segments of 
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stream will be searched intensely. Both sides of the stream will be searched. All 

specimens observed within a collection area will be included in the collection. 

Terrestrial Biology 

The terrestrial biological investigations will concentrate mainly on the wetland areas to 
the east of the proposed system and the western and northern shore of Swamp Creek 
from its confluence with Hemlock Creek upstream to Creek 17-13. The upland areas 

located within Area H are comprised of active agricultural land and, therefore, will only 
be briefly investigated. 

Two field investigations will be conducted by Bradley Helmandollar of Foth & 
Van Dyke and Gary Fewless of UWGB. The first will be completed during the fall of 
1998 and will consist of walking several transects through the wetlands in the study and 
documenting the dominant vegetation. This information will be used to further identify 
the vegetation cover type within each of the wetland areas. In addition, once compiled, | 
this information will be used to identify areas that may potentially contain species listed 
on the Wisconsin Natural Heritage Inventory List. The second field investigation will 
be conducted in the late spring and/or early summer of 1999. This investigation will 
focus on identifying threatened, endangered and/or special concern species within the © 
wetland areas. 

No investigations for terrestrial fauna are proposed for this field effort. The potential 
presence or absence of threatened endangered and/or special concern species within the 
area of influence can be inferred from the vast data base collected for the mine site and 
surrounding study area. This assumption will be confirmed based on the vegetation 
cover type (habitat type) information collected in the fall of 1998. 

Surface Waters 

Surface water monitoring will consist of gathering two rounds of flow and water quality 
data at selected locations by Foth & Van Dyke personnel. 

Flow data will be recorded at the culvert where the small feeder to Creek 17-13 crosses 
the Wisconsin Central Limited Railroad tracks. This sampling point is designated as 
SG-Z16 on Figure 1. Flow data for Creek 17-13 will be recorded at sampling point 
SG 17-13. Flow data will also be recorded at sampling point SG-KSR where 

wetland Z16 (south) terminates along Keith Siding Road. Flow data at all three 
locations will be collected in the fall of 1998, before ice conditions develop, and during 
the winter ice cover conditions. In the spring of 1999, a site visit will be made during 
the peak runoff period to observe and document surface water flow patterns in the © 
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vicinity of Area H. If channelized flow is suitable for flow monitoring, velocity and 
cross-section information will be collected to quantify peak surface water runoff 

conditions. 

Surface water quality samples will be collected from Lake 17-16 and at the following 
three creek locations as shown on Figure 1: SG-Z16, SG17-13, and SG-5A. The 

sample results from LG17-16, SG-Z16, and SG-17-13 will characterize surface water 
quality in the immediate vicinity of Area H. Sample results from SG-5A will provide 
contemporaneous data for Swamp Creek, immediately downstream of Area H. Two 
rounds of water quality samples will be collected. The first sampling will occur in the : 
fall of 1998 before ice conditions develop. The second round will occur during the 
winter after ice conditions develop. Table 2 contains the planned parameter list with 
expected analytical methods and reporting limits specified. 

Groundwater Monitoring 

NMC has completed two rounds of groundwater quality sampling at groundwater 

monitoring wells MWH-10, MWH-11, and MWH-13 (Figure 1) to assess existing | 

© groundwater quality conditions at the site. The parameter list for the first round of 

groundwater quality monitoring includes: 

Hardness Total Dissolved Solids 

Metals Fluoride 

Cyanide Herbicides 

Total Kjeldahl Nitrogen Aldicarb 

Chemical Oxygen Demand Organic Chlorine Pesticides 

Nitrate & Nitrite 

The parameter list for the second round of groundwater quality monitoring includes, in 

addition to the above parameters, the following groups of priority pollutants: 

Volatile Organic Compounds Base/Neutral Compounds 

Metals Pesticides/PCBs 

Acid Extractable Compounds Total Cyanide/Total Phenols 
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In addition, field conductivity measurements were taken at all on-site groundwater 

monitoring wells during the second round of sample collection. 

Water Leach Testing 

Four soil samples (Figure 1) will be collected by Foth & Van Dyke personnel from 

Area H for the purpose of performing water leach tests to determine the potential for the 

discharged water to leach agricultural chemicals and other anions and cations from the 

soil. The samples will be collected for the unsaturated soil horizon below the limit of 

excavation of the soil absorption system. Testing will be performed using the synthetic 

precipitation leaching procedure (SPLP) Method 1312, modified as discussed below. 

For locations east of the Mississippi River, the SPLP protocol specifies a leachant of 

Grade A water adjusted to a pH of 4.2 su, using a 60/40 wt percent mixture of sulphuric 

and nitric acids. This leachant composition has been designed to evaluate the effects of 
acid rain. Treated Crandon Project effluent, unlike rain, will not pass through the 
atmosphere, and, therefore, will not have characteristics similar to that of acid rain. The 

: treated effluent pH will be maintained at neutral conditions, and will be characterized by 
very low solute concentrations. The acidic leachant specified in the SPLP Method 1312 © 

is, therefore, not appropriate for the test conditions associated with Area H soils. A 

more appropriate leachant for the planned tests is deionized water. Therefore, the 

proposed tests will be completed with deionized water. 

Reporting 

Upon completion of 1998 field activities and receipt of laboratory results for samples 
collected during these field activities, NMC will summarize the work and provide 
results and interpretations in a report. Following completion of 1999 field work, NMC 
will submit a supplement to the original report documenting the additional work and 
interpreting the results. 
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Should you have any questions regarding this proposed work, please contact me at 
(715) 478-3393. 

Sincerely, 

Gordon Reid | 
Manager of Engineering 

Nicolet Minerals Company 

GR:cerl 

Attachments 

cc: Mr. Archie Wilson, Wisconsin Department of Natural Resources 

© Mr. Larry Lynch, Wisconsin Department of Natural Resources 
Mr. Paul Luebke, Wisconsin Department of Natural Resources 
Mr. Christopher Carlson, Wisconsin Department of Natural Resources 
Mr. Dave Heath, Wisconsin Department of Natural Resources 
Mr. John Pohlman, Wisconsin Department of Natural Resources 

Mr. Robert Jaeger, U. S. Department of the Interior 
Mr. Philip Shopodock, Forest County Potawatomi 
Mr. Charlie Fox, Sokaogon Chippewa Community 
Apesanahkwat, Menominee Indian Tribe of Wisconsin | 

Mr. Philip Seem, Menominee Indian Tribe of Wisconsin 
Mr. Doug Cox, Menominee Indian Tribe of Wisconsin 
Mr. Dan Cozza, U. S. Environmental Protection Agency 

Mr. John Coleman, University of Wisconsin-Madison 

Mr. Mark Meyers, U. S. Army Corps of Engineers 
Ms. Joanne Tacopina, Town of Nashville 

Mr. Jerry Sevick, Foth & Van Dyke 
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Table 1 

© Proposed Field Investigation Schedule 

Field Activity 1998 1999 

A) Flora and Fauna 

Aquatic Macrophytes N/A July-August 

Fish November | N/A 

Mussels N/A June 

Macroinvertebrates 

Benthos Collections November N/A 

Light Trapping N/A May - June 

Odonata N/A May - June - July 

Exuviae N/A June 

Terrestrial Cover Types October-November June - July 

@ Vegetation N/A June - July 

B) Surface Waters November January - February 

C) SPLP Testing November N/A 

Prepared by: BDH 
Checked by: JWS 

e 
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Table 2 @ 

: Surface Water Monitoring Program 

Laboratory Parameters 

Alkalinity, Bicarbonate SM 2320B 10 mg/l 

Alkalinity, Carbonate SM 2320B 10 mg/I 

Alkalinity, Total SM 2320B 10 mg/l 

Aluminum, Total EPA 200.7 50 ug/l 

Antimony, Total EPA 200.7 5 ug/l 

Arsenic (LL) EPA 1632 0.01 ug/l 

Barium, Total EPA 200.7 5 ug/l 

Beryllium, Total EPA 200.7 1 ug/l 

BOD, EPA 405.1 2 mg/l 

Boron, Total EPA 200.7 100 ug/l © 

| Cadmium (LL) EPA 1638 0.02 ug/l 
Calcium, Total EPA 200.7 | 100ug/1 

; COD EPA 410.4 5 mg/l 

. Chloride EPA 325.1 2 mg/l 

| Chlorophyll a SM 10200H 0.2 mg/1,000L’ 

Chromium (LL) EPA 1638 0.1 ug/l 

Color EPA 110.2 1 (color unit) 

Copper (LL) EPA 1638 0.02 ug/l 

| Cyanide, Total EPA 335.4 0.01 mg/l 

Fluoride SM 4500F-C 0.1 mg/l 

Hardness EPA 200.7 100 ug/l 

Iron, Total EPA 200.7 50 ug/l 

Lead (LL) EPA 1638 0.01 ug/l 

Manganese, Total EPA 200.7 2 ug/l © 
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© Table 2 (Continued) 

Analyte Analytical Method Reporting Limit 

Magnesium, Total EPA 200.7 30 ug/l 

Mercury (LL) EPA 1631 0.0005 ug/l 

Molybdenum, Total EPA 200.7 6 ug/l 

Nickel (LL) EPA 1638 0.03 ug/l 

Nitrogen, Ammonia EPA 350.3 0.1 mg/l 

Nitrogen, Kjeldahl EPA 351.3 0.1 mg/l 

Nitrogen, Nitrate EPA 354.1/353.2 0.05 mg/l 

Oil & Grease | EPA 413.1 5 mg/l 

pH EPA 150.1 0.1 SU 

Phosphorous, Dissolved EPA 1638 3 ug/l 

Phosphorous (LL) EPA 1638 3 ug/l 

Potassium, Total EPA 200.7 100 ug/l 

© Selenium (LL) EPA 1638 0.6 ug/l 

Silver (LL) EPA 1638 0.01 ug/l 

Sodium, Total © EPA 200.7 300 ug/l 

TDS EPA 160.1 20 mg/l 

TSS EPA 160.2 10 mg/l 

TVS EPA 160.4 20 mg/l 

Sulfate EPA 375.2 10 mg/l 

| Thallium (LL) EPA 1638 0.01 ug/l 

Turbidity EPA 180.1 0.1 NTU 

Zinc (LL) EPA 1638 0.05 ug/l 

Field Parameters 

Conductivity EPA 120.1 1 umho/cm 

Oxygen, Dissolved SM 4500-0G 1 mg DO/I 

pH EPA 150.1 0.1 SU 

® 
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Table 2 (Continued) | © 

: Analyte ____ Analytical Method __ Reporting Limit : 

Secchi Disk Reading (A) 0.5 ft 

Temperature SM 2550 1.0°C 

"Reporting limit dependent on water clarity. 
LL = low level analyses by Battelle Marine Sciences. 
(A) = see attached procedure. Prepared by: RT) 

a Checked by: JWS 
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THE SECCHI DISC 

The Secchi disc is a simple, scientific instrument used to 
measure water transparency. Secchi disc transparency is a measure 
of the clarity of the water, and is a quick, simple, and accurate 
method for estimating lake water quality. Factors which reduce the 
clarity are algae, zooplankton, water color, and silt. Since algae 
is usually the most abundant item, one is indirectly measuring the 
algal population when measuring transparency. This test for trans- 
parency is the most frequently collected and commonly used indi- 
cator of lake water quality. 

~- Construction 

A typical construction plan is shown below. 

e | | 

Cr neremuacay | LO " i 

sg Die MADE oF METAL 
~ OR PLEXIGLAS 6's DIA. 
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WUITE QUADRINTS 
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| 
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Making the Measurements . 

- Secchi disc measurements should be made on a weekly schedule 

between May 1 and September 30 of each year. More frequent 

measurements, i.e. daily, are desirable. 

- Disc readings should be taken over the deepest basin (area) 

of the lake, preferably between 10:00 a.m. and 4:00 p.m. If 

possible, readings should not be taken during times of the 

day when the lake is rough or being used by a large number of 

motor-powered boats which may agitate bottom sediments and 

reduce clarity. Supplementary readings taken in different 

areas of the lake, can be valuable if the lake has an irreg- 

ular configuration or distinct basins or inlet regions. | 

- Anchor the boat before measuring the transparency to ensure 

that the Secchi disc is observed straight-down, instead of 

at an angle. 

- Disc measurements should be obtained by lowering the disc into 

the water on the shaded side of the boat. The observer should 

lean over the side of the boat so that he is directly over the 

disc as it is lowered. The depth at which the disc just disap- 

pears is noted. It is then raised slowly until it again | © 

becomes visible and that depth is noted. The point half-way | 

between the two readings is the Secchi disc measurement. The 

disc should then be raised several feet and the procedure 

repeated and an average for the two values calculated. Report | 

.. transparency to the nearest one-half foot. . 

- Secchi disc readings will vary from day-to-day at different 

locations within any one lake, so the measurements should be | 

made at the same location for all samples. This will make 

data comparable from year-to-year or week-to-week. 

- After determining the Secchi disc measurement the information 

is recorded along with any other relevant information such as 

current weather, a recent runoff event, or heavy motorboat 

traffic which might affect the reading. 
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