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Crandon gCompany

7 N. BROWN ST., 3RD FLOOR
~ RHINELANDER, WI 54501-3161

July 20, 1995

* Mr. David L. Ballman, Ecologist

. U.S. Army Corps of Engmeers

~ St. Paul District

190 Fifth Street East
St. Paul, MN 55101

Mr. Bill Tans '
Wisconsin Department of Natural Resources
Bureau of Environmental Analysns and Review

~ P.O. Box 9721
. Madxson, WI 53707

Dear Mr. Ballman and Mr Tans
RE Crandon Project - Sectton 404 Permit Applzcatwn Addendum 1
Crandon Mining Company (CMC) is plcased to file the enclosed document titled Section 404

Permit Application - Addendum 1 for the Crandon Project. On July 7, 1994 CMC filed a Section
404 Permit Application for the project in order to initiate district activities associated with the

‘ 5revxcw of the proposed project pursuant to Section 404 of thc Clean Wam Aot.

. RHINELANDER BUSINESS OFFICE

" TEL.: (715)365-1450 FAX: (715) 365-1457

- previous EIR. This submittal provides updated projéc

The July 7, 1994 submittal included mformatlon regardmg thc proposed prOJect cnrrent at that

~ time as well as relevant sections of the 1985 Environmenta} Impact Report (EIR). Since that

submittal, CMC has modified the project and complet:

umber of studies to update the
, nformatmn and the followmg '
documentation as required by the Section 404(b)(1) 'Guldclmes b .

A]tematlvcs analysns,

Description of wetlands of the study area;
Measures to avoid/minimize wetland impacts;
Unavoidable impacts; and

Wetland compensatxon

Please note when revnewmg the addendum that CMC has dctcrmined that thc project wﬂl
directly 1mpact approximately 29.5 acres of wetland, which is'a ""'ifoximately 1.4 percent of the
wetlands in the study area. This is a substantial reduction ftom the ‘projéct as proposed in the
1980’s. The reduction is the result of CMC’s work to avoid and minimize wetland impacts.
CMC believes that the location and dcsxgn of project facilities wﬂl Crcatc the least overall
envu'onmcntal impacts and also minimize dxrcct mxpact to wetlands

7 N. BROWN ST., 3RD FLOOR ~ , Cim -
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Mr. David L. Ballman/Mr. Bill Tans

‘ “uly 20, 1995
T Page 2

To mltlgate the direct and indirect wetland impacts of the project, CMC proposes to develop a
wetland mitigation site encompassing apprommatcly 57 acres. A discussion of the development
of this site and its wetland functxonal values is also contained in the addendum.

We requcst that the St. Paul District bcgm its review of the addendum as soon as practicable and
“that a conference be set to discuss the addendum and project schedule We suggest that WDNR
be included in these discussions.

If you or your staff have any questlons regardmg the addendum, please contact me at (715) 365-
1450. v

. Smcerely,

%//

Jerome D. Goodnch JI'
President

. Crandon Mmmg Company
 IG:mld
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Crandon Mining Company
Section 404 Permit Application

Executive Summary

Introduction

Crandon Mining Company has applied to the U.S. Army Corps of Engineers for a wetlands
permit needed for building and operating the proposed Crandon zinc and copper mine. The
permit procedure, required under Section 404 of the Federal Clean Water Act, is designed to
make sure the company preserves wetlands to the maximum extent possible and replaces any
wetlands directly affected by mine facilities.

All told, the Crandon Project will result in a gain of high-quality wetland acreage in the Fox-
Wolf River Watershed, in which the mine site is planned to be located. As now designed, the
facilities will directly impact 29.5 acres of wetlands. This represents:

. Less than half the 65.4 acres that would have been directly affected under the
original mine plan prepared in the 1980s.

. Less than 1.4 percent of the wetlands in an 18.3-square mile study area around
the mine site.

To replace the 29.5 acres, CMC will restore 57 acres of wetlands on a farm in Shawano and
Oconto counties that used to be a natural wetland. This restored wetland acreage is enough to
replace both wetlands affected directly by mine facilities and other wetlands that may be affected
indirectly, such as by lower groundwater levels in the immediate area of the mine. The following
summary explains the steps CMC has taken to preserve and replace wetlands.

Mapping and Ranking Wetlands

Some wetlands are more important than others in terms of their value to the environment.
Under federal law, high-quality wetlands must receive first priority in wetland protection. If a
project will disturb high-quality wetlands, then replacement wetlands must also be of high quality.

In an extensive survey of wetlands in an 18.3-square mile area around the mine site, CMC
mapped 2,145 acres of wetlands and assigned values to 174 wetland parcels based on their
importance for such purposes as:

Plant and wildlife habitat
Stormwater and floodwater storage
Groundwater recharge

Water quality maintenance
Recreation

Scenery

Education

[MLD2]93C049
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This process helped CMC minimize impacts on wetlands, preserve the most important wetland
values, and choose an appropriate site for wetland replacement. .

Preserving Wetlands

Federal and state laws require CMC to design the mine for the smallest possible effect on
wetlands. To reduce wetlands directly affected from 65.4 to 29.5 acres, CMC changed the size,
shape and location of project facilities. The biggest reduction came from redesigning the tailings
management area (TMA) by:

Reducing the overall size

Adjusting the shape

Moving the location to the north

Changing the basin slopes and embankments

These and other changes to the TMA saved 35.91 acres of wetlands. The following table shows
how mine facilities will affect wetlands under the current design, compared with the previous
design.

Minimizing Wetland Disturbance

Acres of Wetland Directly Affected

Project Facilities Previous Design Current Design
Plant Site 0.0 0.28
TMA and Reclaim Pond 57.7 21.79
Access Road 3.2 3.91
Railroad Spur 3.9 3.05
TMA Access Road and 0.6 0.47
Tailings Pipeline Corridor

TOTAL 65.4 29.5

Replacing Wetlands

Under a wetland replacement formula used by the Wisconsin Department of Transportation,
CMC would need to create 35.29 acres of wetlands which is a ratio of 1.2 new acres for each
acre directly impacted by the mine project. CMC plans to create 57 acres, a ratio of 1.9 to 1,
which is 58 percent more than dictated by the formula.

The primary goal of wetland replacement is to create, within the same watershed, wetlands of

similar quality to those directly affected by the project. Because there were no lands suitable for

wetland restoration in the immediate area of the mine, CMC conducted an extensive search

within a 50-mile radius. After screening 180 parcels of land and giving 35 of these a closer

evaluation, CMC chose a portion of a farm straddling the border between Shawano and Oconto .

[MLD2]93C049
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counties. This parcel was a natural wetland until it was drained years ago for farming. CMC
rated this site as best for wetland restoration because:

. It is large enough.

. It lies in the Fox-Wolf River Watershed.

. It has wetland-type soils that readily will support native wetland plants.

. It has groundwater close to the surface and is bordered by drainage ditches that

can be dammed to restore wetland conditions.

CMC studies show that the land will revert to a high-quality wetland within a few years after it is
flooded. Already, water collects on the site in spring, and it is used by migrating and breeding
waterfowl such as mallard ducks, wood ducks, and Canada Geese. The site is nearly surrounded
by wetlands, and wetland plants grow along drainage ditches and on lands that border it. These
plants will naturally reseed the area. CMC will accelerate the process by tilling and reseeding
portions of the land.

CMC will develop the site by regulating water levels to help establish the desired mix of wetland
plants. To prove that the restoration project has been successful, CMC will monitor the site for
five to ten years, submitting reports to the Corps of Engineers every two years.

When restoration is complete, the wetland will be a diverse community with three kinds of
wetland habitat: 36 acres of shallow marsh, 13 acres of wet meadow, and eight acres of deep
marsh. Ultimately, CMC intends to turn the property over to a public entity for permanent use
as a natural conservancy area.

Wetland Replacement

New Wetland Acreage Replacement Ratio
Amount Recommended 35.29 12to01
Under Wisconsin Department
of Transportation Formula
Amount Planned by CMC 57 19to 1

[MLD2]93C049
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. 1 Introduction
b,

A permit application and supplementary information for a Water Regulatory Permit and
Approval (Form 3500-53, Rev. 9-89) was submitted by Crandon Mining Company (CMC) on July
7, 1994 to the U.S. Army Corps of Engineers (USCOE) St. Paul District (Moe, 1994). Copies of
the permit application were provided at that time to the Wisconsin Department of Natural
Resources (WDNR) and other interested parties. The July 7, 1994 submittal included
information regarding the proposed project that was current at that time as well as relevant
sections of the project’s 1985 Environmental Impact Report. Since that time, CMC has modified
the proposed project and completed a number of studies to update the previous Environmental
Impact Report. This submittal provides updated project information as well as the following
supporting documentation required by the Section 404(b)(1) Guidelines:

Alternatives analysis

Description of wetlands of the study area
Measures to avoid/minimize wetland impacts
Unavoidable impacts

Wetland compensation

In addition to this document, numerous related permitting documents have been or will be
submitted to the USCOE, WDNR and other interested parties relating to the Crandon Project.
To avoid duplication, information contained in those documents is, in a number of cases,
referenced in this addendum.

[PAMWLD2]93C049 - Section 404 Permit Application - Crandon Project
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2 Description of the Proposed Action

The main elements of the Crandon Project consist of an underground mine; ore concentrating
facilities; water treatment facilities; a tailings management area; a water discharge pipeline and
ancillary facilities such as an access road, a railroad spur line, and service and support facilities.
An extensive description of the project is included in the Mine Permit Application. 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 relative location of the project is 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

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

Prepared by: PAE
Checked by: JTWS

Within this section there are numerous references to the "project area”, "mine site", "plant site"
and the "tailings management area". These terms have specific meanings as follows.

. 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, processing, concentrating, water treatment, administrative, and

[PAMWMLD2]93C049 - Section 404 Permit Application - Crandon Project
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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; ventilation raises; 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.

. Tailings Management Area (TMA) - The "TMA" is defined as the area within the
"mine site" that includes the project’s four tailings cells and berms, the reclaim pond,
the tailings and reclaim water pipeline and access road corridors, and contiguous
borrow and storage areas. The TMA also includes all surface water drainage facilities

constructed in its vicinity.

Two additional areas located outside of the project area include the narrow corridor from the
intersection of the site access road and State Trunk Highway (STH) 55 to the Wisconsin River in
which the project’s treated water discharge line is to be located, and the project’s wetland
mitigation site located off-site in Shawano and Oconto Counties. Design information for the
discharge pipeline to the Wisconsin River is included as part of the water treatment system
engineering report prepared pursuant to Wisconsin Administrative Codes. Design information
relative to the wetland mitigation site is included as part of this addendum. For completeness
the description of the environmental aspects associated with these areas are included in the
project’s EIR.

The boundaries of the project area, plant site and TMA are shown on Figure 2-2. The plant site
and the TMA are approximately 128 acres and 355 acres in size, respectively. The total area of
disturbance, including the access road and railroad spur, is approximately 550 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 five miles south of the City
of Crandon and two miles east of STH 55 and the Mole Lake Indian Reservation. The plant site
is approximately one-quarter mile north of Little Sand Lake and one mile south of Swamp
Creek. The primary mine surface facilities, €.g., 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 55 northwest of the site. A railroad spur line serving the site will be
connected northeasterly to the existing Wisconsin Central Limited Railroad. The project’s TMA
will be located approximately one mile southeast of the plant site.

The project area shown in Figure 2-2 includes those portions of property which CMC has
purchased, leased, optioned for purchase or obtained by easements for use in the development of
the plant site, TMA, access roads, railroad spur line and buffer areas.

22 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 material deposited by this volcanic system was sulfide minerals which

accumulated in low spots on the ocean floor. Continued accumulation of other volcanic .
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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 approximate width of 100 feet, north-south,
and a strike length of 4,900 feet, cast-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.

23 Key Project Elements

23.1 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 from the main shaft at 300 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 schematic longitudinal section showing a
typical main level plan is shown on Figure 2-6.

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

Mine development will be divided into the following phases:

1) Site preparation and the sinking of the main production shaft and the east ventilation
shaft. This phase is expected to take 18 months to complete.

2) The development of the underground ore handling and crushing system, the
. development of the dewatering system, lateral development into the ore horizons and
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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 also expected to take 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.

23.1.1 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. If required, inert grout will be pumped under pressure
through holes in the collar into the rock and glacial formations 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.

During shaft development, it is estimated that the drainage water from both shaft sinkings will be
controlled to less than ten gallons per minute (gpm) by grouting. All shaft water will be pumped
to the surface water storage ponds.

23.1.2  Phase II Development .

Because the east shaft is smaller than the main shaft, it will be completed sooner. Upon its
completion, horizontal level development will consist of driving a horizontal opening in the
hanging wall rock to connect the east shaft to the main shaft (Figure 2-6). 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 handling systems, and (d) a loadout facility.

23.2 Mine Operations

Level development from the main production shaft to the stoping areas will be driven at 300-foot
vertical intervals. The primary mining method will be blasthole open stoping with delayed
backfill. However, other mechanized variations, such as sublevel mining or cut-and-fill stoping
methods may also be used. Stopes (Figure 2-7) will average approximately 300 feet high by

75 feet long, 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
approximately four to six inch diameter blastholes on approximately 12-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 eight
inches, will be conveyed to a skip loading pocket and hoisted to the surface.
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A typical stope will contain approximately 250,000 tons of ore. At a 2,000,000-ton annual

. production rate, approximately eight stopes will be mined out each year, which exposes less than
five 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, averaging approximately 100 feet
thick, 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 may 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 is backfilled prior to mining the
next upper lift. Less than 10 percent of the ore body may require use of this mining method.

The planned mining methods provide for backfilling all stopes following ore extraction. These
practices, combined with the fact that five 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.

Mine backfilling will begin with the start of milling operations and after the first stope is
depleted. The backfill will consist of mill tailings 10 to 15 micron or greater in size,

. supplemented with coarse waste rock retained underground. Uncemented tailings backfill will
have a hydraulic conductivity on the order of 0.028 feet per day. The hydraulic conductivity of
cemented tailings backfill will be lower. Backfill slurry containing approximately 60 to 70 percent
solids will be pumped underground through boreholes fitted with distribution pipes. The
backfilling operations will normally be conducted to coincide with the mining schedule.

Waste rock material from mine development will be used in the stope backfilling process and will
be placed before or during the placement of hydraulic tailings fill. The hydraulically-placed fill
will flow into and fill the voids between the rock fragments.

Cement will be added to the backfill when needed to provide stability so that the column of fill
will stand unsupported and enable complete removal of the ore in the adjacent stope.
Approximately one-third to one-half of the total backfill placed in the mine will contain cement.

233 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
initial operations, therefore deferring maximum and steady state inflow rates. During the initial
operations, groundwater inflow is expected to be minimal and localized, occurring through
isolated bedrock fractures that have limited capacity to move water. During this period,
exploration holes will be advanced into the weathered bedrock areas to dewater them. The
water removed in this fashion will primarily be stored water which will be withdrawn at rates that
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can be effectively managed at the project’s water treatment plant. A more detailed description
of this process follows. .

As mine development progresses upward from the original mining areas (Figure 2-6), diamond
drilling techniques will be used to identify active underground water courses prior to advancing
the mine face. Diamond drill holes will be used throughout the mine to drain stored water.
Flows encountered on the uppermost active mine level will be captured by interceptor drill holes
and contained to avoid contamination by mining operations on levels below and to reduce
pumping head. A conceptual cross-section of the groundwater interceptor system showing the
collection methodology is presented in Figure 2-8. Standard rock grouting techniques, typically
using neat cement, may also be used for local inflow control during the early mine years to limit

total mine pumpage.

Typically, groundwater interception holes will form conical fans in the weathered rock above the
development openings, thus increasing the radius of the drains. As is common practice in other
mines, the drill hole collars will be fitted with valves to allow controlled water removal.

Groundwater collected from exploration drilling or other drill holes placed specifically for inflow
interception will be routed directly to a clean water sump and pump station near the main shaft
in the upper mine level. The collected groundwater will typically be pumped to the water
treatment plant on the surface. However, a portion of the water may be retained underground
for distribution as mine utility water.

Groundwater seepage that is not captured by the interceptor system will infiltrate the mine

workings and ultimately be recovered in the main sumps along with the mine potable, utility and

backfill drainage water. Normal mine drainage collection will begin on each mine level where .
groundwater seepage, utility water and backfill drainage will be ditched to small local sumps

excavated in the drift wall. 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 at the lowest level.

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.

234 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 are 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. The remaining material, which is called
tailings, will be either used as backfill in the mine or hydraulically transported 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 eight to 10 percent moisture content.

[PAMWLD2]93C049 - Section 404 Permit Application - Crandon Project
July 20, 1995 Foth & Van Dyke ¢ 7



The tailings will range in size from sand to very fine particles. The coarser tailings from the
. mineral separation circuits will be used to backfill the mined-out stopes. The finer 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
this circuit will not require treatment because a discharge will not normally take place. The
water treatment system will be designed to treat tailings pond waters for discharge, if necessary.

24 Infrastructure

Infrastructure features to support the mine and milling operations include a water treatment
plant, ore and waste rock storage facilities, mining waste management facilities, access road,
railroad spur line, electric power transmission lines, a natural gas pipeline, a treated water
discharge pipeline, and ancillary buildings and storage facilities. A discussion of each follows.

24.1 Water Treatment

A water treatment plant will be constructed as part of the project facilities. It will treat mine
water and, if needed, process water prior to discharge. Intercepted groundwater is expected to
be representative of natural groundwater quality. If the monitoring of this groundwater indicates
that the water quality is not suitable for direct discharge, it will be routed through the water
treatment plant. Groundwater that bypasses the interceptor system and comes in contact with

. mining activities will be commingled with other mine drainage water, such as the water used to
cool the drill bits while drilling the blast holes. All of these "contact waters" will be routed
through the water treatment plant.

The water treatment plant will include a lime and sulfide precipitation system with filtration and
pH adjustment. Treatment solids from this facility will be placed along with the ore processing
tailings in the TMA. Mine water will be treated to meet WDNR Water Quality Standards
before being discharged to the Wisconsin River via a discharge pipeline installed primarily along
the U.S. Route 8 corridor (Figure 2-11).

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

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

24.2 Mining Waste Management

Crandon Project mining wastes will include waste rock, tailings, refuse, water treatment plant
solids, and laboratory wastes.
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Over 50 percent of the waste rock generated by the project will be left in the mine to be used as

backfill for mined-out stopes. Limited quantities of waste rock will be brought to the surface ‘
during preproduction and managed as discussed in Section 2.4.3 below. As discussed in

Section 2.4.4 below, approximately 50 percent of the tailings generated by the project will be

returned to the mine as backfill, with the remaining 50 percent placed in the TMA.

During the 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 treatment of project generated waters. These solids will be
placed in the TMA with the tailings.

243 Preproduction Ore/Waste Rock Storage Areas

Two storage areas will be located to the north of the main production shaft to store ore and
waste rock hoisted to the surface during pre-production mine development. Prior to the
commencement of underground crushing and the start of mill operations, approximately
1,050,000 tons of uncrushed ore and waste rock of a maximum size of 24-inches will be placed on
the two separate areas. One storage facility which will be lined will be used to store
approximately 350,000 tons of ore and about 100,000 tons of Type II waste rock. The remaining
600,000 tons of Type I waste rock will be deposited on an unlined area located east of the lined .
storage area. Type I waste rock is material that has a very low potential to leach, while Type II
waste rock has a higher leaching potential. The lined area is designated as the preproduction ore
storage area on Figure 2-3. The unlined area is referred to as the construction material storage
area on the same figure. Both storage areas have been designed to accommodate the maximum
potential amount of waste rock and ore hoisted from underground during the preproduction
period and will occupy a total area of approximately 18 acres.

For the preproduction ore storage area a central ridge will divide the facility on its north-south
axis. 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 compacted layer of existing soil
overlain by a geomembrane liner. A till cushion will be placed over the gecomembrane. Water
from this area will be drained to a water storage basin. The location of the basin is sized to hold
the volume of water from a 25-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 water treatment plant.

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 another of the site’s surface water runoff
basins. Water from this runoff basin will be discharged to natural site drainage ways. Following
commencement of mill operations, the ore stored in the preproduction storage area will be
processed. Type II waste rock stored in this area will be hauled by truck to the TMA for
disposal or for use as riprap for TMA internal sidewalls. Type I waste rock will be used as

construction material. .
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244 Tailings Management Area

. All tailings produced by ore processing that are not used for mine backfill, hoisted Type II waste
rock, water treatment plant solids and the small amount of laboratory wastes will be placed in
the TMA. The TMA has been designed to provide long-term, environmentally-safe containment.
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 2-12 and 2-13, the TMA will consist of four cells, each of which will be
lined and include a leachate collection system. The four cells, referred to as TMAI through
TMAA4 will each be constructed and operated in two stages. TMA1 and TMA2 are designed to
contain the tailings from processing the zinc ore. TMA3 and TMA4 will be used for the copper
ore 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 gapacity (in millions of cubic yards) Approximate Sit(:,_ Life (years)
T™A1 B 4.0 6 )
TMA 2 7.8 10
TMA 3 3.9 6
‘ TMA 4 48 6
Total 20.5 28

Prepared by: PAE
Checked by: JWS

TMA cell construction and operation will first involve constructing and filling Stage 1 of TMAL.
As the tailings in Stage 1 approach the design elevation, Stage 2 of TMAL1 will be built. When
approximately one to two years of capacity remain in TMALI, construction of Stage 1 for TMA2
will begin. When TMAL1 is full, tailings placement in TMA2 will start. After consolidation,
reclamation of TMA1 will begin, while filling in TMA2 progresses. The same process will
continue for TMA3 and TMAA4.

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
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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 statues
and administrative codes which are written to protect the public health and welfare. Key TMA
design features include:

. An average 43-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 gecomembrane
liner.

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

sidewalls of each cell.

. A reclaimed final cover consisting of the following components from top to bottom.
- topsoil
- rooting layer
- drainage layer
- geomembrane liner
- low permeability soil liner .
- grading layer

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

245 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 three
miles long and consist of bituminous concrete with gravel shoulders. The treated water discharge
line will be buried in the right-of-way of the site access road. The TMA access road will be
approximately one mile long and will be gravel-surfaced. Pipelines for tailings disposal and
reclaim water 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.
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2.4.7 Utilities

. Electrical service to the project site will be provided by Wisconsin Public Service Corporation
(WPSC) by 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 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:

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

249 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 water 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.

24.10 Wetland Mitigation

Although mine facilities have been designed to minimize impacts on wetlands, as part of project
construction activities, approximately 29.5 acres of wetlands will be either excavated or filled. To
compensate, CMC 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. Section 8 of this report contains a detailed discussion of the proposed
compensation site.
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2.4.11 Mine Reclamation

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

and as 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, those 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 water treatment plant and associated pipelines will be removed after they are no longer

required. Salvageable equipment will be transported off-site. Scrap and treatment solids will be

placed in the TMA prior to closure of the final cell. Buried segments of pipelines will be purged

and left in place. Above-grade pipelines will be removed. The water treatment plant area and

pipeline routes will be graded and revegetated. .

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 the TMA. 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 Project Purpose

. The purpose of the Crandon Project is to develop an underground mine to facilitate the
extraction of zinc and copper ore for on-site benefication prior to the transport of the resulting
concentrates outside Wisconsin for further processing. Given that the location of the ore body is
fixed and that it is necessary for technological, logistical, economic and environmental reasons to
locate surface facilities near the ore body, flexibility in locating Crandon Project surface facilities
is significantly reduced in comparison to other non-mining projects. Within these constraints,
CMC believes that the location and design of project facilities will create the least overall
environmental impacts and also minimize direct impacts to wetlands.
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4 Alternatives Analysis

. A detailed alternatives analysis for the project has been conducted and is included in Section 4 of
the project’s 1995 Environmental Impact Report. The analysis, which is incorporated into this
addendum by reference, addresses alternatives identified and evaluated for major project
features. As demonstrated in that analysis, CMC does not believe that there are any practicable
alternatives to its proposal which would result in further avoidance or minimization of impacts to
wetlands.
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5 Study Area Wetlands

. The purpose of this section is to present data regarding the current condition of wetlands in the
area surrounding the proposed Crandon Project site. The wetland studies were conducted to
satisfy the requirements of Section 404 of the Clean Water Act and Wisconsin Administrative
Code (WAC) NR 132. Field and laboratory methods are described in Section 5.1, followed by a
summary of the wetland types identified in Section 5.2. Ecological relationships between the
study area wetlands and wetlands existing in the region are discussed in Section 5.3, while
hydrological relationships are addressed in Section 5.4.

5.1 Field and Laboratory Methods

Wetland studies were begun in the early 1980s by Normandeau Associates, Inc. and
Interdisciplinary Environmental Planning, Inc. (IEP). Wetlands in the study area were mapped
and characterized, and the wetland’s functional values were assessed. This work was validated
and updated by Foth & Van Dyke for the purposes of incorporation into the project’s May 1995
Environmental Impact Report (Foth & Van Dyke, 1995a).

The wetland study area is defined as an approximate 18.3 square mile area surrounding the
Crandon Project site (Figure 5-1). Study methods employed by previous investigators, as well as
the current studies by Foth & Van Dyke, are described below. Methods are divided into two
categories: 1) wetland mapping, delineation, and characterization, and 2) wetland functional
analyses.

. 51.1 Wetland Mapping, Characterization, and Delineation

In 1981 and 1982, assessments were conducted on wetlands existing on the CMC property that
were larger than 0.25 acres. The assessment included wetlands in an approximate 9.4 square
mile area encompassing the plant site, two alternative TMA sites, the access road corridor, and
the railroad spur corridor (Normandeau Associates, Inc. and IEP, 1982a,b,c,d). IEP evaluated
additional wetlands in 1983 in a larger study area than that used in 1981 and 1982 (IEP, 1983).
In total, the two assessments mapped and evaluated the functional values of the wetlands in an
approximate 18.3 square mile study area.

Wetlands were originally mapped at a scale of 1 inch = 400 feet by stereoscopic interpretation of
1976 to 1981 aerial photography. Each mapped wetland was visited during the field surveys.
When discrepancies were noted, the aerial photography was stereoscopically reviewed in the field
and corrections were made to the map (Normandeau Associates, Inc. and IEP, 1982a,d).

Quantitative studies of plants and wildlife communities were conducted in wetlands
representative of the different types of wetlands existing in the study area (e.g., scrub/shrub,
emergent/wet meadow, bog, etc.). Plant communities were sampled during the spring at three
representative areas within each wetland type. Vegetation was sampled on points at fixed
intervals along transects. Each plot was divided into three vertical strata (i.e., overstory,
intermediate strata, herbaceous layer). A relative importance index was computed for each
species in each strata (Normandeau Associates, Inc. and IEP, 1982a).

Herptofauna, mammals and avifauna were inventoried in representative wetlands. In general, the
. survey for reptiles and amphibians noted all individuals seen or heard during each phase of the
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field work from April to June. Spotted salamanders were intensively sampled using pitfall traps

and drift fences. Two representative areas of each wetland type were selected for bird census. A .
line transect and one listening station were established. All bird species seen or heard were

recorded. Two representative areas in each of the wetland types were trapped for small and

medium-sized mammals. Captures in each area were summarized by species and expressed in

numbers caught per 100 trap nights (Normandeau Associates, Inc. and 1EP, 1982a).

Fugro-McClelland, Inc. mapped additional wetlands, typically less than 0.25 acres in size, in the
plant site and TMA areas in 1992. Similar procedures to those described for the 1981/1982 work

were followed.

In August 1994, Foth & Van Dyke delineated wetlands 5, P2, F64, F65 and M3 in accordance
with the 1987 U.S. Corps of Engineers Wetland Delineation Manual. The purpose of this
delineation was to select a subsample of wetlands to validate the work conducted by
Normandeau Associates, Inc. and IEP Inc. in the early 1980s for consistency with the 1987
USCOE Manual (USCOE, 1987) mapping methods. These wetlands, totaling approximately 25
percent of previously delineated wetlands in the area of planned disturbance, were delineated,
flagged, and a horizontal control survey was conducted to allow for the production of a wetland
boundary map which could be directly compared with the wetland map prepared by the previous
investigators. The results of this verification evaluation are described in Section 5.2.

In November 1994 as part of investigating alternative sites for wastewater discharge absorption

ponds, Foth & Van Dyke delineated a 0.26 acre wetland located to the northwest of the plant

site. This wetland, referred to as Wetland 22, is located in an area that was clear-cut by a third

party since the previous wetland studies were conducted in the early 1980s. Wetland 22 is

situated upgradient of a logging road that appears to have impeded the natural flow through a ‘
drainage swale, thereby creating conditions suitable for the formation of this small wetland. A

letter (Moe, 1995) discussing the delineation of this wetland is provided in Appendix A.

5.1.2 Wetland Functional Assessment Methods

The functional values of 158 wetlands in the study area were assessed by Normandeau Associates
Inc. and Interdisciplinary Environmental Planning, Inc. in the early 1980s (Normandeau
Associates, Inc. and IEP, 1982 a through d; IEP, 1983). The functional values of 16 additional
wetlands were assessed by Fugro-McClelland in 1995. The wetland functions considered, as
required by WAC NR 132, included the following:

1. Biological 6. Water Quality Maintenance
2. Hydrologic Support 7.  Cultural/Economic

3. Groundwater 8. Recreational

4. Storm and Floodwater Storage 9.  Aesthetics

5. Shoreline Protection 10. Educational

A separate model, representing each of the above wetland functions, was used to provide a score

for each of the ten functions for each modeled wetland. The individual scores from each model

were then weighted and summed to provide an overall wetland functional value ranking for each

wetland. The biological and hydrological functions (i.e., hydrologic support, groundwater, storm

and flood water storage, shoreline protection, and water quality maintenance) were considered of

equal importance and each was weighted 40 percent. The remaining 20 percent was divided .
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equally among the cultural/economic, recreational, aesthetics and educational function. The final
' ranking was based on a scale of 0 to 100, with 100 the highest possible ranking. Assessment
methodology is described in detail in Appendix B.

5.2 Wetland Characterization/Classification

In total, approximately 2145 acres of wetland have been mapped within an approximate 18.3
square mile (11,711 acres) area surrounding the proposed mine facility. As a result, 256
individual wetlands were mapped as shown on Figure 5-1. Out of that number, 174 wetlands
were greater than 0.25 acres or existed in areas where potential direct impacts are expected to
occur. A functional values assessment was conducted for each such wetland (i.e., the named
wetlands [e.g., W1] shown on Figure 5-1). All 256 wetlands were habitat typed (Figure 5-2). In
a WDNR correspondence/memorandum dated September 15, 1994 from Dave Siebert, it was
indicated that WDNR field staff evaluated the wetland work completed in the 1980’s and were
satisfied with the mapped wetland boundaries (Siebert, 1994). A copy of this memorandum is
included in Appendix A. Further, based on the 1994 Foth & Van Dyke validation of the
previous wetland mapping, it is concluded that the wetland mapping/characterization work
performed by Normandeau and Associates, Inc. and IEP (1982a through d and 1983) is a
conservative representation of the wetlands in the entire study area and may have overestimated
the acreage by up to 13 percent (Appendix C).

Table 5-1 provides a summary of the wetlands existing in the study area by wetland habitat type

reflecting current updated information. Table 5-2 presents a comprehensive listing of all

wetlands in the study area, including dominant wetland habitat type and acreage. The results of
. the wetland functional analysis are presented in Appendix D.
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Table 5-1

. Summary of Wetlands Existing Within the Study Area
and Limits of Project Facilities
Wetland Habitat Type Study Area' (acres)
Aquatic Bed 5
Emergent/Wet Meadow 192
Shrub Swamp 274
Conifer Swamp 1,306
Deciduous Swamp 193
Bog _175
Total 2,145

! Within the 18.3 square mile study area.

Prepared by: RFS
Checked by: AWZ
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Table 5-2

Study Area Wetland Vegetation Types and Sizes

Dominant Vegetation

Wetland ID Type (1) Total Acres
Al SM 0.74
A2 CS 2.15
A3 DS 1.11
B1 SW 0.01
B2 CS 5.19
B3 DS 1.5
B4 CS 20.54
BS CS 0.55
B8 DS 0.48
D1 CS 439
D2 SwW 0.09
D3 DS 1.61
D4 CS 17.15

D4A DS 1.84
DS B 0.9
D8 DS 0.78

D18 DS 0.94
F1 SW 3.9
F2 SM 20.3
F4 CsS 3.81
F5 CS 3.32
F6 SwW 0.02
F7 SM 20.46
F8 DS 0.9
F9 CS 7.74
F10 CS 9.02
F11 CS 18.37
F12 SM 15.12
F13 CS 1.35
F15 DS 36.47
F16 B 8.81
F17 ) DS 1.75
F18 CS 56.34
F19 SM 9.21
F21 SM 1.35

F22 DS 2.21 ‘
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Table 5-2 (Continued)

Dominant Vegetation

Wetland ID Type (1) Total Acres
F23 SM 4.46
F24 SW 0.01
F25 DS 4.08
F26 SW 0.12
F27 DS 3.44
F28 B 59.69
F29 SS 3.16
F30 SW 0.02
F31 CS 6.45
F32 DS 0.68
F33 DS 1.82
F34 DS 0.45
F35 CS 217
F36 DS 1.36
F37 SM 15.72
F38 SW 0.09
F39 SS ' 5.92

. F40 SM 7.9
F42 SS 0.44
F43 B 1.33
F45 B 0.65
F46 DS 3.36
F48 CS 0.53
F50 DS 0.59
F51 DS 0.45
F52 B 2.91
F53 CS 13.93
F54 B 0.93
F55 DS 0.52
F57 DS 6.22
F58 SM 0.4
F60 DS 31.76
F61 DS 2.03
F62 DS 8.27
F63 CS 9.68
F64 B 4.62
F65 SS 2.16

. F66 CS 16.27
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Table 5-2 (Continued)

Dominant Vegetation

Wetland ID Type (1) Total Acres
F69 DS 1.38
F70 DS 2.44
F72 DS 4.29
F81 - SM 0.33
F86 DS 0.46
F87 DS 0.74
F90 AB 0.23
F114 SM 0.52
F116 CS 0.79
F119 CS 1.11
F121 CS 0.48
F122 DS 0.61

F122A SS 0.46
F125 SS 0.87
F126 SM 1.45
F127 DS 1

G1 DS 0.37
H1 _ CS 18.62
11 , DS 0.64
J1 DS 0.52
K1 SW 0.13
K2 DS 5.17
K3 CS 12.52
K4 SS 0.8
K5 B 1.3
L1 DS 0.97
M1 SS 1.09
M2 SW 0.3
M3 DS 4.51
M4 DS 1.37
M5 CS 1.83
MS5SA CS 0.09
YM6 DS 0.62
N1 SS 0.71
01 CS 113.85
03 DS 2.22
P1 DS 2.75

P2 CS 18.09 ‘ .
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Table 5-2 (Continued)

Dominant Vegetation

Wetland ID Type (1) Total Acres
R1 DS 4.93
R1A DS 7.15
R3 SM 19.08
RS CS 10.43
R7 DS 1.52
R7A SS 2.72
R8 SS 1.92
T1 B 1.66
T2 B 1.74
T3 SS 0.32
T4 CS 199.02
TS5 CS 1.64
Z1 SM 7.38
Z2 SM 15.6
Z3 SM 2.04
Z4 SM 1.45
Z5 SM 19.34
. Z6 CS 44.68
7 DS 3.89
78 DS 2.78
Z9 CS 9.54
Z10 DS 20.93
Z11 CS 26.18
712 SS 6.9
Z13 SS 4.08
Z14 CS 75.28
Z15 CS 9.89
716 CS 33.79
Z17 SM 3.35
Z18 DS 9.59
Z19 CS 3.53
Z20 SM 42.36
Z21 CS 3.54
Z22 SM 22.7
Z23 CS 226.96
724 CS 4.02
Z25 SS 16.26

. 726 B 2.86
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Table 5-2 (Continued)

Dominant Vegetation

Wetland ID Type (1) Total Acres
W1 CS 436.64
W2 CS 78.47
1 SS 0.67
2 DS 0.65
3 SM 0.71
4 SS 1.98
5 SM 0.28
6 SM 0.16
7 CS 0.2
8 CS 0.27
9 SM 0.19
10 CS 1.41
11 DS 0.72
12 DS 0.11
13 DS 0.07
14 DS 0.06
15 DS 0.14
16 DS 0.1
17 DS 0.54
18 CS 1.51
19 DS 0.13
20 DS 1.85
21 SM 0.07
22 SM 0.26
Other Mapped Wetlands in
Study Area Various 52.52
(1) SM = Emergent marsh/wet meadow.
CS = Coniferous Swamp.
DS = Deciduous Swamp.
B = Bog.
SS = Shrub Swamp.
AB = Aquatic Bed
SW = Streamside Wetland. These may contain components of each of the above listed

vegetation types.
Prepared by: RFS
Checked by: AWZ
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5.3 Ecological Relationships

. To assess the significance of the wetland types occurring in the study area surrounding the
proposed Crandon Project site, a comparison was drawn between the frequency of occurrence of
each wetland type in the study area with the frequency of occurrence of wetland types in the
region (Normandeau Associates, Inc. and IEP, 1982 a through d; IEP, 1983). The larger
evaluated region is defined as the Fox-Wolf River Watershed above the town of Langlade as
shown in Figure 5-3. Regional wetland acreage and habitat interpretations were based on
stereoscopic analysis of aerial photographs dated July 1979 obtained from the WDNR
(Normandeau Associates, Inc. and IEP, 1982a). The results of this comparison are presented in
Table 5-3. The representation of a given wetland type in the study area versus the total wetland
area for the region provides an indication of the regional distribution of the wetland types
identified. '

Wetlands are a common landscape feature in the region. Based on the results of Normandeau
Associates Inc. and IEP (1982 a through d and 1983), wetlands comprise approximately 20
percent of the total land area of the larger region. Conifer swamp is the most common wetland
type in the region followed by deciduous swamp, shrub swamp, bog, marsh and finally, aquatic
bed.

The relationship between the frequency of wetland occurrence in the study area and that of the
region is proportional to the relationship between the overall size of the study area and the size
of the region (Table 5-3). The study area comprises approximately 3.9 percent of the region
while the study area wetlands comprise approximately 3.5 percent of the regional wetlands. In

. other words, the study area contains an average quantity of wetland for the region in which it is
located.
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Table 5-3

Frequency of Occurrence of Wetland Types in the
Study Area Versus the Region

Area of Wetlands as Study Area Wetlands
Estimated Area of a Percentage of the Acreage of Study Area Wetlands  as a Percentage of
Wetlands in the Total Regional Wetlands in the  as a Percentage of the Regional Area

Wetland Type Region' Area Study Area®>  the Total Study Area Wetlands®
Scrub/Shrub 10,083 33 274 23 27
Bog 4,800 1.6 175 1.5 3.6
Aquatic Bed 785 0.3 5 <0.1 0.6
Deciduous Swamp 15,940 53 193 1.6 12
Conifer Swamp 25,873 8.6 1306 11.2 5.0
Emergent
Marsh/Wet Meadow 3,174 1.0 192 1.6 6.1
Total 60,655 20.1 2145 18.3 35

! Total land area of Fox-Wolf River Watershed: 301,900 acres.

2 Total land area of the study area: 11,711 acres.

3 This column is not additive since the denominator is not constant.

Source:  Adapted from Table 6.5-1 in Normandeau Associates Inc. and IEP, 1982a and Table 5.4-1 in IEP, 1983.

Prepared by: RFS
Checked by: AWZ
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5.4 Hydrologic Relationships

. The proposed Crandon Project site and surrounding study area are located in the Fox-Wolf
River watershed which is part of the Lake Michigan drainage basin. Surface water hydrology is
controlled by an average annual rainfall of 30.36 inches (Foth & Van Dyke, 1995a). It is also
controlled by the surface soils, topography, vegetation, land use, and seasonal temperature
variations.

The study area is located at or near the top of the watershed for a number of small creeks. The
surface area contributing to the wetlands within the study area is generally small, with the
exception of the wetlands along Swamp and Hemlock Creeks, thus the surface water budgets of
the study area wetlands are relatively low. Relatively permeable surface soils in the wooded
uplands result in very little runoff except during snowmelt and during above average rainfall
events.

There are numerous wetlands located in upland areas of the study area situated in small isolated
basins with no defined surface water outlet. The exception to this are the riparian wetlands
along Swamp Creek, Pickerel Creek, Hemlock Creek and those surrounding and feeding the five
wetland study area lakes.

Wetlands can be classified as either discharge or recharge wetlands based on their relationship
with the groundwater system. A detailed discussion of the classification of wetlands in the study
area is presented in the May 1995 Crandon Project Environmental Impact Report (Foth &

Van Dyke, 1995a).
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6 Wetland Avoidance/Minimization of Disturbance

. As depicted in the project’s 1986 Environmental Impact Statement (WDNR, 1986) and in Table
» 6-1, project facilities as proposed in 1986 consisting of the plant site, TMA and water reclaim

ponds, access road, TMA access road, and railroad spur would have resulted in approximately
65.4 acres of direct wetland impact. The original configuration of the surface facilities as
presented in the 1986 Environmental Impact Statement (WDNR, 1986), was further evaluated in
1994 and 1995 by CMC in an effort to further avoid and/or minimize wetland impacts associated
with the proposed surface facilities. As a result of that work, the project as currently proposed
will directly impact only 29.5 acres as shown in Table 6-1. A discussion of the adjustments made
in the project to decrease overall direct wetland impacts is presented in the following paragraphs.

Table 6-1

Minimization of Wetland Disturbance

Area of Wetland Disturbance

Project Facilities Previous Project! Current Project?
Plant Site 0.0 0.28
TMA and Reclaim Pond 57.7 21.79
Access Road 3.2 391
TMA Access Road/Tailings 0.6 0.47
‘ Transport Pipeline Corridor
Railroad Spur 3.9 3.05
Total 65.4 29.5

! WDNR, 1986 FEIS
> Foth & Van Dyke
*  Value reported in 1986 FEIS. Based upon further review the area of wetland disturbance for the

plant site as outlined in the 1980’s would have been approximately 7.64 acres.
Prepared by: PAE
Checked by: RFS

6.1 Plant Site

The following concepts were incorporated into the design of the currently proposed plant site to
minimize impacts to wetlands:

. The services building, concentrator building and wastewater treatment plant were
moved closer together. This revision reduced the overall size of the plant site area
and resulted in less disturbance area.

. The west ventilation shaft was relocated closer to the main shaft. This resulted in a
reduction in wetland impacts by eliminating the need to construct a road across
wetland 4 and wetland R8 west of the plant site.
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. Internal to the plant site, the railroad spur alignment was adjusted and one railroad
spur within the plant site was eliminated. This resulted in a reduction in the overall .
disturbance area and avoided wetland 11 north of the rail spur.

. The alignment of the road accessing the explosives storage area was adjusted to avoid
disturbing wetlands 11 and O3.

The revisions described above have resulted in a decreased plant site footprint. As shown on
Figure 6-1, this smaller plant site is generally at the same location as that proposed in 1986.
Based on the current assessment of wetland impacts for the 1986 plant site footprint, the current
footprint results in an overall reduction in plant site wetland impacts of 7.36 acres.

6.2 Tailings Management Area and Water Reclaim Pond

The following concepts were incorporated into the currently proposed design of the TMA to
reduce the overall size of the facility and reduce impacts to wetlands:

. External features such as construction staging areas, borrow areas and other surface
facilities external to the TMA cells have been eliminated or minimized and relocated
to avoid additional wetlands.

. Interior slopes of 3:1 are proposed as opposed to the previously proposed 4:1 slopes.
The 3:1 slopes which provide a more efficient use of space helped reduce the size of

the TMA.
. A reduction in estimated mineable reserves resulted in the need for a smaller TMA. .
. A two percent cell base slope design incorporates a high-point across the center of

each cell resulting in a greater volume for a given area which helps reduce the size of

the TMA.
. The number of water reclaim ponds and the capacity required at the TMA have been

substantially reduced. Previously, two reclaim ponds approximately 60 acres in size
were proposed. The current design incorporates one pond approximately five acres in
size at the TMA site. In addition, a second waste storage pond is proposed to be
sited at the plant site.

. The interior and exterior berm widths have been optimized to reduce the size of the
total footprint of the TMA.

The revisions described above have resulted in a reduced TMA footprint. This in turn, provided
an opportunity to shift the location of the TMA to further avoid wetlands. The 1986 footprint,
as shown in Figure 6-2, resulted in 57.7 acres of direct wetland impact. An alternative footprint,
as shown in Figure 6-3, was developed which shifted the TMA north from the 1986 footprint,

and would have resulted in 32.25 acres of direct wetland impact. A further shifting of the TMA
northward resulted in the preferred alternative TMA footprint as shown in Figure 6-4. The
preferred alternative TMA footprint avoids wetlands F15, F28, 18, 19, 20, F27, F64, F65 and the
majority of F66. As shown in Figure 6-1 the 1995 preferred TMA footprint results in 21.79 acres

[PAMWLD2]93C049 - Section 404 Permit Application - Crandon Project
July 20, 1995 Foth & Van Dyke * 29



of direct wetland impact. The preferred alternative results in a 35.91 acre reduction in wetland
. impacts over the 1986 design.

6.3 Access Road

Access road construction as currently proposed (Figure 6-5) will result in 3.91 acres of wetland
disturbance. This is an increase of 0.71 acres over the previously proposed project. The increase
is due to the need for a slightly wider construction corridor to accofnmodat‘e utility installation.

6.4 TMA Access Road/Tailings Pipeline Corridor

As shown on Figure 6-6 the TMA access road/pipeline corridor was designed such that it crosses
only wetland F11. The access road/pipeline corridor design has been narrowed to a minimum
cross section through this wetland to reduce the amount of wetland disturbance. Figure 6-7
shows a cross section of the TMA access road/pipeline corridor.

The design consideration discussed above resulted in a reduced TMA access road/pipeline
corridor width. This in turn, reduces the amount of wetland impact. In addition, the location of
the wetland F11 crossing was adjusted slightly from the 1986 alignment (Figure 6-6). The
original alignment would have resulted in a 0.6 acre direct wetland impact. The combination of
the current design considerations with the locational considerations resulted in a reduction of
wetland impact to 0.47 acres. As a result the currently proposed TMA access road/pipeline
corridor reduces direct impacts to wetlands by 0.13 acres.

. 6.5 Railroad Spur

The following concepts were incorporated into the currently proposed design of the railroad spur
(Figure 6-8) to reduce overall impact to wetlands:

. Elimination of the southern railroad spur connection to the Wisconsin Central
Limited Railroad route near Keith’s Siding Road to avoid wetland T2 entirely.

. Modifying the curve of the north railroad spur connection to the Wisconsin Central
Limited Railroad route near Keith’s Siding Road to avoid wetland T1 entirely.

. Shifting the alignment of the railroad to the east to avoid Wetland O1.
As originally proposed, the railroad spur resulted in a 3.9 acre direct wetland impact. The

wetland impact was reduced to 3.05 acres as a result of the design considerations listed above.
The proposed alternative has resulted in a reduction of 0.85 acres of wetland impact.
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7 Unavoidable Impacts

. The following discussion of wetland impacts has been divided into three sections; direct impacts,
temporary impacts and indirect impacts. Direct impacts are defined as the physical loss of
wetland habitat resulting from filling or excavating. Temporary impacts are short-term in nature
and will not result in permanent, direct wetland impacts. Indirect impacts are defined as
secondary impacts that may occur either as a result of the direct impact (eg., increases or
decreases in hydrologic inputs to downgradient wetlands) or through other actions associated
with the construction or operation of the proposed mine (eg., groundwater drawdown).

7.1 Direct Impacts

Of the wetlands that were mapped, inventoried, and evaluated in the study area, 25 will be
affected through partial or total reduction in size during construction of the plant site, TMA and
reclaim pond, access road, TMA access road/tailings pipeline corridor, and railroad spur. Figure
5-1 illustrates the relationship of potentially affected wetlands to the proposed project facilities.
The reduction in wetland acreage due to project implementation will not occur simultaneously
but will occur in phases over a period of several years. These phases are described in Section 2
of this report. For the purposes of this impact assessment, however, these phases are treated
collectively.

As described in Table 7-1 the 25 affected wetlands include 0.61 acres of emergent marsh, 3.12
acres of shrub swamp, 9.79 acres of deciduous swamp, 15.92 acres of coniferous swamp, and 0.06
acres of bog. Impacts to these wetlands were assessed on the basis of the raw unnormalized
scores that were calculated for each of the 174 wetlands in the Wetland Function Model

. described in Appendix B. The scores associated with those wetlands that will be directly
impacted are presented in Table 7-2. The Wetland Function Model was not applied to the three
unnamed wetlands due to their small size.
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Table 7-1

Acreages of Wetland Types Removed During Project Construction

Wetland Types
Emergent Shrub Deciduous  Coniferous Total Area
Wetland No. Marsh Swamp Swamp Swamp Bog Impacted
Plant Site B
5 0.28 0.28

Tailings Management Area

F30! 0.02 0.02
F31 2.16 4.29 6.45
F32 0.68 | 0.68
F81 0.33 0.33
16 0.10 0.10
. F33 1.82 1.82
17 0.54 0.54
M4 0.73 0.73
M3 1.56 1.60 3.16
F66 2.54 4.22 | 6.76
Unnamed (3) 1.0 1.0

Reclaim Pond
0.06
0.14
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Table 7-1 (Continued)

Wetland Types

Emergent Shrub Deciduous  Coniferous Total Area
Wetland No. Marsh Swamp Swamp Swamp Bog Impacted
Access Road Corridor
W1 2.40 240
w2 0.16 0.16
Z6 0.44 0.44
z7 0.33 0.33

Z9 0.58 0.58

TMA Access Road/Tailings Pipeline Corridor

F11 0.40 0.40
13 0.07

Railroad Spur Corridor
T1 : _ 0.06 0.06

2.57 2.99

TOTAL 0.61 3.12 9.79 15.92 0.06 29.50

' Wetland F30 is classified as a “streamside wetland” (SW) in Table 5-2. The impacted portion of this wetland is

dominated by deciduous swamp. Prepared by: RFS
Checked by: BDH
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Table 7-2

Unnormalized Functional Values Model Results
for Wetlands Directly Impacted by the Crandon Project

Wetland Biological = Hydrologic =~ Groundwater  Storm and Shoreline Water Cultural/  Recreational  Aesthetics  Education Total
No. Support Flood Protection Quality Economic
Water Maintenance
Storage

z7 79 41 56 72 7 51 19 25 19 7 376
Z6 95 58 61 103 0 75 57 42 34 18 543
z9 102 52 59 95 19 70 51 38 28 10 524
w2 102 57 56 96 19 79 51 38 31 10 539
w1 101 59 64 99 19 79 51 42 31 10 555
5 53 40 29 87 0 60 31 20 31 10 361
F11 78 48 42 100 0 73 57 42 31 15 486
13 44 8 33 86 0 58 37 24 31 15 336
14 47 12 33 86 0 56 37 28 31 15 345
15 44 8 33 86 0 58 37 24 31 15 336
F30 53 22 30 56 4 36 11 21 27 7 267
F31 83 48 31 98 0 69 51 38 34 10 462
F32 53 8 29 91 0 63 31 20 28 7 330
F81 58 20 29 77 4 50 17 24 37 15 331
16 48 8 33 86 0 58 31 24 31 15 334
F33 52 39 32 82 0 54 39 26 28 7 359

[PAMWLD2]93C049 - Section 404 Permit Application - Crandon Project

July 20, 1995

Foth & Van Dyke * 34



Table 7-2 (Continued)

Wetland

Groundwater

Biological ~ Hydrologic Storm and Shoreline Water Cultural/  Recreational  Aesthetics  Education Total

No. Support Flood Protection Quality Economic

Water Maintenance

Storage
17 60 8 33 90 0 61 31 20 34 10 347
M3 73 44 28 98 0 68 39 31 31 10 422
M4 57 8 29 85 0 59 31 23 36 7 335
F66 94 48 33 929 0 68 51 38 31 10 472
T1 72 12 53 94 0 66 37 28 45 15 422
T4 118 65 62 96 17 84 54 55 37 14 602
Model 29-158 6-67 20-68 29-123 0-32 18-98 11-87 10-71 9-66 7-24 142-794
Range (1)
Model 93 36 44 76 17 58 54 40 37 15 470
Mean (1)

Note: Functional values were not assessed for the three unnamed wetlands due to their small size.
(1) Model range and mean for all 174 wetlands accessed in the study area.
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The range of model scores for the 174 wetlands in the study area was 142-794 and the mean was

. 470. Wetlands with model scores higher than the actual mean were considered to be more
important in function than other wetlands in the study area. Therefore, in this evaluation, the
relative impact of the project on wetlands is considered to be greater to a higher scoring wetland
when compared to another wetland with a lower model score. The wetland functions considered
included: biological, hydrologic support, groundwater, storm and flood water storage, shoreline
protection, water quality maintenance, cultural/economic, recreational, aesthetics and education.
A discussion of the direct impacts resulting from each of the proposed surface facilities are
presented in the following paragraphs.

7.1.1 Plant Site

The proposed plant site will result in direct impacts to wetland S. This 0.28 acre isolated
depression will be totally filled. Due to wetland 5’s very small size and isolated nature, it has a
low potential to provide valuable wetland functions and, therefore, scored below average at 361.

7.1.2 Tailings Management Area

Wetlands F30, F31, F32, F81, 16, 17, F33, M4, M3, F66 and three unnamed wetlands will be
directly impacted by the proposed TMA.

7.1.2.1 Wetland F30

Wetland F30 was previously classified as a “streamside” wetland. This wetland, totaling 0.02
acres, is a poorly defined channel through a wet deciduous forest connecting wetland F31 to F29.

. Wetland F30 scored below the model mean for all functional values with a total score of 267.
This wetland will be totally filled.

7.1.2.2  Wetland F31

Wetland F31 consists of approximately 4.29 and 2.16 acres of coniferous and deciduous swamp,
respectively, and will be totally filled as a result of the construction of the TMA. This wetland is
situated in a semi-closed basin at the uppermost point in a chain of wetlands that ultimately
drain to Duck Lake. Wetland F31 outlets through wetland F30 into wetland F29 which is
directly connected to the wetland system surrounding Duck Lake. From a functional values
standpoint, wetland F31 was scored as average for wetlands in the study area with a total score
of 462. This wetland scored above the model mean for hydrologic support, storm and floodwater
storage, and water quality maintenance. The position of wetland F31 at the headwaters of a
series of hydrologically connected wetlands is the primary reason for the high scores in these
functions. All other functions were scored below the model mean.

7.1.23  Wetlands 16, 17, M4, F32, F33, F81

Each of these wetlands, as well as three unnamed wetlands within the boundZries of the
proposed TMA, share a number of characteristics and are therefore discussed together. With
the exception of wetland M4, all of these wetlands will be entirely filled resulting in a direct
impact of 5.2 acres as a result of the construction of the TMA. Approximately 0.64 acres of
wetland M4 will remain. These wetlands are all small, ranging in size from less than one-tenth
. of one acre to 1.81 acres. With the exception of a small area of marsh (0.33 acres) in wetland
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F81, these wetlands are classified as deciduous swamp. All of these wetlands scored below the

Wetland Functional Model mean (Table 7-2). Average to slightly above average scores for the .
storm and flood water storage function, however, were calculated for wetlands F32, F81, F33

and M4. These wetlands are depressions in the upper reaches of their watershed and therefore

have capacity to store stormwaters prior to discharge to downgradient waterbodies or wetlands.

Wetland F32 and M4 also received slightly above average scores for the Water Quality

Maintenance function. With the exception of the functional values associated with wetland M4,

these functional values will be lost. The capacity of wetland M4 to provide wetland functional

values will be reduced as a result of project construction. Details are provided in Section 7.3.

7.1.2.4 Wetland M3

Wetland M3 is one of three wetlands (including M1 and M2) in a connected system that flows
into Hemlock Creek. The TMA will directly impact 3.16 acres (70%) of this 4.51 acre mixed
deciduous/coniferous forested wetland. The impacted portion is dominated by lowland conifers.
This wetland occurs at the top of the watershed and intermittently contributes flow to wetland
M2, M1 and ultimately Hemlock Creek. The total Functional Model score for this wetland is
422 which is slightly below the model mean. Above average scores, however, were assessed for
the hydrologic support, storm and flood water storage and water quality maintenance functions
due to this wetland's position at the top of the watershed and its storage capacity. The capacity
of wetland M3 to continue to provide these wetland functional values will be reduced as a result
of project construction. Details are provided in Section 7.3.

7.1.2.5 Wetland F66

Wetland F66 is the uppermost wetland in a series of connected wetlands that ultimately drain
into Deep Hole Lake. This wetland is predominantly a conifer swamp. The construction of the
TMA will result in the filling of 6.7 acres (41%) of this 16.27 acre wetland. The total Wetland
Functional Model score for wetland F66 was 472 which is slightly above the model mean. This
wetland is surrounded by mixed northern forest, contains favorable edge and life form variability,
and is part of a wetland corridor extending from Deep Hole Lake approximately 1.5 miles to the
northeast. As such, the biological function was assigned a score above the model mean. The
hydrologic support, storm and flood water storage and water quality maintenance functions were
also scored above average largely based on this wetland’s relative large size and juxtaposition at
the uppermost point in a series of connected wetlands. The filling of slightly less than one-half
of this wetland will reduce its capacity to continue to provide these functional values. The
biological function will be impaired as a result of direct habitat loss. The reduction in size of this
wetland will also reduce its capacity to provide the hydrologic support, storm and floodwater
storage and water quality maintenance functions. Details are provided in Section 7.3.

7.1.3 Reclaim Pond

Wetlands 14 and 15 will be excavated and filled, respectively, by the proposed reclaim pond
construction resulting in a total direct wetland impact of 0.2 acres. These deciduous forested
wetlands are both located in isolated depressions with no inlet or outlet. Due to their very small
size these wetlands have a low capacity to provide valuable wetland functions and therefore, as
shown in Table 7-2, scored below average.

[PAMWLD2]93C049 - Section 404 Permit Application - Crandon Project
July 20, 1995 Foth & Van Dyke ¢ 37



714 Access Road

. The proposed access road will traverse Wetlands Z7, Z6, Z9, W2 and W1 resulting in a direct
impact of 3.9 acres.

7.14.1 Wetland Z7

Wetland Z7 consists of a 3.89 acre linear strip of deciduous swamp bordering an ephemeral
stream. The total wetland functional value score for this wetland was below the model average
(Table 7-2). Structural variability, vegetative interspersion and amount of edge habitat are low in
this wetland resulting in a below average biological function score. The isolation of this wetland
resulted in below average scores for the cultural/economic, recreational, aesthetics and education
functions. Low storage capacity and a relative low water balance resulted in low hydrology
function scores. The proposed access road will cross this wetland at one point resulting in a
direct impact of 0.33 acres (8.5%) of wetland. Due to the relative small size of the direct impact
to this wetland, the loss to wetland functional values associated with the proposed access road
crossing are expected to be negligible.

7.1.4.2 Wetlands Z6 and Z9

Wetlands Z6 and Z9 are both mixed coniferous/deciduous forested wetlands contiguous with, and
upgradient of wetland W2. Small ephemeral streams flow in and out of these wetlands. Wetland
Z6 totals 44.68 acres. Wetland Z9 totals 9.54 acres. Both wetlands have high total wetland
functional value scores with individual high scores for the biological and all of the watershed
functions. The proposed access road will result in a direct impact to 0.44 (1%) and 0.58 (6.1%)

. acres of wetlands Z6 and Z9, respectively. The loss to wetland functional values associated with
the proposed access road crossings are expected to be negligible. The watershed functions will
be maintained through the installation of culverts sized to accommodate existing and expected
flows. Due to the relative small size of the direct impacts to these wetlands, the biologic
functions should not be impaired.

7.1.4.3 Wetland W2

Wetland W2 is a 78.47 acre conifer swamp contiguous with, and upstream of, Wetland W1. Two
small intermittent tributaries to Swamp Creek flow through wetland W2. A small shrub swamp
component exists along these streams. The total wetland functional value score for this wetland
was well above the model average at 539. The vegetative characteristics of this wetland provide
good wildlife habitat and opportunities for socio-cultural uses. A large water storage capacity
exists and the wetland also provides a buffer to waters flowing to Swamp Creek.

The proposed access road will cross this wetland at its narrowest point at a location characterized
as shrub swamp. A total of 0.16 acres (0.2%) of this wetland will be directly impacted. No
significant impact to wetland functional values are expected due to this impact.

7144  Wetland W1

Wetland W1 is a 436.64 acre wetland located largely within the floodplain and adjacent riparian
zone associated with Swamp Creek. This wetland is predominantly a conifer swamp with a
. variable width shrub swamp and marsh component along the immediate Swamp Creek
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floodplain. For many of the same reasons stated for wetland W2, this wetland was assigned a

total wetland functional value score well above average at 555. Four State Special Concern .
plants, including sheathed sedge (Carex vaginata), sparse-flowered sedge (C. tenuiflora), northern

black currant (Ribes hudsonianus), and American yew (Taxus canadensis) were observed

throughout the portions of this wetland dominated by conifers. Mountain cranberry (Vaccinium

vitus-idaea), a State Endangered plant, was observed in an opening of alder within the conifer

swamp matrix in the southwestern portion of this wetland.

The proposed access road will cross this wetland, bridging across Swamp Creek, resulting in the
filling of 2.40 acres (0.54%). None of the above listed plant species were observed in this
portion of Wetland W1. Due to the relative small size of the direct impact to this wetland, the
loss to wetland functional values associated with the proposed access road crossing are expected
to be negligible.

7.1.5 TMA Access Road/Tailings Pipeline Corridor

The construction of the TMA access road/tailings pipeline corridor will result in the filling of
0.47 acres of wetland comprising a 0.40 acre portion of wetland F11, and wetland 13 in its
entirety. Wetland 13 possesses the same characteristics and functional values as Wetlands 14 and
15 described above.

The construction of the TMA access road will result in clearing a corridor through the 18.37 acre
F11 wetland. This wetland is classified as a conifer swamp and is hydrologically connected to
wetland F10 by a poorly defined channel and ultimately drains into Little Sand Lake. This
hydrologic connection coupled with the wetland's relative large size and dominant wetland class
resulted in an above average total Wetland Functional Model score (Table 7-2). The hydrologic
support, storm and flood water storage and water quality maintenance functions all scored above
average. This wetland also scored above average for the cultural/economic and recreational
functions because of the dominant wetland class, large size and location adjacent to a public
roadway (i.e., Sand Lake Road). The TMA access road/tailings pipeline corridor will be
constructed in such a way as to allow water to pass at a rate and frequency equal to the existing
conditions. Further, since only two percent of this wetland will be impacted, the functional
values of this wetland should be retained.

7.1.6 Railroad Spur

Wetland T1 and T4 will be impacted by the proposed railroad spur resulting in a total of 3.05
acres of.

7.1.6.1 Wetland T1

Wetland T1 is a 1.66 acre bog located in an isolated depression bounded by Keith Siding Road

to the north, the Wisconsin Central Limited Railroad to the east and agricultural lands to the

south and west. This wetland’s total wetland functional value score of 422 is slightly below the

model mean. The biological function potential is reduced due to its location adjacent to two

transportation corridors and the fact that this wetland is, in effect, an island in an agricultural

matrix. This location, however, resulted in an above average score for the aesthetic function.

Only 0.06 acres of the eastern edge of this wetland will be directly impacted. Although it will be

reduced in size, its most significant function (i.e., aesthetics) should remain intact. ‘
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7.1.6.2 Wetland T4

‘ Wetland T4 is a 199.02 acre conifer swamp within the floodplain of Swamp Creek and two small
tributaries to Swamp Creek. The total wetland functional value score of 602 for this wetland is
one of the ten highest scores for wetlands in the study area. This wetland is surrounded by
mixed northern hardwood forest and contains a high variety of plant species and a large amount
of edge habitat. It provides a water quality buffer to Swamp Creek and is also part of a
contiguous wetland corridor along Swamp Creek extending nearly from Swamp Creek's origin in
Lake Lucerne to STH 55. The location adjacent to Swamp Creek also adds value to the
recreational, aesthetic, and educations functions of this wetland.

Wetland T4 will be crossed by the proposed railroad spur three times, resulting in a direct impact
of 2.99 acres (1.5 percent) of the total wetland area. No significant impacts to wetland functional
values are expected.

7.1.7 Direct Impact Summary

A total of 29.5 acres, representing portions of 25 wetlands, will be directly impacted as a result of
the proposed action. The 29.5 acres represent approximately 1.4 percent of the wetlands in the
study area. These wetlands include 0.61, 3.12, 9.79, 15.92 and 0.06 acres of emergent marsh,
shrub swamp, deciduous swamp, coniferous swamp and bog, respectively. Wetlands F33, 17, 16,
F31, F81, F32, 5, 13, 14, and 15 will be entirely filled or excavated. Only portions of the
remaining 15 wetlands will be impacted.

Each individual impacted wetland represents a unique set of associated functional values (Table

. 7-2). However, the project’s overall impact to wetland functional values cannot be easily assessed
by an individual wetland's functional value scores. Each wetland is variable in size, degree of
impact, and potential to provide each of the 10 assessed functional values.

Since the scores associated with each of the 10 functions are not directly comparable (i.e., each
of the 10 functional models resulted in ranges of scores unique to that model), the scores for
each function were assigned a rank of "high", "medium" or "low" values corresponding to a 3, 2,
or 1, respectively. To determine which of the 10 functional values is the most important to the
wetland acreage directly impacted, the modified functional value scores for each function and
each wetland were weighted by the percent of total impact each individual wetland represents.
The weighted scores for each wetland function were then summed to determine which wetland
function will be impacted to the greatest degree. The results are presented in Table 7-3. The
greatest functional loss to wetlands associated with the proposed action will be to storm and
floodwater storage followed by the water quality and hydrologic support functions. Wetlands
F66, F31, M3 and T4 represented the greatest direct impacts (i.e., 22.9, 21.9, 10.7 and 10.1
percent of the total wetland impact, respectively) and, therefore, contributed the most to these
results.

The product of the above analysis is the data that will be used in the design of the wetland
compensation site.
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Table 7-3

Weighted Functional Value Model Results for Wetlands Directly Impacted by the Crandon Project

Percent Hydrologic Storm and Flood (Shoreline Water Quality Cultural and
of |Biological Support Groundwater Water Storage Protection Maintenance Economic Recreational Aesthetics Education
Wetland| Total )
No. | Impact |Rank(l) |[Weighted |Rank [Weighted |Rank |Weighted |Rank |Weighted |Rank [Weighted [Rank |Weighted [Rank |Weighted [Rank |Weighted |Rank |Weighted |Rank |Weighted
z7 1.1 2 22 2 2.2 2 22 2 22 1 1.1 2 22 1 1.1 1 1.1 1 1.1 1 1.1
Z6 1.5 2 3 3 4.5 3 4.5 3 4.5 0 0 3 4.5 2 3 2 3 2 3 2 3
29 2 2 4 2 4 3 6 3 6 2 4 2 4 2 4 2 4 2 4 2 4
w2 0.5 2 1 3 1.5 2 1 3 1.5 2 1 3 1.5 2 1 2 1 2 1 2 1
w1 8.1 2 16.2 3 24.3 3 243 3 243 2 16.2 3 243 2 16.2 2 16.2 2 16.2 2 16.2
5 0.9 1 0.9 1 0.9 1 0.9 1 0.9 0 0 1 0.9 1 0.9 1 0.9 1 0.9 1 0.9
F11 1.3 2 2.6 2 2.6 2 2.6 3 3.9 0 0 3 3.9 2 2.6 2 2.6 2 2.6 2 2.6
13 0.2 1 0.2 1 0.2 1 0.2 1 0.2 0 0 1 0.2 1 0.2 1 0.2 1 0.2 1 0.2
14 0.2 1 0.2 1 0.2 1 0.2 1 0.2 0 0 1 0.2 1 0.2 1 0.2 1 0.2 1 0.2
15 0.5 1 0.5 1 0.5 1 0.5 1 0.5 0 0 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5
F30 0.1 1 0.1 2 0.2 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1
F31 21.9 2 43.8 2 43.8 2 43.8 3 65.7 0 0 2 43.8 2 43.8 2 43.8 2 43.8 2 43.8
F32 2.3 1 2.3 1 2.3 2 4.6 3 6.9 0 0 2 4.6 1 2.3 1 2.3 1 23 1 2.3
F81 1.1 1 1.1 2 22 2 22 2 2.2 1 1.1 2 22 1 1.1 1 1.1 2 2.2 2 22
16 0.3 1 0.3 1 0.3 1 0.3 0 0 0 0 1 0.3 1 0.3 1 0.3 1 0.3 1 0.3
F33 6.2 1 6.2 2 12.4 2 12.4 2 12.4 0 0 2 12.4 2 12.4 1 6.2 1 6.2 1 6.2
17 1.8 1 1.8 1 1.8 1 1.8 0 0 0 0 1 1.8 1 1.8 1 1.8 1 1.8 1 1.8
M3 10.7 2 214 2 21.4 1 10.7 3 32.1 0 0 2 21.4 2 214 2 21.4 2 214 2 214
M4 2.5 1 2.5 1 2.5 2 5 2 5 0 0 2 5 1 2.5 1 2.5 2 5 1 2.5
F66 22.9 2 45.8 2 45.8 2 45.8 3 68.7 0 0 2 45.8 2 45.8 2 45.8 2 45.8 2 45.8
Tl 0.2 2 0.4 1 0.2 1 0.2 3 0.6 0 0 2 0.4 1 0.2 1 0.2 3 0.6 2 0.4
T4 10.1 3 303 3 303 3 303 3 30.3 2 20.2 3 303 2 20.2 3 303 2 20.2 2 20.2
186.80 204.10 199.6 268.2 427 210.3 181.6 185.5 179.4 176.7
Note: Functional values were not assessed for the three unnamed wetlands due to their small size.
(1) 0 = function not applicable, 1 = low, 2 = medium, 3 = high Prepared by: RFS
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7.2 Temporary Impacts

. As noted in Section 6.3 above, 0.71 acres of wetlands will be temporarily disturbed as part of the
construction of the Wisconsin River wastewater discharge pipeline in the access road corridor.
As part of pipeline installation, the temporarily disturbed wetlands will be restored through
grading to near original contours and through seeding and implementation of erosion control
procedures as specified in Section 4.10 of the Crandon Project’s May 1995 Mine Permit
Application (Foth & Van Dyke, 1995b). The disturbed wetland areas are expected to recover
within a few years to near original condition.

In addition, temporary wetland disturbance will result due to the installation of the proposed
Wisconsin River wastewater discharge pipeline beyond the access road corridor and as part of
electric transmission line installation. These impacts will be similar to those described in the
above paragraph. Wetland recovery in a short period of time is also expected for these
temporary disturbances. Wetland impacts resulting from the construction of the Wisconsin River
wastewater discharge pipeline are described in the Appendix 3-2 of the May 1995 Environmental
Impact Report (Foth & Van Dyke, 1995a). Wetland impacts relating to installation of the
electric transmission line are being addressed by the Wisconsin Public Service Commission as
part of its environmental assessment of Wisconsin Public Service Corporation’s application for a
Certificate of Public Convenience and Necessity.

7.3 Indirect Impacts
Potential indirect impacts may include surface water impacts associated with changes in certain
. wetland’s watersheds relating to clearing and grading, the construction of surface facilities, etc.

and impacts associated with changes to groundwater levels. These impacts are discussed in
Section 4 of the Crandon Project’s Environmental Impact Report (Foth & Van Dyke, 1995a).
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. 8 Wetland Compensation

As described in Section 7.0, the proposed Crandon Project will directly impact 29.5 acres of
wetlands. The greatest functional loss will be to the hydrologic functions (i.e. storm and flood
water storage, water quality maintenance and hydrologic support). To compensate for this
impact, CMC has developed a wetland mitigation plan. The goal of the proposed plan is to
restore or create a sufficient quantity of wetlands with the same or greater functional values as
those lost as a result of the proposed action in order to off-set direct wetland impacts at the
project site. A description of the search for a compensation site meeting this goal is presented
below followed by a description of the proposed compensation site, the site design, establishment
of a replacement ratio based on the proposed site characteristics, a maintenance plan, and a
monitoring plan.

8.1 Compensation Site Search and Alternatives Analysis
8.11 On-Site Alternatives

The lands that CMC currently owns or has rights to in Forest and Langlade Counties are all
contiguous with, or in the immediate vicinity of the proposed mine site and are all almost
entirely forested. No drained wetlands, prior converted cropland, or non-wetland areas with
hydric soils exist on these lands. As such, no on-site opportunities exist for wetland restoration.
A number of on-site alternatives have, however, been evaluated for wetland creation. For
example, opportunities for wetland creation in conjunction with the construction of the access
road and railroad spur have been evaluated. The access road and railroad spur cross many small
drainage basins and low lying areas which could be considered potentially suitable for wetland

. creation. The prime feature considered was the existence of a drainage area tributary which
would be large enough to support a wetland. The proposed access road crosses six drainage
basins while the proposed railroad spur crosses two. All but one of the drainage basins (i.e., the
western most basin along the access road) contain wetlands that would have to be altered or
destroyed to create additional wetland acreage. Further, based on the results of model runs of
each basin using TR-55 for a 1-inch rainfall, a 1-year frequency rainfall, and a 2-year frequency
rainfall, it was found that none of these basins could generate surface water runoff in sufficient
quantities to sustain a wetland. In general, this factor makes wetland creation in the immediate
vicinity of the proposed Crandon Project site very difficult.

8.1.2 Off-Site Alternatives

Priority in compensation site selection was given to those lands immediately adjacent to the
proposed mine site; however, the location of the mine site in the northern forest region of
Wisconsin necessitated that the search area be expanded to include agricultural lands not
prominent in the immediate site area or to the north of the site. The search area was generally
confined to that area within a 50-mile radius of the proposed mine site. The following criteria
were applied to the off-site compensation site search:

. Potential sites should be located as close to Crandon, Wisconsin as possible and
preferably within the Fox-Wolf River drainage basin. However, sites anywhere in
Forest, Langlade, Oneida, Oconto, Marinette, and Shawano Counties, within the
Lake Michigan watershed and north of the Tension Zone would be considered
. eligible for consideration.
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. High priority sites would be those that would restore previously drained or
otherwise modified wetlands. Sites containing prior converted cropland, therefore, .
would be given preference.

. Sites should contain hydric or poorly drained soils.

. Sites should have an existing surface water source and/or groundwater should be
within approximately three feet of the ground surface. Sites with a natural
tendency towards flooding would be preferable.

. Site topography should be relatively flat and, therefore, conducive to minimal
earthwork to either intercept groundwater or construct low head embankments.

. Potential sites should be larger than 20 acres with no upper limit on size.

. Preference should be given to sites that are, or will be, in public ownership and
for which long-term maintenance requirements would be minimal.

The initial step in the off-site compensation site search involved the development of a mailer that
was sent to 20 government officials with responsibilities for management of lands within a four
county area surrounding the Crandon Project site. The mailer and mailing list are reproduced in
Appendix E. The mailer sought information that may be available regarding potential
compensation sites that may meet the above described criteria. The mailer was sent out July 15,
1994. Follow-up phone calls were made after approximately two weeks. A number of the
contacted individuals responded, although the majority offered suggestions for enhancement of
existing wetlands (i.e., conversion of existing wetland habitat into another wetland habitat type), .
dredging projects in existing streams or open water areas, or impoundment projects resulting in
large areas of open water greater than six feet deep. These types of projects were generally
considered undesirable from the standpoint of matching lost or impaired wetland functional
values at the Crandon Project site.

Concurrent with the above described effort, a separate effort was initiated involving a review of
available information including county soil surveys, Soil Conservation Service (SCS) wetland
inventory maps, aerial photography, county plat books and USGS 1:24,000 topographic maps.
This effort began within the Fox-Wolf River basin within 25 miles of the site and was then
progressively expanded to'a 50 mile radius around the site in all counties and drainage basins
existing within that region (Figure 8-1).

A preliminary screening of potential sites was followed by a determination of the owner’s
willingness to sell, an evaluation of the site, and finally a site visit to verify the suitability of the
site. The preliminary screening consisted of the following:

. Examine SCS wetland inventory maps for prior converted cropland or converted
wetlands.

. Examine SCS county soil survey maps for areas of poorly drained or hydric soils.

. Examine USGS topographic maps of the area to determine if the terrain lends

itself to cost-effective wetland restoration or creation.
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Table 8-1 (Continued)

Site

Suitable

Number Township Range Section Soils Hydrology Watershed Acres

Distance
From Combined
CMC Site Score

18
19
20
21
22

23
24
25
26

27
28
29
30
31
32
33
34
35

T27N
T3IN
T30N
T30N
T32N
T32N
T32N
T30N
T35N
T32N
T32N
T35N
T35N
T30N
T32N
T32N
T30N
T32N

R1SE
R10E
R10E
R7E
R10E
R10E
R11E
ROE
R13E
R11E
RI9E
R13E
R11E
RY9E
R10E
RI9E
R18E
R10E

28
5
29
12
16
14
18
2
17
31
20
8
23
15
32
26
3/4/31

W
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4
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16
11
14
15
12
11

7
14

8
10
12
15
15
14

7
10
20
13

W = W W NP PR W WRE DN WWWEDNDW

Prepared by: AWZ
Checked by: RFS
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8.2 Proposed Wetland Compensation Site

Following the selection of site 9 as the preferred wetland compensation site, work began to .
develop a site specific plan to convert the site into replacement wetlands. A discussion of that
work and presentation of the proposed site design follows.

8.2.1 Existing Environment

As shown in Figure 8-2 the property on which the proposed wetland restoration site is located
straddles the Oconto-Shawano County line north of Shawano Lake. The southern portion of the
property is located in the N1/2, NE 1/4, Section 5, T 27 N, R 17 E, Town of Washington,
Shawano County, Wisconsin, and the northern part is located in the S1/2, SE 1/4, Section 32, T
28 N, R 17 E, Town of Underhill, Oconto County, Wisconsin. The property is situated within an
agricultural field and comprises approximately 129 acres. As shown on Figure 8-2, topography
within the property is virtually flat with no significant local relief. The northern portion of the
property, however, is marked by the presence of barely discernible, eroded rises which appear to
be sandier than surrounding soils.

The proposed compensation site or project area is approximately 57 acres in size. As shown on
Figure 8-2 it is located in the approximate center of the 129 acre property boundary. A
topographic survey of the site and surrounding area was conducted. The topographic map
generated as a result of that survey is shown on Figure 8-3. The map shows that the area ranges
in elevation from approximately 818.5 feet to just over 820 feet mean sea level (MSL). The
surveyed area also consists of a series of north-south and east-west drainage ditches at lower
elevations.

Site soils are mapped as Cormant loamy fine sand on 0-1 percent slopes. Cormant soils are
deep, poorly drained soils which formed on sandy outwash plains and glacial lake plains. These
soils are subject to periodic ponding. Also present are pockets of Markey and Seelyville soils.
These soils are deep, poorly drained mucks which formed on outwash plains from decomposing
herbaceous plants and other organic matter. The Markey and Seelyville soils commonly include
peaty, organic pedons exceeding 50 inches in depth (Gundlach et al 1982). All three soils are
listed in the Hydric Soils List for Shawano County (Otter, 1990).

An on-site soils investigation was conducted on April 7, 1995 consisting of the advancement of
four borings by splitspoon to log the surficial soils within the surveyed area. The location of the
borings is shown in Figure 8-3. Logs of these borings are included in Appendix F. The borings
revealed a one to two foot thick organic layer overlying a relatively thin silty sand layer overlying
sands. Water levels in all borings appeared to be at approximately two feet below the ground
surface. This is in close agreement with water levels in adjacent ditches.

Current land use is agricultural. According to the Oconto County Natural Resources
Conservation Service (Schulz, 1995) these lands are classified as Prior Converted Cropland.
Prior to being farmed, the project area was likely part of an extensive wetland currently
occupying portions of Sections 31 and 32 immediately to the northwest. The property has been
partially drained by construction of several interconnected drainage ditches. A north-south ditch,
beginning approximately 0.7 miles to the north of the site and ultimately discharging into
Duchess Creek downstream from the site, parallels the western border of the site. Water levels
in this ditch are controlled by a stop-log outlet control structure located in the southwest corner
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of the site (Figure 8-3). Two east-west ditches connected to the north-south ditch exist along the
northern and southern boundaries of the surveyed area. A third east-west ditch also connected
to the north-south ditch exists in the central portion of the surveyed area. A single ditch
draining agricultural lands to the northwest, also enters the north-south ditch just below the point
where the central ditch connects to the north-south ditch.

Based on the observed location of the groundwater table and the lack of vegetation on the
bottom of the ditches, it appears that the ditches intercept groundwater. Flow in the ditches
across the majority of the property is to the west and south. A divide exists resulting in flow to
the east and north in the northeastern corner of the surveyed area. Several surface ditches and
drains have been installed along the southern boundary of the surveyed area. These channel
surface water off the area into the southernmost east-west ditch. Several outlet pipes were
observed in this ditch. Although no site plans exist, the current landowner reports that portions

of the site have been tiled.

Wisconsin Wetland Inventory Maps of the site and surrounding area show wetlands nearly
surrounding the site, with the exception of two bordering agricultural areas; one to the north of
the northeast quarter of the site and one to the west of the northwest quarter of the site. The
surrounding wetlands largely consist of deciduous forested wetlands dominated by an overstory of
red maple (Acer rubrum) and quaking aspen (Populus tremuloides) with an understory of willows
(Salix sp.) alder (Alnus rugosa), reed canary grass (Phalaris arundinacea) and Canada bluejoint

. grass (Calamagrostis canadensis). Scrub/shrub wetlands dominated by willows and alder with
some localized areas of emergent marsh also exist.

A partial list of the plants existing at the site is presented in Table 8-2. This list was compiled
during a site visit on May 16, 1995, prior to the emergence of all of site vegetation. The project
site had been plowed the day before the site visit so the species listed in Table 8-2 represent
those species occupying the ditches and the periphery of the project site.

Table 8-2

Compensation Site Existing Plant List

Scientific Name

Common Name

Wetland Indicator Status

Alnus rugusa

Asclepias syriaca

Betula papyrifera

Carex lacustris

Carex stricta

Cornus stolonifera
Calamagrostis canadensis
Eleocharis sp.

Equisetum hyemale

Equisetum arvense

alder

common milkweed
paper birch

lake sedge

hummock sedge

red osier dogwood
blue joint

spike rush

common scouring rush
common horsetail

OBL
FACU+
OBL

OBL
FACW

OBL
FACW/OBL
FACW-
FAC
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Table 8-2 (Continued)

Scientific Name Common Name Wetland Indicator Status .
Equisetum variegatum variegated scouring rush  FACW
Equisetum fluviatile water horsetail OBL
Erigeron annuus daisy fleabane FAC-
Eupatorium maculatum joe-pye weed OBL
Fragaria sp. strawberry —
Geum sp. avens —
Hypericum sp. St. John's wort —

Iris virginica blue flag iris OBL
Juncus effusus soft rush OBL
Juncus tenuis path rush FAC
Lycopus sp. — —
Phalaris arundinacea reed canary grass FACW+
Poa annua speargrass FAC-
Populus tremuloides quaking aspen FAC
Populus balsamifera balsam poplar FACW
Potentilla norvegica rough cinquefoil FAC

Prunus sp. cherry —
Ranunculus sceleratus corsed crowfoot OBL
Rubus strigosus red raspberry —
Salix petiolaris meadow willow FACW+
Scirpus atrovirens green bulrush OBL
Setaria glauca foxtail FAC
Solidago canadensis Canada goldenrod FACU
Spiraea alba meadowsweet FACW+
Verbascum thapsus common mullein —
Veronica peregrina purslane speedwell FACW+
OBL - obligate wetland plants - plants that almost always occur in wetlands.
FACW - facultative wetlands plants - plants that usually occur in wetlands.
FAC - facultative plants - plants with a similar likelihood of occurring in both wetlands and
FACU - ;l:::lzll:actltsi've upland plants - plants that occur sometimes in wetlands but occur more often
in uplands.

“+” indicates a preference of the plant toward wetter conditions.
“.” indicates a preference of the plant toward drier conditions.

— No status

Prepared by: RFS
Checked by: BDH
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The current landowner has grown mint on the site for a number of years and continues to do so.
At the time of the site visit, however, the crop had not yet emerged. The site periphery is
occupied by a number of wetland and opportunistic weedy plant species. As indicated in Table
8-2, approximately 85 percent of the observed plants are wetland species (i.e., FAC or greater).
Wetter areas of the site periphery, particularly along the southern and northern east-west ditches
and the southern portion of the north-south ditch, are dominated by willows (Salix sp.), lake
sedge (Carex lacustris) and reed canary grass (Phalaris arundinacea). Variegated scouring rush
(Equisetum verigatum), a State Special Concern Species, dominates the area immediately above
the ordinary high water mark on the north shore of the central east-west ditch. Cattails (Typha
sp.) dominate isolated portions of the ditches. Rooted vegetation was generally lacking on the
ditch bottoms. This, however, may not be the case later in the season.

In general, the plant list is indicative of an area that has been drained and disturbed. Wetland
species persist along the site periphery and in the ditches. The opportunistic weedy species
occupy the upper edges of the ditches and the drier portions of the site.

Based on observations in April and May, 1995, the site is used heavily by migrating and breeding
waterfowl and other wetland dependant wildlife in the spring. Numerous mallards, wood ducks,
and Canada geese were observed resting on ponded areas of the site. Sand hill cranes and
whistling swans were also observed. A mink was observed along the central east-west ditch. On
May 16, 1995, several breeding pairs of mallards and wood ducks were observed on the ditches.
The site as presently configured appears to have limited wildlife habitat value during the
remainder of the year. During the summer season, the site is maintained in agricultural use (i.e.,
planted in mint). The ditches provide limited habitat for some wetland dependant wildlife during
this time of the year. During the winter the site is devoid of vegetation and provides little, if
any, habitat value. Due to the current agricultural use of the site, it does not appear to contain
habitat suitable for any state or federally listed species. The site ditches, however, could
potentially provide marginal habitat for blanding’s turtles, a state threatened species known to
occur in Shawano County.

Great Lakes Archaeological Research Center (GLARC) conducted a cultural resources survey of
the site in April 1995 (Richards, 1995). The survey included an archival and literature search, a
systematic surface survey and limited shovel probing. The surface survey revealed two chipped
stone projectile points in the northwest corner of the surveyed area adjacent to the south bank of
the northern-most east/west ditch. Additional investigation, including soil test pits, in this area
did not reveal additional artifacts. A copy of the survey report is included in Appendix G. The
survey concluded that since no ground disturbing activity is planned in the immediate vicinity of
the newly discovered archaeological site, project development should have no effect on the
located archaeological deposit.

8.2.2 Replacement Ratio

The Wisconsin Department of Transportation (WisDOT), in their Wetland Mitigation Banking
Technical Guideline (1993), developed a schedule of replacement ratios for wetland losses in
cooperation with the Wisconsin Department of Natural Resources, U.S. Army Corps of
Engineers, U.S. Environmental Protection Agency, U.S. Fish and Wildlife Service, and the
Federal Highway Administration. These guidelines, contained in Appendix H, were followed
regarding replacement ratios for the Crandon Project because specific guidelines developed by
the USCOE do not exist.
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The WisDOT system involves:

“ratios of replacement in a factor system using the factors Drainage Area, Floristic Province, ‘
Wetland Type, and a factor based on professional discretion. Replacement within limits

specified by these factors assumes wetland function replacement. Replacement outside the

limits are considered off-site or out-of-kind or both and is discouraged by requiring a larger

replacement ratio.”

The “base” replacement ratio is 1:1 and would apply to a project where both the impact and
mitigation site are in the same drainage area and floristic province, the replacement wetland type
is the same as the impacted wetland type and there is a high level of confidence that the
mitigation project will be successful. Wetland losses replaced outside designated areas and /or by
different wetland types are assessed by a variable schedule of increments, which will cause the
replacement ratio to be greater than 1:1, but not exceed 3:1.

Drainage areas have been grouped into three major drainage basins: Lake Superior; Mississippi
River, which includes the St. Croix, Chippewa, Trempealeau, Wisconsin, Rock-Fox-Des Plaines
River systems; and Lake Michigan, which includes Lake Michigan and the Fox-Wolf and
Menominee-Oconto-Peshtigo River systems. Both the Crandon Project site and the proposed
proposed compensation site are located in the Fox-Wolf River system within the Lake Michigan
drainage basin.

The State of Wisconsin contains two distinct Floristic Provinces, the prairie-forest province in the
south and the northern hardwoods province in the north (Curtis, 1959). The two provinces are
separated by a narrow band or zone containing vegetational elements common to both provinces
called the tension zone. Both the Crandon Project site and the proposed compensation site are
located in the northern hardwoods floristic province.

The wetland types to be filled or excavated as a result of the Crandon Project are listed in Table
7-1. As discussed below the replacement wetland will be composed of a combination of shallow
marsh, deep marsh and wet meadow which will result in an incremental increase over the base
1:1 compensation ratio.

The compensation ratio was estimated using Table 3C in Appendix H. The incremental values
under the column “Floristic Province (In)” and “Drainage Area (In)” were added to the base 1:1
compensation ratio for each wetland type listed in Table 7-1 as shown below:

(0.61 acres shallow marsh) * (0.0 increment for shallow marsh + 1.0) = 0.61 acres
(3-12 acres scrub/shrub) * (0.2 increment for shallow marsh + 1.0) = 3.74 acres
(25.71 acres wooded swamp) * (0.2 increment for shallow marsh + 1.0) = 30.85 acres
(0.06 acres bog) * (0.5 increment for shallow marsh + 1.0) = _0.09 acres
Total required compensation acreage = 35.29

The compensation ratio, following the WisDOT guidelines, can be calculated by dividing the total
required acreage by the acreage of impacted wetlands. The resulting Crandon Project ratio is
1.2:1.
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The proposed compensation site development plan described below involves the development of

. approximately 57 acres of high quality wetlands which will provide an actual replacement ratio of
approximately 1.9:1. This replacement ratio is over 58% greater than the calculated replacement
ratio using WisDOT guidance. The additional wetland restoration above that calculated using
WisDOT guidance has been incorporated into the compensation plan to compensate for
potential indirect wetland impacts as described in Section 7.3 of this report and for unknown
future potential effects that could result from the project.

8.2.3 Proposed Design

The primary goal of the proposed compensation plan is to replace the wetland functions and
values that would be unavoidably lost due to the construction and operation of the proposed
Crandon Project. The accomplishment of this goal through the design of the replacement site is
discussed below.

8.23.1 Site Grading Design

The existing surveyed area is very flat ranging from approximately 818.5 feet MSL to 821 feet
MSL (Figure 8-3). The elevation of the top surface of CTH R is approximately 822 feet MSL.
The highpoint of the site exists in the northwest corner with the lowest areas other than the ditch
bottoms occurring in the southwest and east-central portions of the site.

The proposed site grading plan calls for the excavation of approximately 66,900 cubic yards of
soil to provide open water areas and a moisture gradient across the approximate southern two-
thirds of the surveyed area (Figure 8-4). The proposed excavation will take advantage of the

‘ existing topography by focusing on the lowest areas of the site. The eastern third of the central
east-west ditch will be filled to prohibit water from exiting to the north and east across County
Trunk Highway (CTH) R. The north-south ditch will be plugged just to the south of the
intersection of this ditch with the central east-west ditch, but before the ditch draining an area to
the northwest drains into the north-south ditch. Surface waters will enter the site through the
north-south ditch, flow to the east in the central east-west ditch, flow south through the site and
then west to the proposed outlet structure located in the southwest portion of the surveyed area.
This plan results in a flow through system which optimizes the pollutant removal efficiency of the
system and reduces the potential for problems associated with stagnant water. The excess
excavated material will be deposited on the eastern two-thirds of the existing agricultural field to
the north of the site (Figure 8-4). Site construction will be completed in accordance with the
erosion control procedures outlined in Section 4.10 of the Project’s Mine Permit Application
(Foth & Van Dyke, 1995b).

8.23.2 Hydrology

Based on information obtained through on-site soil borings and water levels observed in ditches
flowing along the periphery of the site, it appears that the groundwater table is currently
approximately two feet below land surface or at an approximate elevation of 817 feet MSL. The
water table across the site has been lowered by the ditches as well as a series of drainage tiles
reported to exist by the current landowner. To restore the wetland hydrology at this site, the
north-south and central east-west ditch will be plugged and an outlet control structure will be
placed in the southwest corner of the site.
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The outlet control structure will initially consist of a three foot wide stop-log weir with a

minimum and maximum elevation of 816 and 818.9 feet MSL, respectively (Figure 8-5). With .
this structure, the water level can be fluctuated by up to 2.9 feet by removing or installing the

desired width stop log(s). A 40 foot wide emergency spillway at an elevation of 819.6 feet is also

proposed to allow flood waters to exit the site before potential backwaters reach CTH R. The

proposed normal pool elevation is 818.9 feet. Design and supporting hydrologic modeling

information is provided in Appendix I. The response of the system to a 1-year, 2-year, 10-year

and 100-year 24-hour storm event with the outlet control set at elevations 818.9 (i.e., normal pool

elevation) are presented in Table 8-3. Associated backwater impacts upstream will be minimal

and will follow proper regulatory requirements.

Table 8-3

Proposed CMC Compensation Site Hydrologic Response

Storm Event Rainfall (inches) Water Surface Elevation at the Outlet
1-year 1 819.01
2-year 2 819.31
10-year 33 819.68
100-year 5.0 820.11
Prepared by: MDL .
Checked by: RFS

The proposed design calls for a flow through system which results in maximum water contact
with the wetland vegetation and a retention time sufficient to settle out a large percentage of any
pollutants that may be entrained in influent stormwaters. Approximately 42 acre-feet of
stormwater storage is available above the normal pool elevation of 818.9 feet MSL. Further, this
design provides a variety of water depths across the site including open water areas, areas with
saturated soils, and areas that will be intermittently saturated. This will result in the
interspersion of several different wetland habitat types. As shown on Figure 8-6 the proposed
design will result in approximately 36 acres of shallow marsh, approximately 13 acres of wet
meadow and approximately eight acres of deep marsh.

8.2.3.3 Substrate
All three soil types existing at the site are listed as hydric soils (Otter, 1990) and will provide a
suitable substrate for the proposed compensation site. The site soils generally consist of an

approximate two-foot highly organic layer overlying sands. As a result of the excavation, the
sand layer will be exposed below an elevation of approximately 817 feet MSL.

8.234 Revegetation

The site was previously a wetland and wetlands nearly surround the site. Table 8-2 indicates that
a prevalence of wetland vegetation already exists along the site periphery and in the site ditches. .
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These factors coupled with a site design that provides for the control of water levels between
. approximately 819.6 MSL and the top of the groundwater surface, which is estimated to be at
approximately 817 feet MSL, offer an ideal opportunity for natural revegetation.

Water level adjustment has been found to be an effective means of both controlling nuisance
vegetation as well as stimulating new vegetative growth (Fredrickson, 1982). As such, the portion
of the site below an elevation of approximately 819.6 feet will be allowed to revegetate naturally,
relying on the seedbank remaining in the site soils and the adjacent wetlands as a source of plant
material.

It is anticipated that construction of the site will be completed by late summer in the year in
which it takes place. At the completion of construction the outlet structure will be set to allow
maximum flooding during the fall and winter periods. A gradual drawdown is proposed
beginning the following May to stimulate germination of the existing seedbank. Water levels will
be maintained at approximately 817 feet until germination occurs. At this point water levels will
be raised and maintained at adequate depths to preclude terrestrial species, yet not impair the
growth of wetland species. The proposed normal pool elevation is 818.9 feet. During the first
growing season, this elevation will be maintained based on the growth of the vegetation.

The seedbank, in areas of the site above the elevation where water level adjustment can

effectively control invasive plant species (i.e., above 819.6), will be supplemented by seeding

(Figure 8-6). A mixture of oats and annual rye will be planted at a rate of 80 and 100 pounds

per acre, respectively to establish a temporary cover crop at the completion of construction to

control erosion. The following spring, during the maximum drawdown period, these areas will be
. tilled and reseeded with the wet meadow seed mixture presented in Table 8-4.

Table 8-4

Wet Meadow Seed Mixture

Grasses and Sedges:

Canada bluejoint grass (Calamagrostis canadensis)
Prairie cord-grass (Spartina pectinata)’

Big bluestem (Andropogon gerardii)

Switch grass (Panicum virgatum)*

Green bulrush (Scirpus atrovirens)

Fox Sedge (Carex vuplinoidea)

Forbs:

Swamp Milkweed (Ascelepias incarnata)
Angelica (Angelica atropurpurea)

Blue vervain (Verbena hastata)

New England aster (Aster novae-angliae)
Marsh aster (Aster simplex)

Joe-pye weed (Eupatorium maculatum)

. Source: Eggers, 1992. Checked by: RFS
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The shallow and deep marsh areas will be maintained in the desired condition over time through
water level controls. The wet meadow habitat type will not be maintained, but will be allowed to
succeed naturally. Based on the existing condition of the surrounding wetlands, this portion of
the site will likely be encroached by willows and alders and progress into a shrub swamp over
time. The area to the north where the excess soil will be deposited will be used for agricultural
or other compatible purposes.

8.2.3.5 Maintenance

Due to the relatively simple site design, maintenance activities will largely be limited to water
level adjustment as described above to establish the desired wetland vegetation. Once the
desired vegetation has been established, the stop-log weir will be replaced with a permanent weir
with an elevation of 818.9 feet MSL. The bypass spillway will not be affected as part of weir
replacement. It is anticipated that the permanent weir will be installed between years five and
ten after wetland development to provide sufficient time for vegetation to take hold. During the
time the stop-log weir is in place periodic drawdowns and/or inundation may be required to
develop a healthy vegetative community.

8.2.4 Construction Schedule

The proposed wetland mitigation project will be constructed during the construction phase of the
proposed mine site prior to the beginning of mine operations. Construction of the wetland site
will begin in the summer and end in late summer or early fall. The current agricultural use of
the site will be maintained until construction begins. Although construction will be completed in
less than one year, it is anticipated that up to four years will be required to establish a fully
functional wetland system.

8.2.5 Long-Term Use

CMC intends to convey the site to local governments or a private conservatory group and leave
the proposed wetland compensation site dedicated in perpetuity for use as a natural conservatory
area.

8.2.6 Monitoring Plan
8.2.6.1 Baseline Monitoring Plan

Baseline biological monitoring will be conducted for one year prior to the construction of the
compensation site. Monitoring will include three frog calling surveys (early spring, late spring
and early summer) following the Wisconsin Department of Natural Resources Bureau of
Endangered Resources Frog and Toad Survey guidelines (WDNR, 1986). This will provide an
indication of the current use of the site by herptiles and can later be used as a baseline for
evaluating the success of the compensation site. Migratory water bird and waterfowl surveys will
be conducted once in the spring and the fall of the year. A waterfowl brood count will be
conducted in early summer.

A site visit during the late July or early August period will be conducted to develop a complete
plant list for the site. This information will be used to fine-tune the site revegetation plan.
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8.2.6.2 Post-Construction Monitoring Plan

.' The primary goal of the proposed restoration project is to establish a functioning wetland system
that compensates for the loss of functions and values of the wetlands impacted by the Crandon
Project. The purpose of the monitoring plan is to measure the success of the proposed
restoration. For the purposes of this monitoring plan, success of the proposed restoration will be
achieved if a functioning wetland system has been created. A qualitative set of performance
standards will be established to evaluate success. If an answer of yes is obtained to the following
two questions, it will be assumed that a functioning wetland system has been restored:

. Has wetland hydrology (i.€., as defined by the 1987 U.S. Army Corps of Engineers
Wetland Delineation Manual [USCOE, 1987]) been established across a minimum
of 36 acres of the site?

. Has a dominance of wetland vegetation been established on at least 36 acres of
the site?

The proposed compensation site was historically a wetland and is currently adjacent to existing
wetlands. If the hydrology and wetland vegetation have been reestablished and are comparable
to adjacent wetlands, it can be assumed that a functioning wetland has been successfully restored.
Unlike many mitigation projects, the success of this mitigation project will not be measured on
the diversity of wetland vegetation but on the functions that the wetland provides. However, this
monitoring plan is designed to identify invasions of nuisance vegetation (e.g., purple loose strife)
which will be addressed in the maintenance plan.

. As part of the proposed design, adequate retention time, water depths, and storage volume are
provided to enhance hydrologic support functions. Water levels will be monitored to ensure that
the site meets the design standards. The biological functions will be assessed through
comparison of wildlife observations from the baseline monitoring program to those obtained
during the monitoring program. If documented use of the site by wetland dependent wildlife
occurs, the site will be considered a success. Birds and herptiles will be the indicator species.

The specific elements of the monitoring plan are listed below:

. All plant species, along with their estimated relative frequency and percent cover,
will be identified bi-annually by using plots measuring 10 feet by 10 feet with at
least one representative plot located in each of the habitat types within the
compensation site. The location of each plot shall be identified on a plan view
site drawing. Vegetation surveys will be conducted between July 1 and September
30 of every other year.

. A vegetation cover type map will be prepared based on the results of the
vegetation surveys.

. Photographs will be taken at the time of the vegetation surveys at each sample
site. Additionally, a set of fixed-point panoramic photographs will be taken at
pre-established locations.
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. A staff gauge will be installed upstream of the outlet structure and monitored
monthly between April and October. .

. Groundwater levels will be monitored at a frequency similar to that used for the
ditches by three piezometers located around the periphery of the site.

. Frog call surveys will be conducted three times every other year following the
guidelines of the Wisconsin Frog and Toad Call Survey (WDNR, 1986).

. Migratory bird and waterfowl surveys will be conducted once in the spring and the
fall of every other year. Waterfowl brood counts will be conducted every other
year in early summer.

. Qualitative observations for wildlife will be made during each monitoring visit to
the site. Records will be maintained regarding the species encountered, activity
and number of the species.

Bi-annual reports will be submitted to the USCOE by December 31, beginning after the first

growing season following completion of site construction. The bi-annual reports will summarize

monitoring performed during the year. The reports will assess the state of the compensation

wetland at the end of the monitoring period and contain a discussion relating to the two

questions referenced above that will be used to define if a successful wetland system has been

created. Once a determination is made that a successful wetland system has been created,

monitoring will continue for one additional year to confirm the determination. Upon

documentation of the confirmation in the subsequent years annual report, the permanent weir

structure will be installed at the site and monitoring and reporting will cease. It is anticipated .
that the cessation will occur between years five and 10 after site construction is completed.
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Relevant Technical Memoranda
and Regulatory Agency Correspondence



JE— | Lo a . State or wisconsin
. CORRESPONDENCE/MENMIQORANDUM
. DATE:  September 15, 1994 - FILE REF: 1600
TO: Bill Tans- EA/6

FROM: Dave Siebert- EA/6 %

SUBJECT: Crandon Mine Proposal- Wetland delineation verifi caﬁon

. On September 8, 1994, you, Tom Portle (SW/3), and I acmmpamed Dave Ba]lman of the Corps of
Engineers on a site visit to look at recent delineation work done by Foth and Van Dyke. Ron Steg,
from Foth and Van Dyke, led the tour to the delineation sites. The purpose of the visit was for the-
Corps to review the delineation work and to "verify" its accuracy.

It is my understanding that in the early 80’s wetlands on and near the site were delineated and
mapped. WDNR staff field evaluated the determinations and were satisfied with the mapped
boundaries. Since that time, the federal government has adopted formal manuals for delineation of .
Jurisdictional wetlands (the 1987 Corps Manual is the one in use. now). As such, Dave Ballman
requested that the mining company re-delmmte the- weﬂands using the latat methodology

The Corps and Crandon Mining Co. came to an agreurwnt that rather thnn re-ddmeate all the
wetlands, they would do the work for a representative subset of wetlands first. Foth and Yan Dyke
selected § wetland areas (shown on the attached map), representing approximately 25% of the total
wetland acreage to be affected by the proposed project, and proceeded to flag the boundaries.

. The next step will be to survey in the boundans and overlay that data with the original delineation
work, Based on the results of that exercise, the Corps will decide whether the delineation under the
87 Manual is close to the previous work, whether the "error” observed should be applied to the total
acreage figures for the project (i.e. if the total acreage now delineated is greater than the previous
work by 5%, then add 5% to the total acres ongma]ly proposed to be affected), or whether future
delineation work will be necessary. It is my opmmn that this approach seems reasonable.

During the site visit, we looked at boundary flagging for wetlands F64, F65, M3, #5, and P2. Based
on the site visit, it is my opinion that the delineation work was acceptable. There were a few areas,
for example F65, where the wetland area contained numerous small "isiinds™ of upland. To be
conservative and to avoid the need to flag and survey "out" the upland islands, Foth and Van Dyke
included these areas within the wetland boundary.

The delineation work for these 5 sites was technically sound. I look forward to reviewing the overiay
mapping to compare this delineation work with that done in the early 80’s, .

Attachment

cc: Don Moe- Cfandoa Mining Co.
Dave Baliman- COE- St. Paul
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Crandon Mining Company

January 9, 1995 7 N. BROWN ST., 3RD FLOOR
RHINELANDER, W1 54501-3161

Dave Siebert
Wisconsin Department of Natural Resources
101 South Webster Street

P.O. Box 7921
Madison, WI 53707-7921

Dear Mr. Siebert:
RE: Crandon Project - Wetland Mapping

This is a follow-up to the November 11, 1994 letter regarding a previously unmapped wetland in the
southeast quarter of the northeast quarter of Section 25, T35N, R12E. A wetland assessment was
conducted at that location by Ron Steg of Foth & Van Dyke on November 17, 1994. An area of 0.26
acres of wetland was delineated according to the guidelines in the 1987 Corps of Enginecrs Wetland
Delineation Manual. This wetland is located in an opening in an aspen stand upgradient and parallel to an

. old logging road likely constructed approximately 10 to 15 years ago. The vegetation is dominated by wool
grass (Scirpus cyperinus) and Canada blue joint grass (Calamagrostis canadensis). This small transitional
wetland is located in a natural swale with mineral soils underlain by a layer of tight clay below a depth of
approximately 12 to 18 inches. The old logging road appears to have impeded the natural flow through
this swale resulting in slightly more moisture than may have previously existed at this site prior to logging
the area.

The location and delineation of the 0.26 acre wetland in relation to other nearby project delineated

wetlands is shown on Figure 1. The 0.26 acre wetland is referred to as wetland 22 on the figure. Wetland

field data sheets are provided in Attachment 1. Wetland 22 will be included in all future Crandon Mining
. Company wetland mapping, and will be considered in the Crandon Project environmental review process.

Please feel free to call me at (715) 365-1450 or Mr. Steg at (414) 497-2500 if you have any questions or
comments.

Sincerely,

L2 He

" Don Moe
Technical/Permitting Manager

DM:jcp
Attachment
cc w/attach.:  Bill Tans, WDNR
Archie Wilson, WDNR
Larry Lynch, WDNR
Robert Jaeger, Bureau of Indian Affairs
Al Milham, Forest County Potawatomi
Arlyn Ackley, Sokaogon Chippewa Community
Glen Miller, Menominee Indian Tribe of Wisconsin
M. Catherine Condon, Greene, Meyer & McElroy
David Kee, USEPA-Air Division (A187) .
David Ballman, USCOE
Jerry Sevick, Foth & Van Dyke .
Tim Weyenberg, Foth & Van Dyke

ERB a&_ﬁ &ouands, Fugro-McClelland CRANDON FIELD OFFICE

7 N. BROWN ST., 3RD FLOOR ' P.O.BOX336 104 W. MADISON
RHINELANDER, W1 54501-3161 CRANDON, WI 54520-0336
TEL-: (715) 365-1450  FAX: (715) 365-1457 A Q TEL.: (715) 478-3393  FAX: (715) 478-3641
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Wetland Field Data Sheets

A-4



Data Form
Routine Wetland Determination
(1987 COE Wetlands Delineation Manual)

Project/Site: Crandon Project Site Date:  11/17/94
Applicant/Owner: Crandon Mining Company County: Forest
Investigator: Ron Steg State:  WI -
Do Normal Circumstances exist on the site? (Yes; No Wetland ID: 22
Is the site significantly disturbed (Atypical Situation)? Yes @). Transect 1D:
Is the area a potential Problem Area? Yes @" Plot ID: 1C
(If needed. explain on reverse.) -
VEGETATION
Dominant Plant Species Stratum | Indicator | Dominant Plant Species Stratum | Indicator
1. Rubus trigosus herb FACW- | 9,
2. R allegheniensis herb FACU+ | 10.
3. Populus balsamifera tree FACW 11
4. Betula papyrifera tree FACU+ | 12.
5. Abies balsamea | tree FACW 13.
6. Tilia americana tree FACU 14.
7. 15.
8. 16.
Percent of Dominant Species that are OBL, FACW, or FAC * = dominant species
(excluding FAC). < 50%
Remarks:
HYDROLOGY
Recorded Data (Describe in Remarks): Wetland Hydrology Indicators:
O Water Stained/Silt Covered Leaves
O Stream, Lake or Tide Gauge O Drift Lines
O Aerial Photographs O High Water Marks
| Other O Sand/Silt Deposits
O Swollen Tree Bases
& No Recorded Data Available O Exposed Roots
O Periodically Flooded Channels/Depressions

Field Observations:
Depth of Surface Water NA _(in.)
Depth of Free Water in Pit _NA_ (in.)
Depth of Saturated Soil NA __ (in.)

Remarks: no indicators

(80-02]93C049 Foth & Van Dyke



Map Unit Name . Drainage Class: d
(Series and Phase):
Field Observations Confirm Mapped Type? Yes No
I
Profile Description: .
Depth (inches) Matrix Color Mottle Colors Mottle Soil Texture/ .
(Munsel (Munsel Abundance Type
Notation) Notation)
0-4" 10 YR 213 None Loam
4-18" 10 YR 4/3 None Sand
Hydric Soil Indicators:
O Histosol O Concretions
0O Histic Epipedon [ High Organic Content in Surface Layer in Sandy Soil
O Sulfidic Odor [J Organic Streaking in Sandy Soil
O Aquic Moisture Regime [ Listed on Local Hydric Soils List
d Reducing Conditions [ Listed on National Hydric Soils List
O Gleyed or Low Chroma  [] Other (Explain in Remarks)
Remarks: bright soil, sandy, no hydric indicators

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Yes Is this Sampling Point Within a Wetland? Yes @
Wetland Hydrology Present? Yes N
Hydric Soils Present? Yes
Remarks:
. Forest County soil survey not complete.
A-6 l
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Data Form
Routine Wetland Determination

(1987 COE Wetlands Delineation Manual)
————————————
Project/Site: Crandon Project Site Date:  11/17/94
Applicant/Owner: Crandon Mining Company County: Forest
Investigator: Ron Steg State:  WI
Do Normal Circumstances exist on the site? Q_eé\ -No Wetland ID: 22
Is the site significantly disturbed (Atypical Situation)? Yes @ Transect ID:
Is the area a potential Problem Area? Yes @ Plot ID: 1B
(If needed. explain on reverse.)
VEGETATION
Dominant Plant Species Stratum | Indicator | Dominant Plant Species Stratum | Indicator
1. Rubus trigosus herb FACW- 19,
2. Lycopodium obscurum herb FACU 10.
3. Acer saccharum tree FACU 11
4. Rubus alleyheniensis herb FACU+ | 12.
5. 13.
6. 14.
7. 15.
8. 16.

Percent of Dominant Species that are OBL, FACW, or FAC
(excluding FAC). < 25%

* = dominant species

Remarks:
HYDROLOGY
Recorded Data (Describe in Remarks):
O Stream, Lake or Tide Gauge
O Aerial Photographs
d Other

X No Recorded Data Available

Wetland Hydrology Indicators:

Water Stained/Silt Covered Leaves

Drift Lines

High Water Marks

Sand/Silt Deposits

Swollen Tree Bases

Exposed Roots

Periodically Flooded Channels/Depressions

ooooooao

Field Observations:
Depth of Surface Water _NA_ (in.)
Depth of Free Water in Pit _NA  (in.)
Depth of Saturated Soil NA _(in))

Remarks: sloping topography, no hydrology indicators

A-7
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Map Unit Name b Drainage Class: *
(Series and Phase):
Field Observations Confirm Mapped Type? Yes No
Profile Description: .
Depth (inches) Matrix Color Mottle Colors Mottle Soil Texture/
(Munsel (Munsel Abundance Type
Notation) Notation)
04" 10 YR 213 None Loam
4-18" 10 YR 43 None Sand
Hydric Soil Indicators:
O Histosol O Concretions
O Histic Epipedon O High Organic Content in Surface Layer in Sandy Soil
O Sulfidic Odor [0 Organic Streaking in Sandy Soil
O Aquic Moisture Regime  [] Listed on Local Hydric Soils List
O Reducing Conditions [ Listed on National Hydric Soils List
O Gleyed or Low Chroma [J Other (Explain in Remarks)
Remarks: no hydric indicators
WETLAND DETERMINATION
Hydrophytic Vegetation Present? Yes o) Is this Sampling Point Within a Wetland? Yes ( No\,
Wetland Hydrology Present? Yes o)
Hydric Soils Present? Yes (No»
Remarks: marginal, transitional, disturbed
. Forest County soil survey not complete.
A-8
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Data Form
Routine Wetland Determination
(1987 COE Wetlands Delineation Manual)

R
Project/Site: Crandon Project Site Date:  11/17/94
Applicant/Owner: Crandon Mining Company County: Forest
Investigator: Ron Steg State:  WI
Do Normal Circumstances exist on the site? (gg) No Wetland ID: 22
Is the site significantly disturbed (Atypical Situation)? Yes @ Transect ID:

Is the area a potential Problem Area? Yes No) Plot ID: 1A
(If needed, explain on reverse.)

VEGETATION
Dominant Plant Species Stratum | Indicator | Dominant Plant Species Stratum | Indicator
1. Scirpus cyperinus* herb OBL 9,

2. Calamogrostis canadensis* | bherd OBC 10.
3. : ‘ . 11
4, 12.
5. ’ 13.
6. 14.
7. 15.
8. 16.
Percent ‘of Dominant Species that are OBL, FACW, or FAC * = dominant species
(excluding FAC). 100%
Remarks: small area of wetland vegetation within an opening in young aspen stand
HYDROLOGY
Recorded Data (Describe in Remarks): Wetland Hydrology Indicators:
O Water Stained/Silt Covered Leaves
O Stream, Lake or Tide Gauge O Drift Lines
O Aerial Photographs O High Water Marks
O Other O Sand/Silt Deposits
O Swollen Tree Bases
& No Recorded Data Available a Exposed Roots
& Periodically Flooded Channels/Depressions

Field Observations:
Depth of Surface Water _2__ (in.)
Depth of Free Water in Pit _ (in.)
Depth of Saturated Soil (in.)

Remarks: old logging road appears to have impeded flow through natural drainage swale

A-9
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Map Unit Name . Drainage Class: *
(Series and Phase):
Field Observations Confirm Mapped Type? Yes No
Profile Description: ; ‘
1
Depth (inches) Matrix Color Mottle Colors Mottle Soil Texture/
(Munsel (Munscl Abundance Type
Notation) Notation)
0-4" 10 YR 373 None Sandy Loam
4-12" 10 YR 43 10 YR 6/6 Minor Loam
12-18" 10 YR 5/1 10 YR 6/60 Moderate Stift Clay

Hydric Soil Indicators:

] Histosol 3 Concretions

O Histic Epipedon O High Organic Content in Surface Layer in Sandy Soil

d Sulfidic Odor [0 Organic Streaking in Sandy Soil .

O Aquic Moisture Regime [] Listed on Local Hydric Soils List

O Reducing Conditions [0 Listed on National Hydric Soils List

R Gleyed or Low Chroma [] Other (Explain in Remarks)
Remarks: area appears to be underlain by a stiff clay at a depth of =12-18 inches

WETLAND DETERMINATION
Hydrophytic Vegetation Present? Is this Sampling Point Within a Wetland? @ No
Wetland Hydrology Present?
Hydric Soils Present?
Remarks: very small, marginal, disturbed site
* Forest County soil survey not complete.

®
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Appendix B

Description of Wetland Functional Models



PREFACE

The information fresentgd in this appendix addresses the specific
assumptions that were used by the investigators to arrive at the various
element weights and condition weights illustrated on Table E-1 tsrough E-10.
The precedence for aésigning numerical wetland glement values to stess
wetland functions was established by Golet and Larson (1974) and expanded
by Reppert et al. (1979). These authors followed established environmental
planning principles such as those put forth by M@ﬁarg (1969). This approach
has been used in numerous Environmental Impact Statements for state and

Federal agencies. ) "

The models apply to all wetlands, with,only one exception. The
Shoreline Protection;function model (Table E-5) only applies to those
wetlands which border on a lake or stream. Many wetlands in the study area

i

do not border on a lake or stream and have no shoreline protection function.

E-1
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DZSCRIPTION OF WETLAND FUNCTIONAL MODELS

1.0 BIOLOGICAL FUNCTION MODEL

The Biological Function Model was based on the wildlife h;bitat
models developed by Fried (1973) and Gélet and Larson (1974) and has been
modified to address the specific considerations presented under "Biological
Functions" in NR 132.06 of the Wisconsin Administrative Code (Table E-1).

The elements that comprise this model were selected to evaluate those
wetland features known to determine "the kinds, numbers and relative
abundance" of animal species, "wildlife production‘an&'use", "short- and
long-term importance of the wetlands to both aquatic and terrestf;al species"
and "specialized wetland fﬁnctions essential for an o;ganism to %amplete

its life cycle requirements such as cover, séawning, feeding and the like."
In general, life form (growth form or habit) and arraﬁgement of the vegetatio
were the most important considerations in this model.? Classical wofks by
MacArthur and MacArthur (1961) and Weller and Spatche% (1965) have demonstra-
ted the key role of vegetétion iﬁ determining wildlif; production and
variety. Porter (1981) tecognizéa the key role that ;he wetland-upland:
transition zone played in ﬁildlife habitat., :

Vegetative density was used as an expressi;; of biomass,‘gﬁich
served as an indicator of "net primary production of ilant communities.”
Pratt and Andrews (1981) indicated that wetlands are‘%aturally very.productive
habitats often nutrient sinks, and that their biomassirepresen:s a large
potential energy source. Other elements were less directly used; surface

water connection, for example, was an indicator of the "kinds and amount of

organic material transported to other aquatic systems as a potential energy

E-2
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Table E-1. Biclcgical Function Model.
Element Condition
Elements Weight Weight Conditions
Unique Fisheries® NAP‘ NA Present
NA Not Present
Presence of NA NA Present
Endangered or .
Threatened Speciesa NA Not Present
Dominant Wetland 5 1l Stream or brookside wetland
Class 0 Open fresh water
4 Deep fresh marsh (aquatic bed)
5 Shallow fresh marsh
5 Yearly flooded floodpﬁain
2 Wet meadow '
4 Shrub swamp
2 Wooded swamp (deciduous)
4 Wooded swamp (coniferous)
3 Bog
Number of Wetland 4 5 >5
Classes (Richness) 4
3 3
2 2
1
Number of ﬁetland 3 5 >10
Subclasses (Richness) 4 6-9
3 4-5
2 2-3
1 1
Vegetative 4 3 High
Interspersion 2 Moderate
1 Low
2= PreemptiQe Factors
= Not applicable 3



Table E-1. (continued)
Element Condition
Elements Weight Weight Conditions
Surrounding Habitat 3 3 ->90% of two or more of listed
) types :
2 50-907% of one or more:
90% of omne ‘
1 <50% of one ore more of listed
Water/Cover Ratio 3 4 26-75% scattered -
(Cover Typed) 2 26-75% peripheral
3 75%Z or <25% scattered
1 100% cover: >75% or <25%
peripheral
Number of Plant 2 1 Low , '
Species (Vegetative .
Species Richness) 2 Medium
3 High
?roportion of 1 1 Low
Wildlife Food Plants 2 Moderate
3 High
Vegetative Density 2 3 High
2 - Moderate
1 Low
Wetland Juxtaposition 3 Highly favorable -
Moderately favorable
.0 Unfavorable
Hydrological Position 2 1 Perched wetland
(Groundwater
Connection) 4‘ Wa;er table wetland
' 3 Water table/artesian wetland
3 Artesian wetland .
Water Level 1 2 Low
Fluctuation i\ Vernal pool
0 High
E-4
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Table E-1. (continued)

Element Condition

Elements Weight Weight Conditions
Surface Water 1l 1l Connected to a small stream
Connection 2 Connected to a river
3 Connected to a lake
4 Connected to a combination
0 Not connec;ed
Percent Wetland 4 1 <332
Bordering on 2 34-662
Open Water
3 67-100% .
0 Does not border §
Size 5 3 Large > 4.6 acres
2 Medium 1.1-4.5 acres
1 Small < 1.0 acres
Range 29-158
Mean 93
§
E-5
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source for consumer organisms in those systems." 1In aggregate, the elements
of this model constizuted an evaluation system designed to assess the maxi- ‘
mum potential of a wetland for biological production and variety. Each of

these elements is described in Table E-1.

—.—

1.1 PREEMPTIVE FACTORS

Wetlands bordering a water body that supports unique commercial or

recreational fisheries, or which provide habitat for or are frequented by !

threatened or éndangered species were immediately identified for more
thorough analysis. !

¥
{
&
t
t

1.2 DOMINANT WETLAND CLASS

As a result of the important role vegetation life form plays in

determining wildlife habitat value, Dominant Wetland Class was accorded a
weighting of five. Some wetland classes have a higher value than others for
wildlife species diversity and production rate because of the differences in
vegetative life form and water depth ;nd permanence. Shallow marsh, for
example, was one of the most valuable classes because of the habitat pro-
vided for nesting birds and various mammals, particularly muskrats. This
class was also assigned a value of five. Yearly flooded floodplain was also
a very valuable class because of its importance as nesting habitat fbr many
wetland animals, particularly waterfowl, and from its importance as a water-

fowl feeding area during migration. This class was also assigned a value of

five. A steep-sided stream or brookside wetland, on the other hand was one

of the least valuable classes because of the poor development of wetland

E-6
B-6
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funcrions essential for an organism to complete its life cycle requirements;
therefore, this class was assigned a value of one. The weights &assigned to

the remaining classes in this element are presented in Table E-1.

1.3 NUMBER OF WETLAND CLASSES (RICHNESS)

As the number of wetland classes increases so does the variety of
plant iife forms which, in turn, increases the potential for wildlife
species diversity (Weller and Spatcher, 1965). This was one of the most
important wetland features in determining kinds, numbers and relative
abundances of wildlife species, and wiidlife production and use; therefore,
this element was assigned a weight of four. The weight assignedfto the
condition increased or decreased depending on the number of wetland classes

comprising the wetland (Table E-1).

1.4 NUMBER OF WETLAND SUBCLASSES (RICHNESS)

This element was a refinement of "Number of Wetland Classes" in
assessing the potential for wildlife ;pecies diversity. As the number of
subclasses increases so do those features important in the life cycles of
many wildlife species, such as cover and food, which increases the kinds and
numbers of wildlife tnat can be supported in an area. Differences among
subclasses are probably less important than differences among classes with
respect to increases in wildlife habitat variety (Golet aad Larson, 1972);
therefore this element was assigned a weight of three. The weight assigned

to the condition increased or decreased depending on the number of sub-

classes present (Table E-1).



1.5 VEGETATIVE INTERSPERSION

As stated above, wildlife density and species diversity are primarily
a function of vegetative life form variety and arrangement. Since moét
species of wildlife require more than one life form of vegetation, wildlife
population density and species diversity were closely related to the length
and number of different kinds of édge. As vegetative interspersion increases,
wildlife production and use, and overall biological p;oduction improves.
Because of its importance in the model, this element Qas accorded a weight
of 4. The conditions were weighted o? a descénding scale from high to low

(Table E-1).

1.6 SURROUNDING HABITAT

The habitat surrounding a wetland is an important factor affect- .
ing its wildlife production since the life cycle requirement of many species
is satisfied partly in wetlands and partly in uplands.’ Many waterfowl and
other wildlife depend upon surroundi?gs such as hay f;elds, corn, and oak
forests for food and nesting cover. The nature of the surrounding habitat‘
also‘determines which upland wildlife are likely to u;ilize the wetland.
Marshes, for example, provide cover for pheasants and cottontail rabﬁits.
Uplands also provide a buffer against human disturbance, a frequent.deterrent
to successful breeding, aﬁd wetlands bofdered by agriculture, forest land
and abandoned open land have a higher wildlifé support capacity than those
surrounded by industry, hbusing or outdoor recreation. Based on its role
in determining the importance of a wetland to both aquatic and terrestrial

species this element was assigned a weight of 3. The listed types in the .

three conditions refer to agriculture, forest land and abandoned open land

(Table E-1).
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1.7 WATER/COVER RATIO (COVZR TYPE)

The relative proportion of vegetative cover and open water in
a wetland is a very important factor affecting the kinds, numbers and “
relative abundance of wildlife species. Ihvestigators have found that
maximum numbers and species diversity of weti;nd wildlife occurred where a
water/qover ratio of 50:50 was attained (Weller and Spatcher, 1965).
Wetlands having nearly total cover or total open water were less valuable
than wetlands with nearly equal proportions of each. The degree of water/
cover interspers;on was also an import§nt factor affecting value. Scat-
tered cover, or cover interspersed witﬁ water was a more valuablg:condition
than peripheral cover or water because of the greater edge whichgresults
(Delacour, 1964). Based on its role in determining wildlife production and
use, this element was assigned a weight of 3. The weight assigned to the

condition was related to both the ratio of cover to open water and the

degree of interspersion (Table E-1).

1.8 PLANT SPECIES VARIETY

As the number of different plant species in a wetland increases,
so also does the species diversity cf invertebrate fauna supported by‘che
vegetation. This is directly related to the food available to certa;n
wildlife species and life stages, and is therefore an indicator of wildlife
production. Also, some wildlife, including certain waterfowl, tend to be
plant species specific with regard to placement of nests . Delacour, 1964)
or in selection of plant foods. Thus, although life furm plays a more
important role in wildlife production and use of a wetland, plant species
variety is élso a contributing factor. As plant species variety increases
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the potential of the wetlanc to provide specialized functions essential for

some wildlife to complete their life cvcle requirements also improves. ‘
Because of its secondary role in determining wildlife production and use,

this element was assigned a weight of 2. The condition (high, medium; low) é
was chosen using best professional judgemént, based on comparing the kinds
of plant species inventoried in a unit area of a given wetland‘to those

found in the same unit areas of other wetlands in the study area (Table E-1).

1.9 PROPORTION OF WILDLIFE FOOD PLANTS

This element is a direct inaicator of wildlife product;on and
use, and of the degree of expression of those wetland functions zfehich are
essential for wildlife to fulfill their feeding requirements. Some plant

species provide food for only a short time, but this is often during criti-

cal periods ip wildlife cycles such as during annual migrations or before
the onset of winter. Other plant species produce structures that supply
food over winter. Both kinds of food production along with other factors,
such as quantity produced, were considered in the analysis of plant food :
availability. Since vegetative structure plays a greater role in wildlife.
prodﬁction and use than do the edible parts-of plants, this element was
assigned a weight of 1. It was included, however, to distinguish wetlands

in which plant food production was particularly high so that when it

occurred the contribution of such a condition to the overall assessment

could be added. The condition (high, medium, low) was chosen following the

field inventory, and was based on the food value of each species listed on

[P

the wetland inventory report (Martin et al., 1961) and its relative abundance

(Table E-1). .
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1.10 VEGETATIVE DENSITY

Vegetative density is an expression of biomass or standing crop,
which can serve as an index of net primary production of plant communities
depending upon age of the wetland. During early wetlarnd stages, such as
shallow marsh and shrub swamp, high density is much more directly related
to high primary production than in a mature wetland stage, such as wooded
swamp. In the latter type, a large quantity of biomass may be represented
in the vegetati&e structure ﬁﬁile net annual primary broduction is very
low. Moreover,‘in the youngef stages a higher proportion of the primary
production is in the form of édible structures that can be utilized by
wildlife for food. However, in all stages, high plant density é;ovides
more breeding, resting and escape cover so that higher wildlife dénsities
per unit area can be accommodated. Vegetative density, therefore, can servé
both as an index of primary production and an indicator of potential numbers
and relative abundance of wildlife species (Smith, 1980). Based on its
contribution to the overall wildlife support value of a wetland, this

element was assigned a weight of 2 (Table E-1).

1.11 WETLAND JUXTAPOSITION

Wildlife production and use ip a wetland is generally higher if
it is located near other wetlands, particularly those of a differené class
or with diffefent subclasses. This value improves if the wetlands are
connected by streams which pfovide cover and travelways to permit wetland
wildlife to move safely between wetlands. This element becomes less
important in large, diversified wetlands in which life cycle requirements
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can be met without travelling to other wetlands. Based on its coatribution

to wildlife production and use, wetland juxtaposition was assigned a weight- .
ing of 3. The condition in which other wetlands were nearby and connected

by streams was highly favorable and was accorded a weight of 3; if vétlands

were nearby but not connected, the condition was moderately favorable and

was given a weight of 2. 1Isolated wetlands received no value for wetland

juxtaposition (Table E-1).

1.12 HYDROLOGIC POSITION (GROUND-WATER CONNECTION) - .

The position of a wetlaﬁd with respect to ground water determines'
its longevity, water level fluctuation and nutrient level. Prodéctivity
rates of wetland plants are closely related to nutrient availability and

abundance. Local aquifer (perched) wetlands have shorter longevity, lower '

nutrient levels, less diverse vegetation and greater water level fluctuation ‘
when compared with those connected to the main aquifer (Bay 1967). 1In
wetlands connected to the main aquifet, water level is relatively constant
and the abundance and availability o,f nutrients is higher because of ground
water movement through the wetland soils. As a result, plant productivity
rates are higher and wildlife production and use is greater. In general,
main aquifer wetlands potentially have a greater short- and long-term
importance to wildlife than local aquifer wetlands. In comparison with the
contributions of other elements it; the model, hydrologic position was |
assigned a weight of 2. The level of discrimination between water table/
artesian wetlands and artesian wetlands was not important with respect to

those wetland functions relevant to wildlife cycles, and both were assigned

a weight of 3 (Table E-1). ‘
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1.13 WATER LEVEL FLUCTUATION

The magnitude of water level fluctuation in a wetland has a

direct effect on wildlife froduction and use. Wide fluctuations advefsely

 affect a large variety of wildlife specieé. High water may destroy nests

and young, and low water may expose the nests to predators. Although the
contribution of this element to the model was considerably less than that
of other elements (an assigned weight of.l), water level fluctuation was a
consideration that affected the ability of a wetland to fulfill wildl;fe
requirements and was part of the overall evaluation. Since low water
fluctuation was the preferred condition it was assigned a weight.;f 2.
Wetlands with a high water level fluctuation receive no rating for this

element (Table E-l).

1.14 PERCENT OF WETLAND BORDERING OPEN WATER

The value of a wetland with fespect to wildlife support is
greater if associated with a stream,“river or lake than if isolated. Open
water provides habitat for waterfowl“during migration and during the
breeding season, as well as for other wildlife, such as otter and raccoomns.
The greater the percentage of wetland edge bordering open water, the ﬁigher
the numbers and kinds of wildlife that will utilize the wetland. Be;ause
of the importance of this element in dete:ﬁining wildlife production and

use, it was accorded a weight of 4. The weights assigned the conditioms

varied with the percent of wetland bordering open water (Table E-1).
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1.15 SURFACE WATER COXNECTION

The kind of open water connected to a wetland influences wildlife
production and use as well as the transport of organic material to other

aquatic systems. Although some small streams, particularly those bordering

|

marshes, may provide some habitat for waterfowl broods and other wildlife,
the spectrum of aquatic and terrestrial wildlife which are able to fulfill
_ certain life cycle requirements is greater in wetlands bordered by rivers
and lakes. Thus, rivers, lakes and particularly coﬁbinations of riparian

and lake habitats greatly improve wildlife production in the wetlands they

border. 1In gemeral, rivers are more important than small streams with
.respect to the transport of organic material because of the high;r predict-
ability of surface water flow during summer months. Overall however, the

kind of surface water connection was less important than the percentage of

bordering wetland edge; therefore, this element was assigned a weight of 1.
The weight assigned to the conditions varied with the kind of water body

and with combinations receiving the heaviest weighting (Table E-1).

;
!

i

“

1.16 SIZE i

In general, as wetland size increases so does its value for

v

wildlife production and use. Greater size results in greater insulation
from human disturbance on the periphery. Also, habitat variety tends to

improve with increased size, so that a large wetland would be more likely

to fulfill all of a species life cycle requirements than a small wetland.

Large wetlands are valuable as waterfowl feeding and resting areas during

. —a
'

- migration. Moreover, the factors which determine longevity such as perma-

nence of the water table and watershed size were correlated with large
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wetland size. As a result of the important role of this element in derzer-
aining the kinds and numbers of wildlife supported by the wetland, it was

accorded a weight of 5. The weight assigned to the condition was directly

related to size (Table E-1).

(X

[N
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2.0 WATERSHED FUNCTION MODELS

Watershed functions, as defined in proposed Wisconsin NR 132
consist of five separate functions; hydrologic support, ground-water, storm
and floodwater storage, shorgline protection, and water quality maintenance

functions. The following text describes the models for these functions.

2.1 HYDROLOGIC SUPPORT FUNCTION MODEL

Water resides in wetlands for a limited time; that is, somé water
is always passing through a wetland. Water leaves wetlands by evaporation-
transpiration, recharge to the ground-water system or as surface};ater
outflow to downstream areas (Winter, 198la). The ability of a végetative
wetland to diséharge surface water to downstream surface waterbodies, stfeams,
lakes and other vegetated wetlands, is important in maintaining the chemical
and physical integrity of downstream aquatic ecosystems.

The Hydrologic Support Fun;tion Model (Table E-2) is designed to
assess the "Hydrologic Support Fuﬁction" of a wetland.defined in the Wis-
consin Administrative Code, NR 132, %y inventorying those physical elements
which in combination allow a wetland to function so that it controls the
quantity and quality of water that it discharges to downstream waterbodies.
These physical elements defined in NR 132 include location, topographic
position, areal extent (size), degree of comnection, hydrologic regiﬁe,
water chemistry, velocity, water depth, fluctuation patterns, water renewal
rate and temporal pattern.

It is difficult to separate wetland functions into specific defi-

nitions. The functions ascribed to wetlands are highly interrelated. For
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. Table E-2. Hydrologic Suppor: Function Model.

Element Conditicn
Elements Weight Weight Conditions

Size 4

w

Large > 4.6 acres
Moderate 1.1-4.5 acres
Small < 1.0 acres

Topographic 1
Configuration

Semi-closed basin
Velley

Hillside .

Closed basin

Condition 1
Condition 2
Condition
Condition
Condition-
Condition

Dominant Hydrologic 5
Type -

o nn »~ W

Low
High

. Water Level 2

Fluctuation

Outlet 4 Perennial Outlet
Ephemeral Outlet
Groundwater Outflow

Absent

Ok HEF N H N O WP WDNHWH

Inlet 1

N

Perennial

-

Ephemeral

o

Absent

Percent Wetland? 4
Bordering on
Open Water

1 <337%

2 34-66%
3 67-100%
0

Does not ‘border

Range 6-66b
Mean 36

. a Applies only to those wetlands with an outlet.

b Total value for one inlet and one outlet only.
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example, the hydrologic support function is closely related to the prevention

of poliution and stormwater storage functions. In other words, these two .
wetland functions, in part, control the quantity and quality of water passed

down stream. Thus, when assessing the hydrologic support function of a

wetland, one must assess, iﬁ.part, the wetland's stormwater storage and :
prevention of pollution function. Reppert et al. (1979) define a method to
determine the hydrologic support functions of wetlands, but emphasize flush-

ing rates as opposed to frequency of flooding. No consideration is given-for

P )

base water flow maintenance. ’ ‘ .
According to NR 132 (Wisconsin Administrative Code), there is av {
correlation between specific wetland physical elements such as "}ocation" and |
"topographic position" and a physical condition s;;h as hydrologic "degrée of
connection". The hydrologic support function model includes those physical.

elements which give rise to a particular wetland functioning "to maintain the .

hydrologic characteristics, and thereby the physical and chemical integrity
of an entire aquatic ecosystem." These elements are listed in the model

(Table E-2).

2.1.1 Size

The size of a wetland was considered to be a critical element in
the hydrological support function and was given a.weight of 4. The ‘larger a

wetland, the more potential it has to contribute to the "hydrologic regime"

of downstream receiving hydrologic systems. If all other inventory elements
were equal between two wetlands except size, the larger wetland should better

support the hydrological regime (Table E-2).

E-18
B-18



2.1.2 Topographic Configuration

Particular topographic wetland configurations dictate the '"temporal
pattern" or the "frequency of inundation" potential of a wetland. Tﬁey also,
in turn, control '"water velocity" and the'"ability of the wazer to carry |
suspended particulate matter." "Water depth, fluctuation patterns" and
water "remewal rates' are also controlled in part by the topographic configura-
tion. The topographic configuration, which slows the flow of water (reduces
water velocity), and controls temporal patterns was considered most benefiqial
to the hydrologic support function of a wetland. This situation was defined
as a semi-closed basin and it was given a condition weight of 3._fVa11eys and
hillsides, respectively, were considered to be less beneficial. # The element

weight given to topographic configuration was low (1) since it was considered

not to be as important as other elements (Table E-2).

2.1.3 Dominant Eydrologic Type

Dominant hydrologic type ;§ used to describe the residence time of
water in a wetland, travel time for : drop of water moving through a wetland.
The more time a drop of water spends in the wetland, the greater its chance
to interact with the physical elements of the wetland. This is a measure of
the "living filter" function of a wetland which controls water chemistry to
include "ionic composition" and "oxygen saturation." Each hydrologic type'
predicts potential water "velocity", "fluctuation patterms", '"flooding" and
"renewal rates'". These factors control the quantity, quality and "temporal
pattern'" of water leaving the wetland. The conditions representative of the

highest residence times were assumed to be the most valuable. Those reflect-

ing low residence times were assumed to have low values (Table E-2).
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2.1.4 Water Level Fluctuation

Water level fluctuation is a measure of the rise and fall of
water in a wetland, its "frequency of inundation and its regularity or
predictabilicy." Wetlands with low water level fluctuations were assumed
to be indicative of a complex set of wetland elements that control and
regulate (smooth out) surface water flows. Wetlands with high water level
fluctuations were assumed to be indicative of more extreme "flashy" and
uneven surface water flows. Wetlands which exhibit ﬁhe most control of
water movement generally have small water level fluctuations and better
store and release water. This maintains downstream base water fiows,

{

which, in turn, supports aquatic ecosystems. (Table E-2). i

2.1.5 Outflow

The‘outflow element was assigned a weight of 4 since it was cri-
tical to insuring that a wetland contributes to and supports other aquatic
ecosystems. The greater the outflow, the more the wetland supports "renewal
rates', "water depth", water chemisg;y and fluctuation patterns. Another
important factor is that the outlet establishes the "degree of connection
with other wetlands and water bodies." Perennial wetlands were given the

highest condition weight (2) while ephemeral and groundwater (soil interflow)

outlets were each given a weight of 1 (Tablé E-2).

2.1.6 Inflow

The type of inflowing water, whether perennial or ephemeral,
determines, in part, the amount of water available for hydrologic suppdrt. .
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This element was considered to be less important than the outlet and was
given an element weight of 2. Perennial inlets we:c weighted higher (2)

than ephemeral ones (1) (Table E-2).

2.1.7 Wetland Shoreline as a Percent of Total Lake Shoreline

or Wetland Edge

The amount of contact or edge that a vegetative wetland has with
a surface water body (pond, lake or stream) was assumed to be a critical
element for the wetland to support the "hydrologic regime" of an aquatic
ecosyster and was assigned an element weight of 4 (Table E-2). This
percentage was determined by measuring the total length of lake Lr pond

edge and then measuring the length of edge between the individual wetland

and the lake or pond. For example, the length of the stream section pass-

ing through the wetland was compared with the total circumference of the
wetland/upland boundary. Measurements were made using the orthophoto map
(Scale: 1 inch = 400 feet) and the appropriate box was checked on the

wetland inventory report. '
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2.2 GROUND-WATER FUNCTION MODEL ' ;

The ground-water function of a wetland may better be termed the
"ground-water support function'", since this function is directed towards a
wetland's ability to recharge underlying aquifers. Wetlands in a recharge
condition pass accumulated surface water and direct precipitation from the
wetland soil downward into an aquifer. Many wetlands seasonally alternate
betwee# recharge and discharge. Even perched (;ocal aquifer) wetlands may
be partly recharging a deep underlying main aquifer by slow seepage.-

Winter (1981b) described the geohydrologic sciengific uncertainties in

estimating the water balance of lakes and wetlands. The potential for some
ground-water recharge, however small, appears to be common to moét wetlands.
Thus, in developing the ground-water function model, it was assum;d that all
wetlands have some recharge potential and only those elements that enhance |

this potential were included in the model (Table E-3).

2.2.1 Surficial Geology

K

-,

Surficial geology'controls.recharge and was assigned an element
weight of 3. Those wetlands that occurred in till areas had the least po-
tential for recharge since till was the most impermeable surficial geologic
deposit in the study area. Sctratified sand and gravel was the most per-
meable and thus offered the most recharge potential. Fine sand and gravel
and alluvium had intermediate permeabilities and intermediate recharge

potential. Condition weights were accordingly assigned (Table E-3).
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Table E-3.

Ground-water Function Model.

Elements

Element
Weight

Condition
Waight

Condicions

Surficial Geology

Organic Material

Hydrologic Position

Transmissivity

Aquifer

Inlet

Qutlet

Size

3

1

N LW s

N W HE WD E NS DN H DWW

N oW = N W

1

Artesian wetland

Range 20-68a'

Mean 44

Till

Stratified sand and gravel
Stratified fine sand and silt
Alluvium

‘Absent

High permeability
Low permeability

Perched wetland

‘Water table wetland

Water table/artesian wetland
/

4

Low <10,000 gal/day/ft

Mod. 10,000-40,000 gal/day/ft

High >40,000 gal/day/ft

Absent
Perennial

Ephemeral

Absent

Perennial

Ephemeral

Large < 4.6 acres
Medium 1.1-4.5 acres

Small > 1.0 acres

3rotal value for ome inlet and one outlet only.
Some wetlands may have more than one inlet or outlet
but the range above is for wetlands with only one
inlet and one outlet.
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2.2.2 CQCrgzanic !laterial

Organic material has a low vertical permeability and retards
movement of surface water from a wetland to the underlying groundwatef
system. Some organic materials have highér permeabilities than others and
allow greater recharge. Wetlands with little organic material would have
the greatest recharge potential since the organic material "liner" is
reduced. The organic material inventory elements were weighted using these

assumptions (Table E-3)3

v
{
i
H

2.2.3 Hydrologic Position !
P

The hydrologic position element was considered the besé measure of

a wetland's recharge potential and was given the highest element weight (5).

A water table (main aquifer) wetland was considered to be the best hydro-

geologic situﬁtian for recharge and was assigned a condition weight of 4.

Perched (local aquifer) hydrogeologic situations had the potential for slow
recharge and were given a weight of‘?. Water table/artesian wetlands have !
some recharge potential but are mor;.commonly discharge areas. They were

given a weight of 2 while artesian wetlands are almost always in a discharge g

condition and were given a weight of 1 (Table E-3).

2.2.4 Transmissivity of Aquifer

The aquifer is the receptor of recharge and transmissivity is a
measure of the value of an aquifer for water withdrawal, ground-water

movement, and possible discharge to down-gradient aquatic ecosystems. It
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is used to define the hydrologic characteristics of an associated aquifer.
The larger the transmissivity of an aquifer the more valuable will be the
recharge of overlying wetlands. Because of its importance to the aquifer

this element was assigned a weight of 4 (Table E-3).

2.2.5 1Inlet

The inlet characteristics define, in part, the amount of surface
water flowing into a wetland which may recharge the underlying aquifer.
Perennial inlet conditions were given a higher weight (3) than ephemeral
(2) because of the continuous water flow into the wetland and :hq:potential

to recharge the aquifer. The inlet element was assigned a weight of 1

(Table E-3).

2.2.6 Outlet -

The amount of water leaving a wetland could provide an estimate
of the recharge function of a wetlan%, A wetland receiving inflowing sur-
face water but having no outlet, foré;s water to leave the wetland by |
recharge or evapotranspiration. A wetland having a perennial outlet, is
constantly losing potential recharge water and may also be indicative of a
discharge wetland. Thus, the highest inventory condition weight (3) was

assigned to wetlands with no outlet and the lowest (1) to wetlands having

an ephemeral outlet (Table E-3).
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2.2.7 Size

The size of a wetland can be used to measure its potential re-
charge value. When other conditions are held equal, the larger a wetland,
the greater its recharge po%ential. Large wetlands were weighted 3, medium

2 and small 1 (Table E-3). i
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2.3 STORM AND FLOODWATER STORAGE FUNCTION MODEL

The value of wetlands for control of storm waters and prevention
of downstream flooding has been recognized by numerous investigators
(Coleman and Kline, 1977). Wetlands may contain manv natural resources
which intercept, retain, ana detain inflowing storm waters so that the
outflow hydrograph has less of a peak and a greater time of concentration .
than tﬁe inflow hydrograph. How wetlands function to control storm water
is a complex topic (Novitzki, 1978; Larson, 1981; and Reppert, 1981), Oﬂe.
concept is to treat a wetland simplistically as a designed flood control
device and apply standard hydrologic engineering approaches to estimating '
the wetland's flood storage volume as has been practiced by thefbepartmeng
of Environmental Quality Engineering in Massaéhusetts. Another concept is .
to examine the wetland as a complex ecosystem and assess the various elements
of that ecosystem as to their ability to store water and retard water flows
during periods of flood or storm discharge (Coleman and Kline, 1977). To
meet the criteria présented in NR 132 (Wisconsin Administrative Code) the

latter concept was used and the following model (Table E-4) was devéloped.

2.3.1 Dominant Wetland Class

Wetland vegetation has the potential for reducing the energy of
inflowing storm water and retaining water. Those wetland classes which
have the highest potential for primary production were also assumed to have
the highest stem density to reduce flood water energy and to remove water
by evapotranspiration. The inventory conditions shallow fresh marsh,

wooded swamp and shrub swamp were assumed to be high primary production
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Table E-4. Storm and Flood Water Storage Function Model.
Element Condition
Elements Weight  Weight Conditions
Dominant Wetland 2 1 Stream or brookside wetland
Class 1 Open fresh water
2 Deep fresh marsh (aquatic bed)
4 Shallow fresh marsh
4 Yearly flooded floodplain
3 Wet meadow
5 ‘Shrub swamp
4 -Wooded swamp
3 ~Bog
Percent Open Water 2 3 0-33% '
2 34-66% f
1 67-952 )
0 96-100%
Vegetative Density 4 3 High
Moderate
1 Low
Topographic 2 4 Closed basin
Configuration 3 Semi-closed basin
2 Valley
1 Hillside
Topographic Position 3 Upper
in Watershed 4 Intermediate
1 Lower
Surficial Material 2 4 Till
of Watershed 1 Stratified sand and gravel
3 .S:ratified fine sand and silt
2 Alluvium
E-28
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Table E-4. (continued)
Element Condition
Elements Weight  Weight Conditions
Surficial Geologic '2 1l Till
Materials of Wetland ‘e
Banks 4 Stratified sand and gravel
2 Stratified fine sand aad silt
3 Alluvium
Organic Material 1 2 High permeability
1 Low permeabili:y
0 Absent
Dominant Hydrologic S 1 Condition 1
Type 2 Condition 2 ,
3 Condition 3 p
4 Condition 4 B
5 Condition 5
6 Condition 6
Hydrologic 4 1 Not part of riparian system
Connection .
2 Part of riparian system
Water Level 3 2 High
Fluctuation
1 Low
Inlet 1 2 Perennial
1l Ephemeral
0 Absent
QOutlet 1 1 Perennial
2 Ephemeral
0 Absent
Size 4 3 Large > 4.6 acres
2 Medium 1.1-4.5 acres
1 Small < 1.0 acres

Range 29-123a
Mean 76

4Total value for one inlet and one outlet only.
Some wetlands may have more than one inlet or outlet but
the range above is for wetlands with only one inlet and

one outlet.
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vegetative communities and were assigned high condition weights. This
2lement was given a weight of 2. This element also was considered to be a
measure of the substrates' texture (vegetative structure), the material

over which flood water must flow (Table E-4).

2.3.2 Percent Ovpen Water

The percent open water element addresses the considerations of
"previous degreé of saturation" and wetland vegetation. Wetlands with
large amounts of 6pen water (67-95 percent) are predominantly saturated and
have high amounts of surface water discharge. Also, there is little stem
density to slow down flood water. This inventory condition was fassigned a
weight of 1 in c;mparison t$‘a wetland with little area (0-30 pé;éent) of

open water (3) (Table E-4).

2.3.3 Vegetative Density

Vegetative density is an important criterion since it retards
inflowing storm water. Some wetlanSB of the same dominant class may have:
different densities and thus different abilities to control floods. It was
also considered to be an estimate of substrate texture. Since stem density
was considered to be one of the most important vegetative elements it was
given a weight of 4. Condition weight reflects an increase in flood control
value corresponding to an increase in stem density (Low = 1, High = 3)

(Table E-4).
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. 2.3.5 Topographic Configuration

The topographic configuration element is a mezsure of the "basin
shape" (Bureau of Reclamation, 1977), Basins with shapes similar to flood

control dams, such as closed basins and séni—closed basins were given high

\ condition weights, 4 and 3, respectively. These topographic shapes have

i the highest potential for retardation near the outlet so that the basin can.

x fill with water. Valleys and hillsides have little if any potential for

F holding water, but they have the potential for chamnel storage (valley). or
water spreﬁding (hillsides) (Tablésﬁ-l;).

g :

I 2.3.5 Topographic Position in Watershed y

‘ The location of a wetland in a stream's watershed was considefed

. to influence the ability or importénce of the wetland in controlling flooding.

Wetlands near the top of the watershed were considered to be important

since they are the first to receive runoff (they have the shortest times of

—

concentration). As a result they absorb the initial aydrologic shock

>

generated by a runoff event. Witho&?: wetlands high in the watershed, lower

ey

sections of the stream would have higher flood peaks and a shorter time of
' concentration. As a result, the element weight assigned was moderate (3)
and condition weights were correlated with watershed locatioms (upper 3,

lower 1) (Table E-4).

2.3.6 Surficial Geological Materials

Impervious surficial geologic materials of the watershed permit
. greater surface water discharge which results in higher peak discharges.
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Those wetlands occurring in high surface water runoff potential watersheds
are more important in controlling floods than those in low surface wacter
drainage potential watersheds. Till has a high surface water discharge po-
tential, while permeable sand and gravei has a low potential and.tné condi-
tion weights reflect this,relationship>(Till - 4, stratified sand and

gravel - 1) (Table E-4).- =

2.3.7 Surficial Geologic Materials of Wetland Embankments

‘?"'El‘t.‘i ::;#A_-F‘:‘,.(; o 'ﬂ! :

As water rises in a wetland because of rapidly inflowihg surface

water, the water level in the wetland may become higher than thgkground-
s

water table in the surrounding embankments. If this condition c'ntinued for

sufficient time, water would infiltrate from the wetland through?the embankr

ments and cause a rise in the water table. The more permeable

storage). Impermeable till has little storage potential wherea :permeable

sand and gravel has a high storage potential and the condition €,

4) reflect this relationship (Table E-4).
0o :

2.3.8 Organic Materials * e

R a

Some flood water storage may occur in wetland organicisoils that
- fi. i !

are not saturated. High permeability wetland soils have largerjporosities

and a greater potential for drying than’do low permeability soi{% and were

-

assigned a higher condition weight (2 vﬁfsus 1). This element as not

we1°hted high (1) because organic soils are anaerobic due to water satura-

. '_":_3?'7-

tion and are seldom "dry" OT unsaturated (Table E-4).

T
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. 2.3.9 Dominaat Hvdrologic Type

RS

Dorinant hydrologic type was cond?ﬁered to be the most important

1 it T e
)
|

element and was given the highest weight ( i This element is a measure of

Condition 6, a closed depression with, no ou}?et, stores water which enters
’ o 4 .

| condition weight of 6 (Table E-4).

. 2.3.10 Hydrologic Connection

This element received a high weig Eing (4) since it was believed
that a wetland must be part of a riparian system in order to protecr down;
§ Stream areas from flooding. Isolated wetlanés aiso serve a flood control
i function by retention of water and not passing it downstream; however, tbey
i were ﬁot believed to play as important a rolg;in flood control as wetlan@s
! connected to a riparian system. 1Isolated we%lands have a similar flood
control value to isolated upland closed'basigs- However, it is only when a
' ’ vegetated wetland occurs as'part of a riparian system that the role of the

vegetation and soils play an important role in reducing flood flows and

providing flood storage.
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2.3.11 water Level Fluctuatiom:

#i

it
A high water level fluctuation observed in a wetland indicates

&

that the wetland is functioning:to store floodwaters. This condition was

assigned an element weight of -‘Egnd condition weights of 2 and 1 (Table E-

4).

2.3.12 1Inlet

The amount and frequggcy of water flowing into a wetland are

A
partly controlled by its inletg Thevg?reat:er the volume of inflowing water the
more important becomes the fun%ion of a wetland in controlling ghat water.
. ;
A wetland could have all the cgmponents necessary to control storm water,

;‘.
but if it is seldom required to'do so, it has less value than a wetland

#
which frequently receives largég amounts of water. Thus, a perennial inlet .
was assigned a‘weight of 2 and Zan ephemeral inlet 1 (Table E-4).

RN P AV

2.3.13 Outlet ; .

The outlet of a wetlgnd partially controls the amount of flood-
waﬁer that can be stored in the.wetland. An ephemeral outlet was assumed
to have higher water storage ca'pacity than a perennial outlet. In addi-
tion, a perennial outlet may i-ndicate continuous saturation of wetland
soils, while ephemeral outlets could indicate that the wetland soils may

become dry during parts of the year. Thus, an ephemeral outlet was assigned

a weight of 2 and a perennial outlet a weight of 1 (Table E-4).
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2.3.14 Size

If all other elements were equal between two wetlands, it was
assumed that the larger wetland would have a greater potential to control
flooding than a smaller one. As a result, large wetlands (>1.8 ha [4.6

acres]) were assigned a weight of 3, medium 2, and small 1 (Table 2—4).
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2.4 SHORELINE PROTECTION FUNCTION MODEL

When wetlands are adjacent to a lake or a stream channel, they
buffer the wave and current energy of these water bodies and protect upiﬁnd
ecosystems and valuable residential, commeréial and industrial acreage.
Such wetlands have pfeemptive value as shown in Table E-5 along with the

other e%ements required for this model.

2.4.1 Vegetative Density

Vegetative density affords péotection of shorelines by providing
plant stems which reduce water flow rates and thus decrease erosiyé energy.
Plant stems also prevent debris and ice from battering the shoreline. The
higher the vegetation stem demsity, the greater the shoreline protection

2.4.2 Dominant Wetlénd Class

The shoreline buffering capicity of a wetland is in part a reflec-
tion of the strength of the plant stems to resist water flow, floating
debris and ice. Also, the type of vegetation present determines the strength
of the root mat for erosion control. Wetland classes with poorly rooted
floating communitie; and non-woody stems were assumed ;o offer little |
shoreline buffering capacity, such as a deep marsh which was assigned a
con&ition weight of 1. On the other hand, a shrub swamp or wooded swamp
containing strong plant stems and thick root mats securely attached to the

soil were considered to have a high shoreline buffering capacity and were

assigned a weight of 4. Other classes were intermediate in value (Table E-5).
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Table E-5. Shoreline Protection Function Model.

Element Condition

Elements Weight  Weight Conditions
Wetland Borders® NAP NA Yes
Lake or Stream NA No
Vegetative Density 2 3 High
Moderate
1 Low
Dominant Wetland 3 0 Open fresh water
Class 0 Stream and brookside
1l Deep fresh marsh (aquatic bed)
2 Shallow fresh marsh
4 Yearly floodplain ¥
1 Wet meadow . i
4 Shrub swamp
4 Wood swamp
3 Bog
Surficial Material 1 2 Ti11
Underlying Wetland 1 Stratified sand and gravel
4 Stratified fine sand and silt
y 3 Alluvium
Fetch (Lakes only) 4 2 Over 2000 ft.
1l Under 2000 ft.
Depth of Lake 1 2 Deep 6 ft.
Shallow 6 ft.
Range 3-32
Mean 17
a
preemptive
b, not applicable
E-37
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2.4.3 Surficial Material Underlying a Wetland

Somevwetlands overlie surficilal geologic materials which are very
difficult to erode. A wetland located upon easily erodable materials such
as fine sand and silt havg a greater protective function than wetlands
located on mofe difficulé materials to erode such as stratified sand and

gravel. Condition weights were assigned accordingly (Table E-5).

2.4.4 TFetch

Fetch is a measure of the length of open lake water across which
wind may blow to generate waves. In general, a long fetch will create a
high wave. A fetch of >609.6 m (2000 feet) was considered large, <609.6 m !

was considered small. Large fetch was assigned a condition weight of 2

‘'while small fetch was assigned a weight of 1. Fetch was considered the

most important element and was weighted 4 (Table E-5).

2.4.5 Depth of Lake

it
Large waves are created in deep lakes with a long fetch. A

shallow lake with a long fetch will not generate waves as high as will a °

deep lake with an equally long fetch. Wave energy is érimarily a result of ?

wave height. The depth of a lake is generally given an element weight

equal to that 6f fetch. FHowever, it was not since all the study area lakés

are shallow and capable of generating only small waves. Fetch in this case

is more important than depth in determining wave height (Table E-5).
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2.5 WATER QUALITY MAINTENANCE FUNCTION MODEL

According to Wisconsin Administrative Code, NR 132, "wetlands may
degrade, inactiva;e, or store materials such as heavy metals, sediments,
" nutrients, and organic compounds that would otherwise drain into waterways."
This function is best defined as the ability of a wetland to abate inflowing
pollutants and to discharge cleaner water. In the Massachusetts Wetlands
Proteétion Act (Massachusetts General Laws 131-40) this function is defined
as the prevention of pollution value of a wetland. It has also been referred
to as the wetland's "living-filter" function. i

Wetlands may act as "living-filters" removing floatable and sink-
able debris, suspended solids, dissolved solids, nutrients and ?hemical
compounds, both natural and manmade by a variet