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3.0 INTRODUCTION

The purpose of this chapter is to describe reasonable
alternatives to the proposed Project, including those which might not be
considered desirable by the Applicant. As described by the DNR, a
reasonable alternative is one which is feasible or practical from a
technical and economic standpoint (Druckenmiller, 1981).

Discussion in this chapter is limited to description and
comparative characteristics of the alternatives. Environmental impacts
and mitigative measures associated with the alternatives are discussed
in Chapter 4.

Sections 3.1 through 3.3 describe three broad alternative
types: no action; project expansion; and project reduction. All siting
alternatives are included in Section 3.4. Structural and operational
alternatives are described in Section 3.5, concentrate transport
alternatives in Section 3.6, and final use alternatives in Section 3.7.

References cited are presented in Section 3.8.
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3.1 NO ACTION

The "no action" alternative would be to not construct and
operate the proposed Crandon Project and to allow the area to continue
its present day socioeconomic and environmental trends. Summarized
below are the general forecasts related to continuance of the present
day trends. More specific information is presented in Chapter 4 and the
material referenced within it.

I1f the Crandon Project were not developed, little change would
be expected to occur in the current socioeconomic trends of the area.
At this time, there appears to be no other impetus for a change in
trends in the area. The local area historically is characterized by
high unemployment and low income relative to the rest of the State.
None of the economic sectors which form the base of the area's economy
appear to have the potential of creating a substantial number of new
jobs. With the exception of the Crandon Project, there are no published
plans for new industrial development and, therefore, the area would
probably experience relatively slow growth for the foreseeable future.
These economic conditions could cause out-migration from the area of
young persons unable to find work. The result would be a relatively
stable, more elderly population base, with little change to the area's
housing, public facilities and services, fiscal, and sociocultural
conditions. These trends are discussed further in subsection 4.2.10.

The "no action” alternative would not significantly affect
either employment or income for the local study area as a whole. The
jobs and payroll due to the permitting effort are not significant

factors in the local economy.
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At the national level, one important effect of abandoning
Project plans is that a valuable domestic mineral resource would be
unused. As discussed in subsection 1.1.3.1, development of the Crandon
deposit has the potential for benefiting the national economy by
reducing the country's dependence on foreign suppliers of mineral
resources, and thereby improving the balance of payments. Without
additional domestic production of these mineral resources (such as the
Crandon Project), an increase in demand could result in increased
dependence on foreign sources and/or accelerated depletion of existing
domestic reserves.

Environmental trends, such as land use, fish and wildlife
management, demand for recreational opportunities, use of ground and
surface water, and agricultural activities, would also continue in their
existing state in the site area and in the region, forest production
and recreation would continue as the two main forms of land use.
Management programs for fish, wildlife and forest resources would
continue to follow recommendations of state and federal resource
agencies based upon projected use and need. Use and management of
recreational resources would follow historical trends based upon
projected demand. Use of the site area for agricultural purposes would
remain at the current low levels because of climatic limitations and the
greater importance of other land uses. Based on projected population
levels, use of surface water and ground water probably would not be
greatly altered. No major industrial or agricultural developments have
been announced that would require considerable quantities of these

resources.
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The land controlled by Exxon is described in subsection 1.1.2.
If permits acceptable to Exxon are not received, then the Company will
evaluate the situation and decide what to do with the land. The results
of that evaluation for all pardels of land can not be reliably

predicted.
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3.2 EXPAND THE PROPOSED PROJECT

The Crandon Project as proposed is based on an average ore
production rate of approximately 7,500 tons per day for a planned
production operating life of about 29 years. The operating life is
based on a conservative definition of ore reserves which is subject to
confirmation as mining progresses.

There is little likelihood of finding profitable ore reserves
significantly exceeding the current estimated reserve of 67.4 million
tons. Drilling from the surface has defined the extent of the orebody
along the east/west strike and perpendicular across the deposit into the
hanging wall and footwall.

The Crandon deposit has not been completely defined at depth.
However, the deep orebody drilling indicates that the deposit thins
rapidly below 2,330 feet. The current mine plan assumes the recovery of
ore down to the 1,935 feet.

The decision by Exxon to recover additional reserves, should
they be found or market conditions warrant, would be based on a detailed
study that would consider the technical, environmental, and economic
parameters at the time of mining.

The ramifications of the unlikely event of finding
significantly more profitable ore and recovering these reserves would
probably result in an extended mine life beyond the present forecast of
29 years of production. The current facilities design and the
constraints of underground mining limit the daily production from

Crandon to a normalized rate of about 7,500 tons per day. With the




exception of the MWDF, the extended operation would have the same impact

as the normal operations. The additional tailings that would be

generated would fill the contingent capacity provided in the current
MWDF design, or if additional capacity were required, permit
applications would be filed prior to the time of such need.

The economical production rates and planned operating lives of
mining projects are based on estimates of the average grade (metal
content) of mined ore, the economic cutoff grade between ore and waste,
and the total deposit mining reserve tonnage.

The cutoff grade may vary somewhat during project operation
according to metal prices or mining costs. The initial planning grade
is more of an economic expectation than a determinable operational
rule.

Once a design ore production rate is selected and the facility

is constructed, the maximum production rate is basically fixed for the
project. Some flexibility exists to exceed design production capacity
for relatively short periods by slightly increasing the mine
productivity or changing mine operations to favor one ore type or
another. This flexibility is, héwever, relatively short-term and
represents the operator's choices in responding to the dynamic and
uncertain conditions in ever-changing world metal markets.

If the ore reserves are greater than currently estimated, they
can be recovered by extending mine operating life or by increasing the
production rate. The mine/mill facilities, as currently designed, are
capable of extended operation by proper maintenance practices which are
built into the operating plan. To increase the design production rate

at this time above the current plan would result in building a facility
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larger than required for economic recovery of the reserve and thereby
creating an economic penalty because of the underutilization of invested
capital.

Reserve estimates often increase or decréase somewhat as
operations develop and new data are collected. Such may be the case for
the Crandon Project as well, but typical mine design practice dictates
that such uncertainties be accommodated by allowing for an extension of
project life rather than speculative overbuilding.

The potential use of Crandon facilities for milling of the
ores of other owners is discussed in subsection 3.7.1. Extended use of
the Crandon concentrator and related facilities would require that ores
from other properties be compatible with the Crandon processes. Exxon
is in no position to judge whether or not any future ore deposits of
others might be economic to mine or process.

Historically, large concentrator plants to service a single
mine like Crandon do not mix their ores with those of other independent
shippers because of the difficulty in storing, processing, and
accounting for ores and concentrates on behalf of a non-affiliated
shipper. Accordingly, it is not probable that the processing of such
ores would be of interest or advantageous to Exxon during the mining and

processing of the Crandon ore deposit.
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3.3 DECREASE THE PROPOSED PROJECT

An alternative to the proposed action would be to decrease the
production rate or reduce the ore reserve used as a design basis.

To design for a lower production rate is technically feasible
but would not represent prudent planning based on the economic
evaluations completed to date. The planned production rate for the
Project was established on these economic evaluations and the design
capacity provided to accomplish this objective. Designs based on lower
production rates would not meet the objectives for a project investment.
Further, expansion of an undersized mine is an expensive proposition
which the planning process is developed to prevent.

In some years, average production rates could be lower than
the design base. Such an event might reflect extensive underground
development work or might be a response to market conditions. Operating
flexibility can more readily be achieved by lowering production rates
than by undersizing facilities.

An alternative development approach to full capacity might be
indicated by adverse market conditions, poor metal prices, lack of
investment capital, or other considerations. Under these conditions a
more cautious development approach might be warranted. Typically, this
might include a test mine and/or staged mine development to the full
production capacity of approximately 7,500 tons per day.

Another means of reducing the size of the Project would occur
if the estimated ore reserves are less than the level which is
considered economically recoverable. Once a mine is built, all the ore

that is economically recoverable will be mined.
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3.4  SITING

This section briefly describes siting criteria and
alternatives which were considered for the major Project on-site and
ancillary facilities. Where appropriate, a brief description of the
function of the facility is included for clarity. Some information on
potential impacts (e.g., area of wetland disturbance) is also included
where a comparative analysis of several alternatives is provided.

Subsection 3.4.1 describes the potential siting alternatives
for the mine/mill facilities. The siting process and alternatives
evaluated for the mine waste disposal facility and related tailings and
reclaim water pipeline corridor are discussed in subsection 3.4.2.
Ancillary facilities siting descriptions, including the railroad spur,
access road, power corridor, and surface and ground water discharge

locations, are contained in subsection 3.4.3.

3.4.1 Mine/Mill Facilities Siting

The Project area was studied for potential mine/mill surface
facilities sites (Dames & Moore, 1977; Exxon Minerals Company,

1978-1979). The major criteria used to screen potential sites were:

1) Within a 2-mile radius of the orebody;

2) Surface facilities as close as practical to the orebody
without being directly over it;

3) Greater than 1,000 feet from a lake;
4) Greater than 1,000 feet from residences;

5) Greater than 0.5 mile from endangered species nests;

304-1



6) Avoid wetland areas, stream channels, and steeply sloping
terrain; and

7) At least 100 acres in surface area.

Two site areas, A and B, were identified for surface
facilities siting (Figure 3.4-1). Site Area A is located about 2,000
feet north of Oak Lake and Little Sand Lake and encompasses about 600
acres. Site Area B is located approximately 0.25 to 1.5 miles
east-northeast of the northern end of Little Sand Lake, northeast and
north of Duck Lake, and west of Hemlock Creek.

Site Areas A and B have similar geohydrologic, soil and
environmental conditions and both contain sites suitable for surface
facilities. Because of the proximity to the orebody and the relatively
large siting area available, Area A was selected as the more suitable
and a plot plan was designed for the southeast portion of the site which
will accommodate both the mine surface and mill facilities (Chapter 1,
subsections 1.2.1 and 1.2.2).

Site Area B contains some moderately sloping terrain that
could be utilized in the design of a gravity-flow process in the mill
(as is planned for the proposed design for Site Area A). Because of its
distance from the orebody, Site Area B would only be suitable for the
mill facilities. Mine surface facilities would have to be located
adjacent to the orebody and a conveyor about 1 mile long would be
required to transport ore to the mill. This split-site design would
spread the environmental effects over a larger area and necessitate

duplication of some facilities (e.g., wéter, storage, and power).
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3.4.2 Waste Disposal

3.4.2.1 Mine Waste Disposal Facility

Site selection for the MWDF occurred over a 4-year period and
included environmental and engineering analyses. Primary screening

criteria for site selection were:

1) Estimated total facilities capacity of 21,150 acre-feet
of tailings;

2) Single pond minimum capacity of 6,350 acre-feet;

3) NR 132 (wetlands criteria) and NR 182 (location
criteria); and

4) Areas within 0.5 mile of cities or Indian communities
were eliminated from consideration.

Siting studies were conducted in a phased manner and included
independent third party review.

Phase I involved identification of potential mine waste
disposal areas within 12 miles of the orebody. A radius of about 25
miles was also examined but proved to have no areas which offered any
advantages over those within the 12-mile radius originally studied. The
number of areas initially identified (35) was reduced to 20 for further
study by application of the above mentioned criteria (Dames & Moore,
1979). Site-specific data were collected for these 20 areas which
included both lowland and upland areas. Ecological, land use, and
geohydrological criteria were applied to further reduce the candidate

areas to eight (Dames & Moore, 1979).
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These eight areas were studied using technical and economic

analyses based on engineering considerations, including all the

technical factors associated with the construction, operation, and
reclamation of the MWDF (Exxon Minerals Company, 1982a).

In Phase 11, additional studies were performed on the eight
areas identified as promising in Phase I. These studies included
preliminary engineering and design for the tailings disposal facility
(Golder Associates, 1979). Initially, both lowland and upland areas
were considered. The DNR, in a May 22, 1979 letter, advised Exxon to
avoid locating the MWDF in lowland areas (areas below 1,600 feet
elevation). As a result, these areas were excluded from further
consideration. Additional criteria included political boundaries,
containment volume requirements, distance from the orebody, and
earthwork requirements for the construction of embankments (Golder
Associates, 1979). .

As a result of Phase II, Areas 40 and 41 were indicated as the
most promising from the ecological, technical, and engineering aspects
(Figure 3.4-2). Overall, Area 41 (Figure 3.4-3) was considered the most
viable for the construction, operation, and reclamation of a mine waste
disposal facility for the Crandon Project (Exxon Minerals Company,
1982a; Golder Associates, 1982a). Additional discussion of the MWDF
siting evaluation of Areas 40 and 41 is presented in the MWDF
Feasibility Report.

Within Area 41, several tailings and waste rock disposal sites
were evaluated. Layout 41-114B (Figure 3.4-4) was initially proposed
for the Project. Alternative disposal sites within Area 41 included

41-103 and 41-121 as shown on Figures 3.4-5 and 3.4-6, respectively. ‘

3.4-4



MINE/MILL
cranoon ore  OITE SKUNK
| SAND DEPOSIT

S\ &
MOLE

TS~ 7\ &
\/ 0% ) \ \

) N
1 S0« )
40 \ ;

<
LAKE A
LITTLE  pegp
SAND HOLE
LAKE JUNGLE
LAKE LAKE
HWY - X
55 — WALSH
LAKE
s
ROLLING
STONE

LAKE

HWY

EXXON MINERALS COMPANY

CRANDON PROJECT
TIE

MWDF SITING AREAS
40 & 41
1 5 0

i OuNTY
AS SHOWN| "~ WISCONSIN | FOREST
RAwN Y DMC U;'/iaz CHECKRED BY
2 MILES oPRGT OB
1 5 0 1

[Ba%t
Ll b |3-Yta
pate S W R L RT)
AR EL BY [} CAAOK
2 KILOMETERS SAWRG NG

FIGURE 3.4-2 [~'—|

o




o —_— = S A
502.5 = o
/ X } &
{ /R7A. e == “
i = <
e ;
R7 S o v
\ & Z \
Ay
> X %silo)! 119 A
| /’——--.
\ /"J 4 == v e
7
-+ ; (
b = 5 Z7
0 F12 .
= &) o~ 3
a j ‘ 7 / X501.0 = G 4850
L) B T
31 l| \ [ v
> 1 ) \ )
; \ s
% /-\ J .
/ LT TLE
A I J “._’9 . L_
A . | \
36 3 | Poxsii N \ :
D1 | z.xs
7397 g [
ANV (1S ' \ P x 1
9
& I SAND o F N L )
Wl 1' b A !
500 I //
|
Fé P /
N
N (f&s
~ K;
7 4
A S1I. f
\ ! X
N (N N
3"0 S \
/
[} (
Al ®
\ .:q,o [«
| \ ofl(//
L | S &
o
I =11 =
! "90
: Q
ol c} )
&)
Al e ’
L Yo 5‘2(2-@0"‘;2! “SHADED AREAS DESIGNATE WETLAND
s A
¥ \ \\/ A ALE IN FEET
1] 100 200 300 400 500
\—/ o o SCALE IN METERS
s 2 EXXON MINERALS COMPANY
SISOXQ k, = CRANDON PROJECT
/ SITE AREA 41
,_ 507 RS SHOWN | WISCONSIN [~ FOREST
5|0 onswn PR 2 3 Me-iel( 3 n“(ﬁ: !:
e A 7 1i/ia/es)
'''' O Rl “ir
o “™ " FIGURE 3.4-3 e




@3&.

2 - LA
(P @ 1 )

OAKN LAKE

LT TLE SAND

stex

LAKE

- $ * 4838
7 ) o, STING. CULVERT]
o
= .;/ "’?*539 i \ Y e
: 8 / / 177 'h?'.u’\.fr 8 S
S \ & & ) ) ] ; f (0 '
- | 1 \ S NOTE: SHADED AREAS DESIGNATE WETLAND:!
|
| \ b

3 ) .
c\x,m_, g }K A EC I =AW/ |
& == / % sgg 1000, 1500 : ok

[ e
B A i e SCALE IN FEET \
Hi \ b \%:/\ﬁ ) 1//\75 \f\ : 100 200 300 400 500
H ) s S - Y [ ]
,’ /g 3 ‘g \l \ § \\'f;é({: & 5 \ 3 %} '\ SCALE IN METERS _ ;
! | 15 ; : EXXON MINERALS COMPANY
2 g CRANDON PROJECT
" ’/ Ol!'-' . -
[ \ = N WASTE DISPOSAL POND
W\\(# e ALTERNATIVE 41-1148
; 2 O 0JS sown ™™ wisconsw [ _Forest_
g I

=" R.C.DIETZ
[ T FE—

=0 i ok o
T = 9 7 M 57 3
A / ’_/ e
= f Z,

FIGURE 3.4-4 |=——| 77




"jjg?i'/"&_'ﬁ‘; ////ﬁ(/////(r_“\?? SN &\' R

e
t {\f = %

4

LT

\ (@ / 2
k)

NP2

3
A . AN\
) s y \ \\\\\\\ b :;‘;
NO'I': S\HAD!D A:ni%zsmmir ETLAND
5 Flis 7&6 (} i\wmﬂ\\\\ﬂ \
\ | 10 "" A SCALE |T_‘FE%H
s =

& (
i
\
A

o
!

EXXON MINERALS COMPANY
OJECT

CRANDON PROJI

WASTE DISPOSAL POND
ALTERNATIVE 41-103

v &S sHown|™  WISCONSIN _[*" " %FoREST
"+ C.A. HACKER L

S .
- = ="
FIGURE 3.4-5 | —T—




— —_— == &
502/5 e 490 (o) Y/
. 165 NG F15,
8 8 AT FT1 NS of/ |11 o
(({R7A fes = Shva | s X il o
\ . — S ~ o
== on =\
b R7 L=
? =— 506.
7 = 02.5 @
\ & o & X500 A
2 A\ RS X CLAI \D
\ X &silo)) ”i & \ %,
— A
\  Und ==
/ ' \ xP30 |
\ Z |
f to°° . 10_ j = i
) S F12 4
e J Z W y
i o X501.0 =
o £
\
= | L
F36
LITTLE I
K o il \ X497,
¥ |
D1 =
7 d 5\\_ N
2§27 e 4 o= \ \ 937
PN o | %
a | 2 SAND — \ Q F34
(o]
< ; 4 I \
o
5 // % 3.0
+ LAKE
496.5% / i
\ S0 2 il o
o F25
L <}
7 v - = = ]
o 1

520
521.5
X

<@
/
N\
D\ ‘=
F6 147 o
\
\
| |
(o)
I """'55!
(4 x
3
: 1
A\
10~
12 -
e Si
X2
SIZTX

511.5X%

‘e e

G
s

ALE IN FEET
o 100 200 300

SCALE IN METERS

400

485.0X

EXXON MINERALS COMPANY

CRANDON PROJECT

WASTE DISPOSAL POND
ALTERNATIVE 41-121

£3

""" WISCONSIN | FOREST
“=-C.A. HACKER _|P'/g2]|™ """} 3 7

T Sbeonds,

[Ty

= ]lue!- drm

et w0

FIGURE 3.4-6

==

S




Subsequent to the selection of layout 41-114B, changes in the
Project plan allowed a reduction in size of the MWDF. The revised
facility is designated site 41-114C and is described in Chapter 1 and
shown on Figure 3.4-7.

Prior to development of site 41-114C, comparisons were made of
numerous siting features for disposal sites 41-103, 41-114B, and 41-121
(Table 3.4-1). While sites 41-103 and 41-121 would affect less wetland
area than 41-114B, the lowest pond bottom for these sites would be
closer to the ground water table than in site 41-114B. This is because
the topography is low on the east side of the hill just north of Deep
Hole Lake. Both sites 41-103 and 41-121 would require less total area
than site 41-114B; however, both of these sites would encroach upon the
minimum 1,000-foot distance from a lake and would, therefore, require a
variance from NR 182.

Throughout the MWDF siting study period, the reclaim water
ponds were considered along with the MWDF tailing ponds in siting these
facilities. Various MWDF and reclaim pond layouts were reviewed,
including some layouts with separated ponds. As a result of the
studies, it was generally concluded that separate locations for these
facilities would spread the land disturbance over a greater area and
complicate the transfer of water from the tailing ponds to the reclaim
ponds.

As part of the study and development of site 41-114C, the
aspect of siting was again considered. 1In the final analysis, since

site 41-114C is smaller and primarily fits within the footprint of site
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41-114B, it was concluded that the previous siting evaluation and
results leading to the selection of site 41-114B were also applicable to
site 41-114C.

For the smaller 41-114C facility, some minor grade elevations
have been incorporated to achieve a balanced earthwork condition, which
results in substantially less overall earthwork than for site 41-114B.
Other data for site 41-114C are presented in Table 3.4-1.

A more complete review of the MWDF siting studies, which
included the water reclaim ponds, is presented in the June 1982 siting
report "Review of Potential Alternative Mine Waste Disposal Areas”
(Exxon Minerals Company, 1982a). When site 41-114B was the preferred
site, the water reclaim ponds were located north of Duck Lake in a
relatively flat area that was judged most favorable from a topographic
standpoint. Other factors that were considered in the siting included
the function of the reclaim ponds as water holding and transfer ponds
between the mine/mill site and the MWDF. A location between the two
facilities would minimize the water handling systems. In that regard,
because the majority of the water circulated in the reclaim ponds comes
dirgctly from the thickeners at the mine/mill site, location of the
reclaim ponds close to the mine/mill site is preferred.

With the reduced land area requirements for the proposed MWDF
layout, in comparison to the other site alternatives (Table 3.4-1), it
was possible to locate the reclaim pond within the old 41-114B
fbotprint. This eliminated any modifications in the surface water

drainage system immediately north of Duck Lake.
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TABLE 3.4-1

SUMMARY OF COMPARATIVE FEATURES
OF WASTE DISPOSAL FACILITY LAYOUTS

System Designation

Comparative Feature 41-114C 41-114B  41-103  41-121
Number of tailing ponds 4 4 3 2
Distance from nearest lake (feet) 1,050 1,050 170 200
Wetlands covered (acres) 46 55 34 43
Total land area (acres) 390 577 505 485
Area inside crests (acres) 307 449 405 406
Height above ground water* (feet) 39-43 48-54 30-69  30-55
Height crest elevation (feet) 1,732 1,737 1,735 1,723
Max. pond depth (feet) 98 102 90 98
Max. exterior fill height (feet) 102 107 123 98

*Heights given are from tailing pond bottoms only. Reclaim pond bottoms
for all four cases range from 35 to 45 feet above ground water.

Source: Golder Associates (1982a) and Exxon Minerals Company.




Additional information related to siting of the MWDF is

presented in Appendix 3.4A.

3.4.2.2. Tailings and Reclaim Water Pipelines and MWDF Access
Road Corridor

Five potential routes were evaluated for the tailings and
reclaim water pipelines and MWDF access road corridor from the mine/mill
site to the mine waste disposal area (Figure 3.4-8). Criteria that were
evaluated in the siting process included length of the route,
topography, and potential disturbance to wetlands. For purposes of
estimating the area of wetland disturbance, a corridor width of 130 feet
was assumed. Route 2, the proposed route, is described in Chapter 1.
Routes 1, 3, 4 and 5 are all viable alternatives. Comparative data for
each route from the mine/mill site to the previously proposed reclaim

pond area are presented below:

Tailings and Reclaim Water Pipelines
And MWDF Access Road Corridor Data*

Mine/Mill Site Overland Total Area of
Route Length  Route Length Length Wetlands Affected

Route (feet) (feet) (feet) (acres)
1 1,560 2,590 4,150 0.5
2 2,440 1,640 4,080 0.5
3 2,650 1,620 4,270 0.5
4 2,580 2,030 4,610 0.4
5 2,580 2,480 5,060 -

*Length measurements rounded to nearest 10 feet.
The topographic features of each route are about the same and
the total length of each route from the mine/mill site to the previously
proposed reclaim pond area ranges from 4,080 feet for Route 2 to 5,060

feet for Route 5. The length of Routes 2 through 5 would be longer than
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Route 1 in the mine/mill site before going to the disposal facility.
Route 3 has two additional turns and Route 4 runs adjacent to Sand Lake
Road at one point, which made them less attractive. A portion of Sand
Lake Road would have to be relocated if Route 5 was utilized. Route 2
was selected over Route 1 because there would be less potential for
environmental impacts to Skunk Lake. Route 2 will extend an additional
2,460 feet from the previously proposed reclaim pond area to the
southwest corner of the current reclaim pond location (Figure 3.4-8).

The wetland area that could be disturbed in the tailings and
reclaim water pipeline and haul road corridor is approximately the same
for the proposed route and Routes 1, 3 and 4. The maximum wetland area
that would be affected is 0.5 acre. No wetland area would be disturbed
by Route 5.

Route 5 is the only feasible alternative for avoiding all
wetlands (Figure 3.4-8). This "no wetland impact” route would require
relocation of a segment of Sand Lake Road approximately 980-1,150 feet
in length, which would require approval from the Town of Nashville. The
existing road corridor would have to be widened to accommodate the
Project facilities and a new area cleared for Sand Lake Road. The new
route would follow Sand Lake Road south for a distance of about 650 feet
beyond the point where the corridor for Route 4 currently leaves the
road. From this point, the route would traverse in an easterly
direction to the northwest corner of tailing pond Tl. This route would
be approximately 5,060 feet in total length and would disturb no wetland
areas larger than 0.25 acre in size. Because this route would be longer

than the proposed and other alternative routes and would require greater
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overall land disturbance due to the relocation of Sand Lake Road, it is

judged to be less viable than Routes 1, 2, 3 and 4.

3.4.3 Ancillary Facilities

3.4.3.1 Railroad Spur

Railroad access will be required to facilitate the movement of
concentrate to and receipt of bulk supplies from the Soo Line Railroad
located approximately 2.7 miles northeast of the mine/mill site.

Both the Chicago & Northwestern Railroad and the Soo Line
Railroad were contacted to discuss service to the site. The Chicago &
Northwestern Railroad was not interested due to the 12-mile distance to
the site and potential abandonment of their nearest trunk line.

Six routes were identified and reviewed from an engineering
standpoint and to determine environmental characteristics associated
with each route (Figure 3.4-9). Topographic maps, aerial photos, and
on-site inspections were used by Soo Line engineers to evaluate the area
under consideration and three possible routes (A, B, and C) were plotted
based solely on alignment and grade considerations. Environmental
characteristics of these potential routes were then reviewed by Dames &
Moore. Principal siting criteria that were evaluated included number of
stream crossing, area of wetlands affected, and proximity to eagle and
osprey nests. Based on this review, a fourth alternative, Route D, was
selected as the proposed route. Two additional routes (E and F) were
studied in 1980 by Exxon Minerals Company. These routes were aligned to
prevent having to cross land owned by Forest County in Sections 29 and

30, T35N, RI3E.
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Route D, with the east-west oriented siding north of Swamp
Creek, is the proposed route and is described in Chapter 1. Each of the
other routes is discussed below with data for all routes summarized in
Table 3.4-2.

Route A would encroach on Swamp Creek and associated wetlands
and would require three Swamp Creek crossings. About 7.0 acres of
roadbed for this route would be located in wetlands which are part of
the Swamp Creek deeryard.

Route B would require about 5.7 acres of roadbed in the Swamp
Creek wetlands and would also traverse the Swamp Creek deeryard. Both
Routes A and B would pass within 0.5 mile of an osprey nest; Route A
would be closest, passing within 0.13 mile of the nest.

Route C avoids the Swamp Creek wetlands but would cross
several perched wetlands. This wetland area includes a marsh surrounded
by bur oak. Route C would be located within 730 feet of Skunk Lake and
requires crossing Hemlock Creek and cutting through a high ridge. This
route would pass along the south edge of the wetland-spring pond complex
located west of the intersection with the Soo Line Railroad. Although
the wetlands in this area were not mapped in detail, this alternative
route would follow the higher ground south of‘the wetland and would
result in infringement on the wetland-spring pond complex.

Route E and F share a common corridor between the Soo Line
Railroad mainline and a point approximately 330 feet south of the Swamp
Creek crossing (Figure 3.4-9). Route E would parallel Swamp Creek for

approximately 1 mile from the interface point with Route D to the
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southwest portion of Section 19 prior to changing alignment in a
southerly direction to the mine/mill site. Route E would have a greater
effect on the Swamp Creek deeryafd and wetlands than all other
alternatives except Route A (Table 3.4-2). This route would also pass
within 0.35 mile of an osprey nest.

Route F would connect to the Soo Line Railroad mainline at the
same point as Route D and was routed west approximatelys 6,000 feet
before turning south toward the mine/mill site. Route F would be
approximately 740 feet longer than the proposed route and would cross
both OQutlet and Swamp creeks.

In addition to route alternatives, alternative siding
locations were examined for Route D (Figure 3.4-10). These were: (1)
the area immediately west of the takeoff point from the Soo Line
Railroad with one siding oriented east-west (the proposed siding) and
one oriented north-south (Alternatives A and B, respectively) and (2)
along the hillside south of Swamp Creek (Alternative C). The major
environmental siting criteria used to evaluate alternative siding
locations included land use, area of wetlands affected, and location of
residences.

One rail siding, Alternative B, has a north-south orientation
in two fields north of Swamp Creek. With the necessary access trackage
for curves to the siding, the total wetland area disturbed by this
siding (1.7 acres) would be approximately twice that for the proposed
siding location (0.8 acres). The position of the paved town road
effectively limits the length of the tracks, thereby requiring more
tracks of shorter length. Additionally, this land is now used for
agricultural purposes and the siding would be located immediately in

front of an existing residence.
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The feasibility of locating the siding south of Swamp Creek
along the hillside parallel to the north-south elongated high ground,
Alternative C, was also examined. The required grade through much of
this section is 1 percent, which violates the design constraint of 0.5
percent maximum grade on sidings to minimize the danger of movement of
parked rolling stock. The total width of the construction zone would
have to be increased considerably to accommodate more sidehill cut and
fill. Furthermore, three grade crossings would be required in this
section of track under the terms of a railroad easement signed with
American Can Company. The coniferous swamp west of siding Alternative C
would receive limited, if any, physical disturbance during construction
and operation of this alternative. The erosion control plan would
reduce siltation caused by erosion through the use of surface diversions
in conjunction with straw bales and berms.

A siding location immediately north of the mine/mill complex
was discussed and considered but not pursued. The deadend location of
the siding in that area along with the additional congestion from having
all car handling activities centralized was not viewed favorably. Also,
Exxon's objective is to minimize reliance on the Soo Line Railroad by
keeping their car handling operations and travel on the spur line to a
minimum.

The estimated additional wetland area removed for the three
siding tracks in their proposed location is approximately 0.8 acre. The
area immediately north of the mine/mill site is being proposed for the
location of preproduction ore storage. Assuming a siding in the

mine/mill area is located north of the preproduction ore storage area,
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it would pass through wetland P2, affecting approximately 1.2 acres of

wetland vegetation. A siding location in this area versus the proposed
location would affect a larger wetland area.

In addition to alternative railroad routes, an aerial tramway
system and a belt conveyor system were examined. These two systems are
concentrate handling systems oﬁly and would, therefore, provide only
one-way transportation. The movement of bulk supplies such as steel,
lime, reagents, and cement would still require rail facilities or
increased truck traffic and off-site handling/storage facilities. The
tramway and belt conveyor systems were consequently eliminated from

further consideration.

3.4.3.2 Access Road

The Project will require an access road for employees,

visitors, and truck traffic. Three general directions were studied for ‘
the access corridor: north-south from the town road near the Crandon

Airport to the Project site, southeasterly beginning at various points

off State Highway 55, and easterly utilizing the existing Sand Lake

Road. Numerous routes were investigated during the route selection

process. The major criteria used to screen the potential routes were:

1) Area of wetlands affected;

2) Stream crossings (where necessary);
3) Total route length;

4) Amount of earthwork required;

5) Effect on developed areas of increased traffic volume;
and

6) Availability of the necessary right-of-way.
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More detailed discussion of the access road siting process and
alternatives is presented in Exxon Minerals Company (1980, 1982b) and
Inman-Foltz & Associates, Inc. (1979).

Route B-1 (described in Chapter 1) was selected as the
proposed route. Two alternative routes (A-1 and E) and Route B-1 are
shown on Figure 3.4-11. Environmental data for the three routes are
presented in Table 3.4-3.

Route A-1 reflects alignment adjustments made to earlier,
similar routings to: (1) minimize wetlands disturbance, and (2)
consider the Town of Nashville's request to move the route north of the
existing town road. While this route is shorter than the proposed
route, it would affect more wetland area and traverse two unnamed creeks
which provide suitable spawning habitat for trout.

Route E, which uses the existing Sand Lake Road, is located
south of Swamp Creek and would not materially affect any wetlands beyond
those already affected by Sand Lake Road. Approximately 0.6 acre of
wetland vegetation could be affected if this route is utilized. A
portion of this route does, however, pass through the Mole Lake Indian
Reservation., Additional width on the right-of- way would be required,
which could potentially disturb residences. This route requires all
traffic to and from the mine/mill site to pass through the established
Sokaogon-Chippewa Community. Route E was relegated to a lesser ranking
to reduce traffic impacts to a residential community (Exxon Minerals

Company, 1982c).
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TABLE 3.4-3

ACCESS ROAD ALTERNATIVES ROUTING DATA

Access Road Route

Route Criteria A-1 B-1 E
Overall Length2@ (feet) 12,780 15,360 13,520
New Stream Crossing 1 1 0
Structures

Area of Wetland

AffectedP (acres) 7 3 1
Closest Home (feet) 120 500 --C
Homes Within 0.1 mile 3 1 19

Closest Eagle or
Osprey Nest (mile) 0.8 0.8 1.0

3gverall route length measured from State Highway 55 to the
mine/mill site perimeter and is rounded to nearest 10 feet.

b'rhe area of wetland disturbance was based on a corridor width of
100 feet and area disturbance is rounded to the nearest 1 acre. For
Route E, only the incremental additional wetland disturbance is
identified.

Cone residence is located within the 100-foot wide corridor.



3.4.3.3 Power Corridor

The Crandon Project will require a 115 kV electric ‘

transmission line to be constructed from the Wisconsin Public Service
Corporation (WPSC) Venus substation near Monico, Wisconsin to the
mine/mill site. Several routes have been proposed and studied by WPSC.
The details concerning these potential routes are included in the
Environmental Screening Worksheet which is part of WPSC's application to
the Public Service Commission of Wisconsin for a Certificate of Public

Convenience and Necessity.

3.4.3.4 Surface Water Discharge

The siting of water discharge pipeline routes on land not
under Exxon's control is subject to considerable uncertainty. Exxon
does not have the right of condemnation. Without the right of

condemnation, the routes cannot be publicly disclosed prior to the

acquisition of right-of-way along the entire length of each route.

Two alternative pipeline routes have been secured (Figure
3.4-12) for the Crandon Project. Both alternative routes terminate with
a discharge into Swamp Creek. For environmental reasons, Route A is the
proposed route. Several alternative Swamp Creek discharge routes (Al
through A4) below Rice Lake were considered and negotiations for land
along the routes were initiated. However, because of various landowner
concerns, land negotiations were successful only on Route A.

Several environmental factors were used in selecting the
proposed alternative over Route B. Route B discharges into Swamp Creek

in a stream section designated by the DNR as a Class II trout stream.
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The fish community in this cold water section of Swamp Creek would be
more sensitive to moderate variations in water quality resulting from
the proposed discharge than would the warm water populations downstream
of Rice Lake.

Also Route B discharges upstream of Rice Lake which is part of
an extensive wetland system producing wild rice which is commercially
and culturally important to the Mole Lake Sokaogon—-Chippewa Community.
This lake also has abundant phytoplankton and invertebrate populations
which serve as food sources for downstream fish populations. The
potential impacts to this aquatic system from discharge of excess water
were considered to be greater than those associated with Route A.
Although Route B does present some advantages over Route A, as discussed
in subsection 4.4.1.6, the overall potential for environmental impacts
appears greater with Route B.

Several generic discharge structures were considered for use.
One type discharges from the stream bank (the proposed plan), whereas
the other would be placed in the stream channel. While structures
placed in the stream channel would have less aesthetic impact and allow
increased mixing, they would cause greater disturbance to the existing
aquatic environment (e.g., displacement of habitat area and food
organisms), possibly impact navigation, and increase the potential for
substrate erosion during operation. For these reasons a stream bank
discharge method was chosen.

A temporary construction access road will be required while
the discharge pipeline is being laid. After construction, only periodic

access for sampling and inspection normally would be required. As part
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of the access easement with the landowner, a ne% road will be
constructed to the discharge site area from Shallock Lane located
directly north of the proposed discharge. The easement for the one-lane
gravel road is 25 feet wide and approximately 2,000 feet long and the
road would terminate near the stream bank opposite the discharge
structure. The temporary construction area for the pipeline and
discharge structure would be allowed to revegetate and no all weather
(hard surface or gravel) access road is required. If some maintenance
for the discharge structure or pipeline is required (i.e., replacement
of rip-rap), a construction access road along the pipeline route would

again be utilized.

3.4.3.5 Ground Water Discharge

The ground water system was considered as a potential receptor
for excess treated water from mine/mill operations. Discharge would be
via a seepage lagoon. The following specific criteria were used in the

selection of potential ground water recharge sites:

1) Located within the northern half of the Pickerel Creek
drainage basin (to avoid effects on Rice Lake or Swamp
Creek near the Mole Lake Indian Reservation);

2) Not directly cover any wetlands;
3) Maintain a sufficient distance from ground water
discharge areas to lengthen the time before discharged to

surface water; and

4) Presence of a thick layer of stratified drift (aquifer)
relatively close to the ground surface.
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Based on these criteria, four potential excess water disposal areas were
identified (Golder Associates, 198la). These areas are shown on Figure
3.4-13.

Area 1 is located west of Little Sand Lake. Based on
available data, the surficial soils at this site consist of till,
ranging in thickness from 50 to 82 feet. The till is underlain by the
regional ground water aquifer (stratified drift) which varies from 100
to 130 feet thick. |

Area 2 is located northeast of Rolling Stone Lake. Borings
near this area indicated a thin cover of till (+ 15 feet), capping 100
to 130 feet of stratified drift.

Area 3 is located on the northeast side of Little Sand Lake.
Three borings and three test pits, all shallow, were completed in this
area. The estimated thickness of the stratified drift in this area
ranges from 100 to 180 feet.

Area 4 is located east of Deep Hole Lake. Four borings were
completed within this area; three extend to bedrock. Tﬁe surficial
deposits in this area range in thickness from about 0 to 65 feet of
till, underlain by approximately 130 to 200 feet of stratified drift.

Additional hydrogeological data and site conditions for these
alternative disposal areas are described in the December 1981 report,

. entitled "Excess Water Discharge, Crandon Project” by Golder Associates
(1981a) and the report by STS Consultants Ltd. (1984), entitled

"Hydrologic Study Update for the Crandon Project.”
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3.5 STRUCTURAL/OPERATIONAL ALTERNATIVES

This section provides a description of major structural and
operational alternatives in contrast to those proposed for the Project
in Chapter 1. Alternative mining, mine water control, mine backfill
and ore processing methods are described in subsections 3.5.1 and 3.5.2.
Subsection 3.5.3 contains a discussion of waste rock transport
alternatives and alternatives for storage of preproduction ore and
concentrate are discussed in subsection 3.5.4. Alternative tailings
transport systems are described in subsection 3.5.5. Subsection 3.5.6
contains tailings disposal alternatives, including tailings deposition
methods, alternate types of seepage control, and tailing pond facility
reclamation methods. Water treatment systems, water storage and
discharge, water treatment waste disposal, solid waste disposal methods,
sanitary waste treatment, and mine air heating and energy conservation
are described in subsection 3.5.7. Energy source alternatives are

presented in subsection 3.5.8.

3.5.1 Mining Methods

The primary criteria for selection of a mining method are the
size, shape, grade (contained value), rock strengths, and location of
the deposit. On this basis, the Crandon deposit can be characterized as
a large tabular orebody of average grade, vertically oriented in a host
of predominantly competent volcanic rocks, overlain by a thick mantle of
partially saturated glacial overburden, and situated in an
environmentally sensitive lake, wetland and forest natural resource

area.
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Mining method alternatives considered included open pit,

underground, and combination mine plans. It was concluded at an early
phase of Project evaluation that open pit mining at the Crandon site
would be impractical and environmentally unacceptable. Extensive site
dewatering would be required for pit development. Large volumes of
overburden and waste rock would be generated for surface disposal.
Nearby surface waters and wetland resources would limit pit expanse and
thus depth and resource recovery. Finally, pit and waste stockpile
reclamation approaching pre-mining site conditions would be extremely
difficult.

The mining method selected for primary recovery of the Crandon
orebody is mechanized sublevel blasthole open stoping with delayed
backfill. It is a highly efficient method for mining vertical deposits

in competent ground with techniques for drilling, blasting, and haulage

similar to those of surface mines. A cost effective method like this is
required for economic viability since the deposit is of only average
grade. No alternative mining method is applicable on a broad scale.

The only planned method variation is reduction of stope dimensions for
recovery of weakened but enriched weathered zones beneath the orebody
crown pillar. In these areas shrinkage blasthole stoping and horizontal
cut and fill methods will be practiced where these less efficient

methods can remain profitable.

3.5.1.1 Mine Water Control

Hydrologic studies for mine design have indicated that ground
water from the glacial overburden aquifer will seep into the mine at an

average rate of 1,270 gallons per minute. For facility design purposes ‘
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the mine inflow quantity has been conservatively assumed to be 2,000
gallons per minute. Because of technical and economic constraints, no
surface control of mine water inflow is currently planned. Instead, the
proposed plan is to intercept as much ground water inflow as possible
high in the mine prior to any contamination. The normal mine process
drainage and the intercepted ground water inflow will be separately
collected, pumped to surface, treated as required, and discharged or
reused (see subsection 1.2.1.2.16). Alternatives to the proposed action
include reduction of inflow by pumping down the glacial aquifer above
the mine, aquifer flow restriction methods such as selective placement
of bentonite grout, slurry trenching and vertical grout curtains, and
natural uncontrolled ground water inflow throughout the mine.

Potential mine inflow control techniques have been
investigated by Klohn Leonoff (1982). This study includes a review of
all technically applicable ground water control methods and a comparison
of their site specific feasibility, including relative effectiveness and
cost., The discussion of mine inflow control techniques presented below
is based on the results presented in Klohn Leonoff's 1982 report.

Surface pumping of the glacial aquifer would reduce the water
in the overburden aquifer available for influx into the mine. This
technique has the advantage that ground water is intercepted prior to
any potential contamination in the mine and is, thus, suitable for
reinjection or surface discharge with minimal treatment. With this
technique, however, larger volumes of water would be discharged than in
the proposed method. For example, pumping at a rate of 1,500 to 2,000
gallons per minute would be only partially effective and probably would

not reduce mine inflow by more than 500 to 1,000 gallons per minute.
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The results of Klohn Leonoff's investigation indicated that
overburden pumping atopthe orebody might moderately reduce inflow.
Generally, more than twice as much ground water would have to be
evacuated from the mine area to produce a drawdown cone with small
residual heads over potential mine inflow locations. However, on a very
localized basis involving only a few wells, overburden aquifer pumping
may be applicable if a small and particularly active subcrop water
course is identified. 1In such a case, ground water could be pumped to
provide local aquifer desaturation. Well field discharge could be
directed to surface waters or reinjected by drain field or wells to the
ground water system exterior to the locally pumped cone of depression.
Ground water displaced by a segregated program of this type should
maintain its existing quality. Potential environmental ramifications of
utilizing this alternative include recharge of aquifers, maintenance of
water supply wells, preservation of wetland hydrology, and protection of
major surface water drainage patterns.

General aquifer flow restriction methods would be impractical
at the Crandon site because of the extensive overburden depth; however,
underground rock grouting may be used to reduce and redirect localized
water inflows.

Another alternative is to capture all of the natural inflow to
the mine in the contaminated water sump system and pump it to the
surface water treatment plant for subsequent discharge or reuse. The
uncontrolled inflow of up to the design maximum of 2,000 gallons per

minute would not greatly affect mining methods or general mine
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conditions. Furthermore, the ability to intercept ambient ground water
is related to the rate of natural inflow. As lower inflow rates are
experienced, it will become increasingly difficult and less practical to
attempt segregation, collection and pumping of uncontaminated ground
water. At steady state inflow rates less than about half the 2,000
gallons per minute design maximum, it may be prudent to allow all ground

water seepage to flow to the normal mine drainage sumps.

3.5.1.2 Mine Backfill

The proposed mine backfill will consist primarily of the
deslimed or coarse fraction of the mill tailings. Coarse tailings will
be recovered by cyclones at a size fraction exhibiting "free drainage”
characteristics when placed uncemented in depleted mine stopes. Cement
will be added to about one-third to one-half of the total backfill
placed in the mine to add stability so that the column of fill will
stand unsupported. Since the available coarse tailings will be less
than the total backfill demand, it will be supplemented with coarse and
crushed waste rock, and possibly make-up glacial sand.

An alternative backfill preparation concept is to leave all
or most of the fines in the backfill slurry and reduce its water
content. Such a fill would be paste-like in consistency and would be
pumped or "extruded” into the stopes. When placed at a 75 to 85 percent
solids density (as opposed to 65-70 percent for conventional backfill),

this material would require a minimum of water drainage by percolation
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and/or decantation. Claimed advantages of high density backfilling

are:

1) Increase in backfill strength, both uncemented and
especially cemented;

2) Increase in the quantity of available fill; and

3) Decrease in surface waste storage requirements.

All three of these effects would benefit Project operations.

The obstacle to implementation of the high density backfill
alternative is the lack of industry experience in an operational
situation. The high density backfill method is currently in the
developmental stage and has not been tested over a long-term period at
an operating facility. This technology could be incorporated into the
Project after proper testing. Implementing this change would likely
require only a relatively minor retrofit of equipment in the backfill
preparation plant. The progress of high density backfill research and
development will be mopitored with ultimate utilization depending on
engineering, economic, and environmental considerations at the time that
this technology is proven for commercial application.

If make-up glacial sand is needed to sppplement backfill, one
. of the Marconaflo systems used for repulping backfill may be installed
below grade. This would allow sand to be dumped directly from haulage

trucks into this storage facility.
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3.5.2 Process Alternatives

The proposed process for treating both types of Crandon ore is
similar to processes which are commercially proven and accepted in
industry. The proposed process will include grinding and flotation
circuits and was developed by extensive bench scale and pilot plant
testing. A semi-autogenous grinding and ball mill grinding circuit will
be used to liberate valuable mineral particles from the gangue minerals;
flotation circuits will separate and concentrate the zinc, copper, and
lead minerals into three concentrate products. Once the basic process
was developed for treating the massive and stringer ore types, further
testing and pilot scale studies led to process simplification and a
reduction in the number of reagents required for the flotation process.

The alternative of an additional process step, pyrite
flotation, is discussed in subsection 3.5.2.1. Other process

alternatives are discussed in subsection 3.5.2.2.

3.5.2.1 Pyrite Flotation

Pyrite (FeSp) flotation was developed as an additional step
to the proposed concentration process and not as a replacement
alternative. It was evaluated from a technical and economic standpoint
prior to designing the proposed flotation process. In this step, the
final zinc flotation tailings would be subjected to flotation to produce
a pyrite concentrate and non-pyrite tailings. These products would be
treated in the backfill preparation plant separately to recover the

coarse fraction from each to be used as mine backfill.
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The pyrite concentrate would be stored as a separate waste
product, marketed, or processed further to recover sulfur, iron, and
minor nonferrous metals if economical. To determine the viability of
marketing and/or further processing, a study was done to determine if
pyrite could be marketed in its basic form and, if not, whether
marketable products could be made using proven technology (Davy-McKee,
1981). Capital and operating cost estimates were developed to determine
whether the processing of pyrite was economically viable.

As a result of these study efforts, the following conclusions

were reached:

Pyrite Concentrates — Two potential customers were identified

for marketing the pyrite. These were Copper Range at White Pine,
Michigan, and Cities Service Company at Copperhill, Tennessee. Copper
Range could only consume 10 percent of the potential Crandon production,
Cities Service Company examined the feasibility of purchasing Crandon
pyrite and subsequently notified Exxon that they would not be able to
use the product because of its extreme fineness and the high
transportation costs.

It was concluded that no market exists for Crandon pyrite

concentrates. Pyrite is not in demand for the following reasons:

1) Pyrite has potential commercial value only because of its
sulfur content; the main use of sulfur is in the
manufacture of sulfuric acid.

2) The Frasch process for mining elemental sulfur and the
availability of by-product sulfur from metal smelters
and oil refineries have eliminated pyrite as a major
source of sulfur in North America.
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3)

4)

The pyrite roasting industry in North America has
disappeared because of:

--  competition from less expensive sulfur sources;

-- ghortage of existing roasting facilities;

--  high cost of pyrite roasting; and

—  future adequacy in North America of other by-product
sulfur/sulfuric acid from coal burning power plants
and metal smelters.

Only one company in the U.S. today processes the pyrite
it mines. This is Cities Service Company at Copperhill,
Tennessee. They produce only sulfuric acid from the
pyrite; the iron pellet circuit was closed because of
technical and economic considerations.

Pyrite Products - Since no pyrite concentrate market was

identified, it became necessary to examine the feasibility of producing

other products from pyrite. Although technically feasible, Davy-McKee

found that no product could be economically produced.

The

1)
2)

3)

4)

following is a list of products studied:

Sulfuric acid with disposal of iron oxide waste;

Sulfuric acid, iron pellets, nonferrous metals and
precious metals recovery;

Diammonium phosphate fertilizers from sulfuric acid, iron
pellets, nonferrous metals and precious metals recovery;
and

Elemental sulfur, iron pellets, nonferrous metals and
precious metals recovery.

Other products considered but eliminated from consideration

were as follows:

D

Liquid SO2 - consumption in the potential market areas
was only about 220,000 tons per year and not large enough
to warrant investigation;
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2) By-product Gypsum — this product would contain impurities
which must be removed and the processes are prohibitively
expensive; and

3) Miscellaneous Iron Products = products, such as pigments

and powder, were eliminated due to lack of markets or
production consideration.

The recommendation in the report by Davy-McKee (1981) was that
the coarse fraction of the plaﬁt tailings be used as mine backfill with
the fine fraction placed in the tailings disposal pond leaving the
possibility of later reclamation of pyrite if economics were to prove
favorable. However, it was concluded in the CRU marketing study
(contained in Davy-McKee [1981]) that there is little chance of a
reversal in the downward trend in pyrite roasting, because of the
relatively high cost and future adequacy in North America of by-product
sulfur and sulfuric acid from coal burning power plants and metal
smelters. Furthermore, the results were not optimistic about the demand
for iron pellets. There is considerable unused capacity to produce
pyrite. Consequently, the demand for pyrite is not expected to increase
in the next 10 to 20 years.

The Davy-McKee report included a discussion of the
possibilities of producing fertilizer by the Pircon—-Peck process and

contained the following conclusions:
1) The required defluorinated phosphate rock is expensive;

2) There is no current interest or demand; and

3) Commercial success in the near term is not likely.
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Production of elemental sulfur from pyrite roasting with high
oxygen in the gas is energy and capital intensive and should not be
considered an economic source of elemental sulfur.

The pyrite in the Crandon tailings will not be lost as a
resource if the tailings are disposed as planned and could be reclaimed
if a suitable market is found.

Exxon Minerals Company considered the possibility that there
might be some potential advantages to pyrite separation of the zinc
flotation tailings. However, no advantages were identified. Pyrite
separation has the following disadvantages in the design and operation

of the Crandon Project:

1) Pyrite flotation requires an acidic condition. This
means that sulfuric acid use would be greatly increased
and the water treatment facility would be required to
remove more sulfate., The acidic condition also results
in reduction of the natural pH buffering capacity of the
rock;

2) Capital and operating costs would increase to separate
pyrite, and water treatment capital and operating costs
would also increase. A pyrite flotation circuit would
have to be added to the concentrator requiring additional
capital, reagents, manpower, electricity, and mill space.
Furthermore, two separate backfill sand production
circuits would be needed which will require more cyclones
and pumps and more mill area;

3) A larger disposal area would be needed since there would
be two separate ponds operating at the same time. The
proposed MWDF includes development of four ponds, used
sequentially, and reclaimed during the mine life. It
follows that more land area would be required to
construct and operate two ponds simultaneously with
provisions for a tailings line and access road to each
pond;

4) Both pyrite and non-pyrite tailings are potentially acid

generating., The non-pyritic tailings have a sulfur
content of 1.86 percent compared with 22 percent for
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pyrite tailings (CSMRI, 1982) and would have the
potential to produce sulfuric acid. Two separate lined
tailings disposal areas would be required. The two
tailings disposal areas would operate simultaneously and
require two separate tailings thickeners, two tailings
transport lines and pumps, and additional capital,
manpower, and space;

5) Since operation of two tailings ponds would be required
at all times instead of one, and would require more
disposal area, more precipitation would be collected
which would cause water treatment costs to increase;

6) Since disposal areas for both types of tailings would
require liners, there is no incentive to produce a
low-sulfur tailing which, conceivably, could go to an
unlined pond area;

7) The annual consumption of sulfuric acid by the Crandon
concentrator would be about 2,000 tons. This compares to
a potential production of one-half million tons of acid
from Crandon pyrite concentrates. The cost of building
an acid plant to produce 2,000 tons of sulfuric acid per
year could not be justified nor would it help with
disposal of pyrite because the consumption is negligible
in comparison to the available pyrite; and

8) More water treatment creates more water treatment waste
for disposal.

Since the tailings disposal facilities will be lined and will
be built with a seepage collection system (Qnderdrain), there are no
environmental advantages to pyrite separation as it relates to mine
waste disposal. After considerable study, pyrite flotation was not
found to be a viable method of disposing of pyrite, nor was pyrite found

to be a valuable resource of iron and sulfur.

3.5.2.2 Other Process Alternatives

Use of Sodium Cyanide — In the recovery of copper minerals

from massive ore, sodium cyanide in combination with zinc sulfate and
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lime is used to control and prevent the activation and premature
flotation of zinc minerals which would otherwise be a contaminant in the
copper-lead bulk product. It also serves to depress the flotation of
pyrite. The sodium cyanide is added to the process as a zinc cyanide
complex (Zn[CN]4=) which is formed in a mixture of sodium cyanide,

zinc sulfate and lime. Hydrogen cyanide is not involved in the process.
Cyanide is not required in the treatment of the stringer ore.

Researchers have been attempting to develop alternatives to
sodium cyanide as a depressant or as a component of a depressant scheme.
However, no reagent has been identified as a replacement for sodium
cyanide. During the development of the process for treating the
Crandon massive ore, many alternatives to sodium cyanide were
investigated, none of which were sufficiently effective.

Sodium sulfite (NasS03) and sodium sulfide (NajS) were
investigated as replacements for the sodium cyanide-zinc sulfate
mixture. The combination of sodium cyanide-zinc sulfate allows for
higher recovery of copper and lead while keeping the amounts of pyrite
and sphalerite in the copper—lead rougher scavenger concentrate at a
minimum.

The proposed concentrating process will utilize the lowest
practical amounts of cyanide.

Heap Leaching of Tailings — Heap leaching of finely ground

tailings from massive sulfide flotation is not practiced at any mining

operation. Heap leaching of Crandon tailings is impractical for the
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following reasons:

1) Low residual metal value and complex mineralogy (i.e.,
locked sulfides of zinc in pyrite and non-pyritic
matrices);

2) Insoluble nature of the copper, lead, and zinc remaining
in the tailings; a strongly oxidizing leaching solution
would be required;

3) Low permeability of the tailings which would allow for
only very slow percolation rate of the leaching solution;
and

4) Any solution resulting from the oxidative leaching of the
tailing would be high in iron content but low in copper

and zinc content; recovery of copper and zinc from this
solution would be impractical.

Heap leaching is generally done on low-grade overburden
removed during the open-pit mining of porphyry copper ores in the west

and southwest regions of the U.S. Some of these overburden materials

contain recoverable amounts of copper as mixed oxides and sulfides and,
in some cases, gold. Since the overburden material consists of blasted
rock (i.e., not ground to a fine size like flotation tailings), it has a
permeability suitable for leaching. The Crandon Project is an entirely

different situation and heap leaching to tailings is not planned.

3.5.3 Waste Rock Transport

The proposed waste rock transport system will use trucks to
move mine development waste rock about 0.5 mile from the mine shaft to
the preproduction ore storage area on the north side of the mine/mill
site.

A conveyor system was considered as an alternative to the

proposed truck transport system. Factors which were considered in the ‘
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evaluation of a conveyor system for waste rock transport included:

(1) waste rock volume; (2) waste rock size; (3) maintenance
requirements; (4) need for a service roadway; (5) loading and handling;
and (6) economic sensitivity.

Waste rock will be produced in high volumes during the initial
years of mine development, ranging up to ébout 3,000 tons per day, but
will more typically be only several hundred tons per day over most of
the operating mine life. Most of the waste rock will be crushed and
returned underground as mine backfill. Trucks can more readily
accommodate this range; a conveyor would need to be sized for the higher
volumes and then would be significantly oversized for most of the mine
life.

The waste rock produced during the first 3 years of
development will be about minus 24 inches in size. The remainder, over
the life of the mine, will be about minus 8 inches in size. Trucks can
easily handle this change in material size; conveyors would need to be
designed for the larger size material.

At the preproduction ore storage pad, truck dumping will
allow flexibility. Conveyors would have to be moved periodically or
another means of handling the rock included.

In addition to the above disadvantages, using a conveyor for
transport of waste rock from the main shaft to the preproduction ore
storage pad is not operationally or economically desirable for the
following reasons:

1) Use of a conveyor system may require crushing of material

prior to belt loading, thus presenting schedule problems
and increased front end capital;
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2) All trucks and loaders would not be eliminated as some
equipment would have to be purchased and used for
placement of conveyed material;

3) A conveyor would still require construction of a roadway
for installation and maintenance of the system; and

4) Any emission reductions realized by use of a covered
conveyor system as opposed to truck haulage would be
offset by increased emissions from double handling at the
preproduction ore storage pad.

Emissions estimates for transport of waste rock by trucks are

presented in the Air Permit Application subsection 2.2.3, Mine Waste
Disposal Facility Construction and Operation. A conveyor alternative

would have a total emission rate approximately equal to the total for

truck haulage.

3.5.4 Storage of Preproduction Ore and Concentrate

3.5.4.1 Preproduction Ore Storage

The proposed preproduction ore storage pad will have the
capacity to accommodate in excess of 800,000 tons of rock. As proposed
in subsection 1.2.4.15, this storage pad will be located immediately
north of the plant site (see Figure 1.2-50). The pad will be 8.0 acres
in area. There will be a central ridge dividing the pad on a
north-south axis and a grade of 2 percent wili be maintained on the
slopes away from this ridge. The pad will be bounded on the east, west
and south sides by berms and drainage ditches directing runoff to

surface drainage basin No. 3.
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The pad and drainage basin will be lined with a bentonite-soil
admixture and the drainage basin will be equipped with a sump pump to
allow the water to be pumped to the tailings fhickener overflow and then
to the reclaim pond. This will assure that water runoff from the pad
will be treated in the water treatment plant. The storage pad and
drainage basin are shown on Figure 1.2-50.

The ore and waste rock will be hauled to the pad in trucks and
will be reclaimed using a front—end loader. The total haul distance
from the discharge near the headframe to the storage pad is
approximately 0.5 mile,

Use of the northern portion of the MWDF area is an alternative
for the temporary storage of preproduction ore. However, the haul
distance to this area (approximately 1.5 miles) is longer than to the
proposed storage area and its use for storage of preproduction ore
would interfere with the development of the MWDF site. The longer haul

would also contribute to increased noise and air emissions at the MWDF.

3.5.4.2 Concentrate Storage

Under normal operating procedures direct loadout of
concentrates is proposed to railcars located on parallel tracks
immediately north of the mill building (subsection 1.2.2.9). The
anticipated availability of railcars is such that only limited storage
space for concentrates has been provided. Should normal operation of
the railroad be interrupted, approximately 2 days' production of zinc
concentrate, 5 days' production of copper concentrate, and 19 days'
production of lead concentrate can be accommodated in concrete bunkers

directly below the filters.
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If an extended suspension of rail service should occur, plant
operations would have to bg discontinued or an altermative location
would be required for the storage of additional concentrates.

An alternate contingency storage location would be to use the
preproduction ore storage pad. Concentrates would be placed in three
individual stockpiles separated sufficiently to avoid
intercontamination. Assuming a 65-foot wide roadway is maintained
between the stockpiles and an angle of repose of 30°, three concentrate
stockpiles, each approximately 66,000 tons, could be placed in the
preproduction ore storage area. This would accommodate in excess of 75
days of mill concentrate production.

As with any contingency measure, the duration of possible
concentrate storage on the preproduction ore storage pad cannot be
accurately predicted. However, assuming concentrate shipments had to be
curtailed and concentrates temporarily stored at this site, the length
of storage time would be kept to a minimum. Stored quantities of
concentrates would be shipped in approximately 2 to 3 months after
normal shipping operations resumed. The concentrate would be reclaimed
from temporary storage with front-end loaders and possibly trucks and
loaded into railcars.

While stored on the pad, measures would be taken to prevent
wind or water erosion of the concentrates. The piles would be
stabilized by covering with synthetic materials or chemical sprays that
would form a crust on the surface of the pile. The method of
stabilization would be dependent on the size of the concentrate pile,

expected duration of storage, and the availability of cover material.
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As described in subsection 1.2.4.15, proposed water control
facilities associated with the preproduction ore storage pad will
capture any runoff and direct it into surface drainage basin No. 3. The
permanent pump that is installed at this location will then transfer any

collected water to the water treatment plant.

3.5.4.3 Other Uses

Because the preproduction ore storage pad will be a relatively
secure site designed to minimize impacts to the environment, it will be
maintained by grading the compacted surface. Additional potential uses

for this pad could include equipment staging or other temporary uses.

3.5.5 Tailings Transport System

The proposed tailings transport system, as described in
Chapter 1, consists of three high density polyethylene (HDPE) pipelines
buried below the land surface. Alternatives consist of installing the
pipelines on the land surface and installation of a second tailings
transport pipeline as a backup system. A surface pipeline system could
be installed on the same route as the proposed system (see subsection
3.4.2.2). The pipelines would have to be separated from the haul road
by a guard rail or earthen berm to protect the lines from accidental
damage from moving vehicles.

The proposed system is designed so that it can be shutdown and
restarted without draining the system. Installing the pipelines below
the frostline prevents freezing and plugging of the lines during

shutdowns in the winter. Installation of the pipelines on the surface

3.5-19



may require dump stations at the low spots in the pipeline route to
handle emergency shutdowns. These dump stations would consist of a
valve in the pipeline, controls to operate the valve, and a receptacle
such as a tank or lined pond to contain the water and tailings as they
drain by gravity out of the pipelines. An additional pump would be
required to reintroduce the tailings and water back into the pipeline
when the line is restarted and normal operation is reinstituted.

The surface installation of the pipelines has the advantage
that if leaks were to develop in the lines they would be more readily
apparent. The proposed system relies on pressure and flow monitoring
instrumentation, as well as inspection, to indicate leakage. Buried
pipelines are less subject to the effects of weather and vandalism. The
land disturbance with the surface lines could be greater due to the
probable requirement for dump stations.

Solid and water flow rate gage monitoring equipment would be
utilized to immediately warn the plant operator of pipeline problems.
These types of monitoring systems are amenable to use with surface and
buried pipelines. Early leak detection capabilities would allow an
orderly stoppage of tailings transport so that minimal solid quanfities
are in the pipeline.

For a worst-case slurry pipeline break with minimal warning,
the tailings transport would be stopped and would drain to its lowest
point(s). The contents of a 5,900-foot length of line could leak from
the pipeline. This is equal to approximately 10,200 gallons of slurry.
Because of the low elevation, the rate of leakage would be slow.

BecausL the pipeline is buried, little solid material would escape.
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Clean-up would involve excavation around the area of leakage and
disposal of water and tailings solids to the MWDF. With the exception
of the excavation area, there would be no other environmental effects of
consequence.

The anticipated repair and/or replacement frequency has been
assessed largely from manufacturers' literature and experience. In
water transport service, a 50-year pipeline life might be achieved.

This is well within the proposed Project life for active pipeline use of
less than 30 years.

HDPE was provisionally selected as the proposed pipeline
material because it has the following advantages over alternative
materials, such as steel pipe, rubber-lined steel pipe or cement-lined
pipe:

Resistance to Corrosion - Corrosion tests performed by PSI,

Inc. (1982) indicated that corrosion rates for steel in contact with
tailings slurry would be high. In contrast, HDPE is inert to a wide
variety of chemicals as evidenced by corrosion tests performed by a
leading manufacturer of HDPE materials. In addition, HDPE does not rot,
pit, corrode, or lose wall thickness by reaction with the surrounding
soil., It is unaffected by algae, bacteria, or fungi.

Abrasion Resistance - The abrasivity of the tailings slurry is

low as evidenced by Miller number determinations performed by PSI, Inc.
In addition, test work performed for a leading manufacturer by Williams
Brothers Engineering, Tulsa, Oklahoma, compared a proprietary brand of
HDPE pipe to steel in controlled pipe loop pumping tests. HDPE out

performed steel by a factor of four to one.
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Friction Factor - Friction pressure loss in HDPE pipe is less

than pressure loss in steel or cement lined pipe. Typical "C" valves

used in the "Hazen and Williams" formula for calculating pressure loss

are:

HDPE Pipe 155
New Steel Pipe 140
Cast Iron Pipe 130
Concrete Pipe 120

The favorable friction factor for HDPE pipe results in lower pumping
energy consumption and reduced pipeline pressure.

Fusion Welding — HDPE pipe can be installed in a continuous

fusion welded line. Lined steel pipes are joined by flanged
connections. A pipeline with many flanged connections is more prone to
leakage than a welded line. On this basis, the unflanged fusion welded
HDPE pipeline would be superior to flanged pipeline; Therefore, this
review indicated that the superior corrosion and abrasion resistance
exhibited by HDPE pipe and the life and reliability of HDPE pipelines
can be expected to be superior to the life of pipelines fabricated from
competing materials; including‘steel.

In addition, several recent applications of slurry pipeline
transport have selected HDPE over other materials., Examples of the use

of HDPE in mining industry slurry service are:

1) Pinto Valley (Miami, Arizona);
2) Lornex (Highland Valley, British Columbia);
3) Phelps Dodge (Morenci, Arizona); and

4) 1Inspiration Consolidated Copper Company (Miami, Arizona).
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During preliminary engineering studies for the tailings
transport system, a backup tailings pipeline was considered. However,
based on continuing study and planning of the system a single pipeline
was selected. The design and construction procedures proposed for the
tailings transport system reduce the risk of an unplanned shutdown to
such a low level that the additional cost of a backup system is not
Justified. The design and installation procedures are more comparable
to an underground water transmission line installation rather than a
conventional tailings transport line laid above ground. These
procedures reduce the susceptibility of the tailings transport line to
damage or failure. If a failure would occur, operations would be
interrupted for the repair period. Repair materials will be stockpiled
and procedures established prior to operations to ensure repairs are

made as expeditiously as possible to minimize environmental impacts.

3.5.6 Tailings Disposal

3.5.6.1 Tailings Disposal Methods

Three basic tailings disposal methods were studied for the

Project: subaqueous, "dry,” and subaerial. A modified subaqueous
disposal (described in Chapter 1) is the proposed method for tailings
deposition.

One alternative is "dry" disposal which involves dewatering
the tailings to the point that they can be handled as a solid (about
15-18 percent moisture content). The main components of a "dry"

disposal system include mechanical equipment to dewater the tailings and

a conveyor or other transport system to move the tailings from the
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mine/mill area to the waste disposal facility. With a "dry" system, the
disposal facility could be a landfill operation in which the tailings
are stacked above ground and periodically covered with soil excavated
and placed by a dragline or other equipment. Another method would be a
cut-and-cover operation whereby trenches are excavated in step with
tailings production and the tailings deposited and covered continuously.
Operational concepts and representative layouts for both the landfill
and cut—and-cover alternatives are presented on Figures 3.5-1 and

3.5-2.

There are some unknowns associated with both tailings
dewatering and susceptibility of the tailings to consolidation and
resaturation. The staging concepts for pond development employed in the
proposed system would not eliminate the possibility of later use of
"dry" disposal. Extensive field testing would be necessary to verify
the applicability of a "dry"” system to the Project.

A second alternative is subaerial tailings disﬁosal. This
method should achieve greater in-place tailings densities than
conventional ﬁond disposal with possible resultant strength increases
and permeability reductions through more intensive management of the
tailings deposition process. The subaerial method allows tailings to
dry through thin layer deposition and evaporation which enhances
consolidation resulting in increased densities of about 15-20 percent.
Because of the increased density of the deposited tailings, the overall
size of the disposal facility would be smaller than for a conventional
tailings pond. Another potential advantage to a subaerial system would

be the enhanced material strengths achieved through the deposition

3.5-24




NALSAS TVSOdSIA 31SYM aIT0S

153r04d NOGNVHD
ANVdNOD STVHININ NOXX3




< Z-5°c 3UNOI4
£y 4 \\‘ N‘C\\\ NOXXI uve
CAR] 2K S [2R (]

1S3404 . NISNOOSIM , ,

H3IA0D ANV 1N TVNLHIONOD
N3LSAS TVSOdSIA ILSYM A0S

ON DNMVYNO
AS OIAOuSIY
A8 03AONGdV

HOGONIG ..&..

nvs |

193rodd NOGNVHO
ANVdW0J STVHININ NOXX3

————— e,

N
P N

—

73A37 ONNOYO TVNISINO \

K auv 100 3nsov /h.

3ION3ND3IS SNOILVHIdO TVNLdIDNOD

S3IHONIYL HIAOD ANV 1ND SSOHIOV NOILDIS TVIIdAL

P N

V3HV ¥3A00 ALV

e

>}

I v34v NOILVYWVIO34 3AILDV

CERLACEL L ARE L N




method. This allows upstream construction for a portion of the
embankments (Figure 3.5-3) and, if feasible for Crandon, could reduce
the earthwork volumes in those embankments. With tailings an integral
part of the embankment, the overall size of the facility may be further
reduced. Conceptual layout and typical embankment sections for a
subaerial type system are shown on Figures 3.5-4 and 3.5-5. With a
subaerial method, however, the entire subaerial facility would have to
be operated for most of the mine life. A layer of tailings, about 4
inches thick, would be deposited in one area of the pond and the
operation then moved to another area, while drying and consolidation
began on the first area. Based on climatic conditions and the rate of
tailings production, the number of areas within the facility would be
planned so that upon completion of a cycle, the first area would be
ready for another layer of tailings. The system would also include a
seepage control system similar to that planned for the proposed system.
For the subaerial system, a higher portion of water would be handled
through the surface water decant system.

The results of preliminary design work and lab testing of
subaerial tailings disposal appear encouraging (Knight and Piesold,
Ltd., 1982). However, no operating experience currently exists for
subaerial facilities with climatic conditions similar to northern
Wisconsin, Facilities now under construction in Canada may provide the
necessary operating data over the next several years to evaluate the
desirability of revising the Project's waste management facility to use

a subaerial system.

3.5-25



€-S°C 3¥NOId_

B i e T Y HH
TR ~epiS | To/8]  NEOSONNISTND

183804 NENOOSTM T 3NON

ONISIVH LNIWINVEN3
NIVIN HOd4 SAGNN8 ONINIANOD
TIVS0dSIa ALSYM Tvidavans:

153r08d NOGNYHO
ANVdWO0J STVHININ NOXX3

EaJUY

/ ANINIINVENI H3ILUVLS

000 DOO\OO

v.oox 31SVM

T INININVEN3




SY¥3IL3IN NI 3TVIS
P ——)
0og 002 001 (o}
1334 NI 37vIS

0001 OMB 00§ o062 M

M3IA NYVd
ALIMNJVL TVSOdSIA ILSYM TvVid3veans -

Ty

193rotd NOONVHO
ANVdWNO0J STVHININ NOXX3

-<p-

- V34V NOILLOMULSNOD 2 7 | 39ViIS




STAGE | STAGE 2 STAGE 2I STAGE | NATURAL GROUND LEVEL

—_— A : 3
I
1.5

WASTE ROCK

e TEMPORARY SEAL e
soda ) S S TS ) L Sl i N Wfia / STAGE A ONLY Ca
g RS SN TR =T e n . (TYP) g oA

NATURAL GROUND LEVEL

~./_CONTINUATION OF UNDERSEAL & FILTER
DURING STAGE B CONSTRUCTION

—= FINE FILTER BLANKET

;)———= COARSE FILTER DRAIN

N L = UNDERSEAL SECTION B-B
FIGURE 3.5-4

SECTION A-A
FIGURE 3.5-4

EMBANKMENT CREST EMBANKMENT CREST

¢
J § COLLECTOR PIPES |
i __,/"""- e Ay H
- =
I ;
1 ‘ = i
= L
NATURAL GROUND LEVEL — = = NATURAL GROUND LEVEL
FINE FILTER BLANKET —~——
COARSE FILTER DRAIN =7 2 _ ©_7]
UNDERSEAL R
oy
SECTION C-C
FIGURE 3.5-4
STARTER EMBANKMENT
£
!
/g‘.:/,',‘:{ WASTE ROCK g:"“}’f.?__ !
UPSTREAM I
1!
WASTE ROCK .\ |
i & e L r EXXON MINERALS COMPANY
UNDERDRAIN PUMPS CRANDON PROJECT
s ETAYRES SUBAERIAL WASTE DISPOSAL FACILITY
POLYETHYLENE QUTLET PIPE T e CROSS SECTIONS
U NONE | WISCONSIN | FOREST
SECTION D-D e e = e G A, AAGKER |13 /82 ¢ 0. Soherrde. |12
FIGURE 3.5-4 TR D e
APPROVED B DATE ExxON wa F M.I}E
TYPICAL DETAIL OF STARTER EMBANKMENT e FIGURE 3.5-5 E:m_l_ 5

oss s/1m81



3.5.6.2. Tailing Pond Seepage Control

3.5.602.1 Liner Materials

The evaluation of seepage control from the tailing ponds
primarily involved the study oflliner materials, including their
compatibility with the waste, reliability and failure risk,
permeability, cost, and installation methods; and the effectiveness of a
tailings underdrain placed over the liner in reducing seepage through
the liner. Studies by Golder Associates were designed to evaluate and
select the most efficient and effective method of seepage control.

Four general classes of liner types were studied:

1) Native soil materials (clays or silty-clays available
locally for use directly as a liner);

2) Polymeric materials (synthetic membranes);

3) Surface sealants (sprayed or paved liners such as epoxies,
asphalts, or concrete); and

4) Soil additives (materials incorporated into the soil base
such as cement or bentonite clay).

The results presented in the following Golder Associates'
reports supported the selection process: (1) "Parametric Seepage Rate
Estimates” (1982b), (2) "Underdrain Review" (1982c), (3) "Laboratory
Testing Programs” (1982d), (4) "General Properties of Common Liners"
(1981b), and (5) "Evaluation of Prospective Common Liners"” (198lc).

The proposed seepage control system (described in Chapter 1)
will consist of a bentonite modified soil liner. This system was
developed based on an evaluation of the results of Golder Associates'
studies and review, revision and improvement of alternatives or

components of the alternatives.
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The proposed underdrain system reduces the head on the liner to
such a small depth that the hydraulic gradient across the liner
approaches unity, and flow across the liner is then dependent upon the
permeability of the liner, not thickness of the liner, and its area, as

shown below:

KiA

flow across the liner

coefficient of permeability for the liner
hydraulic gradient (approximately 1)

area of the liner.

where

> RO fo]
wuwunu

Native clays having a permeability of 1 x 1079 m/s are
generally recommended as liner materials for solid waste disposal
facilities in Wisconsin. The proposed bentonite modified soil admixture
liner will be constructed to an in-place permeability of 5 x 10710
m/s in accordance with strict quality control procedures. This
permeability is one-half that of the native clays. Therefore, seepage
across a native clay liner, meeting minimum permeability requirements, is
expected to be twice that across the proposed system.

In addition, native soil materials, meeting the material
guidelines for liners, have not been found in required quantities within
an economical haul range of the MWDF. The closest potential known
sources are in the area of Goodman in Marinette County, about a 40-mile
one-way haul, and Fence in Florence County. Hauling costs alone would
exceed $30 million for clay material required to comstruct a traditional
thickness lining of 5 feet. This total cost is many times that of the
proposed liner material. When comparing on only a volumetric basis, the

difference in cost between materials is small (less than 25 percent in
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favor of hauled native soil materials); therefore, native clay material
offers no major benefits over the proposed system and requires borrowing
and hauling large volumes of material.

Another alternative liner within the native soil materials
category would be the fine fraction (-200 sieve size) of the site till
materials. This fine fraction, about 15-20 percent of the total
material by weight, would be separated by screening and washing and then
deposited as a thickened slurry in the pond bottom. For the pond side
slopes, the material would be dried and spread on the slopes.
Preliminary laboratory tests show that permeabilities approximating
those for acceptable native clays (1 x 1079 m/s) can be achieved
with this type of liner (Knight and Piesold, Ltd., 1982). Additional
study to determine how this material would perform in a full-scale field
installation is necessary before this alternative could be advanced
further. However, there is no advantage for a natural clay liner,
either by using the -200 sieve fraction or the material in whole, unless
materials can be found with uniform permeabilities of less than
5 x 10-10 p/s.

Polymeric materials, in general, have low permeabilities and,
therefore, usually make good liners. In general terms, however, pond
seepage depends on liner integrity, which in turn is dependent primarily
upon fabrication techniques, area required to be lined, and accidental
damage. These liners typically have a manufacturer's guaranteed life in
excess of 30 years, making them suitable for a reclaim pond application.

High density polyethylene and other geomembranes were reviewed
by Golder Associates. It, along with Hypalon, is one of the suggested

membranes for the reclaim water pond's lining system. However, for
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permanent disposal of wastes, the life time of polymeric materials is

not adequately documented to make them suitable for liner applications.

3.5.6.2.2 Liner Performance

A discussion of alternative liner performance is provided in
subsection 11.2.2.5, Seepage Rate Comparisons in the MWDF Feasibility
Report. Potential underdrain failures and their effects, as well as
contingency measures, are discussed in the report, entitled "Operating
Aspects and Contingency Plans” by Exxon Minerals Company (1983a).

Both Golder Associates and Knight and Piesold, Ltd. utilized

the concept of a drain layer over a liner as the most effective means of

reducing liner seepage. The differences between the two designs (i.e.,
drain material soil particle sizes, incorporation of interior
herringbone network of collector pipes) were not considered significant
and would be subject to some minor design refinements during Plan of

Operations work or during subsequent stages of pond development.

3.5.6.2.3 Liner Thickness

Thicknesses considered for the native clay soil liners have

ranged up to 5 feet in general accordance with previously accepted

practices for sanitary landfills in Wisconsin. However, as indicated in
subsection 3.5.6.2.1, bentonite amended soil liners have more advantages

than the native clay soil liner alternatives. For the bentonite amended

soil liners, the thicknesses evaluated have ranged from 4 to 8 inches.
As described above, with the combination underdrain and liner system,

the liner thickness is not a factor in the strict analytical evaluation
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of seepage. However, there is a requirement, as the thickness is
reduced to provide increasingly tighter construction controls to assure
the minimum thickness is being achieved.

A liner thickness of 6 inches was initially proposed in the
EIR submitted in 1982, The final selected thickness of a minimum 8
inches has been determined through discussion and review of the initial
design with the DNR. The new increased thickness liner has been
selected to provide an additional measure of security and redundancy

above that afforded by the initial proposal.

3.5.6.2.4 Construction Aspects

A uniform thickness of the bentonite modified soil seal can
be maintained during construction of the pond liners and reclamation
cap. Construction studies by INDECO (1982a), Exxon Minerals Company
(i983b), Black and Veatch (1984), and Knight and Piesold, Ltd. (1984)
provide general details of the necessary tolerance control in layer
placement. These studies also contain a summary of details and
information for similar liner and seepage control systems in other
facilities. Additional details of the placement techniques to ensure
attainment of the required minimum liner thickness are presented in the
MWDF Feasibility Report. Complete construction specifications,
inspection procedures, and total quality contrdl/assurance plans will be
a part of the Plan of Operations.

Most alternative construction techniques have centered around
preparation and placement of the bentonite amended soil liner. The

alternative of a mix in place liner has been rejected in favor of the
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proposed central mix system. Although more expensive, the central mix
system was judged to offer better quality control/assurance regarding
the overall uniformity and performance characteristics of the liner
mix.

The placement alternatives for the central mix prepared
liner have included (1) simple hauling, dumping, and spreading and (2)
hauling and placing with a paving machine. The hauling, dumping, and
spreading alternative initially proposed required greater subgrade and
final surface control than the final selected paving method alternative.
Placement with a paver provides greater assurance of thickness control
with less subgrade control. Also, with the paved placement technique
the liner will be placed in two 4-inch lifts with seams offset between
overlying lifts. This procedure affords additional measures of security
and redundancy over a single layer placement.

The construction method for the liner/drain system includes
placement of drain and filter materials atop the liner to protect it
from frost, rainstorms, and equipment traffic. Daily placement of
oveflying drain and filter materials will also protect the liner from
dessication,

A common aspect associated with both geomembrane and soil
bentonite liner systems is the earth work construction control. In both
systems this applies to shaping and compacting the supporting subgrade.
Control of thickness and compaction is required for cushion layers which
are usually constructed on top and bottom of the geomembrane liners.
Similar construction control is required to develop the design thickness
for a soil-bentonite liner with special attention given to material

composition (percent bentonite) and compaction moisture content.
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Quality assurance and control aspects of construction would
have some similarities for both systems including proper thickness
control and verification, minimum compaction standards, and proper
material gradations. Quality control testing for liner seaming and
placement, such as vacuum testing, would be unique to polymeric liner
systems. Specific quality control requirements for the soil-bentonite
system would include moisture-control documentation and field and
laboratory verification of the design permeability. Depending on the
method of construction (in-situ or batch), additional quality control

procedures addressing liner composition would be performed.

3.5.6.2.5 Cost Comparisons

Cost comparisons for the seepage control alternatives were
generated as components of the system were evaluated and developed.
Costs of alternative liners alone have been evaluated in the previously
cited Golder Associates' reports, and bentonite modified soil liner
costs have been compared to native clay liner costs in a report by Exxon
Minerals Company (1983c). Also, underdrain costs were developed by
INDECO (1982b) when they estimated costs for the entire MWDF. For
Lrelative cost comparison of a synthetic membrane liner versus bentonite
modified soil liners, cost estimates are included below. Approximate
costs, as estimated by Exxon Minerals Company in the report noted above,
for a 5-foot thick native clay liner are also included. The cost of
individual components of the seepage control systems can be compared
directly or they can be combined to form an alternative system, i.e., an

underdrain layer over a synthetic liner. Also, costs for varying
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thickness bentonite modified soil liners can be determined by factoring

up or down the cost for the 8-inch thickness. The bentonite modified '
soil liner cost is based on a central mix, haul, and paving process. A
mix in-place alternative would lower the overall cost and bentonite
adjustments would increase or lower costs directly according to the
bentonite content change.
The approximate installed costs (contractors' cost including
indirect and field labor overhead) for seepage control systems and
components as determined for the MWDF are listed below. All costs are

in constant 1983 dollars:

1) Bentonite Modified Soil Seepage Control System

a. 8-inch (2 - 4-inch 1ifts) thick
bentonite modified till liner - 80.55/ft2

b. 8-inch (average) thick underdrain
layer of processed till - 0.22/ft2

ce. 12-inch thick filter layer
of unprocessed till - 0.14/ft2

Total cost $0.91/£t2

2) Membrane Liner and Underdrain Seepage Control System

a. synthetic liner plus subgrade preparation -  $0.66/ft2
= 40 mil polyethylene

b. 8-inch (average) thick underdrain layer

of processed till - 0.22/ft2

Cce 12-inch thick filter layer
of unprocessed till - 0.14/ft2
Total cost $1.02/ft2
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3) Native Clay Liner and Underdrain Seepage Control System

a. 5-foot thick native clay liner

hauled from Fence area in Florence County - $4.10/ft2
b. 8-inch (average) thick underdrain layer
of processed till - 0.22/ft2
c. 12-inch thick filter layer
of unprocessed till - 0.14/ft2
Total cost $4.46/£t2

In these alternative seepage control systems the important
component is the underdrain. When the underdrain performs its function
of reducing the pressure head (i.e., by collection and removal of water)
acting to cause seepage through the liner, then the primary factor
causing seepage has been eliminated and minimal seepage will be

achieved.

3.5.6.3 Mine Waste Disposal Facility Reclamation Cap

3.5.6.3.1 Cap Design and Water Balance Analysis

To aid in designing the cover system for the MWDF, four
capping systems were analyzed using a water balance model (Owen Ayres
and Associates, Inc., 1982; Ayres Associates, 1984, 1985).

Each alternative is described below:

Alternative 1: 36 inches glacial till underlain by a 6-inch
bentonite modified soil seal layer.

Alternative 2: 36 inches glacial till underlain by an 8-inch

coarse drain, in turn, underlain by a 6-inch
bentonite modified soil seal layer.
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Alternative 3: 28 inches glacial till underlain by an 8-inch
coarse drain, in turn, underlain by a 6-inch
bentonite modified soil seal layer.

Alternative 4: 5 feet glacial till underlain by an 8-inch
coarse sand drain, in turn underlain by a 40
mil polyethylene membrane in turn underlain

by an 8-inch (2 - 4 inch lifts) bentonite
modified soil seal layer.

Alternative 4 was selected as the proposed cap design and is
discussed in greater detail in the Reclamation Plan and in Ayres
Associates (1984, 1985).

Geomembranes offer very low permeabilities and will reduce
seepage through the cap and hence long-term MWDF steady state seepage.
The membrane in conjunction with the increased thickness of the
bentonite modified seal (8 inches) and the increased protective cover
layer thickness (5 feet) adds significantly to the redundancy and
security of the overall reclamation cap in offering maximum long-term
seepage control.

Other studies related to the reclamation cap alternatives have
dealt with handling of the drain layer water as it is carried to the
perimeter of the MWDF. All of the alternatives had the objective of
reincorporating the drain layer water as ground water recharge within
the immediate perimeter area of the MWDF. The proposed system presented
in Section 1.5 achieves this objective and reintroduces the drain water
within the limits of the embankments of the MWDF.

Additional alternative studies for seal preparation and
placement have been completed in conjunction with those for the pond

bottom liner. Basically the same conclusions reached for the pond
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bottom liner have been applied to selection of the reclamation seal
regarding liner preparation, thickness, and placement or construction
procedures.,

For all the alternatives three climatic conditions, based on
precipitation data obtained over a 42-year period at the NOAA weather
station at Nicolet College, Rhinelander, Wisconsin, were used in the
analysis. Average annual precipitation for the 42-year period, 30
inches, was used to represent the first climatic condition. During the
period of record, precipitation totaled 18 inches in the driest year,
whereas the wettest years (39.9 inches) were used to represent the
second and third climatic conditions, respectively.

The water balance modeling and analysis used monthly data for
each of the following parameters: potential evapotranspiration,
precipitation in an average, dry and wet year, and surface runoff.
Moisture available for infiltration, initial soil moisture, total
available soil moisture, actual evapotranspiration, remaining available
moisture and percolation were determined through the model.

For Alternative 1 as a tailings cap design, the water balance
model predicted wide fluctuations in surface runoff, availéble soil
water and percolation. For the wettest year, the 3-foot glacial till
overburden would be completely saturated for a 4-month period beginning
in August. The degree of overburden saturation would result in a
greatly increased level of surface runoff as well as the creation of a
soil environment detrimental to vegetative growth. In a year of average
precipitation, an excessively dry overburden (available soil moisture

below the plant wilt point) would occur during August. During the dry
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year, an excessively dry overburden would occur for 5 months, June to
October. Total percolation through the cap to the underlying tailings
was predicted at 1.6 inches in the dry and average year, and 4.5 inches
in the wettest year (Table 3.5-1). The percolation in each case would
normally occur in the March-May period when infiltration from snowmelt
and rainfall would exceed the level of evapotranspiration occurring at
that time.

Cap designs for Alternatives 2 and 3 differed from that used
in Alternative 1 by the inclusion of an 8-inch thick coarse drain layer
between the overburden layer and the bentonite modified soil seal.
Inclusion of a coarse drain layer prevented saturation of the glacial
till overburden (Owen Ayres and Associates, Inc., 1982) by admitting
free drainage from the overburden af all times. In the wettest year, no
adverse soil water conditions would occur. Potential difficulties with
Alternative 3 could occur during dry periods. The water balance
calculations indicate that in an average year, dry soil moisture
conditions would occur in August and September, whereas in the driest
year, such conditions would exist for 5 months. Such patterns of soil
moisture storage, availability and drainage in the Alternative 4 system
would actually reflect naturally occurring conditions on similar soils
in undisturbed areas of the Project site.

Alternative 4, the proposed design described in Chapter 1, is
similar to Alternatives 2 and 3 but improves on their performance. The
increased protective layer thickness reduces surface runoff and also
allows more overall soil moisture storage thereby lessening
possibilities of soil drying. The synthetic membrane addition reduces a

very minimal final seepage rate to a negligible amount.
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TABLE 3.5-1

WATER BALANCE SUMMARY

FOR FOUR ALTERNATIVE MINE WASTE DISPOSAL FACILITY CAP CONSTRUCTION SYSTEMS

Evapotran— Vertical Horizontal
Precipitation Runoff  spiration? Percolation Percolation

Seasonal Variation (inches) (inches) (inches) (inches) (inches)
Alternative 1

Normal Year 30.0 5.0 23.4 1.6

Dry Year 17.6 4.6 14,2 1.6

Wet Year 40.0 12.1 22.1 4.4
Alternative 2

Normal Year 30.0 5.1 22.2 0.6 2.1

Dry Year 17.6 4.6 12.7 0.6 2.4

Wet Year 40.0 4,7 22.1 0.7 12.4
Alternative 3

Normal Year 30.0 5.1 21.6 0.6 2.7

Dry Year 17.6 4.6 12.0 0.6 2.4

Wet Year 40.0 4,7 22.1 0.7 12.4
Alternative 4P

Normal Year 30.0 3.0 22.1 0.7 4.3

Dry Year 17.6 2.3 13.0 0.6 4.1

Wet Year 40.0 5.9 22.1 0.7 11.3

a8gvapotranspiration includes plant interception estimated as 20 to 30 percent of

total precipitation.

byalues are based on a worst-case analysis assuming no seepage control from the

synthetic membrane.
percolation to approximately zero.

Source: Owen Ayres and Associates, Inc. (1982); Ayres Associates (1984).

Analysis including the synthetic membrane reduces vertical



Data from the water balance model are presented for each of
the alternative design systems and for the three climatic periods in
Table 3.5-1. Alternative 1 providés greater evapotranspiration than
Alternative 2, The difference in evapotranspiration between the two
systems 1s caused by the lesser soil water storage capacity of the
shallower overburden layer in Alternative 2, and hence, a lower amount
of water is available for evapotranspiration. Alternative 4 with its
increased overburden thickness provides additional soil moisture storage
capacity and reduces surface runoff.

A comparison of percolation in Alternative 1 with the vertical
percolation in Alternatives 2, 3, and 4 demonstrates the efficiency of
the drainage layer in the latter system in reducing percolation to the
tailings.

For the preferred alternative the reclamation cap water
balance for a normal year indicates that approximately 4.3 inches of
precipitation per year will move laterally through the drain layer
(Ayres Associates, 1984). The purpose of the drain is to reduce
infiltration through the seal and to transport water to the perimeter
and cross member embankments of the MWDF. Grading of the reclamation
cap (and drain layer) has been planned to distribute this water
uniformly to the embankments for infiltration throughout the MWDF. For
the normal year, the 4.3 inches of infiltrating precipitation being
carried in the drain layer will be distributed uniformly throughout the
infiltration zones constructed atop of the embankment crests. The
infiltrating water will then begin to pércolate through the embankment

soils as it leaves the underdrain and recharge to ground water.
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The coarse draih layer and membrane above and the till grading
layer below the bentonite modified soil seal prevent the development of
capillary pore pressures which might draw water from the bentonite
modified soil seal. The water balance analysis by Ayres Associates
indicated that sufficient moisture would be retained in the 5.0 feet of
till cover to support the vegetation. The bentonite modified soil is
similar to the glacial till soils except for permeability reduction. The
soil structure mix is less susceptible to shrinkage and swelling than a
high clay content soil.

An additional analysis of the reclamation cap water balance was
performed by Ayres Associates (1985) to determine the effect of downsizing
the MWDF area, reclamation cap regrading,:and slope length changes. The
results of this analysis indicated minor changes in the water balance
summary presented in Table 3.5-1. The water balance results presented in
Ayres Associates (1985) represent the most typical slope condition for the
downsized MWDF; however, the data in Table 3.5-1 are still representative

of some slope conditions that have not changed from the previous design.

3.5¢6.3.2 Revegetation of the Reclamation Cap

Following final grading of the reclamation cap of each tailing
pond, herbaceous vegetation, consisting of introduced and indigenous
species, will be established to stabilize the soil surface and to minimize
erosion. The long-term goal of the revegetation program will be to allow
ecological succession to occur in all reclaimed areas. Plant communities
will be allowed to develop that are compatible with adjacent undisturbed
communities. To ensure establishment of woody plant species on reclaimed

tailing pond T1l, strip or block plantings of indigenous tree species are
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proposed over a portion of the pond. This will allow monitoring and the

evaluation of performance of a relatively mature forested community on the

cap before the end of the 30-year long-term care period. Tree species
also will be established on subsequent tailing ponds but at lower
densities and over less area than on pond Tl.

The proposed reclamation cap design (Alternative 4) includes 5
feet of glacial till over the drain and seal layers which will provide a
growth medium for plants. Based on the rooting depths of tree species
that are expected to become established on the reclaimed MWDF (e.g., sugar
maple, aspen, birch and red oak), the majority of the roots would be
located within 36 inches of the ground surface (Ayres Assoclates, 1984).
The potential for root penetration through the drain and/or seal layers or
damage to these layers from windthrow of trees would be greater for
Alte?natives 1, 2 and 3 than for the proposed design.

Based on the water balance analysis of the reclamation cap (Owen
Ayres and Associates Inc., 1982; Ayres Associates, 1984), the alternative .
cap design without a drain layer (Alternative 1) would result in periods
of saturated soil conditions during wet years and periods of minimal soil
moisture during dry years. This fluctuation in soil moisture condition
would limit'species selection for revegetation to those that could
withstand such fluctuations.

Alternatives 2 and 3, three layered cover systems with 36-inch
and 28-inch upper till layers, respectively, would eliminate the saturated
soil condition (because of the drain layer) which occurs during wet years.
However, these alternatives would provide less storage of soil moisture
and were considered less suitable for long-term plant species development
than the proposed design. Also, the proposed alternative was judged to
offer a significantly higher measure of overall reclamation cap security

and safety due primarily to increased protective cover thickness. ‘
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3.5.7 Ancillary Facilities

3.5.7.1 Water Treatment Systems

Screening Process - The water treatment alternatives were

developed through a series of screening steps. These provided a basis
for comparing various treatment technologies and systems against the

established criteria listed below:

1) Meet effluent limitations and/or standards;

2) Remove scale forming compounds;

3) Provide cost-effective treatment;

4) Use proven technology;

5) Be flexible with respect to influent water quality;
6) Remove thiosalts;

7) Remove metals;

8) Produce environmentally acceptable sludges; and

9) Produce marketable by-product, if possible.

The effluent from the water treatment system had to be of a quality that
could be discharged to the environment and/or reused in the ore
treatment process.

A 1list of 38 water treatment unit process technologies was
developed from av;ilable literature for consideration. A list of these
technologies is shown in Table 3.5-2. These unit processes were
evaluated by comparing their performance, applicability, reliability,
and cost against the criteria established for the Project as prescribed

above. Based on the results of this screening evaluation, the list was
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TABLE &5~ 2

ASSESSMENT OF WATER TREATMENT METHODS AND TECHNOLOGIES

PROCESS TYPE STATE OF CAPITAL O¢M REMOVAL EFFICIENCY OVERALL EFFLUENT
AND DESCRIPTION DEVELOPMENT 2= LS 7SS ORGANICS METALS CYANIDE ﬂ/LFATE THIO SALTS NITRATE PHOSPHATE QUALITY COMMENTS
PHYSICAL [ CHEMICAL SEPARATION
FILTRATION COMMERCIAL INSTALLATIONS | MODERATE Low VERY HIGH NIL Low(Tss NIL NIL NIL NIL NIL VERY LOW TSS SUSPENDED SOLIDS REMOVAL POLISHER
TAILING PONDS IN GENERAL USAGE HIGH VERY LOW HIGH Low LOW NIL NEGATIVE LOW NIL NIL UNSUITABLE FOR DISCHARGE LARGE AREA REQUIREMENTS
LIME PRECIPITATION IN GENERAL USAGE MODERATE MODERATE LOW NIL HIGH NIL NIL NI L NIL NIL LOW IN HEAVY METALS MOST COMMONLY USED METHOD FOR HEAVY METAL REMOWAL
ELECTRO-FLOTATION COMMERCIAL INSTALLATIONS HIGH HIGH LOW NI HigH NIL NIL NIL NIL NIL SIMILAR TO LIME PRECIPITATION 3% SO0LIDS /N FLOAT
SULFIDE PRECIPITATION
SODIUM CDMAZEOR%‘:#E{%S'H%QWQNS MODERATE MODERATE LOW NIL VERY HIGH NIL NIL NIL NIL NIL BETTER THAN LIME PRECIPITATION POTENTIAL H,S
IRON COMMCEN%Cm;"—E {’:nsﬂTlf_fLNAcHDNS MODERATE MODERATE LOW NIL VERY HIGH L NIL NIL NI NIL BETTER THAN LIME PRECIPITATION SULFEX PROCESS
BARILM BENCH SCALE MODERATE |  MODERATE LOW NIL VERY HIGH NIL NIL NIL NIL NIL BETTER THAN LIME PRECIPITATION BARIUM SLULFIDE NOT READILY AVAILABLE
CARBONATE PRECIPITATION IN GENERAL USAGE MODERATE MODERATE Low NIL HIGH NIL NIL NIL NIL NI LOW IN HEAVY METALS SIMILAR TO LIME PREC/PITAT/ION
IONIC FLOTATION BENCH SCALE LINKNOWN LINKNOWN NIL NIL HIGH NIL NIL NIL NIL NIL LOW IN HEAVY METALS| TIED-UP METALS ARE FLOATED
NAGAHM COMMERCIAL FLOTATION PROCESS UNKNOWN LNKNOWNMN HIGH MODERATE HIGH NEGATIVE UNKNOWN UNKNOWN NIL NI HIGH CN NOT SUITABLE FOR WASTEWATER TREATMENT
COPRECIPITATION WITH TAILINGS IN GENERAL USAGE MODERATE MODERATE LOW NIL HIGH NIL NI NIL NIL NI LOW /N HEAVY MET'A.Lé THICKENER DESIGN WILL HAVE TD BE REVIEWED
SOLVENT EXTRACTION THEORETICAL UNKNOWN LINKNOWN LOW HIGH HIGH Low LOW LOW LOW Low FOOR, FURTHER TREATMENT REQUIRED | FIRORABLY BETTER SLITED TO MINERAL PROCESSING
DISSOLVED AIR FLOTATION COMMERCIAL INSTALLATIONS | MODERATE HIGH VERY HIGH |  UNKNOWN LOW NIL NIL NIL NIL NIL FAIR w NG INSTALLATIONS FOR FROTHER REMOVAL
FERRO CYANIDE PRECIPITATION MODERATE |  MODERATE HIGH NIL NIL HIGH NIL NIL NIL NIL PRIMARILY FOR CYANIDE REMOVAL
ADSORETION ‘
CARBON (GRANULAR) COMMERCIAL INSTALLATIONS | VERY HiGH HIGH HIGH HIGH HIGH NIL NIL NIL NIL NIL HiGH (IF PROPERLY PRETREATED) CARBON REGENERATION FACILITY REQUIRED
POWDERED ACTIVATED CARBON | COMMERCIAL INSTALLATIONS | VARIES | HIGHNERYHIGH |  HiGH HIGH HiGH NIL ML NIL NIL NIL HIGH APPLICABILITY QUESTIONABLE
PEAT M0OSS VERY LIMITED HIGH HIGH Low HiGH HiGH UNKNOWN NIL UNKNOWN NIL NIL LOW /N HEAVY METALS FEAT MOSS DISPOSAL SITE REQUIRED
STARCH XANTHATE BENCH SCALE MODERATE |  MODERATE Low NIL HIGH NIL NIL NIL NIL NIL LOW IN HEAVY METALS POTENTIAL BIOLOGICAL GROWTH
XANTHATED SAWDUST BENCH SCALE UNKNOWN LINKNOWN LOW NIL HIGH NIL NIL NIL NIL NIL LOW IN HEAVY METALS POTENTIAL BIOLOGICAL GROWTH
CHEMICAL OXIDATION/REDUCTION ; R
CHEMICAL OXIDATION COMMERCIAL INSTALLATIONS MODERATE VERY HigH NI HIGH LOW HIGH NEGATIVE HigH NIL NIL LOW C.O.D. OMLY PRACTICAL FOR POLISHING
ALKALINE CHLORINATION COMMERC/IAL INSTALLATIONS | MODERATE HIGH Low HIGH HIGH VERY HIGH NEGATIVE HIGH NIL NIL NO CN; HIGH pH MOST COMMONLY USED METHOD FOR CYANIDE DESTRUCTION
OZONATION COMMERCIANETIMGGITIONS | VERY HIGH | VERY HIGH Low VERY HIGH MODERATE |  VERY HIGH NEGATIVE HIGH NIL NI LOW C.0.D. ONLY PRACTICAL FOR POLISHING
CARO'S ACID THEORETICAL MODERATE VERY HIGH | MODERATE | VERY HIGH Low LNKNOWN NEGATIVE HiGH NIL NIL LOW C.0.D. | PERSULFURIC ACID (Hy 503)
Hp5 REDOX COMMEBERLAVETALLETIONS | ‘MODERATE |  MODERATE NIL NIL NIL NIL LINKNOWN HIGH NIL NIL LOW [N THIO SALTS | PRODUCES ELEMENTAL SULFUR
HYDROGEN PEROXIDE i e i VERY HIGH Low VERY HIGH LOoW HIgH NEGATIVE HIGH NIL NIL Low C.0.D. FACILITY EASILY ENLARGED
BIOLOGICAL TREATMENT
OXIDATION PROCESSES IN GENERAL USAGE VARIES HiIGH LOW HIGH Low NI NEGATIVE HIGH NIL NIL LOW OXYGEN DEMAND ACTIVATED SLUDGE
RECLAIM POND IN GENERAL USAGE HIGH VERY LOW | MODERATE | MODERATE NIL NIL NEGATIVE HIGH NIL NIL UNSUITABLE FOR DISCHARGE SENSITIVE TO SEASONAL CHANGES
SULFATE REDUCTION PILOT PLANT LINKNOWN | LINKNOWN NIL MODERATE NIL NIL HIGH UNKNOWN NIL NIL REDLICED 504 LEVEL ANAEROBIC PROCESS
AIR_OXIDATION
MECHANICAL AERATION (NO 3@9{) BENCH SCALE MODERATE LowW NIL NIL NIL NIL NIL LOW NI NIL VIRTUALLY UNCHANGED INEFEECTIVE FOR MINE [ MILL WASTEWATER
ACTIVI
WET AIR OXIDATION COMMERCML INSTALLATIONS | VERY HIGH VERY HIGH HIGH VERY HIGH UNKNOWN HIGH NEGATIVE VERY HiGgH NIL NIL LOW ORGANICS /mro SALTS HIGH MEATING COSTS
VERTICAL TUBE REACTOR | PILOT PLANT HIGH HIGH HIGH VERY HiGH UNKNOWN HIGH NEGATIVE VERY HIGH NI NIL LOW ORGANICS/ THIO SALTS EXPERIMENTAL PROCESS
DESALINIZATION/ SULFATE REMOVAL
ION EXCHANGE (DESAL) COMMERCIAL INSTALLATIONS | VERY HIGH | VERY HIGH HIGH NI HiGH HIGH HIGH HIGH HIGH HIGH HiGH TDS LARGE VOLUMES OF SPENT REGENERANT
REVERSE O5MOS5I5 COMMERCIAL INSTALLATIONS VERY HIGH HigH VERY HIGH | VERY HigH HIGH HIgH VERY HiGH HIGH MODERATE VERY HIGH VERY LOW TDS POTENTIAL GYPSUM FOLLING
ELECTRODIALYSIS PILOT PLANT VERY HIGH HIGH NIL HIGH MODERATE MODERATE | MODERATE MODERATE | MODERATE | MODERATE VERY LOW TDS POTENTIAL GYPSUM FOULING
VAPOR COMPRESSION EVAPORATION| COMMERCIAL INSTALLATIONS HiGH HIGH VERY HiGH LOwW VERY HIGH | VERY HIGH | VERY HIGH VERY HiGH VERY HiGH VERY HiGH VERY HIGH QUALITY HIGH TDS BRINE PRODUCED
SODIUM ALUMINATE BENCH SCALE HIGH HIGH Low NIL HiGH NIL HIGH UNKNOWN NIL NIL HIGH TDS PRESENCE OF Fe DEPRESSES SOy REMOVAL
FLYASH TREATMENT THEORETICAL MODERATE | MODERATE LOW NIL HIGH NIL LUNKNOWN NIL NIL NIL LOW IN HEAVY METALS UNTESTED , UNPROVEN
TON EXCHANGE(CATION/Ca REMOVAL)|  COMMERC/IAL INSTALLATIONS | VERY HIGH VERY HIGH HIGH NIL HIGH NIL NIL NIL NIL NIL LOW /N ALL CATIONS LARGE VOLUMES OF SPENT REGENERANT
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reduced to 19 available unit process technologies for further
consideration in development of a water treatment system. The screening
evaluation resulted in 12 of these unit processes being incorporated
directly into water treatment systems, three were used elsewhere in the
overall water management scheme, and four were unsuitable. A detailed
discussion of the original screening evaluation and characteristics of
each unit process is presented in CH2M Hill (1982).

Subsequent to that screening study, other processes were
evaluated in an effort to provide cost-effective treatment systems that
would meet the selection criteria.

An extensive literature review was conducted to document the
performance capabilities of each of the selected water treatment
technologies. This information was used to develop effect matrices for
the water use computer model. The effect matrices are mathematical
models which describe the performance capability of each water treatment
technology. Further discussion of the preparation of these effect
matrices is presented in CH2M Hill (1982).

Thirteen water treatment systems were ultimately selected and
evaluated for potential use in the Crandon Project. These systems used
various combinations of the unit processes found acceptable in the
screening evaluations; for example, water treatment Alternative No. 1
consists of lime precipitation, filtration and pH adjustment.

Computer model runs were completed on 10 of the systems to
determine their overall effectiveness and efficiency. Additional water
treatment testing was undertaken in 1984 after discussions with the DNR.

Three other treatment systems (sodium sulfide, starch xanthate and ion
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exchange) were identified as part of this work for a total of 13 systems
that were evaluated. The performance capabilities, coupled with
effluent qualities and cost, and the results of the water treatment
testing programs provided the basis for selecting the proposed water
treatment systems discussed in Chapter l. Simplified block flow
diagrams for these 13 systems are shown on Figure 3.5-6.

A constraint on the water treatment system selection and
development was the lack of definitive effluent limits for water
discharge. The final selection of the proposed treatment processes was
based on the effluent limits promulgated by the DNR in 1984,

Alternative Systems System 1, Lime Precipitation/Filtration/

pH Adjustment, is defined by the U.S. EPA to be state-—of-the-art
technology for treatment of mine/mill water and was used to develop
BATEA regulations (U.S. EPA, 1982a). Some mine seepége water, depending
on its quality, volume, and point of interception, could be potentially
treated by this type of system. While it is the least costly treatment
system considered if all process water were to flow through it, the

following factors are also important:

1) The system may not be able to meet final DNR water quality
effluent limits;

2) The system would not remove either calcium or sulfate, and
therefore, could not be used to control scaling in the
nill process; and '

3) The system would not remove thiosalts, and thereby may

create the need for some "add-on" unit operation during
winter months,
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Alternative System 1 was refined by Exxon in the 1984 testwork
into systems 11, 12, and 13. System 11 is the proposed system for
treating mine and ground water for discharge.

System 2, Carbonate Precipitation/pH Adjustment/Filtration;
System 3, Sulfide Precipitation/Filtration/pH Adjustment; System 4,
Sodium Aluminate Precipitation/Filtration/pH Adjustment; and System 5,
Filtration/Ion Exchange-Anion Removal/Carbonate Precipitation/pH
Adjustment/Filtration could not meet the criteria of compliance with EPA
drinking water standards and were consequently removed from further
consideration. Additional information for these and other systems is
available in CH2M Hill (1982). Subsequent to this screening evaluation,
sulfide precipitation in conjunction with lime precipitation was found
to be an acceptable treatment.

System 6, Sedimentation/Filtration/Ion Exchange-Anion
Removal/Ion Exchange-Cation Removal/pH Adjustment, was technically
unsuitable because of its unreliability and adverse economic impacts for
this project. Dual bed ion exchange, while in widespread use to
"polish” or demineralize relatively clean water streams, has few
full-scale applications on raw effluents. Operating problems could be
experienced with high concentrations of iron, calcium, and/or solids in
the mine seepage water or raw influent, and possible thiosalt fouling of
the anion exchange resins. These uncertainties negated further
consideration of this system.

System 7, Sedimentation/Filtration/Reverse Osmosis/Vapor
Compression Evaporation, should meet all screening criteria water

quality standards based on projected influent water quality; however,
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the system is not sufficiently flexible to adequately treat water with
contaminant levels higher than projected. In addition, the capital cost
of this system is considerably higher than the previous six systems.
Like System 6, high concentrations of ironm, solids, and/or hydrocarbons
in the mine seepage water or raw influent could cause operating
problems. High concentrations of iron in the mine seepage water could
cause fouling of the reverse osmosis (RO) unit membranes. High
concentrations of colloidal solids, which would not settle in a simple
sedimentation basin, could cause rapid clogging of the mixed media
filtration unit. If calcium and sulfate concentrations are higher than
anticipated in the raw influent, the achievable recovery of clean water
&uring RO would be less than projected. If this were to occur, the
capacity of the vapor compression evaporation unit would be too small to
handle higher volumes of RO brine.
System 8, Sedimentation/Filtration/Ion Exchange-Calcium

Removal/ Reverse Osmosis/Vapor Compression Evaporation, was designed to
eliminate the operating uncertainties associated with System 7. A
sodium-based ion exchange system has been added upstream from the RO
unit to remove most of the calcium from solution. While this system
does reduce the potential problems associated with calcium and sulfate,
the operational uncertainties associated with higher than projected
concentrations of iron or organics are similar to those in System 7.

System 8 is inflexible with respect to influent water quality
and therefore, not suitable for installation in the Project. This
system has not been used for raw effluents, but only in water
"polishing” applications where influent water was already of high

quality.
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System 9, Carbonate Precipitation/pH Adjustment/Filtration/
Reverse Osmosis/Vapor Compression Evaporation, is the proposed system
for treating reclaim water for mill uses and is described in Chapter 1.

System 10 employs lime precipitation, filtration, and vapor
compression evaporation as an alternative to the proposed water
treatment system. As shown on Figure 3.5-6, influent water enters a
surge tank where pH adjustment occurs via addition of either calcium
hydroxide or sulfuric acid. Water then passes through the lime
precipitation unit where calcium hydroxide is added to form and settle
insoluble metal hydroxides. Water leaving the lime precipitation unit
will flow either through a pH adjustment system first, or directly to a
mixed media filtration unit. Filtering media trap the very small
particles which are, at intervals, removed by backwashing the filtration
unit and piped to a tailings thickener. Filtered water then enters a
vapor compression evaporation (VCE) unit where the water is evaporated
with recirculating product stream producing a concentrated brine stream
and a clean condensate stream suitable for reuse within the mill or for
discharge to the environment. A scale inhibitor prevents scaling within
the VCE unit. Clean effluent is recirculated to the mill as make-up
water to the maximum extent possible. The concentrated brine is passed
through a brine dryer which vaporizes the water, leaving a dried brine
comprised primarily of calcium sulfate. This system is the least
sensitive to variations in influent water quality and would produce an
extremely high quality effluent. Both capital and operating costs for
this system would be considerably higher than that for the proposed

system with no marketable by-product.
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System 11, Lime Precipitation/Sulfide Precipitation/Filtra-
tion/pH Adjustment, is a refinement of Alternative System 1 and is the
proposed system for treating contaminated mine water and intercepted
ground water for discharge. This system is described in Chapter 1.

System 12, Lime Precipitation/Starch Xanthate Treatment /Fil-
tration/pH Adjustment, is another refinement of Alternative System 1.

It is similar to System 11 which is described in Chapter 1, with the
exception that starch xanthate is added to the clarifier as a polishing
step in lime precipitation. This system is as effective on contaminated
mine water or intercepted ground water as the proposed System 11. It
has a higher operating cost (more expensive reagent) than sulfide
precipitation and was therefore not selected as the proposed system.

The equipment needed for starch xanthate treatment consists of
reagent feeders which are a minimal capital cost. For this reason,
System 12 can be activated on short notice as a backup for System 11.

System 13, Carbonate and Sulfide Precipitation/Filtration/pH
Adjustment, is a refinement of System 2 and could function as a backup
for System 11 or 12.

Subsequent to the study of these 13 water treatment
alternatives, slurry seeded reverse osmosis (SRO) was investigated as an
alternative to conventional RO. SRO has the potential to eliminate RO
pretreatment (lime-soda softening and filtration) and RO post-treatment
(vapor compression evaporation [VCE] and sodium sulfate

crystallization). This would result in a greatly simplified system.

3.5-47




This can be done with SRO since it can operate under gypsum
saturation conditions, whereas these conditions must be avoided in
conventional RO. This limitation on conventional RO is why the
extensive pretreatment and post-treatment are required. The recycle of
gypsum seeds, as well as the type df RO module used, prevents gypsum
from scaling on the SRO module walls.

Although SRO is a new process, it actually uses standard
equipment in a new application. It uses tubular RO membranes which are
the oldest type of RO membranes. An SRO module can be converted to
conventional RO.

SRO has the following potential advantages:

1) Lowers plant capital cost;

2) Lower operating cost; and

3) Decreases the number of unit operation in the water
treatment plant.

However, SRO has been tested only at the pilot scale. Because there are
no commercial installations of SRO, it has not been included in the
current design. When this technology is further advanced, it may be

evaluated in greater detail as an alternative to conventional RO.

3.5.7.2 Excess Water Storage

The use of two holding lagoons with a total capacity of 3.4
million gallons is the selected alternative for the retention of treated

intercepted ground water and treated contaminated mine water prior to
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discharge. Treated mine and ground water would mix and be retained in
the excess discharge lagoons to permit completion of quality test work
prior to discharge to Swamp Creek. These lagoons (operating in series)
will have a total retention time of approximately 48 hours at average
flow rates and 24 hours at maximum flow rates.

The use of lagoons will permit the retention of greater
volumes of water than what is practical with tanks. This will help to
level out quality fluctuations and will also allow more time for
remedial action to be taken to improve the quality of the discharge if
this is found to be necessarye.

The use of tanks to hold excess discharge water was originally
considered for this purpose, but has been rejected because lagoons are
less costly on a dollar per gallon retention basis for larger volumes of

watere.

3.5.7.3 Fire Water Storage Facility

| The present plant design includes a 500,000-gallon steel tank
to hold water for fire protéction. fhis steel tank will be located in
the water tank area just west of the tailings thickener. The level in
this tank will be maintained from the excess discharge lagoons located
just east of the tailings thickener. These lagoons have a total
capacity of 3.4 million gallons. As an alternative, these lagoons
might be used to serve both purposes of discharge lagoons and fire water
tanks, thus eliminating the fire water tank. It is recognized that this
would necessitate designing the system to assure a sufficient supply of

fire protection water.
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3.5.7.4 Excess Water Discharge Methods

Treated contaminated mine water and treated ground water from
the inteceptor system will be discharged to Swamp Creek as oﬁe stream.
If the intercepted ground water does not require treatment, it could be
discharged to a wetland system or several systems, or directly to a
nearby lake or lakes, or returned to the ground water system. These
alternatives are discussed below. The process water could be
discharged, after treatment, as previously discussed in Chapter 1.

Computer simulation of the effects of mining operations on the
surface water systems indicates that the potential for measurable
impacts is small.

Surface Discharge — The proposed method of discharging excess

treated water from the Project site 1s by pipeline to Swamp Creek
downstream from County Trunk Highway M. The pipeline length from the
Project site to the point of discharge is approximately 6.1 miles.

An alternative to surface discharge into Swamp Creek would be
surface discharge into a lake. Regulations permit discharge ianto a
stream to utilize, where possible, 25 percent of the cross-sectional
area or volume of water flow of the stream (not to extend more than 50
percent of the width) as a mixing zone. However, the discharge mixing
zone into a lake is limited to 10 percent of a lake's total surface area
(Wis. Admin. Code). Although there are lakes in the regional study area
for which larger mixing zones would be available than Swamp Creek, lake
water in the site area is generally softer than water in Swamp Creek
(e.g., 16 mg/1 CaCO3 in Little Sand Lake versus 100 mg/l CaCO3 in

Swamp Creek). In general, the toxicity of metals to most aquatic life
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is inversely proportional to water hardness (U.S. EPA, 1975). Effluent
limitations for a lake discharge, therefore, could be correspondingly
lower than for Swamp Creek.

Wetlands have increasingly been considered viable alternative
wastewater treatment systems. The use of wetlands in U.S. EPA Region V
for the discharge and treatment of wastewater is relatively common and
is expected to increase. Currently, 96 wetlands in Region V, mostly
cattail marshes, receive wastewater discharge. The majority of these
are in Wisconsin and Minnesota (Kadlec, 1981).

Wetlands for treating wastewaters have been used for small and
large scale applications in Europe and the United States (U.S. EPA,
1982b). Wetlands such as marshes, swamps and upland vegetative systems
have been shown to remove pollutants even from treated wastewaters. The
development of wetlands for surface runoff treatment has been especially
easy to justify because of accessory benefits to communities such as
recreation, wildlife and fishing enhancement, recharge of ground water,
and water quality renovation (U.S. EPA, 1982b).

Advanced or tertiary treatment of wastewater involves the
removal of minute quantities of dissolved and suspended materials,
organic materials, and biological organisms. Wetlands have a mixture of
terrestrial and aquatic ecosystem functions. The hydrological cycle is
the most important factor in maintaining the functional characteristics
of wetlands. Water generally moves through a wetland at a slow rate.

As a result, long retention times for water in the wetland allow
deposition of suspended solids, adsorption of dissolved substances, and

biochemical utilization of others.
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Treatment provided by wetlands includes adsorption of
dissolved nutrients (P, N) on soil surfaces. Bacterial action, such as
denitrification, also occurs at these soil surfaces as well as
utilization by plants of these nutrients. Wetland soils and plants are
also important for the sorption of metals, many organic chemicals, such
as phenols, and agricultural pesticides (Kadlec, 1981). Hydrocarbon
compounds have been known to be utilized in wetlands in very short time
periods (1 month) (Kadlec, 1981). In most instances, the additional
water and nutrients from a wastewater discharge enable greater plant
growth and more productive habitats.

The use of wetlands as polishing units in wastewater treatment
is also cost—effective. Total phosphorus, BOD, and suspended solid
loadings have been reduced by more than 95 percent during passage
through a wetland without additional treatment equipment (Kadlec, 1981).

Data are availablekfrom some wetland systems which have
established hydrological and constituent balances and assessed the
pollutant removal capabilities for these ecosystems (U.S. EPA, 1982b).
Examples can be found in New York, Minnesota and Michigan among others.,
However, further research needs to be conducted on long-term impacts to
wetlands including bioaccumulation of trace metals and the interaction
of individual pollutant removal mechanisms in various wetland systems.
As a result, only preliminary discussions are presented herein regarding
such factors as sensitivity of wetlands to hydrological changes, metals
and their potential accumulation in soil, and organic loading.
Similarly water quality standards for a wetland discharge would need to

consider these factors.
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Ground Water Discharge — Three alternative methods which

involve discharge to ground water were also evaluated. These included
infiltration basins, well injection, and a drain field. The ability to
discharge to ground water would eliminate the need for a pipeline to
Swamp Creek and would provide a possible mitigation technique for
maintenance of the current hydrological conditions in the area. Some
advantages and disadvantages of various methods of ground water
discharge are discussed in the following paragraphs.

Infiltration Basins - Successful operation of an infiltration

basin is dependent on its location with respect to local hydrogeological
conditions. For example, the soil must be permeable enough to accept
the volume of water to be discharged, but not allow it to rise into the
pond. The aquifer below the pond must have sufficiently high
transmissivity to allow lateral movement of the discharge water. A
major problem with infiltration basins is a reduction in infiltration
rate caused by an accumulation of sediment and other fine material in
the bottom and sides of the basin. Clogging caused by growth of algae
and bacteria may also occur and cause reduction of the infiltration
rate.

Injection Wells - Injection wells are constructed like pumping

wells with careful attention given to grouting of the well to avoid
leakage around the casing and subsequent seepage to the surface. The
discharge rate from injection wells can be reduced by clogging processes
similar to those associated with infiltration basins. However, clogging
can be controlled by water jetting, air surging, and chemical cleaning

to remove bacterial growth and encrustation products.
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Drain Field - Excess water could be discharged via a drain
field system, such as that utilized with a sanitary septic system. A
drain field would be subject to the same operating conditions as those

cited above for the infiltration basin.

3.5.7.5 Water Treatment Waste Disposal

3e547.5.1 Temporary Disposal of Lime Precipitation Sludge

The water treatment plant is scheduled for completion in month
17 of construction. However, the first tailing pond would not be ready
for use until month 29 and, therefore, a storage area for water
treatment sludge would be required between months 17 and 29.

Four alternative facilities were evaluated for use in storing

water treatment sludge:

1) A separate polyethylene-lined holding pond;
2) A temporary holding tank;
3) A temporary diked area within reclaim pond cell A; and

4) Permanent storage in reclaim pond cell A.

As proposed in Chapter 1, the water treatment sludge will be
stored in cell A of the reclaim pond between months 17 and 29.

Because of the low projected mine inflow during months 18
through 30, it is expected that all of the mine drainage for this period
can be contained in one cell of the reclaim pond. The water treatment
facility will be operated for performance testing during this period,

but current projections indicate that water will not have to be
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routinely treated for discharge. The sludge, which is produced from

either water treatment plant shake-down testing or from treatment of

relatively small volumes of water for discharge, will be permanently
stored in cell A of the reclaim pond. There would be a small volume of
sludge produced and it would have essentially the same composition as
the sludge produced by pH adjustment between cells B and A in the
reciaim pond. No separate sludge containment area within the reclaim
pond is planned.

The proposed storage area for water treatment sludge will be
less costly than the other alternatives and will not require any

additional land disturbance.

3¢54745.2 Long-Term Disposal of Water Treatment Wastes

The water treatment facility will produce two waste products.

One will be a by-product from the two lime-soda ash softening steps.
This material will be primarily calcium carbonate and it will be
disposed with the mill tailings to utilize the acid neutralizing
capacity of the carbonate-bearing sludge.

The other waste product from the treatment facility fesults
from the evaporative treatment of the brine generated in the reverse
osmosis process. This product will be essentially sodium sulfate which,
according to a limited marketing study, has potential use to Kraft paper
mills in Wisconsin. Currently, sodium sulfate consumption by paper
mills in Wisconsin is about 31 tons per day; the expected production of
this material at the Crandon Project is 11 tons per day or 300 cubic

feet per day. Other potential uses for the product include detergent .

manufacture and glass making. As the Project develops, more definitive ‘
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studies will be made to firmly identify potential markets for this
product.

If the sodium sulfate waste product cannot be marketed,
alternative methods of disposal will have to be used. These include
impoundment in a secure landfill, either off-site or on-site. On-site
disposal could be accomplished by placing the material in a separately
bermed area in one of the tailing ponds. This would be done in a manner
that would prevent mixing of the sodium sulfate with the tailings.

Disposal of 300 cubic feet per day of sodium sulfate in a
bermed portion of a tailing pond would require 3.2 x 106 cubic feet of
space for a mine life of 29 years (assuming the water treatment plant
operates for 29 years). This total volume of sodium sulfate represents
less than 4 percent of the storage capacity of tailing pond Tl
(8.6 x 107 cubic feet) or a fraction of 1 percent of the total storage
capacity of the four ponds. Thus, the size of the tailing ponds should
not require any modifications to include sodium sulfate disposal.

The sodium sulfate for disposal would be removed from the
covered storage bunker at the water treatment plant with a front-end
loader and transferred to a dump truck for transportation to the MWDF.
The sodium sulfate would need to be covered progressively as it is
dumped into the tailing pond. Sodium sulfate is water soluble and its
disposal in the separate bermed area in the tailing pond may require &
synthetic liner to hydrostatically isolate it from the water in the

tailings and in the underdrain system.
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3.5.7.6 Solid Waste
An on-site solid waste disposal facility is proposed for ‘
disposal of non-potentially hazardous Project waste and refuse.
Potentially hazardous waste will be disposed off-site in an approved
licensed facility. Additional detail for the mine refuse disposal
facility (MRDF) is included in Chapter 1 and in the MRDF Feasibility

Report.

As an alternative to an on-site facility, consideration was
given to the disposal of all refuse and waste in an off-site facility.
Among the facilities that were evaluated for off-site disposal the City
of Antigo landfill was considered most feasible because of its capacity

and more favorable location.
The main reasons for proposing an on-site disposal facility
rather than an off-site facility are: (1) current and future
availability of off-site disposal facilities is not a certainty, and (2) ‘
based on economics alone, an on-site faqility is more cost effective
than hauling to an off-site facility, and with expected increasingly
higher off-site disposal costs it probably will improve further in the

future.

3.5.7.7 Sanitary Waste Treatment

The Phase II Water Management Report by CH2M Hill for the
Crandon Project was completed in January 1981, This report included an
evaluation of three process alternatives for treating sanitary wastes.
The alternatives were:

1) Septic tank system with soil absorption field;
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2) Rotating biological contactor and clarifier between the
septic tank and soil absorption field; and

3) Extended aeration and activated sludge between the tank
and final absorption.

In the CH2M Hill Phase II study the septic tank system was
initially selected. However, based on additional study of system
performance, cost, space requirements, and associated impacts, it has
been determined that a package wastewater treatment plant is a better
alternative than a septic tank and soil absorption field, and as
described in Chapter 1, is the proposed system for treating sanitary
wastes. The package treatment plant will require a land area of
approximately 0.1 acre, whereas the septic tank and absorption field and
replacement field would require approximately 2.5 acres.

Alternative 1 to the proposed design is a septic system
consisting of two 2,425-cubic foot rectangular septic tanks in series
followed by a l.24-acre soil absorption field. The soil absorption
field has a complete replacement field and the septic tanks include a
dosing chamber. The septic tank was designed by CH2M Hill in 1983. The
soil absorption field was designed and engineered by STS Consultants,
Ltd. (1984) and is described in their report entitled "Soils Report for
Soil Absorption Field, Exxon Minerals Company, Crandon Project.”

Alternative 2 includes disposal of the effluent from the
treatment plant to spray irrigation or a seepage cell. Because of the
short growing season, cold temperatures, and small volume of the
effluent, the spray irrigation system would not be effective on a year

round basis.
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The discharge to a surface seepage cell would be subject td
freezing in the winter rendering it ineffective. Even an underground
seepage cell ﬁould require soils preparation similar to that for a
leaching field for a septic system. The seepage cell would impact the
environment in much the same way as the septic system. Consequently,
alternative 2 offers little advantage over the proposed system or

alternative 1.

3.5.7.8 Mine Air Heating and Energy Conservation

3.5.7.8.1 Mine Air Heating

During the winter months at Crandon, it will be necessary to
heat a portion of the fresh air entering the main production shaft. The
objectives are to prevent ice build-up and freezing of shaft utilities,
and to condition the mine air for a more comfortable underground working
environment. Air in the main production and hoisting shaft will be
maintained at not less than 40°F.

Four major methods for supplying the required air stream heat

were evaluated:

1) Direct-fired air heaters in which the heat and gaseous
products of combustion mix directly with the air stream
passing through the heater.

2) Direct-fired heat exchangers in which the combustion is
contained and the heat transferred to the air stream by
contact with the combustion chamber surfaces.

3) Indirect heat exchangers in which the air stream is
heated by passing coils containing a circulating fluid
warmed by a remote heat source.

4) Electric heaters in which the air stream is heated as it
flows over energized elements.
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Direct-fired natural gas air heaters have been selected for
. principal mine air heating service at the Crandon Mine. The advantages

of such a system include:

1) Excellent control of temperature and energy consumption
over a wide range of intake air temperatures; turn—down
ratio ranges from 45:1 to 5:1 maximum,

2) Higher efficiency, approximately 90 percent, and thus
lower energy costs.

3) Simple construction requiring minimum maintenance.

4) Lower first cost for the size of units required at
Crandon.

A design day minimum temperature of -25°F was selected based
on weather data from Laona, Wisconsin, for the period December 1966
through February 1976. The maximum operating period mine ventilation

. volume will be approximately 850,000 cubic feet per minute. About 60 M

BTU/hour will be required to adequately heat the mine intake air on a
design day. Air heating eéuipment utilization will vary widely, not
only with temperature, but with the dynamics of required mine
ventilation quantities during different periods of mine operation.

During the course of Project design, several sources of
supplemental heat with possible application for intake air heating have

been identified. These include:

1) Mine exhaust aifr expected to exit at an average
temperature of approximately 55°F;
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2) Mine drainage water expected to exit the mine at average
temperatures of 50-60°F; and

3) Waste heat from mine/plant air compressor cooling.

At some underground mines, it has been practical to capture
such waste heat sources for secondary use. The Crandon Mine plan
excludes these sources from the principal design, but has recognized
their potential application to developing mine operations. A study by
Bovay Engineering, Inc. (1977) identified four systems for mine exhaust
air heat exchange, including recirculating glycol methods, a
refrigeration type cycle, and a direct air to air plate-type exchanger.
The study also included an evaluation of heat recovery from ground water
pumped through coils in the intake air shaft.

Unfortunately, the Crandon Mine will not have some of the
special features that have allowed sﬁpplemental waste heat usage to be
practical and effective at other mines. For example, it has been
estimated (S. A. Scott & Company, 1978) that the exhaust air streams
might theoretically contain uﬁ to 30 percent of the heat required fbr
intake air heating. However; the exhaust air raises are at distances of
1,000 to 3,500 feetvfrom the main shaft air intake, limiting the
potential efficieﬁcy and practicality of a waste heat transfer system
(recirculating glycol-coil exchange type). Exhaust air to intake air
heat exchange is, of course, most likely feasible when the intake and
exhaust air openings are adjacent to one another on the surface.

Wafer pumped from the Crandon Mine at assumed deéigned rates
of up to 2,250 gallons per minute will contain some potentially

recoverable heat; however, use of this heat must be evaluated in
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consideration of the desired water treatment plant entry temperature.
Supplemental heat recovery systems at other mines have been most
successful where mine water temperatures are considerably higher (90°F)
than those expected at Crandon (50°F).

The waste heat from mine/plant compressor cooling may have the
best potential for supplemental waste heat recovery. This source is
relatively close to the air intake shaft, and an indirect recirculating
glycol system might supply 1-2 percent of the required maximum intake
air heating demand. Waste heat recovery from this source may be
considered during final engineering.

Finally, the Crandon Mine plan and environmental setting will
preclude the use of any intake air heating schemes based on ice
formation underground. There will be no cave area or large near surface
open stopes. Not only is the mine geometry and extraction sequence
inappropriate, but the subsequent summer melting of stope ice would
adversely impact the mine drainage and water treatment facilities

functions.

3.5.7.8.2 Surface Plant Energy Conservation

Based on ah average minimum design day temperature of -14°F,
most surface facilities will require heating during the winter months.
Peak demand has been estimated to be approximately 9 M BTU/h. Only the
compressor plant will be self-heating during winter and will, as
mentioned in the previous subsection, also be a source of potentially
recoverable waste heat. Final engineering evaluation of this excess

heat source may show it more practically used to supplement nearby
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surface facilities heating demands than converted for mine intake air
heating use. Potential surface uses might include heating of the pump
house or main shaft collar house.

The mine/plant final design will incorporate energy management
as a primary objective toward cost effective project operation.
Identified waste heat sources such as those discussed in subsection
3.5.7.8.1 will be re—examined for feasibility and applied for
supplemental heating where practicable. Northern Wisconsin's
climatological conditions are such that there are no current plans to
include industrial scale solar techniques as a part of final mine/plant

design.

3.5.8 Energy Sources

3.5.8.1 Fossil Fuels

The major use of heating fuel for the Project is the mine air
heating system during the winter months. An average yearly usage of
73,324 thousand standard cubic feet of natural gas is required to meet
this load. In addition to natural gas, propane and #2 distillage were
evaluated as alternatives.

Both propane and #2 distillate would require a minimum of 5
days storage on-site, about 350,000 gallons of propane or 250,000
gallons of #2 distillate. The railcar traffic required to service the
tanks during the extreme winter months would be greater than that needed
for concentrate shipment.

The alternative fuels are not as efficient as natural gas and
would require the use of additional land. The permit for a #2

distillate installation might be difficult to obtain; the NOy
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emissions, in particular, would be very close to allowable limits for an
indirect fired fuel heater.

While propane is only about 5 percent less efficient than
natural gas for mine heating, the need to store approximately 350,000
gallons of propane on the site and operate an evaporator and expansion
tank makes it less desirable than natural gas. In addition, using
propane would require unloading about two to three tank cars a day. The
risk of a problem during the unloading process, while minimal, would
still be present.

Use of propane as a fuel for mobile vehicles was evaluated as
an alternative to gasoline or diesel fuel. However, most of the mobile
equipment utilized for the Project is located underground. The MSHA
regulations (Title 30 CFR Part 55 and 57) require the underground
equipment to be electric or diesel driven and fitted with a scrubbing
system. With the exception of light trucks and 3-5 automobiles, few
surface equipment items can use propane fuel. Propane use would be less
than 125 gallons per day equivalent of gasoline. This change would not
ultimately affect the overall air emissions and their minor
contributions would not alter the air quality or provide a problem in
meeting standards.

As an alternative to the use of diesel fuel, the emergency
generator system could be converted to natural gas. However, the
existing natural gas pipeline at Crandon is only marginally adequate to
support the present system load for the City of Crandon area and the
proposed mine/mill site requirements at 100 percent capacity on a

maximum cold day even without the emergency generators. To ensure
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service of the emergency generators, diesel fuel use would be required
even with natural gas provisions. In addition, the generators will
operate only approximately 30 minutes a week and when power
interruptions occur during the operational phase.

In addition to the above energy alternatives, heating some of
the buildings with wood-fired heaters or boilers has been considered.
Currently, the alternative of heating with wood is not being pursued;
however, it could become viable in the future depending on the costs and

availability of other fuels.

3.5.8.2 Electrical

The use of a lower voltage power line (69 kV versus 115 kV)
was addressed in the "Application for Authority to Construct 115,000
volt Transmission Line Venus to Exxon X-76" (Wisconsin Public Service
Corporation, 1982). The CPCN Application indicates that the 69 kV
alternative would cost approximately 35 percent more than the 115 kV
project. The major differences in costs for the 69 kV power line are
larger conductors (447 kcm for 115 kV versus 795 kem for 69 kV) and the
requirement to add a 115 kV/69 transformer at the Venus substation.

The use of self-generation was considered for some or all of
the operating load requirements. However, it was not considered viable
from economic or environmental standpoints. The need for process steam
is minimal (i.e., building heating) and, therefore, a steam system with
waste heat recovery is not practical. Environmental impacts associated
with NOy and TSP concentrations from a plant fired with coal or wood

chips also would have to be considered. There also would be potential
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environmental impacts from fly ash disposal facilities. The use of the
diesel generators or natural gas turbines on a continuous basis would
increase NOy and TSP emissions. In addition, the natural gas pipeline
could not provide sufficient gas for a 10-20 mW plant without an
expansion of the pipeline system from Laona to Crandon. This expansion

would also have impacts.
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3.6 CONCENTRATE TRANSPORT

Transportation plays a key role in the overall economics of
relatively low value, high volume materials, such as ore concentrates.
Although the Crandon deposit is somewhat isolated, it is located near a
good quality rail line and there are a number of transportation options
after the product leaves the Crandon area.

Steady-state or point-to-point scenario transport of
concentrates has not been determined for the Project; therefore,
flexibility in loading and storage at the shipping point will be
necessary to accommodate demands of various customers under different
market conditions.

Crandon concentrates will be sold to various
smelter/refineries, preferentially in the U.S. or Canada, to the extent
these facilities can absorb Crandon production without upsetting their
commercial requirements. Since the customers may vary from year to
year, no steady state transport scenario is practical or realistic for
the Project.

Transportation Modes and Directions, Continental

Destinations - With the possible exception of short distance movements

by truck to loéal Great Lakes ports or to the White Pine, Michigan,
smelting facility, outbound shipments would be originated by the Soo
Line Railroad. The Soo Line will be capable of tramsporting
concentrates from the Project within the existing capacity in their
daily freight trains passing Crandon. Potential destinations and routes
for shipment of concentrates are shown on Figure 3.6-1. Amounts of
concentrate to be produced and the approximate number of railcars

required for concentrate shipment are presented in subsection 1.4.3.3.
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Shipments to western Canadian refineries would be transferred
to Canadian railroads at border points. For destinations south or east
of Crandon, the Soo Line Railroad would transfer the traffic to other
railroads at Chicago. 'For destinations in eastern Canada, transport
would either be via Sault Ste. Marie, Michigan, or via Chicago,
depending upon the routing decision of the involved railroads.

All United States and Canadian refinery destinations suggested
by the preliminary marketing strategy can be directly served by rail.
Although opportunities exist for joint rail-water movements, in most
cases the handling and storage charges at transfer points would make
rail-water movements more expensive than direct rail transport.

Transport Modes and Directions, Overseas Export

Destinations - To the extent export shipments are necessary to

economically place Crandon concentrates, one or more of a variety of
export routes and systems may be employed. Selection among these
alternatives will depend on the expected volume of the movement, the
duration of export, contracts, the export destination, and competitive
factors which can be expected to change during the Project life.

Any of the various export shipment alternatives involves the
use of established third part stevedoring and transportation companies.
It is not foreseen that the Project would operate its own export
terminal, be it in Wisconsin or elsewhere.

Export shipments will leave the Project site by rail in the
same manner as continental shipments described in subsection 1.4.3.3.
The concentrate will be unloaded and temporarily stored at a
ship-loading terminal until an adequate parcel of 5,000-25,000 tons is
accumulated. Parcel sizes will be determined by which of the three

concentrates is shipped, customer requirements, and shipping economics.
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Smaller parcels will be shipped as part cargoes on general purpose

ocean—-going vessels or on bulk cargo vessels. Larger parcels will be

shipped as full cargo loadings on bulk cargo vessels.

There are a number of potential export terminal sites in the

U.S. and Canada which are under evaluation:

1)

2)

3)

4)

Trois Rivieres, Quebec - This St. Lawrence River port
currently handles a variety of concentrates, similar to
Crandon's, on all-weather, year—around basis. This port
is suggested as a preliminary reference case at this stage
of development of the Project.

Quebec City, Quebec - This port is comparable to and
competitive with Trois Rivieres. Any decision between
Quebec City and Trois Rivieres would be on the basis of
rates and service at the time an export movement
materializes.

Duluth, Minnesota/Superior, Wisconsin/Green Bay,
Wisconsin - These cities have existing general bulk
storage and terminal facilities operated by recognized
operating companies. These general operations are in
addition to taconite, pellet and grain operations in the
area. Concentrates are not routinely handled at present,
although chrome concentrate is currently moving through
Duluth and, historically, iron ore concentrate has been
handled there. These ports, as other Great Lakes ports,
suffer an important economic debit due to the limited 7
1/2 month overseas shipping season. The port at Green Bay
poses an additional economic disadvantage because of its
relatively shallow channel.

A variety of possibilities exist to expand or adapt
various privately-owned bulk terminal operations, and to
integrate Project concentrate movements, Integrations
would involve sharing dock and some handling or loading
facilities at:

a) Inland Steel Company's limestone operations at Port
Inland, Michigan; or

b) C&NWRR taconite, pellet terminal at Escanaba,
Michigan; or

c) Burlington Northern taconite pellet terminal at
Superior, Wisconsin; or

d) A coal facilitiy at Escanaba, Michigan, currently
operated by C. Reiss Coal Company
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In general, these facilities would require greater initial
capital outlays by the third-party operations than would integration
into an existing general bulk operation. Such a commitment would likely
require through-put assurances from the Project. If and when sustained
export movements appear practical and economic, then these alternatives

could become realistic.
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3.7 FINAL USE ALTERNATIVES FOR FACILITIES/RECLAIMED MINE
DEVELOPMENT AREA

Upon closure of the Crandon Project, Exxon Minerals Company
proposes to remove all above ground Project facilities and reclaim the
mine development area (see Section 1.5). This action will be taken if
no alternative use(s) of the facilities proves to be beneficial at the
time of Project closure. Alternative uses for the Project facilities
are described in subsection 3.7.1 and alternative final uses for the

reclaimed mine development land in subsection 3.7.2.

3.7.1 Project Facilities

3.7.1.1 Sale or Lease of Milling Facility for Future Producer

After closure of the Crandon Mine the Project facilities would
be tendered for other beneficial uses prior to inaugurating demolition
and final site reclamation. Planning for such uses should occur as
early as possible so as to provide appropriate execution time. 1In
addition to basic plant facilities, some equipment might also be
utilized.

- The first use to be considered should be that of concentrating
ores from other deposits which might be found and developed during the
period in which mining occurs at Crandon. If ores are owned by
independent parties and the Project facilities at closure are not
otherwise economically utilizable by Exxon, the alternative of sale or
lease of specific Crandon facilities for use in the concentrating of
their ores would be considered on economic merits. 1In that event, plans
for use of the facilities would be included in that applicant's EIR and

related documents.
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3.7.1.2 Light Industrial Uses

Because of the time between now and the closure of the Crandon
Mine (Project Year 32), the future use of facilities beyond the mine
life is conjectural. Office and shop facilities, warehouses, power
transformation equipment, and basic shop equipment as well as the access
road and railroad spur may cause considerable segments of the plant to
be of interest for business purposes other than mining. Use of the’
facilities as an industrial complex following Project closure was
recommended by representatives of the Towns of Lincoln and Nashville
during a meeting with Exxon Minerals Company and the DNR in August 1984.
If such a use proves to be feasible for all or part of the Project
facilities prior to removal of the facilities and reclamation of the
land, an amended Reclamation Plan containing a description of the new
proposed use could be submitted to the DNR in accordance with NR
132.12(3)(a).

The existence of substantial facilities at Crandon may result
in overcoming inherent disadvantages of location for mining related
industries. Such disadvantages when compared to centers such as Wausau,
Green Bay; and Milwaukee suburbs include transporation cost and
potential lack of diversified skilled labor. Labor, however, may not be
a disadvantage because of the skilled mining labor force available upon
closure of the Crandon Project.

Plant facilities of key interest for light industrial uses
would be shops, warehouses, fuel storage, power transmission, water
treatment, office complex and railroad. Technology uses would probably
require shops, warehouses, and office complex facilities, as well as

road access.
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Table 3.7-1 lists some specific types of industries which
might be interested in locating in the Crandon area if facilities were

available.

3.7.1.3 Radioactive Waste Repository

Upon termination of Project operations, the underground mine
workings will not be suitable for a radioactive waste repository.
Information is presented below on the U.S. Department of Energy's (DOE)
programs to identify potential repositofy sites and the reasons the
Crandon Mine will be unsuitable for such a facility.

The U.S. Department of Energy's Office of Crystalline
Repository Development (OCRD) has "identified three regions of
crystalline rock exhibiting potential for locating repository sites and
recommended these regions for further study” (OCRD Geologic
Characterization Report, May 1983, p. 5). The North Central Region
includes Minnesota, Wisconsin, and the Upper Peninsula of Michigan.
Crystalline rocks are defined as "intrusive igneous and high-grade
metamorphic rocks rich in silicate minerals, with a grain size
sufficiéntly coarse that individual mineral grains can be distinguished
with the unaided eye" (ibid. p. 1). No other rock types are being
considered in the North Central Region because “"the Department of
Energy's (DOE) program emphasized disposal in mined repositories deep
underground in geologically stable formations" (ibid, p. ix) and
crystalline rocks are the only rock types which meet those guidelines.

Two factors eliminate the Project's facilities from

consideration as a high level nuclear waste repository.
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TABLE 3.7-1

POST-MINING POTENTIAL INDUSTRIAL AND
TECHNOLOGICAL USES OF CRANDON FACILITIES

Light Industrial

Manufacturing

Small Boats

Plastic Components

Machine Tools

Machine Parts (turning,
milling, forging, stamping)

Electronic Assembly

Cabinet Manufacture

Sash and Mill Work

Auto Engine Rebuilding

Technologx

Paper Research

Forest Product Research
Computer Software Design
Bio-Medical Research
Genetic Engineering




First, the deposit is not located in crystalline rock. The
OCRD Report (ibid. Plate 2) identifies and locates all bodies of
crystalline rock in Wisconsin. The two bodies of crystalline rock
nearest the Crandon deposit lie approximately 10 miles to the south and
southeast.

The second factor which eliminates the Crandon facilities from
consideration is the DOE guideline emphasizing that "mined repositories”
(ibid. p. ix) must be built and designed specifically for a high level
Nuclear Waste Repository. This is further emphasized in the OCRD
report, Section 1.3 (ibid. p. 6) which states "The Crystalline Rock
Project is just beginning conceptual design studies, and a conceptual
design is expected to be completed by 1985. The repository will be

subject to NRC Construction, authorization, and licensing.”

In addition, late in July 1983, State Senator Joseph Strohl,
Chairman of the Wisconsin Radioactive Waste Review Board, issued a
statement indicating that the Department of Energy apparently has
precluded several Wisconsin counties from further consideration as the
site of a radioactive waste terminal storage facility. Among the
counties 1isted as those meriting no further consideration was Forest
County, the location of the Crandon Project (Rhinelander Daily News,
1983).

"'These 11 counties (Forest County and 10 others) were removed
from DOE's list because the granite formations there are thought to be
not suited for the construction of a national repository for high level
nuclear waste,' Strohl explained” (Wisconsin Radioactive Review Board,

1983).
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3.7.2 Reclaimed Mine Development Area

The proposed final uses of reclaimed land associated with
major Project facilities are the same as the existing land uses
described in Section 2.9. These final uses include forestry, recreation
and agriculture and are discussed in greater detail in the Reclamation
Plan.

During a meeting with Exxon Minerals Company and the DNR on
August 8, 1984, representaﬁives of the Towns of Lincoln and Nashville
recommended alternative uses of the MWDF area; these included
agricultural and intensive forestry (i.e., pine plantation) uses and
recreational uses such asvcamping, cross—-country skiing, hunting and
development of a golf course.

Agricultural use of the MWDF is not considered feasible,
primarily because of the high potential for erosion of the reclamation
cap. Development of a pine plantation on the MWDF is not consistent
with the requirements of NR 132.08(2)(g) which requires reestablishment
of a variety of plants indigenous to the area immediately prior to
mining. 1If, because of changing conditions later in the life of the
Project, one of these alternative uses proves to be more beneficial in
all or part of the area to be reclaimed, an amended Reclamation Plan
could be submitted to the DNR in accordance with NR 132.12(3)(a).

Recreational uses such as camping, cross—country skiing and
hﬁnting would be compatible with the proposed plan for revegetating‘the
reclaimed area. However, general use of the reclaimed areas for the
proposed final land uses will be at the discretion of the owner at the
time of issuance by the DNR of a certificate of completion for the
Reclamation Plan. Development of a golf course is not compatible with

the proposed plan for revegetating the reclaimed MWDF.
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CHAPTER 4

ENVIRONMENTAL CONSEQUENCES

The purpose of this chapter is to document the potential
environmental and socioeconomic consequences of the construction,
operation, and post-operation phases of the Crandon Project. The
impacts associated with the proposed and alternative actions, as
described in Chapters 1 and 3, respectively, are discussed. The
documentation of existing conditions, presented in Chapter 2, provided
the basis from which the consequences were evaluated.

Mitigative measures that will be taken to lessen potential
impacts are also discussed. The environmental consequences of the
alternative actions, presented in Chapter 3, are discussed when the
effects differ from those of the proposed actions.

Various geographic units (e.g., site area, environmental study
area, regional study area, local study area) are used in this chapter to
denote the reference area for discussion purposes. These geographic
units are defined in either the introduction to Chapter 2 or in those
cases where a new reference unit is introduced, it is defined in this
chapter.

The discussion of environmental consequences was based on the
design life of the Project and is presented for the three main phases of
the Project: Construction (Section 4.1), Operation (Section 4.2), and
Post-Operation (Section 4.3). The construction period is scheduled for
approximately 3 years, operation for 29 years, and post-operatioan, which

includes closure and reclamation, for 4 years (Section 1.1, Figure
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l.1-4). The total Project life is approximatley 36 years. The

environmental consequences of alternative Project facilities are

described in Section 4.4.

The area that could be disturbed during construction of major
surface facilities provided the basis for determining potential
site-specific environmental consequences. The pertinent dimensions and
areal coverage of the major Project facilities are presented in Table
4.0-1 and are illustrated in graphic form on Figure 4.0-1. For most of
the facilities the actual area disturbed will be less than what is
presented in Table 4.0-1; however, a worst-case analysis was conducted
and potential impacts were based on the maximum amount of area that
could be disturbed. The methods used to estimate the wetland acreages
presented in this chapter are accurate within 10 to 15 percent.

A summary of potential impacts during construction, operation,

and reclamation of the Project and proposed contingency/mitigation '
actions is presented below.

Summary of Potential Environmental Impacts During

Construction, Operation, and Reclamation of the Crandon Project -

Potential impacts of the mine construction, operation, and reclamation
were identified. Some are short-term; others will be of longer
duration. A wide range of technologies was evaluated before methods
judged suitable to mitigate potential impacts and allow environmentally
acceptable operation at costs projected to be economically viable were
selected.

Meteorology and Air Quality - No discernible effect on

meteorology is likely during construction and operation.
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AREAS DISTURBED DURING CONSTRUCTION

OF PROJECT FACILITIES

LENGTH WIDTH COVERAGE
FACILITY miles feet acres
Mine/Mill Site Irregular Irregular 115
Access Road?@ 3.0 100 35
Railroad Spur and SidingP 2.7 100 45
Water Discharge Pipeline 6.1 50 35
Haul Road/Tailings
Transport PipelineC 0.9 100 10
Reclaim Pond/MRDF/MwWDFd Irregular Irregular 495
Total - - 735

8Includes right-of-way for the transmission line.

barea disturbed at the siding and several deep cuts will be

approximately 150 feet in width.

CLength is from the interface point at the eastern side of the
mine/mill site to the interface point at the southwest corner of the

reclaim pond.

dincludes the 25-acre construction support area and 40-acre borrow

area.
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Construction-related impacts on air quality are expected to be minor and
will be from mobile equipment operation, consisting of fugitive dust and
tail pipe exhaust. Concentrations of these constituents are expected to
be considerably below primary and secondary federal and state ambient
air quality standards at the Project boundary. Emissions which may be
expected from the operation of diesel equipment underground will be
controlled through special clean-burning diesel engines, equipped with
catalytic scrubbers to prevent air pollution. Dust and particulates
will be controlled by watering dirt roads, minimization of disturbance
and speedy reclamation of exposed land. Dust collection systems will be
installed at suitable points within the mine/mill facilities. FEmissions
should have no deleterious effect on the environment, nor will there be
any hazard to public health and safety.

Geology and Soils - An unavoidable impact of Project

construction is the disturbance of the topsoil layer and humus material
in those areas designated for Project facilities. During construction,
salvageable topsoil will be removed and stockpiled for redistribution
during final grading. Those areas will be reseeded with indigenous and
introduced plant species. Construction of the mine/mill involves about
115 acres; 70 percent of the site will be covered with buildings,
parking lots and roads. The remaining 30 percent will be landscaped or
maintained in its natural state.

Construction of the MWDF, MRDF, and reclaim pond involves
disturbance of approximately 495 acres. Where practical, topsoil will
be removed and stockpiled during construction of the MWDF. The total
land disturbed for these facilities at any one time will be no greater

than about 285 acres.
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Ground Water -~ No noticeable ground water effects will occur

during the construction phase of the Project. The expected mine inflow ‘
will remain below 200 gallons per minute during construction and the

accompanying ground water declines will only be a few feet in the mine

area. These minimal declines will cause no measurable effect on the

surface water bodies within the Project site area and have no effect on

current ground water users in the area.

Based on the mine development plan, mine inflow volume is
projected to begin to increase substantially in Project Year 5 and reach
an expected steady-state value of approximately 1,270 gallons per minute
after Year 6. With this inflow pattern, ground water drawdowns and the
accompanying surface water effects are expected to begin to occur in
Project Years 6-8. These effects will increase slightly to a

steady-state condition and continue throughout the remaining Project

operating period. For the steady-state mine inflow condition, maximum
ground water drawdown is approximately 58 feet in the mine area reducing
to a drawdown of approximately 3 feet at distances 1-2 miles away from
the mine area.

This zone of influence will develop in much the same way as
with a well. If any resident's well were to be affected, EMC would
replace the water supply. This could be accomplished with either a new
or deeper well. Once the mine is closed and the area reclaimed, the
water table should return to about its premining level with no adverse

effects on water quality.
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About half of the material brought from beneath the surface
can be returned underground to fill the mined-out voids. Remaining
waste rock and mill process waste materials will be placed in a waste
disposal facility. Areas within this facility will be developed as
needed, used for about 6 years, then sealed and revegetated. The
tailings disposal area is carefully engineered with a bottom seal to
retard seepage, drains to return waste water ;o a water treatment plant,
and top seal installed at the end of the pond's life to retard the
entrance of surface water or precipitation into the restored areas.
These sophisticated techniques ensure limited seepage from the ponds,
thus protecting the quality of the ground water. The facility will
operate within the requirements of NR-182 which provides that ground
water quality at the compliance boundary meets drinking water
standards.

Surface Water — Surface water impacts to the lakes, streams

and springs will be minor. Lake declines of a few inches and stream
flow reductions of a few percent will occur for average meteorological
and flow conditions. Flow reductions in the two springs (Hoffman and
Martin) may be larger on a percentage baéis but flows from these springs
are small. The percentage reductions in stream flow are projected to
be higher when stream flows are lower, but low stream flow conditions
occur only during a small portion of the time.

The water quality of local lakes and streams will be protected
by the water collection and treatment system which EMC plans to include

in the mine/mill construction and operations. These systems will treat
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wastewater to the point where that quantity of water which is in excess
of the mill requirements can meet the applicable effluent standards
prior to discharge.

Construction will generate some impacts to wetlands and other
surface water bodies in the vicinity of the Project. It is physically
impossible to avoid impacting wetlands in the Project area entirely.
The Project was designed, however, with the requirement "to minimize
impacts to wetlands”™ [NR 132.06(4)] and less than 60 acres of wetlands
will be affected.

Aquatic Ecology - No adverse impacts to endangered or

threatened species are expected from construction or operation of the
Project. FErosion and sedimentation as a result of site clearing
activities and construction of the discharge pipeline, stream crossing
structures, access road and railspur may have some minor effects on
aquatic life. Those should be localized and temporary and will be
mitigated by an erosion control plan.

Swamp Creek is dominated by fish species that are relatively
insensitive to turbidity and sedimentation. The minor increases in
turbidity during construction should have a minimal impact on the
overall fish community. The quality and quantity of discharge water to
Swamp Creek wiil meet applicable state and federal standards.

During the operation period, effects of reductions in lake
levels or stream flow rates on aquatic biota will be minor during
average climatic conditions. Under dry climatic conditions, the
potential for impacts increases; however, major changes in the fish and
aquatic insect communities are unlikely in Deep Hole and Little Sand

lakes. 1In Duck Lake, changes in species composition and abundance of
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wetlands are possible under dry conditions and the likelihood of
winterkills of fish will increase. Because the existing aquatic
community of Skunk Lake is sparse, impacts to it will be limited.
Because Oak Lake is perched, it will not be affected by mine
dewatering.

Hydrologic Impact Contingency/Mitigation Actions - The

Hydrologic Impact Contingency Plan for the Project is designed to
provide assurance that no significant adverse effects will occur to site
area lakes, springs, and streams as a result of mine dewatering. The
Plan consists of monitoring, analysis of data, trigger points, and
migitation actions. The mitigation actions for springs and streams
consist of supplementing the flow with ground water from nearby wells.
For lakes, the Plan includes level control structures to maintain lake
levels in Little Sand and Duck lakes. Supplementation of flow into
Skunk Lake is also part of the Plan.

Terrestrial Ecology — The clearing of vegetation during

Project construction will result in some loss of wildlife habitat. The
impacts on plants and wildlife resources will occur largely during the
construction phase in areas where clearing of vegetation for
installation of surface facilities occurs. The wildlife habitats to be
disturbed are common in the fegion, mostly northern hardwood and
aspen-birch forest. Subsequent reclamation will allow the areas to be
returned to plant communities dominated by native species.

Of 148 acres of shallow marsh in the wetland study area, 1.2
acres will be removed or altered, affecting four wetlands. Three shrub

swamps will be affected, and of the 146 acres of shrub swamp in the

~
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wetland study area 9.7 acres will be removed or altered. 0f the 146
acres of deciduous swamps in the wetland study area, 6.6 acres will be
altered or removed, affecting a total of seven wetlands. In the
coniferous swamp community 34.4 acres will be altered or removed from
the 946 acres in the wetland study area, affecting 12 swamps. Four bogs
will be affected, and of 320 acres of bog community in the wetland study
area, 6.8 acres will be removed or altered.

Cultural Resources — During archaeological and historical

inventory and evaluation work in the site area, several cultural
resources were identified. No adverse effects on known archaeological
or historical resources will occur during either construction or
operation. In fact, current and proposed site management practices
foster enhanced protection for cultural resources identified during the
inventories by prohibiting unauthorized access to those areas where
sites are located.

Noise — During Project construction, noise that will be
noticeable to area residents located near the Project site will be
typical of site preparation activities. Engine noise from diesel
equipment and drilling noise will be audible, as well as blasting noise
for shaft sinking. Equipment will be selected with considerable
attention paid to limiting noise levels whenever possible. Nighttime
surface construction activities will also be limited.

Shaft sinking will be a 24-hour activity and will require some
blasting work. The noise from the blasting will decrease as the
shaft deepens. Within about one month of beginning shaft construction,

noise from shaft sinking should no longer be audible to area residents.
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The main shaft sinking and the mine waste disposal facility
(MWDF) construction activities will be the primary contributors to the
estimated daytime sound level changes. However, only three locations
are estimated to have total daytime ambient sound louder than 45 dB with
the EMC field office being the only location with a change from
background of more than 5 dB. Estimated nighttime sound levels will be
below 45 dB at all locations except the EMC field office where the sound
level is projected to be 46 dB. Nighttime construction activities at
the MWDF are not expected to occur during the operation phase.

The actual underground mine operating noise will not be
perceptible to area residents. However, two mine ventilation fans
located on the surface will emit a low-pitched tone slightly above
background levels that will be periodically audible in the local area
surrounding the Project site. Equipment selection will keep this noise
to a minimum.

The locomotive and other train noises will be similar to those
currently heard in the Northwoods. Switching of cars in the yard during
concentrate loadout will produce noise which should be of only short
durations and confined primarily to daytime hours.

Noises generated within the mill building will be attenuated
by building design features and should be imperceptible at the Project
boundary. The trees, area land forms, and distance to receptor
locations will also provide major natural forms of noise attenuation.

Land Use and Aesthetics — The major effect of the Project on

land use will occur during construction when existing land uses are

changed to accommodate mining related facilities. Forestry, recreation,
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and agriculture will be the main land uses affected. About 570 acres of
forest land will be unavailable for hunting and other forms of
recreational use due to security fencing around Project facilities.

Some change in land forms will occur due to initial grading of
the ground surface. The change in the land forms have been planned to
blend into the surroundings with little noticeable impact. The
headframe, the tallest structure on the site, will be visible at varying
distances from the site depending on intervening landscape features.

These potential impacts and the proposed mitigative measures
are discussed in this chapter. In addition to the measures cited above,
reclamation of the property will continue after closure of the mine and
mill facilities. Upon closure EMC proposes to remove all above ground
Project facilities and reclaim the mine development area to the land
uses that existed prior to mining. This action will be taken if no
other alternative use(s) of the facilities proves to be beneficial at
the time of closure.

Socioeconomics -~ Development of the Project will benefit local

residents by increasing employment and income and generating additional
tax revenue. Population growth will be modest, disbursed over a wide
area, and limited by EMC's local hiring policy. Therefore, the rural
nature of sociocultural environment will not be substantially affected.
The overall beneficial economic and fiscal impacts of the Project may be
shared by the Forest County Potawatomi and Sokaogon Chippewa
communities.

The modest increase in population will lead to modest and

manageable increases in spending for public facilities and services. No
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major capital improvements will be needed to accommodate the population
growth.

The brief peaks in traffic volumes will not be a hazard to the
traveling public. Minor improvements in roadways should minimize
impediments to traffic flow. No new public roads will be needed.

The Project should generate substantial amounts of state and
federal tax revenue. Purchases by the Project could have beneficial

effect on business activity state-wide.
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4.1 CONSTRUCTION

4.1.1 Meteorology and Air Quality

4.1.1.1 Local Meteorology

The Crandon Project is not expected to have any discernible
impact on local meteorology. The climate of the environmental study
area is continental. During most of the year, the environmental study
area is in the path of eastwardly moving pressure systems of the
prevailing westerly air movements. Terrain in the vicinity of the site
area is rolling but does not greatly inhibit pressure system air
movement. The physical facilities will not alter wind patterns
off-site.

Under some conditions the mine exhaust ventilation shafts will
cause water vapor plumes. In the mine exhaust shafts only the smallest
droplets remain in the air stream and eventually are discharged from the
shaft. Once outside the shafts, the contained moisture will condense
further and deposit rapidly in cold weather or evaporate in warm
weather. In general, these water vapor plumes will be visible when the
atmospheric air temperature is at or below dew point temperature.

This will mainly occur between late autumn and early spring. There are

no consequences except visibility of the water vapor plumes.

4,1.1.2 Ambient Air Quality

Air emissions of the Project construction phase result
primarily from the equipment used, and in the clearing, excavation, and
grading of the land for the mine/mill surface facilities, access road,
railroad spur, reclaim pond, mine refuse disposal facility (MRDF), and

mine waste disposal facility (MWDF).



Air emission sources include site preparation activities, drilling and
blasting, fugitive dust resulting from mobile equipment, wind blown
fugitive particulates, temporary power generation and mine air heating.
Construction phase air emission sources and rates are presented in the
December 1985 Revised Air Quality Permit Application Report (RAQPAR)
(Exxon Minerals Company, 1985).

Total suspended particulates (TSP) constitute the major
portion of the air emissions during the construction phase, averaging
approximately 212 tons per year, of which over 90 percent are fugitive
emissions from excavation, hauling, 1;ading and dumping and grading
activities (see Table 4.2-1). The estimated maximum TSP emissions for
the construction phase will occur during the second year and is
approximately 239 tons per year (see Table 4.2-1).

Other estimated maximum air emission constituents during
construction phase activities are sulfur dioxide - SOy (21.7 tons per
year), nitrogen oxides — NOy (66.8 tons per year), carbon monoxide -
CO (167.0 tons per year), hydrocarbons — HC (29.4 tons per year) and
lead - Pb (0.001 tons per year). Most of these emissions are from the
temporary power generation and mobile equipment tailpipe exhaust (see
the December 1985 RAQPAR).

Although air quality emissions during construction were not
modeled, the largest countributions from the construction phase sources
have air emission rates for TSP which are essentially equal in type,
mode of release and total quantity to those estimated for operational
sources (see Table 4.2-1 and the December 1985 RAQPAR). Since the
estimated air emission rates for construction and operation phase TSP

sources are essentially equal (Table 4.1-1) and the activities which




COMPARISON OF TOTAL CONSTRUCTION AND OPERATION
AIR EMISSION RATES IN TONS PER YEAR®

EMISSION RATED
(TONS PER YEAR)

CONSTITUENT CONSTRUCTION OPERATION
TSP 239.2 244 .0
09 21.7 29.2
NOy 66.8 62.6
Co 167.0 130.1
HC 29.4 8.4
Pb 0.001 0.18

agee Appendices B and D of the December 1985 Revised Air Quality
. Permit Application Report.

bpstimated maximum annual rates.



generate the dust are the same, the results of the operation activities

air quality impacts modeling are also considered representative of ‘
impacts from the construction phase. The effect of these emissions on
the ambient air quality will be minor. Concentrations of air quality
constituents are expected to be considerably below the primary and
secondary federal and state ambient air quality standards at the modeled
Project boundary (see Table 4,2-2).

Similarly, the model predicted ambient concentrations provided
in the December 1985 RAQPAR (Exxon Minerals Company, 1985)
conservatively estimate the SOy, NOy, CO, HC and Pb quantities
expected to result from Project activities. 1In addition, the estimated
emission rates for the air quality parameters used for the modeling in
the December 1985 RAQPAR (Exxon Minerals Company, 1985) are higher than

the rates presented for these same parameters in the construction phase

in Table 4.1-1. Therefore, separate modeling for construction phase air .
quality was not warranted. Model predicted ambient air quality
parameter concentrations resulting from estimated operation phase
emissions are presented in Table 4.2-2 (see also the December 1985
RAQPAR).

Mitigative measures will be implemented during construction to
minimize air quality impacts. On-site roadways and excavation areas
will be watered, if necessary, to control fugitive dust. Frequently
traveled on-site roads will be paved early in construction to minimize
fugitive dust generation. 1In addition, trucks carrying crushed rock or
fine particles will be covered or water sprayed as required when long

distance transport is necessary.




Areas subject to cut—and—-fill operations will be temporarily
revegetated after final grading for soil stabilization and dust control.
This activity will start during the first year and continue through
completion of construction.

After final grading of embankment slopes, temporary or
permanent vegetation will be planted for soil stabilization and to
reduce wind blown dust. Soil additives will be applied to off-site haul
roads, if necessary, to reduce generation of dust by vehicles.

Drilling activities will be conducted using water injection to
the drill bit and will be virtually 100 percent effective in controlling
total suspended particle (dust) emissions. Dust emissions from blasting
will be reduced because of particle settling during their air transport
in the mine and the watering of broken rock (muck) piles prior to
handling. Muck pile wetting will be a standard operating procedure.
Mobile equipment used for handling of rock and transporting personnel,
equipment, and materials will employ a ceramic filter and recirculation

of gas emissions of TSP, NOy, HC and CO.
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4.1.2 Geology and Topography

4,1.,2.1 Soils . '

Site preparation will result in the disturbance of the topsoil

layer and humus material in construction areas. For the majority of the
Project site, limitations of topography, soil depth, and clearing and
grubbing operations will impede topsoil removal and preservation.
Salvageable soil will be stockpiled for redistribution during final
grading and revegetation. The construction plan for the mine/mill site,
described in subsection 1.3.1, Facilities Construction, includes rough
grading of the 46.6-ha (l15-acre) site, stockpiling of topsoil, and
reseeding of areas not required in early phases of construction
development. About 70 percent of the mine/mill site area will be
covered by buildings, parking lots, and roads. The remaining 30 percent
of the site area will either not be disturbed or will be landscaped to

reduce erosion potential.

Salvageable topsoil covering approximately 200 ha (495 acres)
will be removed and stockpiled in the course of construction of the
MWDF, reclaim pond, MRDF, construction support érea, and the contingency
borrow area. The tailing ponds will be constructed sequentially as they
are needed which will also minimize erosion and amount of area disturbed
at any given time. Site area soils (glacial till) will be used for pond
liners in the mine waste disposal area. Soil material from the confines
of the pond areas will be used for the pond embankments, liners, and
underdrains.

No impact is predicted from freezing of the soil during mine
shaft construction. Soil removed to construct the shaft will be

stockpiled and will be available for fill material.




4.1.2.2 Landscape

Construction impacts to the landscape will occur in the
mine/mill site area, the mine waste disposal and reclaim pond area,
along road/rail access routes, pipeline corridors, and the haul road.
These impacts will be from the initial modification of the surface
topography for construction activities, whereas the reshaping and
creation of new permanent landforms will occur during the operation and
reclamation phases of the Project.

The construction of the mine/mill facilities will have minimal
impacts on the original landscape. Site preparation will create new
draiqage swales and grading of filled areas will produce new embankment
slopes. New embankments will be of the same order of magnitude in
height and slope as surrounding topographic features; however, the
contours will be more regular than some of the original ground
surfaces.

The total area disturbed for the MWDF, MRDF, reclaim pond and
adjacent facilities will be approximately 200 ha (495 acres). As each
tailing pond is developed, vegetation will be cleared for a distance of
approximately 15 m (50 feet) from the toe of the outer embankments of
each pond. No disturbance to the existing land forms or vegetation will
occur outside this zone.

When completed, the MWDF will consist of four ponds excavated
to an average depth of approximately 14 m (46 feet) below the existing
ground surface. When constructed, embankments will extend as high as
30 m (98 feet) above the original ground surface. The impacts during

construction will be temporary since filling of the excavated ponds and



placement of embankment material will begin early in the operations

phase of the Project, and contouring and shaping of new landforms are ‘

included in the post-operation phase of the Project. When the grades of
the embankments have been established, herbaceous plant species (grasses
and legumes) will be planted to stabilize the soil surface. A fence
will be erected around the perimeter of each pond aand a road will be
constructed between the toe of the embankments and the fence. These
long-term changes in landscape are described in subsections 4.2.2 and
4.3.2.

Detailed drawings of the MWDF and discussion of construction,
including dimensions of the ponds, landscape disturbance and erosion
control, are presented in Chapter 1 and the MWDF Feasibhility Report.

The Reclamation Plan contains further documentation on the physical and

vegetation aspects of reclamation of this facility during the

construction phase. An assessment of the potential visual impacts of
the MWDF in relation to the surrounding undisturbed environment and
mitigative measures are presented in subsection 4.2.9.2.

Construction impacts to the landforms along the road and rail
access routes will be minimal., Cut-and-fill operations will modify
certain existing grades and will produce an overall reduction in relief
along these routes. New embankments will have the same general degree

of slope as surrounding grouand surfaces in the site area.

4.1.2.3 Minerals

Waste rock to be removed during mine shaft construction will
not have any economically recoverable mineral resources. Gravel in the

glacial till overlying the bhedrock at the location of the mine shaft is ‘



not considered of sufficient quality to be used as a mineral resource.
‘ Only a small amount of this material is to be removed in the excavation

of the shaft.



4.1.3 Ground Water

The Crandon facilities, shown on Figure 4.1-1, will affect the
hydrologic regime in the site area. The construction activities are
planned for approximately 3 years as described in detail in Chapter 1.
Based on the expected mine inflow during the construction phase of the
mine and mill facilities, only minor localized dewatering of the main
aquifer will occur. The rate of drawdown and extent of dewatering which
will occur may vary depending upon the actual inflow to the mine as it
is being constructed. Hydrologic evaluations of the potential reduction
of the potentiometric surface of the ground water indicate that the
effects will not be detrimental to the hydrologic regime (Appendix 4.1A;

Prickett & Associates, 1984).

4.1.3.1 Ground Water Hydraulics

The ground water at the site exists in the glacial deposits
overlying the bedrock. The saturated portion of the glacial deposits is
defined as the main aquifer. Glacial deposits in the aquifer consist of
stratified drift, till and outwash. Ground water movement occurs
primarily in the stratified drift because of its relatively higher
permeability when compared to other glacial units. The stratified drift
is overlain by saturated and unsaturated till in most areas within the
site.

Changes in the potentiometric surface and drawdown due to
proposed hydrologic actions were determined using the finite element

computer model described in Appendix 4.1A. The model was developed
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using site geologic and hydrologic data and it was calibrated to reflect
the existing potentiometric surface and hydrologic mass balance.

Based on the expected buildup of mine inflow as described in
the High Capacity Well Approval Application for the mine ground water
inflow control and drainage systems, only minor ground water declines
are expected during the construction period. These declines will only
be a few feet and are not expected to cause any adverse ground water
effects. Appendix 4.1A describes the modeling conditions and reduced
ground water impacts for the current Project plan compared to the
previous Project design for which most of the ground water modeling
study work was completed.

Based on the previous Project plan, ground water impacts would
have been evident during the construction period as mine inflow buildup
occurred; however, with the current design the mine inflow will not
exceed approximately 0.013 m3/s (200 gallons per minute) throughout
the construction phase and will not begin to increase appreciably until
Project Year 5. This slow mine inflow buildup will delay all the
impacts previously expected by Project Year 3 until after Project
Year 5, well into the operation phase. Therefore, except for some minor
declines of approximately a few feet in the mine area, the
preconstruction potentiometric surface for the main aquifer shown on
Figure 4.1-2 is expected to remain nearly the same throughout the
Project construction phase. The discussion of ground water impacts

during the operation phase is presented in subsection 4.2.3.
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4.1.3.2 Ground Water Quality

Mine refuse disposal facility (MRDF) construction and
operation, the only construction phase activity that could potentially
affect ground water quality, will be permitted and constructed in
accordance with applicable state and local regulations. The MWDF will
not be in operation during the construction phase. Mine/mill and MWDF
construction phase activities will not cause hydrologic actions which
affect ground water quality.

Based on the minor ground water inflows expected, no water

quality changes are expected due to changed flow conditions.

4.1.3.3 Local Ground Water Use

During the mine construction period no adverse effects are

expected to the use of local ground water.
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b.1.4 Surface Water

Ground water contribution to a surface water body (i.e.,
streams, water table wetlands and spring lakes) is termed base flow,
while the total flow of a stream includes ground water discharge and
surface water runoff.

The small quantity of mine dewatering during construction
(<0.013 m3/s [<200 gallons per minute]) will lower the potentiometric
surface a few feet in the main aquifer in the area of the mine; however,
this will not cause any discernible reduction in the amount of ground
water discharge, or base flow, into the streams, springs, lakes and

related wetlands lakes that border the site area.

4,1.4.1 Wetlands

Although impacts to wetlands assoclated with the mine
dewatering activities, primarily the impacts associated with changes to
the potentiometric surface, are expected to be insignificant, there may
be impacts associated with surface activities such as construction of
the MWDF, access road, railroad spur and water discharge pipeline.

An analysis of impacts to perched wetlands during phases 1-5
of the MWDF development was completed by IEP, Inc. (1982) for the
earlier MWDF design. Reanalysis of impacts during these five
developmental phases was not performed for the current MWDF design
because the analysis for the earlier MWDF design is considered
representative for the downsized proposed facility. Also, the changes
in wetland water balances reported by IEP, Inc. (1982) during the five
MWDF construction phases were minor and indicated no hydrologic impacts

to wetlands during these periods.
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4o1.4.2 Surface Water Quality

Construction activities have the potential to cause soil
erosion and generate sediments which could reach streams and wetlands
and affect water quality. To minimize this, the Project erosion control
plan presented in the Mining Permit Application will be followed during
construction and operation to minimize erosion potential and prevent any
discernible increase in silt loading on site area streams and lakes.
Large exposed surface areas such as the mine/mill site will have surface
water runoff patterns to drainage basins located on the periphery of the
facility. Other surface areas (i.e., access road, railroad) will have
surface water drainage patterns through filter fabric (i.e.,
approximately 99 percent effective), which will ensure removal of
residual sediment loadings. Areas where these and other erosion control
procedures and facilities will be used are described in the Mining
Permit Application. Proper design and timely placement of these erosion
control facilities should prevent any discernible increase in sediment

loading to site area waters,

4.1.4.3 Surface Water Use

There are no known consumptive users of surface water within
the Project site area, and no effects on surface water are expected

during the construction period.
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4.1.5 Aquatic Ecology

4eol.5.1 Aquatic Habitats ‘

The greatest potential for impacts on the aquatic environment

surrounding the mine/mill complex will occur during the construction
phase, particularly those periods associated with clearing the site and
constructing the access road and railroad spur. Erosion and
sedimentation are the primary concerns during construction. Erosion and
subsequent sedimentation can impair water quality and in some instances

adversely affect aquatic organisms.

4415611 Streams

The mine/mill site and the MWDF are situated far enough from
Swamp Creek and the other streams in the area that impacts associated
with omsite construction (i.e., erosion and subsequent sedimentation)

will be negligible. Potential impacts to wetland areas adjacent to the

mine/mill site and the MWDF site are discussed in subsection 4.l .4.
However, impacts to Swamp Creek are possible as a result of

sedimentation associated with the following activities:

1) Laying the water discharge pipeline from the mine/mill
site to Swamp Creek and installing the discharge structure
adjacent to Swamp Creek;

2) Building the access road from State Highway 55 to the
mine/mill site; and

3) Building the railroad spur from the existing Soo Line
Railroad to the mine/mill site.
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Based on current construction plans, pipeline and discharge
structure installation should cause negligible impacts to the
environment. The width of the right-of-way (15m [50 feet]) and the
amount of land that will have to be disturbed (14 ha [35 acres]) to lay
the 356-mm (l4-inch) pipe are relatively small. Morever, the discharge
structure will be on the stream bank so disturbance of the stream bed
will not be necessary. Some disturbance and local turbidity will occur
when the riprap is added to the stream bank at the point of discharge.
This disturbance and turbidity will be localized and temporary.

Construction of the access road from State Highway 55 to the
site will include building a bridge across Swamp Creek. A potential for
sedimentation exists during construction, especially in the immediate
vicinity of the bridge crossing. Given the erosion and sedimentation
control measures described in Chapter 1, subsection 1.3.1.3, impacts
from this construction activity should be minimal. Furthermore, the
possibility of local impacts occurring at the bridge crossing will be
reduced because the bridge will completely span the stream and the
stream bed will not be disturbed.

Construction of the railroad spur and its bridge over Swamp
Creek from the existing Soo Line tracks to the mine/mill site will
create the same potential problems that were discussed above with regard
to the access road. Again, runoff and erosion control measures will be
implemented as described in Chapter 1, subsection 1.3.1.9, to minimize

any impacts on aquatic habitat in Swamp Creek.
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4'1.5.1.2 Lakes

Construction of the Project will not involve direct physical ‘

impact to lakes. With the exception of the water discharge pipeline,
none of the Project facilities will be constructed within 305 m (1,000
feet) of lakes. As discussed in subsection 4.,1.4, the effect of reduced
ground water discharge on site area discharge lakes will be negligible
during the construction period. Therefore, any changes in lake levels
attributed to Project construction are expected to have no discernible

effect on aquatic habitats.

4,1.,5.2 Aquatic Biota

4,1.5.2.1 Fish
In evaluating the potential for impacts, it is important to

determine the inherent sensitivity of the community potentially

affected. A total of 34 species of fish have been identified from Swamp ‘
Creek (Wisconsin DNR, 1974; Ecological Analysts, Inc., 1983; EA Science
and Technology, 1984a; Chapter 2, Section 2.5). Based on life history
data, 7 of these species were rated as sensitive to sedimentation/
turbidity, 11 as non-sensitive, and 14 as intermediate (Table 4.1-2).
Sensitive species were generally those that require clear water (i.e.,
low turbidity) and clean substrates (i.e., little sedimentation).
Intermediate species were generally those that require clear water or
clean substrates, but not necessarily both. Northern pike, yellow
perch, and black crappie are examples of such species. Non—sensitive
species generally are not limited by water clarity or substrate type.
With the exception of the hornyhead chub, all the sensitive species

listed in Table 4.1-2 are uncommon or not present in Swamp Creek
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TABLE 4.1-2

SENSITIVITIES OF SWAMP CREEK FISHES TO TURBIDLITY AND SEDIMENTATION
RANKINGS BASED ON LIFE HISTORY DATA FROM TRAUTMAN (1957);
SCOTT AND CROSSMAN (1973); CLAY (1975); AND PFLEIGER (1975)

COMMON NAME SCIENTIFIC NAME SENSITIVITY*
Brook trout Salvelinus fontinalis S
Brown trout Salmo trutta S
Largescale stoneroller Campostoma oligolepis S
Blacknose dace Rhinichthys atratulus S
Longnose dace Rhinichthys cataractae 5
Pearl dace Semotilus margarita 1
Creek chub Semotilus atromaculatus NS
Hornyhead chub Nocomis biguttatus S
Fathead minnow Pimephales promelas NS
Bluntnose minnow Pimephales notatus NS
N. Redbelly dace Phoxinus eos S
Golden shiner Notemigonus crysoleucas NS
Brassy minnow Hybognathus hankinsoni NS
Common shiner Notropis cornutus 1
Blackchin shiner Notropis heterodon 1
Blacknose shiner Notropis heterolepis S
White sucker Catostomus commersoni NS
Shorthead redhorse Moxostoma macrolepidotum I
N. hogsucker Hypentilium nigricans S
Central mudminnow Umbra limi NS
Northern pike Esox lucius I
Brook stickleback Culaea inconstans I
Black bullhead Ictalurus melas NS
Yellow bullhead Ictalurus natalis NS
Tadpole madtom Noturus gyrinus NS
Yellow perch Perca flavescens I
Iowa darter Etheostoma exile 1
Johnny darter Etheostoma nigrum NS
Rock bass Ambloplites rupestris I
Largemouth bass Micropterus salmoides I
Bluegill Lepomis macrochirus I
Pumpkinseed Lepomis gibbosus I
Black crappie Poxomis nigromaculatus I
Mottled sculpin Cottus bairdi I

*S

Sensitive, defined as highly susceptible; would be extirpated

under continuous turbid conditions or if sedimentation was

severe.

1 = Intermediate; can withstand periodic high turbidities and some

sedimentation.

NS = Not sensitive; unlikely to be affected adversely except in the most

severely polluted conditions.



downstream of Rice Lake, suggesting that habitats suitable to those
sensitive species are lacking in the lower half of Swamp Creek. These
sensitive species are also rare to locally common in Swamp Creek
upstream of Rice Lake, suggesting that habitat is a limiting factor in
the upper reaches of Swamp Creek.

Stream fishes are all adapted to periods of high turbidity
(Muncy et al., 1979). For example, most streams become moderately to
highly turbid during periods of heavy surface water runoff (i.e., during
storm events, following snowmelt), and during such periods, fish rely on
their other senses to find food. Furthermore, sight-feeding fish may
switch to alternative prey items during periods of high turbidity
(Swensen, 1978). Similarly, sight feeders can feed in turbid
conditions, although their efficiency is reduced (Vinyard and 0'Brien,
1976; Gardner, 1981). It is only when turbidity is severe or prolonged
that fishes in general, and sight feeders in particular, are adversely
affected.

Because Swamp Creek is dominated (25 of 34 species) by species
that are non-sensitive or intermediate in sensitivity to turbidity and
sedimentation, the likelihood of these factors causing a major impact to
the overall fish community in Swamp Creek is small,

The techniques for constructing the access road and railroad
spur bridge crossings over Swamp Creek (see Chapter 1, subsections
1.3.1.3 and 1.3.1.9) will limit erosion and resulting runoff of
sediments to the creek. These erosion and sedimentation control

measures will ensure that any changes in stream turbidity attributed to
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construction activities will be localized and temporary. Therefore,

there should be no impacts to the fish populations in Swamp Creek.

4.1.5.2.2 Macroinvertebrates

Increased sedimentation can affect the macroinvertebrate fauna
of a stream. Heavy sediment deposition can physically bury benthic
organisms and also alter the habitats present in streams. Where this
occurs, community structure changes from species that prefer gravel
substrates to species tolerant of unconsolidated fine-grained sediments.
Construction of the access road and railroad spur bridges and the
proposed discharge into Swamp Creek are expected to increase
sedimentation rates only slightly and, therefore, not alter the benthic
community. Organisms that prefer depositional habitats are dominant in
Swamp Creek downstream of Rice Lake (Ecological Analysts, Inc., 1983; EA
Science and Technology, 1984a) and should not be affected by a small
increase in sedimentation from the proposed discharge or from the
various on-site and ancillary construction activities. Rheophilic
(riffle) organisms, which are likely to be affected most by increased
sedimentation, are scarce in the gravel substrates in this segment of
Swamp Creek and, therefore, are not likely to be affected by the
proposed discharge. Furthermore, gravel habitats, which are uncommon
in Swamp Creek downstream of Rice Lake, are dominated by organisms which
were also abundant in the sand and silt substrates (Ecological Analysts,
Inc., 1983; EA Science and Technology, 1984a).

In the swifter upper portions of Swamp Creek, more reophilic,

sensitive macroinvertebrate taxa are present. However, populations of
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such taxa should not be affected because temporary local disruptions or
displacements will be compensated by recolonization via drifting
organisms. Impacts should be further minimized because the railroad
will cross the stream where currents are relatively slow and fine
sediments predominate, and few rheophilic taxa would be expected. The
access road bridge, though located in a section of the stream with a
higher velocity, is at the downstream end of this section. Thus most
sediments that are displaced would not be deposited in the riffle

portions of Swamp Creek.

4.1.5.2.3 Plankton

Phytoplankton and zooplankton populations are comprised of
species which are largely transported with water movement., They also
have very short life cycles, rapid reproductive stages, and spore forms
which are highly resistant to environmental stresses. As a result,
although individuals of the plankton populations may be adversely
affected by the temporary increase in water turbidity or sedimentation,
there will be no large effect on the plankton populations. There will
also be no effect on the organisms utilizing the plankton as energy
(food) sources. Therefore, no significant changes are expected to occur

in the phytoplankton and zooplankton populations.

4150244 Periphyton and Aquatic Macrophytes

Periphyton and aquatic macrophyte species are sessile (i.e,
attached, rooted) organisms. The temporary increase in water turbidity

and sedimentation will affect the periphyton and aquatic macrophyte
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individuals immediately downstream of the construction activity.
Photosynthetic activity will be reduced and some individual plants may
be eliminated. However, all of these effects will be temporary and
water clarity and substrate type will be essentially unchanged after
completion of construction. As a result, photosynthetic activity and
recolonization of available substrates will readily occur and there will
be no long-term effect on the periphyton and aquatic macrophyte
populations. No changes in community structure are expected.

Therefore, there will be no effect on the organisms utilizing these

species for habitat or as food sources.

4.1.5.3 Endangered and Threatened Species

Algal-leaved pondweed, Potamogeton confervoides, the only

aquatic endangered or threatened species observed in the site area is
listed as a threatened aquatic plant in the State of Wisconsin. The
plant was identified from samples collected at Duck Lake. Because the
Project will not affect the water quality of Duck Lake, there should be

no adverse impact on P. confervoides and, therefore, no adverse impacts

on aquatic endangered or threatened species are expected from Project

construction.
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4,1.6 Terrestrial Ecology

The most obvious impact of the proposed Project to the local
terrestrial ecosystem resources will be the clearing of vegetation
during construction activities and the resultant loss of habitat.
However, the habitats to be disturbed are common in the region and the
nature of this impact will be similar to that associated with the large
clearcuts which are a common forestry practice in the region. The
projected impacts to vegetation, wildlife, and endangered or threatened

species are discussed below.

4,1,6,.1 Vegetation

4.1.6.1.1 Upland Communities

Over the 36-year life of the Project, site preparation,
facilities construction and reclamation will require the clearing of
vegetation from approximately 298 ha (735 acres) of land. This loss of
vegetation will be reversible since the disturbed areas will be
reclaimed during operation and closure phases of the Project. Clearing
and reclamation will be conducted in several phases so that the entire
area is not disturbed in any one year (Section 1.3, Table 1.3-1).

Approximately 90 percent of the proposed disturbed area
consists of northern hardwood and aspen-birch forest (Table 4.1-3).

This community type is the most common in the environmental study area
and surrounding region (see Chapter 2, subsection 2.6.3). A recent
forest inventory indicated that the forest land to be disturbed consists
primarily of medium or well-stocked poletimber. The total volume of all

merchantable timber within the areas to be disturbed was estimated to be
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12,677 cords of pulpwood and 798,707 board feet of sawtimber. The 1982
market value of this merchantable timber was estimated to be $127,080
(Steigerwaldt, 1982). The value of this timber will be recovered
through sales during clearing operations. The estimates of merchantable
timber were based on a wider corridor width for the access road, haul
road/tailings transport pipeline corridor and railroad spur, and a
larger mine/mill site and MWDF area than what are currently proposed;
therefore, the volume and value estimates are higher by approximately 25
percent than what is actually expected to be disturbed.

Fugitive dust and air emissions from construction activities
will have minimal effects on vegetation. Dust will be created by site
clearing, grading, vehicular traffic and the action of wind on exposed
soils. Implemention of dust control measures will substantially reduce
the quantity of dust from the construction activities. These dust
control measures include paving several site roads, watering unpaved
roads and excavation sites, and planting vegetation to stabilize exposed
soils (see Chapter 1, subsection 1.3.5 and the Reclamation Plan for
further details). The effects of dust on vegetation adjacent to the
construction areas are expected to be minimal and similar in nature to
those currently occurring adjacent to unpavéd roads throughout the
region.

Estimated emission rates of particulates, SO0 and NOyx from
the proposed Project are given in subsection 4.1.1 and the December 1985
Air Permit Application. These estimated emission rates reflect a
conservative meteorological data base, and initial assumptions which

were used for the air quality modeling (see the December 1985 Air
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Permit Application). However, the air quality parameter concentrations
predicted are still well below the ambient air quality standards (see
Chapter 1, subsection 1.3.5 and the December 1985 Air Permit
Application. The concentrations predicted are also less than any
reported to cause damage to vegetation (U.S. EPA, 1982a,b,c). The

mitigative measures to control air emissions are presented in Chapter 1,

subsection 1.3.5.

4,1.6.1.2 Wetland Communities

An assessment of the wetlands within and adjacent to the
Project site was conducted in accordance with Wisconsin Administrative
Code NR 132.06(4) (NAI and IEP, Inc., 1982; IEP, Inc., 1982, 1983). The
primary objective of this assessment was to map these wetlands, evaluate
and compare their functions, and relate these data to Project siting
activities. These data were also to be utilized to determine
environmental consequences of proposed Project activities. The study
area included the wetlands located within the Project boundary and those
outside the boundary which were sufficiently close to be potentially
affected.

Of 158 wetlands that were mapped, inventoried, and evaluated
in the wetland study area, 30 will be affected through partial or total
reduction in size during construction of the MWDF, reclaim pond, access
road, railroad spur, haul road/tailings transport pipeline, and water
discharge pipeline. No wetlands will be affected during construction of
the mine/mill site and MRDF.

Figure 4.1-3 illustrates the relationship of potentially

affected wetlands to the proposed Project facilities. The locations of
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alternative facilities are also shown on Figure 4.1-3. Figures 4.1-4
through 4.1-11 present more specifically the relationship of these
wetlands to proposed facilities and the alternatives evaluated.

The reductions in wetland acreage will not occur
simultaneously; removal will occur in the first four of five different
construction phases over a 23~year period. These phases are described
in Chapter 1, Section 1.3. To facilitate impact analysis and
presentation of material, however, these phases were treated
collectively. The correlation between construction dates for the above
Project facilities and the phases is shown in Table 4.1-4.

The 30 affected wetlands include 7 deciduous swamps, 12
coniferous swamps, 3 shrub swamps, 4 bogs, and 4 shallow marshes.

Impacts to wetland vegetative communities were assessed on the
basis of the scores that were assigned to each of the 30 wetlands in the
Biological Function Model (the model) presented as part of the Wetlands
Assessment Reports (NAI and IEP, Inc., 1982; IEP, Inc., 1982, 1983) and
the amount of acreage that will be affected. This model utilized a
semi—~quantitative approach based on physical and biological factors
(elements) which govern biological function. Each element, and the
conditions under which they occur, were assigned numerical values based
on their importance in the model. Although the numerical range of the
model is 29-158 and the mean is 93, the actual range of scores for the
158 study area wetlands was 44~131 and the mean was 78.7. Wetlands with
model scores higher than the actual mean were considered to be more
important in biological function than other wetlands in the study area.

Therefore, in this evaluation the relative impact of the Project on
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wetlands is considered greater to a higher scoring wetland when compared
to another wetland with a lower model score. The major elements which
contributed most to the high model scores of some wetlands were: (1)
being dominated by one of the high scoring wetland types, (2) having a
large amount of edge (interspersion) because of the presence of a
variety of wetland types, (3) favorable water/cover ratio, (4) having
favorable surrounding habitat conditions, (5) having a high percentage
bordering open water, and (6) being of large size (Table 4.1-5). These
and other elements in the model are fully discussed in the Wetlands
Assessment Report, Appendices C and E (NAI and IEP, Inc., 1982).

Sedge/Blue—~Joint Grass Shallow Marsh ~ Of 60 ha (148 acres) of

shallow marsh in the 4,735~ha (11,700-acre) wetlands study area, 0.49 ha
(1.21 acres) will be disturbed and/or removed during construction (Table
4,1-6). Four marshes will be affected by Project activities, F81, R3,
Z20, and Z25.

Wetland F81 scored considerably lower than the actual mean
because of the element conditions for biological function (Table 4.1-5).
One of the major contributing factors for the low biological function
score was the small size of this wetland (0.14 ha [0.35 acre]).
Although all 0.14 ha (0.35 acre) of wetland F81 will be removed during
construction of the reclaim pond (Figure 4.1-8), the effect will be
minor because of its low biological function score which indicated low
importance in the study area and regional contexts.

Only a small area of wetlands, K3, 220, and Z25, will be

affected during construction. The disturbance to these wetlands will be
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TABLE 4.1-5

SUMMARY OF MAJOR ELEMENTS USED TO DESCRIBE AND EVALUATE

THE BIOLOGICAL FUNCTION OF WETLANDS

MAJOR ELEMENTS

DOMINANT  AMOUNT SURROUND ING
WETLAND  WETLAND OF WATER/COVER HABI TAT % BORDERING
NO. TYPE* EDGE RATIO VARIABILITY  OPEN WATER SIZE
Access Road Corridor
Wi CS Med Low Med Med l.arge
w CS Med Low Med Med Large
6 CS Med Low High Low Large
zZl DS Low Low High Med Med
29 CsS Med Low Med Med Large
Railroad Spur Corridor
R3 SM Med Low Med Med Large
1§ B Low Low High Low Med
12 B High Low High Low Med
T4 CS High Low High Med Large
15 CS High Low Med Low Med
Water Discharge Pipeline
20 M High Low Med Low Large
23 CS Med Low Med Low Large
725 M Med High High Med Large
728 B High High High Low Large
730 CsS High High Med Low Large
31 SS Med High Med High Large
Haul Road/Tailings Transport Pipeline
F11 cs Low Low Med Low Large
Reclaim Pond/MWDF
F15 DS High Low Med Low Large
F25 DS Med Low Med Low Med
F27 DS Med Low Med Low Med
F29 SS High Low Med Low Med
F30 DS Low Low Med Low Small
F31 DS Med Low Med Low Large
F32 DS Low Low Med Low Small
Fé63 Cs Med Low Med Low Large
Fé64 B Low Low Med Low Large
F66 () High Low Med Low Large
F65 SS Med High Med Low Large
F81 SM Low High Med Low Smal |
M3 DS Med Low Med Low Med

*Wetland type abbreviations are defined in Table 4.,1-4,
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temporary and will have no long-term effect on the biological function
of the wetlands.

Alder Shrub Swamp ~ Three shrub swamps (F29, F65 and Z31) will

be affected during Project construction. Of the 59 ha (146 acres) of
shrub swamp occurring in the wetland study area, 3.84 ha (9.48 acres)
will be removed during Project construction (Table 4.1-6). Shrub swamps
are one of the three most abundant types in the region. In this
context, the loss of the biological function associated with these
wetlands 1s considered minor.

Wetland 231 scored above the model mean and will have 0.23 ha
(0.57 acre) altered during coﬁstruction of the water discharge pipeline,
which will be only a short-~term alteration.

Green Ash/Aspen Deciduous Swamp ~ Seven deciduous swamps,

wetlands F15, F25, F27, F30, F32, M3, and Z7, will be affected during
Project construction. Of the 59 ha (146 acres) of deciduous swamps in
the wetland study area, 2.65 ha (6.55 acres) will be removed (Table
4.1-6); deciduous swamp is one of the three most common wetland
communities in the region, therefore the impacts are considered minor.

Black Spruce/Tamarack Coniferous Swamp —~ Of 383 ha (946 acres)

of coniferous swamps in the wetland study area, 13.92 ha (34.37 acres)
will be directly affected during construction activities (Table 4.1-6).
Of all the wetland community types occurring in the region, coniferous
swamp 1s the most common. The coniferous swamps that will be affected
include the following: F11, F31, F63, F66, T4, T5, W1, W2, Z6, Z9, Z23,

and Z30.
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Wetland T4, Z6, W1 and W2 were distinguishable from other
wetlands in the regional context with respect to their biological
function value. Although this loss of coniferous swamp will have an
effect on the biological function of these wetlands, the magnitude of
the effect will be minor in the regional context in view of the common
occurrence of this type.

Wetlands F66, Z9, Z23 and Z30 scored on or somewhat above the
model mean, which distinguished their biological function from those of
other wetlands in the region. All of wetland F66 (6.56 ha [16.20
acres]) will be removed during construction of tailing pond T4 (Figure
4,1-8). The biological function value of this wetland will be totally
eliminated; however, the magnitude of this consequence in the regional
context will be minor because of the common occurrence of coniferous
swamp wetlands. The access road will remove 0.10 ha (0.25 acre) of 79
(4.20 ha [10.4 acres]) and the water discharge pipeline (Figure 4.1-5)
will affect 1.11 ha (2.75 acres) out of 42.98 ha (106.1 acres) of Z23
and 0.72 ha (1.78 acres) of Z30, a very large wetland (117.72+ ha
[290.90+ acres]). The effects of these losses on biological functions
will be minimal because of the small acreages disturbed compared to the
sizes of these wetlands.

Wetlands F31 and F63 scored below the model mean but above the
actual mean, distinguishing them from other wetlands in the study area
but not in the regional context. During construction of the reclaim
pond and tailing pond T1, all of wetland F31 will be eliminated (Figure

4.,1-8). Approximately 65 percent of F63 will be eliminated during
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construction of tailing pond T4. The magnitude of this reduction in

biological function will be minor in the regional context in view of the ‘

commonness of this type of wetland.

Wetlands F11 and T5 scored below the actual mean, indicating
that they were not above average in biological function compared to
other wetlands in the study area. The area of Fll that will be removed
during construction of the haul road/tailings transport pipeline (Figure
4.1~4) is small compared to the size of the wetland and the
environmental consequences will be minimal.

Leatherleaf Bog — Four bogs (wetlands F64, Tl, T2 and Z28)

will be affected during construction of the Project (Table 4.1-4). Of
129.6 ha (320 acres) of bogs in the wetland study area, 2.75 ha (6.83
acres) will be affected during construction activities (Table 4.1-6).

As a community, the bog is one of the least common wetland types in the

region; however the only bog with a rating more significantly above the
mean was Z28 and only a small portion of this large wetland will
temporarily alter by construction of the water discharge pipeline.

Summary of Wetland Acreages Affected During Construction ~ Of

60 ha (148 acres) of shallow marsh in the wetland study area, 0.49 ha
(1.21 acres) will be removed or altered, affecting four wetlands. Three
shrub swamps will be affected, and of the 59 ha (146 acres) of shrub
swamp in the wetland‘study area 3.92 ha (9.68 acres) will be removed or
altered. Of the 59 ha (146 acres) of deciduous swamps in the wetland
study area, 2.65 ha (6.55 acres) will be altered or removed, affecting a
total of seven wetlands. In the coniferous swamp community 13.92 ha

(34.37 acres) will be altered or removed from the 383 ha (946 acres) in
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the wetland study area, affecting 12 swamps. Four bogs will be
affected, and of 129.6 ha (320 acres) of bog community in the wetland
study area, 2.75 ha (6.83 acres) will be removed or altered.

Mitigation — Mitigation procedures and actions will protect
the biological function values of wetlands up-gradient and down—-gradient
from construction zones. During construction activities, temporary
retaining berms will be used to contain runoff water and prevent
disruption of wetland hydrology. Where wetlands must be crossed,
standard construction practices within wetlands will be followed
(Chapter 1, Section 1.3). The stream banks at bridge crossings will be
protected, e.g., by sheet piling and rip-rap, to prevent erosion and
surface water runoff. Surface water drainage with the potential for
high suspended solids content will be directed through retention ponds,
which will allow settling of the suspended solids before entering the
wetlands. Bales of hay and filter fabric will be used as needed to
control soil erosion and reduce sedimentation in localized areas.
Erosion and surface water runoff will also be controlled by topsoil
application and reseeding to reduce the exposure of bare ground.
Specific techniques for erosion control are presented in the Reclamation
Plan., Landscape plantings will be established around major surface
facilities as they are completed. Contaminated surface water runoff

will be treated prior to being discharged.

4.1.6.2 Wildlife

Observations during the inventory of existing conditions in

upland and wetland communities indicated that the majority of wildlife
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species inhabiting the study area used both of these communities as
habitat (Section 2.6; NAI and IEP, Inc., 1982). The wildlife
composition of wetland communities reflected the degree of interspersion
of wetland and upland habitats rather than the specific characteristics
of a wetland community. Changes in wildlife carrying capacities will
result from losses of both upland and wetland habitat during Project
construction. The effects on wildlife were assessed using
representative species as indicators of change in carrying capacity.

Carrying capacity is defined as the number of animals of a
given species that a habitat will support, as determined by observations
over a period of years. The carrying capacity of various habitat types
is not constant and will change on a short—term or long—term basis.
Fluctuations in weather, habitat alteration or destruction, and plant
succession are environmental factors that could cause changes in the
carrying capacity for a given species.

Five representative indicator species were selected: the

southern red-backed vole (Clethrionomys gapperi) and white—tailed deer

(0docoileus virginianus) were chosen as representative mammals; the

veery (Catharus fuscescens) and ruffed grouse (Bonasa umbellus) as

representative birds; and the wood frog (Rana sylvatica) as a

representative herptile. Both the general ecological literature and
site~specific reports (Section 2.6; NAI and IEP, Inc., 1982) were
reviewed before the indicator species were selected. 1In addition, game
and nongame status was considered so that the consequences of the

proposed Project on recreational values of wildlife could be evaluated.
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4.,1.6.2.1 Mammals

Southern Red-backed Vole — The southern red-backed vole was

captured in the northern hardwood communities and was the only species
trapped during the 1981 wetlands assessment in all four wooded wetland
types (deciduous swamp, coniferous swamp, shrub swamp, and bog) in the
study area (Section 2.6; NAI and IEP, Inc., 1982). This species prefers
wet and mesic habitats (Merritt, 1981) such as occur in the above four
wetland types.

The literature on density estimates for this species
throughout North America was summarized by Terman (1966). Two studies
from the Midwest were reported; in Minnesota, densities ranged from O to
4,56 voles/ha (0 to 11.3 per acre), and in Michigan they ranged from
0.20 to 1.81 voles/ha (0.50 to 4.50 per acre). Population estimates in
the wetland study area were calculated only for the coniferous swamp
type. The density in this wetland type was 0.68 voles/ha (1.7 per acre)
(NAI and IEP, Inc., 1982). According to Merritt and Merritt (1978), the
average home range for this species varies from 0.009 to 0.50 ha (0.02
to 1.24 acres).

The average density of 0.68 voles/ha (1.70 per acre) found in
the wetland study area was used to assess the impact of habitat losses
on this species. This figure is probably a low estimate for these
wetland types but is a reasonable average for the overall acreage that
will be affected during construction.

The potential effect of habitat loss on the carrying capacity
of southern red-backed voles is shown in Table 4.1-7. A loss of

approximately 1,250 voles could occur; however, this loss is considered
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minor in the site area and regional contexts because of the wide
distribution of this species. Southern red-backed voles occupy a
primary and secondary consumer level and hence its absence could affect
species higher in the food web. Because there are other small mammals
available as "buffer" prey which are not highly associated with wetland
habitats, such as deer mice and white—footed mice, the loss of voles
will be negligible.

The data in Table 4.,1-7 indicate cumulative losses associated
with all construction activities and do not account for replacement
habitat that will be provided in areas reclaimed during the construction
and operation phases. When the reclaimed land areas are taken into
consideration, losses at any given time will be less than the cumulative
totals presented in Table 4.1-7.

White~tailed Deer — Deer density was estimated in the Project

area during the spring and autumn of 1977 (Section 2.6). The trail
count method of McCaffrey (1976) provided a pre~hunting season estimate
of 6.9 deer per 259 ha (1 square mile). This figure was approximately
one—~half of the overwinter management goal of 15 deer per 259 ha of deer
range proposed by the DNR for that region (Johnson, 1981). Deer
densities in northern Wisconsin were, however, increasing in the late
1970's following a series of mild winters. More recent estimates based
on the sex—age—kill method from the 1981 hunting season indicated a high
density of approximately 19 deer per 259 ha of deer range in Management
Unit 44 which encompasses the site area (Eckstein, 1982).

For assessing the reduction in carrying capacity and its

effect on white~tailed deer, the overwinter estimate of 19 deer per 259
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ha (1 square mile) for 1981, as determined by the DNR, was utilized.
This figure, although unusually high, projects a total decrease of
approximately 22 deer because of loss of habitat during Project
construction activities (Table 4.1-7). This decrease represents
approximately 3 percent of the total deer harvested from Management Unit
44 in 1981. The potential effect of the Project in a more typical year

in terms of total deer lost would be less.

4.1.6.2.2 Birds

Veery ~ The veery was recorded in upland communities
(aspen/birch, northern hardwoods, young aspen) in 1978 and in each of
the wooded wetland types on the site during the 1981 surveys. Preferred
habitat is damp deciduous woods (Peterson, 1980), swamps, bogs, brushy
areas, and deciduous woods (Barter et al., 1975).

The veery is a summer resident throughout Wisconsin (Barter et
al., 1975). Mean density estimates for this species in May 1981 in the
wetland study area ranged from 2.3/40.5 ha (100 acres) (coniferous
swamp) to 87.1/40.5 ha (shrub swamp). In June the estimates ranged from
10.3/40.5 ha (bog) to 44.9/40.5 (shrub swamp) (NAI and IEP, Inc., 1982).
Average densities of 16/40.5 ha and 11/40.5 ha were recorded on two
different transects during June 1978 in a mixture of both upland and
wetland habitats in the wetland study area (Section 2.6, Table 2.6-20).

For comparison to the site—specific data given above, Aune
(1978, 1979, 1980, 1981) reported breeding densities of veerys
consistently between 10 and 12 singing males per 40.5 ha (100 acres)

(total 20 to 24 birds/40.5 ha) in a mixed wetland area of Waukesha
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County, Wisconsin. His study area included tamarack and aspen groves,
shrub community, and wet meadow.

For assessing the loss of carrying capacity for this species,
a mean density of 22 birds/40.5 ha (100 acres) was assumed (average of
June 1981 wetland surveys). This figure compares favorably with Aune's
(1978, 1979, 1980, 1981) breeding estimates for veerys in southeastern
Wisconsin. Using this estimate, the loss of carrying capacity for
veerys on the site area will be approximately 162 birds (Table 4.1-7).,
Because this species is common throughout northern Wisconsin, this loss
will be negligible.

Ruffed Grouse — Drumming counts of ruffed grouse on the site

area in the spring of 1978 indicated an average of 1.4 males/40.5 ha
(100 acres) (total 2.8 grouse/40.5 ha ) (Chapter 2, Section 2.6).
Kubisiak et al. (1980) reported that grouse densities between 1968 and
1977 in the Stone Lake Experimental Area, Oneida County, varied from a
low of 0.5 drumming males/40.5 ha to a high of 1.8/40.5 ha, with a mean
of 1.0/40.5 ha:

For assessing the effect on carrying capacity for this
species, the average density reported by Kubisiak et al. (1980) of 1.0
drumming male/40.5 ha (100 acres) (total 2.0 grouse/40.5 ha) was used.
Based on this population density, an estimated decrease of approximately
15 grouse will occur because of habitat reduction (Table 4.1-7). This
reduction in grouse carrying capacity will be minor and the effect on

recreational hunting is considered negligible.
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4,1,6.2.3 Amphibians and Reptiles ‘

Wood Frog — In the 1981 surveys conducted in the wetland study
area, wood frogs were common in all major wetland types except
coniferous swamp and marsh (NAI and IEP, Inc., 1982). This species was
abundant near open water in spring, and was frequently seen in upland
habitats in summer in the site area (Chapter 2, Section 2.6).

For estimating the loss of carrying capacity for wood frogs, a
population density of 20.2 frogs/ha (50 per acre) was assumed based on
the minimum home range size as reported by Bellis (1961). This figure
is considered conservative because there is no evidence that wood frogs
are territorial. More site~specific estimates of wood frog densities
are not available.

Project construction will result iﬁ a reduction of the site

area's carrying capacity for wood frogs (Table 4.1-7). This should not,

however, be of regional importance.

4,1.6.3 Threatened and Endangered Species

4.1.6.3.1 Mammals
There are no mammalian species listed as threatened by the DNR

and only three as endangered: pine marten (Martes americana), Canada

lynx (Lynx canadensis), and timber wolf (Canis lupis). Only the timber

wolf is federally listed as endangered (Wisconsin DNR, 1979). There is

no evidence of any use of the Project site area by these species

(Chapter 2, subsection 2.6.5.2).

~

4.1.6.3.2 Birds

0f the eight bird species listed as endangered by the DNR,

only the bald eagle (Haliaeetus leucocephalus) and osprey (Pandion
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haliaetus) occur in the wetland study area. The eagle is also listed as
federally threatened. Of the six species listed as threatened by the

DNR only the Cooper's hawk (Accipter cooperii) and red-shouldered hawk

(Buteo lineatus) have been observed in the environmental study area

(Chapter 2, subsection 2.6.5.2).

The location and status of bald eagle and osprey nests near
the Project site area are summarized in Chapter 2, Section 2.6. Both
species are presumed to be using the lakes in the vicinity for preying
upon fish and waterfowl. As the proposed construction activities are
expected to have minimal effect on open water, no major loss of feeding
habitat for either eaglés or ospreys 1is expected.

Project construction activities will result in the loss of
approximately 266 ha (656 acres) of upland, wooded habitat and some
wooded wetlands (Table 4.1-3) utilized by the Cooper's hawk. The
species; diet is chiefly birds and some mammals with its preferred
habitat being "broken woodlands” and “river groves" (Peterson, 1980).
Populations of Cooper's hawks appear to be increasing and the species
has recently been removed from the Audubon Society's "Blue List” of
threatened species (Tate and Tate, 1982). From a regional perspective,
there appears to be no shortage of suitable habitat for this species and

the consequences from Project construction activities should be

minimal.

4,1,6.3.3 Amphibians and Reptiles

The status of threatened and endangered herptiles in the

Project site area is summarized in Chapter 2, subsection 2.6.5.2. There
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are no federally listed endangered or threatened amphibians or reptiles
in the site area. Of the ten species of amphibians listed as either
endangered or threatened by the DNR, only two, wood turtle (Clemmys

insculpta) and Tremblay's salamander (Ambystoma tremblayi), have ranges

and habitat preferences that make their occurrence in the environmental
study area possible. None of the amphibians or reptiles listed by the
DNR as either threatened or endangered have been observed in the Project
area (Chapter 2, subsection 2.6.5.2). Neither the wood turtle nor
Tremblay's salamander have been reported in Forest County (Vogt, 1981).
Because neither of these species has been sighted in the vicinity of the

Project site area, the effects of construction activities should be

inconsequential.
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4.1.7 Cultural Resources

No adverse effects or other impacts on cultural resources will
derive from construction of the mine/mill site, MWDF, MRDF and reclaim pond
sites, or construction in corridors for power transmission, transportation
(haul road, access road and railroad spur), and pipelines (tailings transport
and water discharge). Current Project site management practices foster
enhanced protection for cultural resources identified during the inventories
by prohibiting unauthorized access to areas where sites are located.
Identified archaeological sites eligible for the National Register of Historic
Places are thus protected from vandals. Tables 4.1-8 and 4.1-9 provide the
impact analysis for cultural resources identified and interpreted during
archaeological and historical inventories and evaluations (see Salzer and
Birmingham, 1978; MacDonald and Mack Partnership, 1982; Overstreet and

Brazeau, 1982; Overstreet 1982, 1983).
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4.1.8 Noise

The noise—sensitive areas in the environmental study area have
been described in Section 2.8. Background sound level measurements at
six locations representative of these noise-sensitive areas were
obtained in 1977 during the summer and winter and at an additional four
locations in the winter and summer of 1983. The locations representing
noise-sensitive areas are presented on Figure 4.1-12 and their
approximate distances from the principal construction phase activities
within the Project boundary are listed in Appendix 4.1B.

Construction activity will occur in several phases which
includes: site clearing, grading, and excavation; equipment erection;
facility fabrication; and finish work and landscaping. The following
activities were included in the modeling of the construction phase noise
sources:

1) Mine/mill site (MM1, MM2);

2)  MWDF area (Tl1, T2, T3, T4, T5);

3)  Access road (Al, A2, A3, A4);

4) Railroad spur (R);

5)  Haul road (H);

6) Tailings transport pipeline (H); and

7)  Water discharge structure (W).

The noise source locations used for the modeling are shown on Figure
4,1-12.

Daytime construction noise was based upon the "worst—-case"”

assumption that construction activities will occur simultaneously at the

mine/mill site locations, MWDF area, access road, railroad spur, haul
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road, tailings transport and water discharge pipelines, and the water
discharge structure location. Nighttime construction noise was based
only on the simultaneous construction activity at the mine shaft, and
east and west exhaust raise locations in the mine/mill site, modelled at
Locations MMl and MM2, respectively, but no equipment noise sources from
the MWDF area, access road, railroad spur, haul road, tailings transport
and water discharge pipelines, and the water discharge structure
location (see Figures 4.1-12 and 4.1-14). As shown in Appendix 4.1B,
the estimated noise effect associated with the construction phase
traffic increase on Highway 55 is small and, therefore, has not heen
included in the computer calculations.

Sound power levels for the equipment associated with the
excavation activities are presented in Appendix 4.1B. With these source
sound power levels modelled at the locations on Figure 4.1-12, the
resulting sound pressure levels can be calculated at any receiver
location. The model accounts for hemispherical divergence, atmospheric
losses and attenuation from trees (see Appendix 4.1B). Using the
computer model described in Appendix 4.1B, plots of equi-A-weighted
sound level contours were prepared from these computer calculations (see
Figures 4.1-13, 4.1-14, 4.2-9 and 4.2-10). The computer model allowed
this multiplicity of calculations for a general grid in addition to the

computations at the noise sensitive receiver locatiomns.

4,1.8.1 Construction Phase Noise Impact Assessment

The State of Wisconsin does not have community noise control
regulations or standards. The U.S. EPA has identified a day-night sound

level of 55 dB as requisite to protect public health and welfare with a
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conservative margin of safety (U.S. EPA, 1974). Since sound levels in
most communities in the United States generally exceed this level, the
agency has identified an Lg, of 65 dB as its short-term goal and an
Lqp of 55 dB as its long-term goal.

The A-weighted sound level contours presented on Figures
4.1-13 and 4.1-14 represent results for average conditions. Higher or
lower sound levels could occur depending upon atmospheric conditions,
such as temperature inversions which cause focusing or defocusing. The
extreme fluctuations of sound pressure levels (refractive focusing or
defocusing) predicted by Thompson (1981) (in the order of 10 to 20 dB)
were estimated from measurements at locations in complex terrain with
the presence of mountain tops and air mass drainage effects which are
not present in the site area. Nevertheless, refractive focusing (or
defocusing) may occur, but the magnitude of any increase or decrease in
sound levels will be less than 20 dB because of the filtering
(attenuation) effect of the forest (Roth, 1983).

The total "worst-case” sound level contribution from
construction phase activity at the noise sensitive locations is shown in
Table 4.1-10. Background and construction activity sound levels and the
change from the background sound levels are also included in this table.
Computed background sound levels resulting from the truncation of the
measured histograms to eliminate short duration, high level intrusions
are identified by footnote in Table 4.1-10 and the method used to obtain
these values was discussed in subsection 2.8.2. The values resulting
from the combination of the contributed construction activity sound

levels with the adjusted background data are used in this evaluation.
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During winter construction phasé activities, estimated
day-night sound levels will meet the U.S. EPA long-term goal of 55 dB at
all locations. During the summer, estimated day-night sound levels from
construction phase activities will meet the short-term goal of 65 dB at
all locations and the long-term goal of 55 dB will be met at all
locations except for Locations 4 and 5 (Table 4.1-10). Presently,
day-night sound levels exceed the U.S. EPA long-term goal at Locations 4
and 5.

Both the Federal Highway Administration (FHWA) and the
Department of Housing and Urban Development (HUD) have adopted criteria
to assess noise impact and to minimize the effect of noise on people
consistent with the 55 dB Ly, established by EPA (see Appendix
4.1B). Based on these criteria, the expected community reaction to
Lqn sound levels will be slight to moderate, if any, at all
measurement locations. Under certain meteorological conditions,
Project-related sound levels can be greater or considerably less than
those projected. These fluctuations above or below the projected
construction phase sound levels will not affect public health and
welfare and will be short—term in nature. See subsection 4.2.8.3 for a
discussion of the effects of noise on wildlife.

With the exception of Location 6, construction phase Ly,
sound levels do not exceed 45 dB at any location for which the
background measured Lg, did not exceed 45 dB. At most locations the
estimated changes to background are less than 5 dB. Additional
discussion of the data in Table 4.1-10, including estimated Lgp,

L4, Lp changes compared to background sound levels, is presented in

Appendix 4.1B.
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4,1.8.2 Noise Effects of Blasting During Mine Construction

Blasting operations during shaft sinking will not constitute a
principal sound emitting activity. During construction of the main
shaft, blasting may be required to reduce in size any large boulders
that are encountered in the glacial till. Also, blasting will be
necessary when bedrock is encountered during shaft sinking. Noise
generated from a confined shaft blast will be of a short duration high
pressure level, and will not be unlike intermittent noises already
present in the site area (e.g., chainsaws, motor boats, and
snowmobiles).

Air blast effects, and noise and concussion, will be primarily
controlled by the use of low charge weight per delay blasting practices.
The deep shaft collars, headframe structures, and/or collar blasting
doors will attenuate the intermittent air blast effects of shaft sinking
to the extent that even immediate construction site annoyance will be

minimal and any possibility of site structure damage eliminated.

4.1.8.3 Seismic Effects of Blasting During Mine Construction

Prior to any blasting operations at the Crandon site, a
Pre-Blasting Survey will be conducted in accordance with NR 132.07 (5).
Procedural details for the documented inspection of all permanent
structures within a 0.8~km (0.5-mile) radius of the blasting sites are a
part of the Project Monitoring and Quality Assurance Plan. Similarly
referenced is the Blast Monitoring Plan, for use in verifying <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>