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Exxon Minerals Company
P. O. Box 813
Rhinelander, Wisconsin 54501

Attn: Mr. C. E. Fowler

RE: EXXON CRANDON PROJECT
MINE WASTE DISPOSAL SYSTEM
CRANDON, WISCONSIN

Gentlemen:

We are pleased to present the final draft of our report "System
Development, Crandon Project Waste Disposal System, Project Re-
port 8." This report summarizes the studies and alternative mine
waste disposal facility site designs leading to the design con-
sidered to be the most acceptable.

We appreciate the continuing opportunity to provide services to

Exxon Minerals Company for the Crandon Project and extend our thanks
to you and the Exxon staff for their excellent cooperation.

Very truly yours,
GOLDER/ ASSOCIATES

i

Collison, P.E.
Prificipal

GHC:dap
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EXECUTIVE SUMMARY

Exxon Minerals Company retained Golder Associates to
provide preliminary engineering design for permitting the
mine waste disposal system for their Crandon Mining Project
in Forest County, Wisconsin. The purpose of this Site
Development report is to review the various technical as-
pects, studies, and analyses considered in evaluating the
alternative site designs, and to present the site design
considered to be most acceptable,

Golder Associates has been working with Exxon on this
project since October, 1978. Numerous engineering reports
have been prepared by Golder Associates which present in
detail the data, analyses, results, and evaluations made
during the course of the work. Many of these studies are
briefly reviewed or referenced in this report and a listing
of Golder Associates' reports are presented as References 9
through 22, The Preliminary Geohydrologic Screening Analy-
ses (Section 8) and the Recommended Slurry System (Sec-
tion 9) are not covered by other Golder Associates' re-
ports.

In the more than four years Golder Associates has been
working on this project with Exxon, many changes have been
made because of refinements in the available information.
This has led to an evolving preliminary engineering design
process in which some of the studies, design guidelines and
alternative mine waste disposal systems discussed in this
report and prior reports are outdated. However, results of
many of these studies and proposed design alternatives were
used as the basis for later work. Some are presented in
this report in order to provide a complete understanding of
the development of the selected mine waste dispoal site and

system selection,

Golder Associates
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Dames & Moore prepared a siting report (Ref. 4) pro-
viding a general overview of the characteristics of an area
within a 12-mile (19 km) radius of the orebody. This study
indicated that the land within this radius was generally
similar to that beyond this radius. Golder Associates
prepared an additional siting study (Ref. 9) with the area
of primary concern reduced to a radius of 5 miles (8 km)
from the orebody (see Figure S-1). This report described
the methodology by which thirteen areas potentially suited
to development of a mine waste disposal system were identi-
fied. This study, recognizing regulatory trends toward
discouraging the use of wetlands as disposal sites, noted
the large wetlands, particularly those contiguous with
lakes or major streams, as being predominantly below eleva-
tion 1600 feet (487 m) and noted the presence of numerous
small, wupland wetlands more 1isolated from the streams,
lakes, and groundwater. In addition to the wetlands, the
siting aspects of certain ecological features (such as
endangered species nests), topography, regional hydrology,
land use, political boundaries, and facilities requirements
were also considered. During the course of this study four
of the potential siting areas were inspected by Exxon and
representatives of the Public Intervenor's staff and were
found to contain numerous meadow type wetlands which did
not appear on the USGS quadrangle maps being used as the
base maps for the study. These wetlands made these areas
less attractive for mine waste facilities siting and they
were subsequently eliminated from future consideration. It
was also found during the course of the study that some of
the areas were too small to contain an entire waste dispos-
al system of the size anticipated. 1In one of these areas,
because of size and the necessity to divert the drainage of
Oak Lake, it was decided by Exxon to incorporate land in

Golder Associates
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the extreme northeast corner of Langlade County in future

studies.

The three most attractive disposal areas delineated by
the Golder Associates Siting Report (Ref. 9) were studied
in more detail. With Exxon's revised estimates of waste
product tonnages and volume estimates available, several
factors were noted which suggested revision to the 1land
areas previously designated as being most attractive. The
result of this evaluation led to the selection of two pri-
mary areas considered by Exxon and Golder Associates to be
the most suitable for mine waste disposal system sites.
These two areas are known as the Site 40 and Site 41 areas
(see Figure S-2) and were two of the general areas included

in the earlier Dames & Moore siting study (Ref. 4).

Detailed investigations of the geology and hydrology
of the Site 40 and Site 41 areas have been made (Ref. 11,
14, 18, and 22) to provide data for evaluation of the ef-
fects a mine waste disposal facility might have on the
groundwater system and to provide data for preliminary
engineering design of the facilities. These ftudies were
made over a period of more than three years while siting
and trial designs were being performed.

The geology of the Site 40 and Site 41 areas has been
found to generally consist of a surface deposit of glacial
till (heterogeneous mixture of silt, sand, gravel, some
cobbles and boulders, and traces of clay) underlain by
coarse grained stratified drift (sand and fine gravel with
traces of silt). The coarse grained stratified drift is
underlain in most areas by an additional layer of till or a
layer of fine grained stratified drift which, in turn, are
underlain by igneous and metamorphic bedrock. Lacustrine

Golder Associates
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deposits of mostly silts and clays have been found predomi-
nantly beneath and surrounding the present day lakes and
major wetlands. Uniformly graded outwash deposits have
been mapped at the surface but not encountered at depth.
Figures S-3 and S-4 are block diagrams of the Site 40 and
Site 41 areas providing an overall three dimensional view
of the subsurface materials. They are intended to provide
an overall understanding of the terrain, bedrock, and gla-

cial materials.

The Crandon Project area lies within the Swamp Creek
and Pickerel Creek surface water drainage basins of the
Wolf River drainage basin. Average annual precipitation in
the regional areas is 30.77 inches (781.6 mm). Groundwater
recharge occurs readily in the upland areas and flows es-
sentially vertically in an unsaturated mode to the ground-
water table. After water percolates to the aquifer (pri-
marily the coarse grained stratified drift) it flows essen-
tially horizontally towards areas of 1lower groundwater
levels. The flood potential for the area is low because of
the high infiltration rates of the upland areas and storage
capacities of the lakes and wetlands. In general, the
Project Area is bounded by Ground Hemlock Lake, Hemlock
Creek and associated wetlands to the east, by Swamp Creek
and Rice Lake to the north, and by the chain of lakes and
wetlands from Mole Lake to Rolling Stone Lake, Pickerel
Lake and Crane Lake to the west and south. This series of
wetlands, lakes and creeks comprise the surface and ground-

water discharge boundaries for the project area.

The glacial deposits constitute the main water bearing
unit within the Project Area. The coarse drift is the
primary transmissive unit in the project area and although

it laterally pinches out or grades into till in some areas

Golder Associates
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and exhibits vertical variation, over the Project Area as a
whole these effects become minimal. The coarse drift be-
haves essentially as an unconfined aguifer that is locally
semi-unconfined where it is overlain by till. The upland
portion of the Project Area is a groundwater recharge area
with groundwater discharging to the surrounding 1lowlying
streams, lakes, and wetlands. The groundwater potentio-
metric surface contours, based primarily on water level
measurements made in February 1982, are shown on Fig-
ure S-5.

Alternative slurry mine waste disposal system designs
were prepared for Site 40 and Site 41. 1In addition, slurry
mine waste disposal system designs were prepared so that
the facilities did not cover any wetlands. To accomplish
this criteria the facilities had to be located in both the
Site 40 and Site 41 areas. This approach was termed the
Site 50 area. For each of these site areas numerous slurry
mine waste disposal facility layouts were prepared incorpo-
rating several of the waste product mix variations for an
estimated 100 million DMT (Dry Metric Ton = 2205 pounds)
orebody. Three prospective alternatives, one for each site
area, were presented for comparison of the three site areas
(Ref. 10). The results of this comparison led Exxon and
Golder Associates to recommend Site 41 for disposal of the
mine wastes. It was believed a Site 41 system could be
designed to have the least adverse environmental impact on

the area and be feasible to construct and operate.

In evaluating these three site alternatives, it became
apparent that although a particular upland wetland may not
be covered by the facilities, it could be impacted because
the facilities may cover the land within the surface water-
shed of the wetland. A wetland was considered to be poten-

Golder Associates
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tially impacted if 50 percent or more of its watershed were
covered by the facilities, The primary advantage of
Site 40 over Site 41 was that fewer acres of wetland were
covered and/or impacted. Although no wetlands were covered
by the Site 50 alternate, it covered wetland watersheds and
could potentially impact nearly as many acres of wetland as
the Site 41 alternate. Within the overall area surrounding
the Crandon orebody, there appears to be no viable site
which would exclude incorporation of wetlands or wetland
watersheds within the facility area. Considering the re-
sults of this study, Exxon in consultation with Golder
Associates decided to proceed with more detailed slurry

system designs in the Site 41 area.

At the same time the slurry svstem designs were being
studied, alternative methods of mine waste handling were
being considered. Exxon studied the possibility of re-
ducing the water content of the tailings to the point where
they could be handled as a solid material instead of a
slurry. This possibility led to studies on solid mine
waste disposal options. Two primary methods were studied
by Golder Associates. One was termed a landfill type oper-

ation and the other a cut-and-cover operation.

In the landfill operation the tailings would be hauled
to the disposal site in trucks and distributed in relative-
ly thin layers with bulldozers, or hauled and spread with
earthmoving scrapers. After a layer was begun, it could be
covered with glacial soil so that the area of exposed tail-
ings could be minimized. Eventually, the entire area would

pe covered with soil for final reclamation,

The cut-and-cover operation consisted of excavating a
series of parallel trenches with a dragline. The tailings

Golder Associates
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would be transported from the mine and placed 1in the
trenches by conveyor. The dragline would cover the tail-
ings in one trench with soil excavated from the adjacent
trench. The final surface would be shaped by bulldozers.
In this operation the tailings would be exposed for a very
short period of time and the entire excavation, disposal,
and reclamation portions of the system would be occurring
essentially simultaneously.

The technology for dewatering the tailings and han-
dling them as a solid is not new, but has never been ap-
plied to fine grained tailings on a large production basis.
Because of this uncertainty, Exxon elected not to pursue
this approach as an alternative for mine waste disposal
permitting. The results of Golder Associates' studies have
not been submitted in a formal report.,

As more detailed designs for a slurry mine waste dis-
posal system were being prepared, many changes were made in
the waste product mix and tonnages. These changes were the
result of continuing work by Exxon and other consultants.
The most significant change was a reduction in the reserve
estimate from a 100 million DMT orebody to a 77 million DMT
orebody. This latter estimate is based on a 62.3 million

DMT orebody with an approximate 25 percent contingency.

Various mine waste disposal facility layouts have been
prepared for the Site 41 area for the 77 million DMT ore-
body. Five of these systems are presented and discussed in
detail in Section 7 of this report. These five systems

have the following significant common features:
1. Lakes are not employed as disposal areas.

2. Offset of more than 300 feet (91.4 m) from navig-
able streams.

Golder Associates
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3. Ponds excluded from areas below elevation
1600 feet (487.7 m) MSL.

4. Outside floodplains.

5. O?fset more than 1,000 feet (305 m) from the
right-of-way of the following:

a) state trunk highway,

b) interstate or federal primary highway,

c) boundary of any state of federal park,

d) boundary of a scenic easement purchased by
the Wisconsin DNR or DOT,

e) boundary of a designated scenic or wild
river,

£) a scenic overlook designated by the Wisconsin
DNR by rule,

g) a bike or hiking trail designated by the
United States Congress or the State Legisla-
ture,

6. More than 1,200 feet (366 m) from any public or
private water supply well (except wells drilled
by Exxon).

7. More than 0.25 miles (0.4 km) from osprey or
eagle nests,

8. Outside the area containing a known mineral re-
source likely to be mineable in the future and
which lies within 1,000 feet (305 m) of the sur-
face.

9. All tailings ponds to include a low permeability
liner and underdrain above the liner.

10. Reclaim water ponds to include two low permeabil-
ity liners.

11. All ponds to have a minimum of 3 feet (0.91 m) of
freeboard.

12. Pond crests to be able to carry at least one-way
traffic for periodic inspection.

13. All pond crests sloped to drain into the pond.

14, Exterior embankment slopes 3.0 horizontal to

1.0 vertical.

Golder Associates
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15. Interior embankment slopes 4.0 horizontal to
1.0 vertical.

16. Service road to be provided around the perimeter
of the system at the toe of embankment slopes.

17. Drainage swales or other drainage grading to be
provided around the perimeter of the system.

18. All tailings ponds to be covered, graded to
drain, and vegetated at reclamation.

19. Reclaim ponds to be dismantled, with lining mate-
rials placed in final tailings pond, and area
regraded and vegetated at reclamation.

One of the location criteria of proposed NR 182 is
that the facilities be more than 1,000 feet (305 m) from
navigable lakes. 1In preparing the facility layouts, it was
found that there were topographic and groundwater features
which could warrant infringing on this offset around Duck
and Deep Hole lakes. Rather than ignore these possibili-
ties, some layouts were developed which would regquire a

variance from this location criteria.

In comparing these five alternates, it is apparent no
one design will minimize all environmental impacts and at
the same time provide least cost for construction. Those
systems trending toward least cost, as measured by earth-
work and land area, are also those which cover the most
wetland acreage, are closer to the groundwater table, are
closer to the 1lakes, or provide 1least opportunity for
staged reclamation. One of the five is 1located in the
southwestern portion of Site 41 and although potentially
has the 1least groundwater effects, it covers the large
wetland just east of Deep Hole Lake.

The effect of a potential mine waste disposal site on

the geohydrologic system was considered a major factor in

Golder Associates
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the overall site evaluation process. This consideration
was studied and evalauted during the time the 77 million
DMT layouts were being prepared. In the site selection
process it was necessary to screen many disposal sites and
different seepage control systems over the life of the mine
and many years after reclamation. The methodology selected
for this preliminary screening process was a computer model
to simulate the groundwater flows and movement of seepage

from the mine waste disposal facility with the groundwater.

The preliminary screening study pointed out that mine
waste disposal facilities in the Site 41 area could be
designed to provide a lesser overall environmental effect
on the groundwater and surface water system than facilities
in the Site 40 area. Also, till/bentonite lined tailings
ponds with an underdrain system above the liner provide
lower seepage rates during operation than systems with
till/bentonite liners only, even if these liners are as
much as 5 feet (1.5 m) thick. Furthermore, the long term
steady-state seepage from the system is more dependent on
the €final cover than the liner system. Of the Site 41
alternative system layouts studied, the one in the south-
western portion of the site provides the least groundwater
effect on the Hemlock Creek/Swamp Creek surface water sys-
tem, However, is has some potential disadvantage because
the lack of thick till cover over the coarse grained
stratified drift over part of the layout may decrease ver-
tical flow time and hence reduce the potential for chemical
attenuation. This, coupled with covering of the large
wetland just east of Deep Hole Lake made this system less
attractive from an overall environmental impact standpoint
than other systems in the Site 41 area.

Golder Associates



January 1983 xXvi 786085

From the results of the various alternative Site 41
system layouts compared and the preliminary groundwater
effect screening study, it is Exxon's and Golder Associ-
ates' collective opinion that system 41-114B is the most
viable mine waste disposal system. System 41-114B is a
four pond system which maintains the 1,000 foot (305 m)
lake offset required by NR 182. The potential groundwater
effects of this system are directed primarily toward Roll-
ing Stone Lake with a long flow path within the groundwater
system and, to a lesser degree, toward Hemlock Creek.

The system 41-114B layout is shown on Figure 5-6 and a
typical cross section is shown on Figure S-7. These draw-
ings reflect the waste disposal system plan which has been
developed to provide for permanent storage of the mine/mill
waste products based on an estimated 77 million DMT ore-
body. The system has been designed so that waste rock is
included in the embankments or used as rock slope protec-
tion. Cover material for reclamation will be obtained from
material excavated within the tailings pond areas. Benches
have been added to the interior slope of tailings pond
embankments to facilitate construction and to permit ver-
tical staged construction} of the 1liner, underdrain, and
rock slope protection. Two reclaim ponds are included in
the system with different normal water levels and a mixing
box between them so that chemicals can be added as the
water flows from one pond to the other. Seepage control
liners will be included in the reclaim ponds and tailings
ponds with an underdrain system installed above the tail-

ings pond liners. A groundwater monitoring system is also
provided around the system.

The seepage control measures for the tailings ponds
will consist of a 6 inch (150 mm) thick till/bentonite lin-

Golder Associates
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er overlain by a two layer blanket underdrain system placed
in two 18 inch (450 mm) thick lifts. The pond bottoms will
be sloped toward the embankments to direct the seepage in
the underdrain to collection pipes placed around the perim-
eter. Discharge pipes will extend down the embankments to
the collection pipes and pumps will be placed in the dis-
charge pipes to 1lift the collected seepage to the surface
where it will be piped to the reclaim ponds. The maximum
seepage rate through the liner for each tailings pond is
estimated to be 4.0 gallons per minute (2.55x10"% m3/s), or
less, with the underdrain pumping system operating. Maxi-
mum seepage rates after reclamation and shutdown of the
underdrain pumping system are estimated to be less than
30 gallons per minute (1.9)(10'3 m3/s) per pond and
92.4 gallons per minute (5.8x10'3 m3/s) for the four pond

system.,

The two reclaim ponds will be lined with a till/ben-
tonite liner overlain by a synthetic liner. These two
ponds provide for retention of two months of process water
at normal operating levels which is a depth of approximate-
ly 20 feet (6.1 m). The freeboard above the operating
water level 1is sufficient to provide storage for the
24 hour-100 year design storm plus two weeks of water from
the mine in the event of a shut-down of the excess water
treatment plant, and protect against overtopping from

waves,

The pond crests will be used as access/haul roads.
Also, the tailings pipelines and water return pipelines
from the underdrain system and the floating decant systems
will be routed along the tailings pond crests. A perimeter
access road and fence will also be provided outside the toe

of slope of the embankments.

Golder Associates



January 1983 XX 786085

System 41-114B is designed to provide for staged con-
struction on an individual pond basis. The timing of con-
struction has been set to match the time at which the vari-
ous ponds are anticipated to be needed based on mine/mill
production. Some of the embankments will be constructed
earlier than required by the tailings production schedule
because they are made of waste rock and their timing is
established by the waste rock production schedule. The
soil used in embankment construction and the soil required
for liner and underdrain materials will come from the tail-

ings pond excavations.

The mine waste disposal system is designed so that
reclamation can be done in stages. After each tailings
pond is filled and taken out of service, the ponded water
will be pumped to the reclaim ponds or, in the case of the
last tailings pond, to the treatment facility £for dis-
charge. A working mat above the tailings can be con-
structed in the winter months when the tailings surface is
frozen to insure adeguate trafficability for construction
equipment. The remainder of the grading, seal construc-
;ion, and final cover will follow. The liner materials
from the reclaim ponds and rock slope protection materials
will be palced in the last tailings pond prior to its final
cover being placed. The reclaim pond area will be regraded
with the glacial till embankment soils,.

The recommended slurry system design provides struc-

turally sound tailings and reclaim water ponds. The system

has sufficient flexibility to alter the details of later
tailings ponds as may be dictated by actual tailings pro-

duction and by actual experience in operating the first
pond. This flexibility is also available to accommodate

Golder Associates
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experience gained in reclaiming the first tailings pond and
applying it to the later ponds.

Golder Associates has worked closely with Exxon in
performing their studies and preparing their design recom-
mendations for this system. Exxon and Golder Associates
collectively believe that the Site 41-114B system 1is the
most viable mine waste disposal system for the Crandon
Project,

Golder Associates
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1.0 INTRODUCTION

Exxon Minerals Company has retained Golder Associates
to provide the preliminary engineering design for use in
permitting the mine waste disposal system for their Crandon
Mining Project in Forest County, Wisconsin. ™he purpose of
this report is to present alternative mine waste disposal
facility site designs and recommend a site design

considered to be the most acceptable.

A brief discussion of the history of the preliminary
engineering design studies is presented to provide an over-
view of the project and an understanding of some of the
changes in the project because of refinements in the avail-
able information, It is because of this evolving design
study process that some of the studies, design guidelines,
and alternative mine waste disposal systems discussed in
this report are outdated. However, results of some of
these studies and proposed design alternatives were used as
the basis for later work. Thus, they need to be presented
in order to provide a complete understanding of the
development of the selected waste disposal system.

The report reviews the waste product tonnages and mine
waste product mixes which were used during most of the
work. A brief description of the general relationship
between the mine/mill complex and the mine waste disposal
system outlining the various mine waste product flows and

general svstem operations is also included.

Previous siting studies are summarized to provide a
framework for the reasoning behind selecting site areas in
which more detailed site specific information has been
obtained and for which more detailed mine waste disposal

system siting has been studied. This summary is primarily

Golder Associates
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directed to discussion of the potential siting areas within
about a 5 mile (13 km) radius of the orebody.

Topographic, geologic, and hydrologic conditions of
the primary siting areas (encompassing Sites 40 and 41) are
summarized. This summary provides a general review of the
surface and subsurface geologic conditions and groundwater
conditions, The physical properties of the geologic

materials are presented.

Three mine waste disposal system alternatives sized
for an estimated 100 million DMT (dry metric ton) (one dry
metric ton = 1000 kg = 2205 pounds) orebody are reviewed.
Description of the waste products and estimated tonnages is
presented along with the design parameters for the
embankments. Consideration of wetlands in the site
alternatives 1is discussed. The three alternatives are
compared on the basis 0of environmental, construction, and

operational factors which were the basis for selecting the
system in the Site 41 area.

Because of major changes in the waste product mix and
refinement of the estimated orebody size to 77 million DMT,
an additional series of five alternatives within the
Site 41 area were prepared. The waste product mix and
estimated tonnages for these alternatives are described.
These five alternatives are compared using environmental,

construction, operational, and reclamation factors.

A groundwater model was used to assess the movement of
potential seepage from several of the proposed waste site
alternatives. The model, algorithms, input parameters and
calibration are briefly reviewed. Seepage histories used
in the assessments are provided. Various seepage control

Golder Associates



January 1983 -3- - 786085

measures for an example mine waste disposal site were
studied to assess their relative effects on seepage
movement. In addition, alternative waste disposal sites
within the Site 40 and 41 areas were evaluated. The
results of these -evaluations are presented and their

relative differences discussed.

As a result of this continually refining study,
alternative 41-114 has been recommended as the preferred
alternative. This system design has been completed to a
more detailed 1level and is designated as 41-1148B, The
preliminary engineering design for this mine waste disposal
system 1is ©presented and descriptions provided for an
understanding of its major design, construction, and

reclamation features.

Golder Associates
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2.0 MINE WASTE DISPOSAL FACILITY ALTERNATIVES EVOLUTION

Golder Associates began work on the preliminary engi-
neering designs of the mine waste disposal facilities for
permitting in October, 1978. Since that time, numerous
changes have occurred which have affected these designs and
the guidelines used in their preparation. The following
paragraphs present a brief review of the chronology of
waste disoosal preliminary engineering design  work

highlighting the major factors which impacted the work.

Golder Associates began their work with preliminary
mine waste disposal lavouts within the Site 40 and Site 41
areas. These layouts were sized for a 100 million DMT (dry
metric ton) orebody with only two waste products, tailings
and reclaim water. These layouts were done to ascertain an
estimate of the land area which would be needed to develop
the facilities so that subsurface investigation programs

and other studies could be developed.

Golder Associates was then asked by ®xxon to briefly
review the siting work by Dames & Moore and to provide an
independent review with regard to siting. Golder
Asssciates concluded that the Site 40 and Site 41 areas
were the most advantageous sitcs available and continued
working on preliminary waste facilities designs while

completing the Siting Report (Ref. 9).

As the design progressed, many changes were made in
the mine waste préduct mix and tonnages. These changes
were the result of continuing work by Exxon and other
consultants. These changes were made simultaneously and as
such, waste disposal layouts at the Site 40 and 41 areas
were prepared for almost every change. The changes prior

to January, 1981 are as follows:

Golder Associates
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Prepare the waste facility layouts for a poten-
tial 100 million DMT orebody with a 10 percent by
weight tailings slurry.

Provide for temporary storage of mine backfill
sand,

Restrict the depth of the reclaim pond to ap-
proximately 20 feet (6.1 m).

Prepare layouts for both of the following cases:

a. Separation of pyrite from the tailings with
the high pyrite tailings stored in a separ-
ate pond with a liner and the low pyrite
tailings stored in ponds without liners.

b. Storage of combined tailings (100 million
DMT orebody with a 10 percent by weight
tailings slurry) in lined ponds.

Accommodate waste rock into the facility.

Accommodate excess water treatment sludge into
the facility in a separate pond.

Since January, 1981 the following refinements in the

waste product mix and tonnages have been made:

1.

Prepare the waste facility layouts for a 77 mil-
lion DMT orebody with a 50 percent by weight
tailings slurry.

Delete mine backfill sand storage area.

Reduce size of reclaim pond and provide two sepa-
rate ponds.

Provide for storage of combined tailings in lined
ponds (underdrains also added).

Delete separate excess water treatment sludge
pond.

Provide reclamation cover soil from within the
pond areas.

Golder Associates
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Many of these changes were incorporated into the waste
facility designs along with changes necessitated hy other
studies. To date, over 200 alternative mine waste facility

layouts have been prepared.

Regulatory trends toward limiting the use of wetlands
as waste disposal areas has been a major consideration in
the siting and alternative design process. Large wetlands,
particularly those groundwater fed wetlands contiguous with
lakes and streams, were excluded from consideration as
potential waste disposal areas during the siting study
process. The concern regarding wetlands led to the waste
disposal facility Site 50 area which included layouts that
did not cover any wetland areas. The Site 50 area covered
portions of the Site 40 and 41 areas. Numerous facility
alternatives were prepared for this area 1incorporating
several of the waste oproduct mix wvariations £for the
100 million DMT orebody. The concept of providing a mine
waste facility design alternative which covers no wetlands
was not carried through for the 77 million DMT orebody
because it 1is apparent that although a facility may not
cover any wetlands, it would impact wetlands by covering

the watershed area which drains to them.

As the design of the mine waste facilities progressed,
studies were continually being performed and updated on the
Project area geology, surface water and groundwater
hydrology, groundwater modeling, tailings' materials
properties, liners, and reclamation concepts. As results
of these studies became available, they were integrated
into the facility designs and carried forward. wWith each
input of additional 1information the previous work was
reviewed and if the changes were significant (such as
revising the orebody size or waste product mix) revisions

Golder Associates -
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were made to prior work, In most cases, however, it was
considered unnecessary to repeat prior studies on the basis
of new information since some of the prior studies were
completely outdated or decisions made on a comparison basis
(such as comparing one site layout to another) would not
change because of the later information. an example of
such a comparison is the screening analyses made with the
groundwater model. One of the comparative analyses was
done with one facility layout in the Site 41 area where the
thickness of the pond liner was altered. This study was
done with an estimated ©permeability of 1%10°10 m/s
(3.3x10710 ¢t . /sec.) for the bentonite clay admixture lin-
er. Later information from laboratory studies indicated
that a slightly higher ©permeability of 5510710 m/s
(1.6x1079 ft./sec.) (Ref. 15) would be more prudent for
these preliminary studies. However, since the comparative.
analyses was done to assess general trends with respect to
changes in liner thickness at a given permeability, the
results of the comparison would not change with this

revision in estimated liner permeability.

In addition to the many revisions in the preliminary
engineering design process brought about by the continuing
studies being performed, this work was being done while
legislation regarding minirg and mine waste disposal,
NR 182 in particular, was being developed. Thus, there was
little consistent guidance €from the regulations with
respect to some of the detailed requirements for some of
the studies. Portions of the work were designed 1in

anticipation of the legislative requirements,
The preliminary waste facility design process was one

of adaptation to continuous refinements in the available

information and design gquidelines. Many of the changes

Golder Associates



January 1983

-8- 786085
evolving from this process are discussed in this report
with the recommended mine waste facility site being the

outcome of this process.

Golder Associates
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3.0 WASTE PRODUCTS

3.1 General System Operation

The mine waste disposal system for the Crandon Project
will provide for surface disposal of materials generated
directly by mining and milling and the sludge from treat-
ment of excess water £for discharge. The products from
mining and milling will be generated from the orebody and
are essentially crushed or ground rock of varying grain
size. The water treatment sludge will include minerals
from the ground rock and precipitates from the treatment
process. The disposal system will also serve as a water
retention and recycle system. The products for storage or
disposal in the mine waste disposal area are: waste rock,
tailings, reclaim water, and excess water treatment sludge.
A simplified flow diagram of the system is shown on Fig-

ure 3.1, and a brief description of this system €follows.

In the underground mining operation, rock is excavated
by blasting, crushed to about & inches (152 mm) and less in
size, and lifted to the surface. The excavated rock in-
cludes both mineralized rock (ore) and non-mineralized rock
(waste rock). The crushed ore brought to the surface is
the raw feed material for the processing plant. Wwhen pos-
sible, the waste rock is kept underground and used to fill
oreviously mined areas. At times during the mining opera-
tion, there are no openings requiring filling with the
waste rock. At these times the waste rock will be crushed
and lifted to the surface for use in construction of the
waste disposal ponds or for disposal with the tailings.

This waste rock will be transported to the mine waste
disposal area by truck,

Golder Associates
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The ore fed to the mill is further reduced by grinding
to sizes 1less than about one millimeter and the concen-
trates (merchantable products) are extracted. The Crandon

orebody contains two major ore types which have been termed

"massive ore" and "stringer ore." The massive ore includes
copper, lead, and =zinc 1in a mostly pyritic (sulfide
mineral) rock. The stringer ore contains copper and a

small amount of zinc in a mostly gquartz rock and has some
"stringers," or veinlets, of sulfide minerals within the
rock. The two ore types occur in such a fashion that they

can usually be mined and milled separately.

The material remaining after extraction of the con-
centrates will be split (separated by size) at 20 microns
(0.02 mm = 0.0008 in.). The coarser fraction will be pri-
marily sand size material ard will be returned to the un-
derground mine as backfill. hen sand backfill is not
needed in the mine, the sand will be temporarily stored in
the plant area.

The £finer fraction of mill waste 1is the tailings.
This material is primarily silt sized and will be pumped at
a 50 percent (by weight) slurry concentration to the tail-
ings pond. The tailings solids will settle in the tailings
pond and clarified water (decant water) will be piped to
the reclaim wvater pond. Water from the reclaim pond will

be reused in the mill as process water.

It is presently anticipated that the mine/mill complex

will have excess water in the system which will have to be
treated and discharged. Details of the volumes, treatment

processes, and discharge methods and locations are beyond

the scope of this report, The treatment process is ex-
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pected to produce a sludge which, if it cannot be marketed,
will be pumped to the tailings pond. The volume of this
sludge is small in comparison to the volume of tailings and

does not markedly affect the size of the waste disposal
system,

This brief description of the materials flow is by no
means complete in all details. However, it is sufficient

for use as a basis for understanding the system and how the
flow system affects the overall facilities layout.

3.2 Tonnage and Volume Estimates

The present estimate of reserves for the Crandon ore-
body is 77 million DMT based on data obtained as of
January, 1981, This estimate is based on a 62.3 million
DMT orebody with an approximate 25 percent contingency.
This reserve estimate is presently being used to estimate
the amount of tailings and hence determine the waste
facility capacity. Estimated tonnage and waste volumes for
the 77 million DMT orebody are provided in Table 3.1.

Prior to 1981, the reserve estimate used to determine
the amount of tailings was 100 million DMT. Although ca-
pacity estimates based on this size orebody are of little
value to the design of the £final system, they were used to
establish pond volumes for some of the waste facility lay-
outs presented in Section 6 of this report. Therefore, the
estimated tonnages and volumes of waste products for the

100 million DMT orebody are provided in Table 3.2.

In addition to changes in the waste facility design
necessitated by the revised reserve estimate, Exxon decided
on four other changes in the waste product mix. First, the

tailings would not be separated as sulfide and non-sulfide

Golder Associates
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(1) Reclaim Pond sized to accommodate 3,500 gpm

time.

(2) To be included in tailings pond.
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TABLE 3.1
77 Million DMT Orebody
Mine Waste Product Tonnage

Tonnage ‘ Dry Density volume
! Product 105 ot 107 1bs. kg/m® 1bs./cu. ft. 10° m® Ac.-Ft.
. Tailings 34.81 | 76.76 1522 95 - 22.88 18,548
. | ‘ | |
| Waste Rock 3.2 | 7.14 1689 105 1,93 | 1,555
| | | |
' Reclaim Water pond(1) | wA | wN/a N/A N/3A 1.18 | 954

: i | i
i Excess Water ! . : :
| Treatment Sludge(®) | /A N/A | N/A N/A 0.99 | 800

days retention
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TABLE 3.72

100 Million DMT Orebody
Mine Waste Product Tonnage and Volume Estimates

Tonnage Dry Density volume

Product 105 pir 107 1bs. kg/m3 1bs./cu. ft. 106 m3 Ac.-Ft.

| Sulfide Tailings ; 14.67 32435 2083 130 % 705 5,713
;Non—sulfide Tailings | 28.09 & 61.93 1362 85 ; 20.63 16,726
% Waste Rock é 6.40 1 14,11 | 1682 105 % 3.81 3,085
% Reclaim water pond(l) ' w/a N/A N/A N/A ; ‘2.22 1,799

Excess Water i : i

Treatment Sludge(?)  n/a . NA N/A  N/A . 1.97 | 1,600

' Backfill sand(3) . 43,80 96.58 1762 | 110 ‘ 24.86 520,156

(1) Reclaim pond sized to accommodate 6670 gom for A0 days retention
time.

(?) Volume is an allowance. More accurate estimate to be made after
further study.

(3) Temporary surface stora to be provided for 3 million DMT
(1381 Ac.-Ft. = 1.70x10° m”).

Golder Associates
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tailings. Thus, the sulfide and non-sulfide tailings noted
as separate products in Table 3.2 are listed as one product
in Table 3.1. For the 100 million DMT orebody both sepa-
rated and combined tailings disposal were studied. For the
77 million DMT orebody only combined tailings have been
considered. Second, the tailings would be pumped as a
slurry at 50 percent solids content (by weight) and not
10 percent solids content as it was for the -earlier
studies. Third, backfill sand would be temporarily stored,
if needed, in a special storage area near the mine/mill
complex, not in the waste disposal area. Fourth, the
excess water treatment sludge would be mixed with the
tailings for disposal instead of being placed in a separate
pond. These changes, along with those resulting from the
revised reserve estimate are reflected in the estimated

waste. product tonnages and volumes in Table 3.1.

Golder Associates
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4.0 SITING STUDY REVIEW

4,1 General Siting Criteria

Dames & Moore prepared a siting study report (Ref, 4)

for Exxon Minerals Company which was submitted to the

Wisconsin DNR in January, 1979. This report provided a
general overview of the characteristics of an area within a
12-mile (19 km) radius of the Crandon orebody. It
indicated that the land beyond this radius did not reveal

physiographic features significantly different than those
within the study area.

Golder Associates prepared an additional Siting Report
(Ref, 9) in April, 1979, supplementing the previous study
and presenting another perspective of the tailings siting
guestion. In performing the study, Golder Associates made
maximum utilization of the data and reports existing at
that time. In the study, the region of primary considera-
tion was reduced to the approximate area within a radius of
5 miles (8 km) from the orebody. The major political
boundaries within the study area included the Forest-Lan-
glade County line and the Lincoln-Nashville Townsnip lines
within Forest County. The orebody is located in both the
Lincoln and Nashville Townships of Forest County. The
Siting Report described the methodology by which certain
broad areas were excluded from consideration as disposal
areas and by which 13 potential disposal areas were identi-
fied and evaluated with respect to their viability as dis-
posal sites. Figure 4.1, Vicinity Plan, shows the orebody
location and area of about 5 miles (8 km) from the orebody.
The remainder of Section 4 of this report reviews the Gol-

der Assocliates Siting Study (Ref. 9).

Golder Associates
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The land within the study boundary was evaluated for
consideration of potential disposal areas. Consideration
was given to the location of lakes and wetlands, presence
of certain ecological features (such as endangered species
nests), land topography, overall regional hydrology, land
use, political boundaries, and facilities requirements. 1In
the siting analysis, some of the various environmental
factors were considered in a gualitative manner rather than
quantitative, Each 1item was discussed with its relative

importance to mine waste disposal system siting noted.

State law precludes the use of lakes as potential
waste disposal sites. In addition, Wisconsin Administra-
tive Code, Section NR 151.12 regarding Solid Waste Manage-

ment, reqguires an offset of 1000 feet (305 m) from lake

shores for waste disposal areas. Thus, the lakes within
the study area and the land within 1000 feet (305 m) of the
lakes wer eliminated from consideration as disposal

areas.

Regulatory trends towards limiting the use of wetlands
discourages consideration of these features as disposal
‘sites, For this reason, the large wetlands, particularly
those contiguous with lakes or major streams, were not
considered potentially viable disposal areas. 1In the study
area, these large wetlands are predominantly Dbelow
elevation 1600 feet (487 m). Above elevation 1600 feet
(487 m) the wetlands are relatively small and more isolated

from surface streams, lakes, and groundwater, In most
cases these areas are simply small topographic
depressions. The existence of these scattered upland

wetlands did not eliminate general areas from further

consideration as potential disposal sites.

Golder Associates
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The study area included certain important ecological
features such as endangered species nests and unigque habi-
tats. It was generally considered that if a potential
disposal area contained one of these features it would be
excluded from further consideration. Singular features,
such as eagle or osprey nests were avoided from the stand-
point of actual destruction. However, since deer vyards
encompass fairly large land areas, consideration was given
to using part of a deer yard if other factors strongly
favored such a particular area. The necessity to cross a
deer yard, wetland, or stream with a pipeline corridor to
transport the waste products was also considered.

e topography of the entire area is characterized by

T
rollin
1500 €

elevations below about 1500 feet (487 m). The lakes, most

h
g terrain at higher elevations, above about elevation
eet (487 m), and with relatively 1little relief at

wetlands, and most of the sensitive habitat areas such as
deer yards, trout streams, osprey nests, etc., are found
elow elevation 1600 feet (487 m). Because of these fac-

(o

tors, most of the land below elevation 1400 feet (487 m)
was considered as probably not containing an area suitable
for the siting of major waste disposal facilities. Within
the higher ground, natural depressions would be desirable
topographic features since they could tend to minimize the
amount of earthwork necessary for waste facility develop-

ment.

Primary land use in the study area from an economic
viewpoint is for the timber and pulpwood industry with a

small amount used €for agricultural purposes and private
dwellings. The overall area is attractive from the stand-

point of recreation, hunting, and fishing. The broad land
use of recreation, hunting, and fishing was not considered

Golder Associates



January 1983 -20- 786085

as a major siting factor except for unigque habitats. Since
timber and pulpwood lands cover a large area, it was be-
lieved that the amount of 1land used for waste facility
siting would not impact the industry. More populated areas
such as the town of Crandon were eliminated from
consideration, as was the Mole Lake Indian Reservation.
Agricultural land and private dwellings in rural areas were

not considered as reason to exclude an area.

From a surface water standpoint, it was considered
preferable to keep all facilities within the same surface
watershed. Because of the nature of the glacial soils in
the area, particularly 1in the wupland areas, it was
anticipated that permeabilities and sur face water
infiltration rates would be very similar from one area to
another. Thus,. a slight modification or straddling of
surface watershed boundaries was not considered a major
siting feature. The upland areas are groundwater recharge
areas and were considered to have similar reactions to
waste disposal siting. Thus, no one upland area was
considered to be markedly different than any other upland

area in this regard.

In assessing potential waste disposal areas the broad
requirements of the facilities were 1included as siting
parameters. The areas considered had to be large enough to
accommodate a series of tailings ponds with storage volumes
in the 2000 to 7000 acre-foot (2.5x10% to 8.6x10° m3) range
covering surface areas ranging from about 25 to 200 acres
(10 to 81 ha) per pond. Tovographic features and proximity
to the orebody were also considered important to the
facility design. Pipeline corridors and adjacent service
roads should be as short as possible to reduce the overall

costs and to .reduce the amount of land disturbed.

Golder Associates
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Figure 4.2, Composite Site Plan with Selected Siting
Features, shows the study area with highlighted topography,
political boundaries, and other physical and ecological

features considered as siting criteria.

4.2 Potential Disposal Areas

The methodology used to identify potential disposal
areas was to screen the entire study area in order to de-
lineate those portions considered not suitable for siting
of mine/mill waste disposal facilities. The area remaining
was that in which there might be potentially viable tail-
ings disposal sites. This remaining area was divided into
smaller areas based on topography and location, and these
smaller areas were considered in more detail.

To establish those areas which were not considered
potentially viable as disposal areas, the land in the vi-
cinity of the orebody was screened by plotting various
siting criteria on base maps. These criteria included land
below elevation 1600 feet (487 m), locations of endangered
species nesting sites, unique habitats, lakes, land within
1000 feet (3053 m) of lake shores, wetlands, and political
boundaries. Figure 4.2 1is a composite map showing these
features. With the exception o0f the textured areas
delineating =zones above elevation 1700 feet (518 m), the
various shaded portions of Figure 4.2 represent those areas
judged not to be viable disposal locations. About one half
the area around the orebody within the five mile radius is
thus excluded from being considered potentially viable for
waste disposal. The orebody 1is nearly surrounded by an
area comprised of low ground with major lakes, streams, and
lowland wetlands. Only a small corridor of high land to
the east and southeast of the orebody prevents the mine

area from being completely surrounded by excluded lands.

Golder Associates
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Figure 4.3, Composite Site Plan Outlining Potential
Disposal Areas, shows 13 potential sites which were identi-
fied and considered in detail. There are also some areas
within the study boundary which were not within the ex-
clusion screening and which were not considered as poten-
tial disposal areas. These areas include the land in the
northwest portion of the study boundary, the land between
Lake Lucerne and Lake Metonga, and the land within Langlade
County. These areas were excluded because of their proxim-
ity to major lakes, residential areas, the Crandon airport,
and the necessity of crossing major wetlands and streams
with the waste product transportation system. Only the
land in the extreme northeast corner of Langlade County
(north of Rolling 3Stone Lake) appeared viable £for waste
facilities siting but it was considered too small by itself
and it was considered desirable not to have the facilities

in more than one county.

4,3 Selected Siting Areas

Of the 13 potential siting areas identified, the most
attractive siting areas included combinations of Areas 3,
B, C, D, E, and F. The principal advantages of these areas
were topographic features which could be incorporated into
the facility design, shorter pipeline corridor length, and
not needing to cross major wetlands and streams with the
pipelines. Area G 1is approximately four miles from the
orebody and includes two trout streams with their head-
waters. Areas H, J, X, and L all have the disadvantage
that the pipelines would have to cross Swamp and/or Hemlock
Creeks and their associated wetlands, or the pipeline would
have to be routed south of the Hemlock Creek wetland which
would increase its length markedly. The Soo Line Railroad
would also have to be crossed to reach either Area H, J or
K. Areas XK and L are relatively €flat and the probability

exists that borrow material would have to be obtained from

Golder Associates
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one of the adjacent areas. Areas M and N both exhibit
erratic topography, may require borrow to be obtained from
other areas, and are two to three times farther from the

orebody than the more attractive siting areas.

Of the most attractive sites, Area D with the southern
portion of Area C and possibly the northern portion of
Area E appeared to be the best site. The second most at-
tractive site was Area A with possibly some or all of Ar-
ea B depending on the surface land area required. The
third choice was a combination of Areas E and F. Flexibil-
ity was noted for each of these choices depending on more
detailed design parameters and other factors as they deve-

loped. .

During the time the Golder Associates Siting Report
(Ref. 9) was being reviewed by the Wisconsin DNR and the
Public Intervenor's staff, it appeared from the maps in the
report that there were almost no wetlands within Areas X
and L and the southern parts of H and J. This region was
then 1inspected by Exxon with representatives £from the
Public Intervenor. It was f£ound to contain numerous smail
wetlands and large meadow type wetlands. These features
did not appear on the USGS guadrangle maps which were used
as base maps for the Golder Associates 3Siting Report
(Ref. 9). The presence of thase wetlands makes these areas

even less attractive for facilities siting.

During the course of facilities layout studies, it
became apparent that Area A, by 1itself, was not large

enough to accomodate all waste products within the frame-
work of the guidelines for the layouts. Also, it was be-

lieved that using the large wetland west of Oak Lake, which
would require re-routing the drainage path of O0Oak Lake,

Golder Associates
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would not be favorably considered because of the size of
the wetland and the proximity of this area to Swamp
Creek, It was then decided by Exxon to include the 1land in
the extreme northeast corner of Langlade County, just south
of Area A and north of Rolling Stone Lake, for the
facilities layout studies.

Golder Associates
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5.0 SELECTED DISPOSAL AREA CONDITIONS

5.1 Disposal Site Locations

The three most attractive disposal areas as delineated
in the Golder Associates Siting Report (Ref. 9) were the
targets for specific data collection and trial facility
layouts. On closer examination of these areas, and with
more detailed estimates of waste product tonnages and
volume estimates (previously discussed 1in Section 3),
several factors were noted which suggested revision to the
land areas designated as being the most attractive areas

for waste disposal siting.

Area B, northwest of the orebody, was considered an
attractive siting area when used in combination with one of
the other areas. Area B, by itself, is too small to con-
tain all reqguired facilities. Much of Area B 1is below
elevation 1600 feet (487 m) and relatively close to ground-
water levels, All of Area B is within the Swamp Creek
surface watershed. Compared to most other areas, Area B is
closest to Swamp Creek and has the shortest hydraulic con-
nection to the environmentally sensitive Swamp Creek wet-
land and Rice Lake. As trial facility laycuts wére being
developed, it became evident that Area B would be best
suited for storage of small volume products which would not
need a great deal of earthwork to develop, and for products
which would only be stored while the mine/mill complex is
operational. Products such as pre-production ore, backfill
sand, reclaim water, and possibly pre-production waste rock
could be stored in this area. This area is generally not

suited for permanent waste disposal of tailings.

It became apparent with initial facility layout work
that Area A, by itself, would be too small to develop a

Golder Associates
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multiple pond waste facility system for the various waste
products. Also, much of the land usable for disposal
included fairly large wetlands adjacent to, and part of,
the drainage path of 0Oak Lake. In consideration of the
regulatory trends concerning disturbance of wetlands, and
considering that the Oak Lake drainage path would have to
be relocated, it was concluded that this land area should
not be viewed as a favorable site. Focus was then shifted
to combining‘ the southern portion of Area A and the
highland area within the northeast corner of Langlade
County immediately south of Area A and north of Rolling
Stone Lake. It was found that this combination of land
areas would be large enough to develop the required waste
facility system. Also, it 4id not include large, lowland
wa2tlands contiguous with streams or lakes and, for the most

part, was within the Pickerel Creek surface watershed.

For convenisnce, Arsaz A, Area 3, and the land in the
northeast portion of Langlade County were combined into one
siting area £for additional data development and study.
This siting arsa is designated as Site 40. =®Earlier work by
Dames & Moore designated this general area as Site 40-A.

With trial layout development, it was £found that Ar-
ea D, by itself, was too small to contain a multiple cell
system £for the various waste products. As anticipated
during the siting study, layouts in this area included
extensions 1into the southern portion of Area C and into
much of Area E. This siting area is designated as Site 41
(earlier work by Dames & Moores also designated this general

area as Site 41).
The location of 3Sites 40 and 41 are shown on Fig-

ure 5.1. The location boundaries shown are approximate and

are intended to show the general location of each site for

Golder Associates
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discussion reference purposes. The boundaries shown are

not precise limits of a recommended was*:e disposal site.

A combination of Areas E and F was the third most
attractive disposal site identified in the Golder Associ-
ates Siting Report (Ref. 9). A brief review 0f Area ¥
Ssuggests it has no distinct advantages over Area D. Area F
contains numerous small wstlands and the surface watershed
divide for Little Sand Lake passes almost through the cen-
ter of Area F. Area F is less attractive than Area D be-
cause of its distance from the orebody. Since development
of a disposal system would include a combination of Areas F
and E and since Area T is reguired in combination wi=h
Area D, there appeared to be little advantage to consider-
ing the Area T-F combination over the D-E combination.
Therefore, no further consideration has been given to
Area r.

5.2 Geology

5.2.1 Background Information

Golder Associates have prepared a report "Geotechnical
Review, <Crandon Project Waste Dispocsal System, Project
Report 2," October, 1981 (Ref. ll1), presenting the results
of field and laboratory investigations and the interpreta-
tion of this data. The report provides a description of
the geologic and hydrologic conditions and the physical
properties of the glacial materials in the Site 40 and
Site 41 areas. The specific subsurface conditions have
been investigated by test borings, test pits, borehole
Dermeability tests, and laboratory tests on samples ob-
tained £from the borings and test pits, In addition, a
pumping test was conducted at Site 41 (Ref. 14). These

data along with the surface geologic mapping, geophysical

Golder Associates
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investigation in the area surrounding the proposed waste
disposal sites, and published and unpublished geological
and soil information have been used to assess the specific
site conditions and material properties. Data which is not
included in the three volumes of Project Report 2 but which
were used in the study are referenced. Figure 5.2 is a
plan of the project area showing the borehole and test pit

locations.

Test borings for investigation of the subsurface con-
ditions (not specifically related to exploration of the
orebody) at the proposed waste disposal sites and surround-
ing areas were a result of programs designed and supervised
by Golder Associates and Dames & Moore. These programs
were implemented over a period of several years to investi-
r areas around the project site, for specific

n
es (such as groundwater monitoring or definition of
s s

«
’_J
O
(1)

tratigraohy) and for increased lev
I

v

(r
[
n w
r

ohic detail in some areas, particularly in Site 241. A
e

iled discussion of &h boring programs designed by

(r

[o)

2 in Reference 1l1l. Detailed

a
Golder Associaktes is presen
logs and discussion of the test boring programs designed by

Dames & Moore are presented in Reference 5.

A brief summary of the geologic history, geologic
material types, and physical properties of those geologic
materials of conseguence to the Crandon Project waste dis-
posal system design are summarized in the following sec-
tions of this report. Detailed information is provided in

Golder Associates' Project Report 2 (Ref. 1l1l).

5.2.2 Geologic Setting

~The glacial evenis which deposited and shapoed

overburden matsrials within the Crandon ?Project area an

Golder Associates
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the surrounding region occurred orimarily during the Wis-
consin stage of glaciation. The bulk of the drift in the
Crandon Project area is most likely £rom the Green Bay and
Langlade lobes of the Woodfordian advance. Mickelson, et.
al., (Ref. 23) provide a more detailed discussion of the

glacial events of northern Wisconsin.

Mapping of the surficial materials and glacial land-
forms within the Crandon Project area has been completed by
Dames & Moore (Ref, 5), the U.S. Department of Agriculture
Soil Conservation Service (Ref. 3), and the Wisconsin
Geological and Watural History Survey (Ref. 24). Each
group approached the work with a different purpose and
accomplished it with d&iffersnt mapping techniques. These
different approaches in combination with the interpretive
nature of the mapping resulted in three slightly different

surface material maps.

The surficial geologic mapring done by Dames & Moore
was the result of site specific test boring data and recon-
naissance work within the Crandon Project area. This map
has been slightly modified by Golder Associates to reflect
the additional data obtained by Golder Associates' test
boring program. This modified map 1is shown as Fig-
ure 5.3. Revisions to Dames & Moore's surficial geology
map were restricted to the northeast corner of Langlade
County where a more extensive surface deposit of glacial

£11l was further dafined by the additional investigation,

Although the various mapping technigues and personnel
involved have produced somewhat different interpretations
of the geologic origin of the surficial materials, these
differences are relatively minor. These differences are
not anticipated to affact the overall design of the pro-

posed waste disposal system.

<

Golder Associates
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The bedrock of northern Wisconsin is an extension of
the Canadian Shield. The Canadian Shield is a continental
block 0f the earth's crust which has been relatively stable
over a long period of time. The rock types present in the
region are Precambrian igneous and metamorphic rocks which
were formed approximately 1.9 billion to 1.5 billion years
ago. Igenous rocks are formed by the cooling and crystal-
lization of molten rock material, while metamorphic rocks
represent sedimentary or igneous rocks modified by changes
in temperature and pressure. Wwithin the Crandon Project

rea, the bedrock is orimarily a metamorphosed volcanic
tuff,

The regional &trend of &the Dbedrock surface in north-

entral Wisconsin is downward to the east and southeast at
oproximately 7 to 10 feet per mile (Ref., 24) (1.3 to
sck surface 1is
t

oed

in the Crandon Prolec
o
o

<
area has also defined an irregular bedrock surfac The

nterpreted bedrock surface for the Crandon 2roject area 1S
shown on Figure 5.4, 3edrock Contour Map.

The Bedrock Contour Map is the result of the synthesis
and interpretation of data from various sources. The area
shown on Figure 5.4 is a portion of a larger geographical
area £for which bedrock contours have been interpreted. A

map of the larger area with the data locations shown is
oresented in Golder Associates' Project Report 2 (Ref, 11,
App. D) along with a discussion of the map construction.

The methods of glacial deposition nd the various time
or

o
O
i

E)‘

vperiods of deposition in roject area have
created a variable distribution o0f soil materials at the

ground surface and with depth. The specific types of gla-

Golder Associates
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cial deposition of the materials mapped at the surface.are
not necessarily indicative of the method of deposition of
the materials at depth at the same location, Basasd on the
test boring and laboratory data, and the understanding of
general glacial deposition processes, the primary materials
found throughout the depth of the glacial deposits at the
proposed waste Sites 40 and 41 are till and coarse grained
stratified drifs. Lesser amounts of fine grained strati-
fied drift and lacustrine deposits were also identified,.
Qutwash materials were found surrounding the sites (as
shown on the Surface Geology Map, Figure 5.3) but not di-
rectly identified beneath the &two proposed waste disposal
sites. A brief description of each of the glacial materi-

als follows:

rill - A w=2ll graded (poorly sorted) heterogeneous
mixture of silt, sand, gravel, some cobbles and boulders,
and traces of clay. This material was directly deposited

oy a glacier,

Coarse Grained Stratified Drift - Moderately uniformly

ati
graded (well sorted) sand and fine gravel with traces of
silt. This is a water deposited, glaciofluvial material.

Fine Grained 3Stratified Drift - Moderately uniformly

>
graded (well sorted) silt and/or fine sand, often layered
and including clay and/or coarse sand. This material ap-
pears to be a glaciolacustrine sediment deposited in a
glacial 1lake or other body of still water in front of a
glacier.

Lacustrine Depoosits - Deposits of fine grained soils,

mostly silts and clays. dredominantly found surrounding

and beneath present day lakes and major wetlands. These

Golder Associates
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materials are deposited from still bodies of water. . They
are similar to the silt and clay layers found in the fine
grained stratified drift. These deposits do not constitute

a single mappable unit.

Outwash - Uniformly graded (well sorted) sand and
gravel usually containing very little to no silt. This

material has been mapped at :the surface, but has not been
encountered at depth beneath the proposed waste disposal

areas.

As a visual aid in perceiving the distribution of the
various glacial materials at Sites 40 and 41, the block
diagrams shown on Figures 5.5 and 5.6 were prepared. The
diagrams give an overall three dimensi
oroposed disoosal sites.
overall understanding of the
glacial formations. The
the borehole dJdata, but this data was used in their

ruction.

Each diagram was constructed by outlining the area to
be drawn on a topographic map of the area. A bdlock 0f this
rectangular area was then drawn in what is known as 'cabi-
net' projection. In this particular block diagram, the
sides of the block are projected at an angle of 30° from
the front side of the block. With this projection, mea-
surements in direction parallel to all the edges are on the
same scale. This allows borehole locations and other data
points to be easily transposed from the base map to the
olock. 3oth block diagrams were oriented aporoximately
north-south. To obtain the various geologic formation's

surface features, such as the bedrock surface and the

19

coarse grained stratified drift surface, bor=2holes wer

located on the bplock and then depths rhe vario: trat
1 ted th plock éd th depths to the varlous strat

()

Golder Associates
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plotted. The surface for a given deposit was then con-
structed by drawing a network of lines between the various
borings that intersect that given surface. The trend of
the surface shape is interpreted and shading is used to
illustrate that trend. The diagrams were constructed using
horizontal scales of 1:1250 and a ten times exaggeration
along the vertical axis. The front and side faces of the
block are essentially geological sections along those

faces.

These diagrams show how the bedrock surface has in-
fluenced the subsequent d2position o0f glacial materials.

rained stratified drift {s noted to be

[

The coarse g c
ous over both sites as is the overlying till deposit.
Site 41 has a till and/or £fine grained st
u osi

the coarse drift. These de

o ]
Q
(]
~
’_‘
]
-
3
Q

i
arly present at Site 40 but there is insufficient deep
borehole information to confirm the continuous Dra2sence o
He lower till/fine grained stratified drift.

5.2.3 Glacial Mat=rial Properties

(o]

The majority of the glacial materials encountered in
the project area are till and stratified drift which are
granular soils; combinations of sand and gravel with vary-
ing amounts of silt and often containing cobbles and boul-
ders. Traces (up to 10 percent) of clay were encountered
but represent only a verv small £fraction of the till and
stratified drift materials. The predominantly fine grained
soils, silt and clay, were mostly associated with lacus-
trine deposits around the present
within the fine grained stratified 4
These fine grained soils represent only a small fraction of
the glacial overburden,. From the tes o

o)

results of £field and laborat

Golder Associates
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oroperties for the various glacial strata are summarized on

Table 5.1

From the glacial history and results of the penetra-
tion tests taken during the boring orogram, it 1s evident
that the till and stratified drift material
dense t0 dense (Standard Penetration results
50 blows per £foot) in the wupper 15 to 20 feet (4.5 to
6.1 m) and very dense (Standard Penetration tests above 50
blows per foot) below this level (Ref, 11). The individual
grains of the granular matarials are rounded to sub-angu-
lar. The high density of these materials, their grain
angularity and their grain size ranges make them excellent
materials for embankment construction and foundation sup-
sort. These materials will not undergo long term settle-
t due %to consolidation to an amount which will be pre-

ficant to waste Jdispcsal facilities. al-

ough these granular soils may range from s a
2nd cobbles wikth little fines (silt and clay size parti-
cles) to sand or sand and gravel with up to 40 percent
fines (predominantly silt), their overall engineering
strength characteristics will be similar, h

tion angles and little to no cohesi

Glacial till is differentiated from stratified drift
deposits by not only the gradation of the materials, but by

(r

he shape of the grain size curves. The till is not water

orted matsrial and therefore tends to have particles

(1]}

hr ug“ou* the range of silt, sand, and gravel sizes. The

(l’

n

rratified drift materials are water sorted and tend to
have a large percentage of single sized, or closely sized,
articles. The coarse grained stratified drift s

predominantly sand sized with less than 10 perce

(material passing the No. 200, 0.074 mm, sisve). The fine

Golder Associates
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TABLE |55 1
SUMMARY OF GLACIAL MATERIAL PROPERTIES
Atterberg Shear Strength Density - Mcisture
Limits B R EeaE In situ Ccmpacted
Permeability
Unified Soil Dry Unit | Max. Dry | Optimum
! A y : ; k 3 ; Moistur
Material Classification i 1 = c 2 Wt. kg/m”| Density |"~ %ont
Type Symbol % % N/m? deg m/s (ft./sec.) (pcf) kg/m3 (pcf) % Remarks
Glacial Till Predominantly Predominantly 0 34 to 40| 1 x 1076 to 1 x 1078|1762 to 1986 to % Primary con-
SM and SP-SM non-plastic ks -g: ] 2211 2195 to struction mate-
fa@la= e 2% 100N yi0 we | (it ¢8| 125 jeimd
138) 137)
: y LIS )
Coarse Grained Predominantly Non-plastic 0] 35 ¥ 10" e 1 % 10D ssk 4 - - May be used as
Stratified Drift SP and SP-SM 3 e construction
- -5 Ay
(3 X 1072 to 83X 1072) {Jt’ I o Shvariai
130)
Fine Grained Ranges from Varies - - 1% 107% to1 % 1078 - - - Not anticipated
Stratified Drift ML to SP 3% 1074 to 3% 10-8) for use in con-
(3x 10 - struction
Outwash Sp Non-plastic - - 1% 1573 o 1 % 1o~ - - - Not anticipated
Cnly one sample -3 K for use .in con-
sanbad (3% 10 to X 102 GEEaEELOE
Lacustrine Ranges from Varies - - 1% 16" to 1 % 1072 - - - Not anticipated
OL to SM for use in con-
{(3%10°9 to 3%10°9) .
struction
NGTES :
1. Unified Soil Classification System designations are representative of the majority of the materials of the deposit.
2. Permeability ranges are representative of the majority of the materials of the deposit. See Appendix C of Reference 11
for evaluation of permeability tests and estimates from Hazen's approximation. See Reference 14 for details of pump
test and analysis.
3. Cohesion measured in triaxial tests believed to be a result of test procedure. Cohesion considered to be zero for
effective stress analyses. Zero cohesion inconsequential to facility design analyses.
4. See Reference 11 for individual laboratory test results.
5. (=) in table indicates no testing performed.
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grained stratified drift grain size curves have a shape
similar to the coarse grained stratified drift, but are

usually finer in overall grain size.

The predominantly fine grained soils, silts and clay
comsinations, were most always associated with the larger,
existing wetlands. The proposed mine waste disposal fa-
cilities are anticipated to be constructed in, and with,
the granular glacial materials. There 1is presently no
intention to utilize the fine grained wetland depositis for
construction purposes. Therefore, the engineering
oroperties of these fine grained materials as apolicable to
construction considerations are not ddressed 1in detail,
Similarly, the outwash soils, £fine grained sitratified
drife, residuai materials, and rock are not proposed as
materials fcr construction so their engineering properties

2r2 not addressed in detail.

Strangth parameters are of importance £or those mate-
rials anticipated to be used in, or providing foundations
for, onstruction of waste disposal <facilities. Thease
materials are the till and, possibly, the coarse grained

stratified drift. 0f these two materials, only the till
has been sudjected to laborztory triaxial shear testing.
The till soil was sampled in bulk in test pits and triaxial
tests were vperformed on laboratory compacted samples.
Sndisturbed samples of dense granular soils (till or coarse

Srained strazified drift) were not obtained from the test

porings. Tst-imates of the friction angle for the ¢

o) oarse
grained stratified drift are provided on the basis of grain
size distriobution of the samples testad and estimated
density of these materials €from the bdorehole penetration
tescts,

Golder Associates
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A great deal of emphasis has been placed on deter-
mining the hydraulic characteristics of the glacial soils.
c

guifer haracteristics were Zirectly investigated by a
pumping test at Site 41, Permeability testing was per-
formed in some of the %test borings and laboratory measure-

ments were made on compacted samples from the test pits.
Also, soil permeability was estimated from the grain size
data using Hazen's approximation. The permeability test
data was evaluated in detail in Golder Associates' Project
Report 2 (Ref. 1l1).

5.3 Hvdrology

The Crandon Project sita lizs within the Swamp Creek
I~

a
Creekx surface water dJdrainage basins of the

and Pickerel ;

WolZ River drainage Ddasin. ™e drainage basins are char-
acterized ov Zorested land, lakes, and wetlands. Most of
the larger wetlands are contiguous with the lakes and
streams 0f %the area,. The streams and some of the laxes
with their contiguous wetlands are ar=as of groundwater
discharge. Some o0f the 1lakes and wetlands are perched
above the regicnal groundwater lavels and tend.to inhibit

wat

The flood potential for the Project area is low be-
cause of the large infiltration rates of the upland areas.
and the storage capacities of the lakes and wetlands. Many
lakes and wetlands can store large volumes of water without
appreciably affecting their water levels. Average annual
orecipitation in the regional area is 30.77 inches
(781.56 mm) with approximately 15.9 inches (429 mm) percent
returning to the atmosphere as evapotranspiration. A study

of subbasins in the Project area indicates evapotransporta-

Golder Associates
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tion ranges from 40 to 67 percent of total precipitation

A wetlands watershed map has been preparad for a large
oortion of the potential siting areas. This map is pre-
sented as Figure 5.7. This map indicates the wetlands as
shaded areas and shows the surface watershed bdoundary for
each wetland and the major surface watershed boundaries ‘or
the area. Tabulated within each wetland watershed on the
map 1is the surface acresage o0f the wetland, the surface
acreage of the local watershed to that wetland and the
total acreage of watershed which is contributory %to that
wetland. The areas and watersheds £or the large wetlands
adiacent to the stireams and lakes have not been shown since
nost of these wetlands are suspected of Dbeing at least
partially £ed bv groundwater. The wetland boundaries shown
on Figure 5.7 are Dtased on interpretations from the

a obtained by aerial ophotography. At the

S shed “ap was dJdrawn, the porecise

boundaries of all wetlands had not been fi=ld verified.

Zven with this imprecision, the map clearly shows that

e a large number of wetlands and that a large
s

urface drainage is through these wetlands.

The wetland boundaries in the Crandon Project area
were field verified in 1981. These field verified wetland
toundaries are shown on the wetlands watershed map pre-
sented in Figure 5.8, As can be seen by comparison with
the wetlands watershed map on Figure 5.7, the major dif-
ferences in the wetland boundaries arise in the wetland
coqnections. In general, the overall amount of wetland
area is nearly equal.

Golder Associates
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5.3.2 Groundwater

Groundwater occurs within the glacial overburden and
in the bedrock. The principal aguifers are within the
glacial overburden, occurring under unconfined (water ta-
ble) and semi-unconfined conditions, Locally perched
groundwater conditions occur within the surficial glacial
deposits above the main aguifers. These zones of perched
water appear to be of limited areal extent (Ref. 6) and
none were found beneath the proposed waste disposal site

areas 40 and 41.

Groundwater recharge occurs readily in the wupland
areas of the site and flows essentially vertically in an
unsaturated mode to the groundwater table. After water
percolates to the aguifer, it flows essentially horizon-
tally toward the areas of lower groundwater levels; direc-

tions normal to the groundwater contour lines.

Groundwater levels over the Crandon Project site have
been primarily determined by measurements in observation
wells installed in test borings. Groundwater observation
wells have been installed at various times over the past

-3 years wunder the supervision of Golder Associates and

Dames & Moore, The observation wells have been installed
at various depths and locations to evaluate the groundwater
conditions at the site. Many of the observation wells have
been monitored over long periods to measure fluctuations in
groundwater levels and groundwater chemistry., The results
of the activities have been assembled by Dames & Moore
(Ref. 6). An evaluation of the potentiometric conditions
in the glacial material has been made in order to define
the groundwater conditions. The resulting potentiometric
contour map is shown on Figure 5.9. This groundwater po-
tentiometric contour map was constructed through Jjoint

efforts by Golder Associates and Dames & Moore for the pur-

Golder Associates
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pose of providing a single, acceptable representation of
the potentiometric groundwater elevations for the area.
This contour map is based on water level measurements in
the accessable observation wells obtained in February,
1982, plus well data obtained at various times as provided
by the United States Geological Survey. A complete listing
of the data used in the map's construction are presented in
Golder Associates' Geohydrologic Characterization Report
(Ref. 22) and a description of the methods used to derive
the map is presented in Golder Associates' Project Report 7
(Ref, 18).

Principal areas of groundwater discharge surrounding
the Project site are along ths major drainages: Swamp
Creek, Ground Hemlock Creek, Upper Pickerel Creek; Rice
Lak=, Rolling Stone Lake, Ground Hemlock Lake, and the
wetlands associated and contiguous with these features.
All of these bodies of water and wetlands are below ap-
proximately elevation 1500 feet (487 m). Around the Cran-
don orebody and proposed waste disposal areas are numerous
lakes and wetlands which are perched above the main water
table aguifer. These lakes and wetlands receive little to
no groundwater recharge. They are fed by surface water
runoff and probably inhibit percolation of the surface
water to the main groundwater aquifer. Around the orebody,
Skunk, ©Oak, Little Sand, Duck and Deep Hole ULakes are
perched partially or completely above the main groundwater
aguifer, These perched conditions are discussed in more

detail in the following section of this report.

5.3.3 Perched Conditions

Potentiometric head elevations may differ from ground-
water surface elevations in that the potentiometric head

represents the elevation of zero pressure head associated

Golder Associates
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with a particular stratum or water body. In many areas
across the site there exist wetlands and lakes where the
potential head (surface of standing water) is well above
the groundwater surface. If an observation well were
sealed just at the bottom of such a lake or wetland, it
would measure a water level egual in elevation to that of
the free standing water in the lake or wetland. However,
1f the ground beneath the lake or wetland bottom was not
completely saturated, and the groundwater system not
mounded to the lake or wetland bottom, then a second obser-
vation well sealed below the main groundwater system sur-
face would show a lower water level which is coincident
with the main groundwater system. In such instances, the
opotential head in the lake or wetland is higher than the
potential head of the main groundwater system. Such condi-
tions in the context of this report are termed perched

conditions,

Based on water level and water chemistry data, some of
the lakes in the area are independent of the groundwater
and can be described as being perched (Ref. 7). These
lakes are recharged by surface water flow (overland or
interflow) and discharge to surface flow. A small portion
of the lake water seeps froﬁ these lakes into the ground-
water system. The extent to which complete mounding be-
neath these lakes has developed is not known, but it is
suspected to be minimal for lakes with bottoms above the
main body of the groundwater system. Where mounding is
fully developed the radius of influence of this mounding is
very small in relationship to the area covered by the
groundwater map. In either case, mounded or not, lake
levels higher than surrounding groundwater levels indicate
that water flows out of these lakes into the groundwater
system, Table 5.2 lists those lakes which are around the

Crandon orebody and 1indicates which are believed to be

Golder Associates



TABLE 5.2 i
)
LAKE RELATIONSHIP TO GROUNDWATER SYSTFM ;:;j
=
oS
Lake Relationship Comnents —
o
o
Duck Lake Perched Contains very soft to soft and neutral to acidic w
water. Wells DMA-4, G41-C15B, and G41-Cl5 show
groundwater about 15 to 20 feet (4.6 to 6.1 m) below
the lake surface.
Deep Hole Lake Perched Contains very soft to soft and neutral to acidic
water. Wells upgradient (DMA-4, DMB-27, etc.) show
groundwater about 15 feet (4.6 m) below the lake
sur face. .
Little Sand Lake Perched Contains very soft to soft and slightly acidic to
slightly alkaline water. Wells located adjacent to
~the lake (DMP-2, DVMP-3, TMA-10) show groundwater 1
levels 6 to 16 feet (1.8 to 4.9 m) below the lake .
sur face. !
Oak Lake Perchea Contains very soft to soft and neutral to slightly

acidic water. Wells G40-M15, TMA-15, and PMA-3 show
. groundwater levels at least 49 to 63 feet (14.9 to
'19.2 m) below the lake surface.

Skunk Lake Perched Contains very soft to soft and slightly acidic to
acidic water. Well DMA-12 shows groundwater about 5
to 10 feet (1.5 to 3.0 m) below the lake surface.

Ground Hemlock Lake Groundwater Contains moderately hard to hard and neutral to
Discharge alkaline water. Well TMC-1 on the bank of the lake
shows groundwater about 7 feet (2.1 m) above the
lake surface.

Lake Metonga Groundwater Contains medium hard and slightly alkaline water.
Discharge The lake is in a topographic valley.

G8098L
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TABLE 5.2 (Continued)

LAKE RELATIONSHIP T GROUNDWATER SYSTTM

Relationship

Comments

Rice Lake

Mole Lake

Rolling Stone Lake

Pickerel Lake

Crane Lake

St. John's Lake

Walsh Lake

Lake Lucerne

Bishop Lake

Groundwater
Discharge

Inconclusive

Groundwater
Discharge

Groundwater
Discharge

Groundwater
Discharge

Perched

Perched

Perched

Groundwater
Discharge

Contains moderately hard to hard and neutral to

alkaline water. U.S.G.S. wells show groundwater at
or above the level of the lake surface.

Contains soft and neutral water. Data inconclusive
to determine whether primary recharge is from
groundwater or surface water.

Contains moderately or medium hard and neutral to
slightly alkaline water. Well DMB-24 about 500 feet
away (152 m) shows groundwater about 5 feet (1.5 m)
below the lake surface.

Contains moderately or medium hard and neutral to
alkaline water.

Contains hard and slightly alkaline water.

Contains very soft to soft and neutral to slightly
acidic water. Well PMB-29 located upgradient has
groundwater about 1 foot (0.3 m) below the surface.

Contains very soft to soft and neutral to slightly
acidic water. Wells located around the lake (TMB-7,
DMB-29, MC-3, GA1-P24) show groundwater about 10 to
13 feet (3.0 to 4.0 m) below the lake surface.

Contains soft and slightly acidic water.
Contains medium hard and slightly alkaline water.

Surrounding U.S.G.S. wells show groundwater levels
near the lake surface.

€86 Aienuep

_vg_

€8098L



January 1983 -55- 786085

primarily groundwater fed (groundwater discharge areas) and
which are believed to be perched and hence primarily sur-

face water fed (groundwater recharge areas).

Golder Associates
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6.0 REVIEW OF 100 MILLION DMT OREBODY SYSTEMS

6.1 Background

Golder Associates prepared an Interim Report (Ref., 10)
for waste facility siting in October 1980. This Interim
Report presented the finding of studies to provide alterna-
tive waste disposal facility layouts for disposal of mining
waste which were considered to be the most feasible for the
guidelines proposed for their design and operation at that
time. Several studies, 1including hydrological modeling,
detailed wetland evaluations, and evaluation of pond liner
materials were either being planned or in progress but not
complete at the time the Interim Report was prepared, The
Interim Report presented three prospective waste disposal
site areas, Sites 40, 41, and 50, for consideration. In
addition to evaluating the proposed site arsas for broad
siting criteria, many alternative site pond layouts for
disposal facilities were prepared for each site area. Of
these, the most feasible alternative for each site area was
presented and was employed in comparing the three sit
areas. A brief review of this study is presented in th

remainder c¢cf this Section.

.2 Design Guidelines

6.2.1 Waste Products and Design Volumes

It was proposed that the mining and milling waste

materials would be separated for storage or disposal.

D

These products were: waste rock, combined backfill sand
(temporary storage), sulfide tailings, non-sulfide tail-
ings, reclaim water, and water treatment sludge. The waste
facilities were sized for estimated ore reserves of
100 million dry metric tons (110 million short tons). A
more detailed discussion of the waste products and tonnages

is presented in Section 3 of this report. Exxon directed

Golder Associates
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the separation of sulfide and non-sulfide tailings to
concentrate the sulfide minerals for disposal because of
their acid producing potential. Although the waste rock
could be used in construction of the facilities or disposed
of with the tailings, it had been assumed for this study
that it would require a separate disposal area. Also, it
had not yet been determined whether there would be a
surplus of water and, if so, what provisions would be made
for its treatment and disposal. However, two of the
proposed layouts included provision for a water treatment
sludge disposal area. At the time, data suggested a low
potential for acid leachate generation in the non-sulfide
tailings ponds and their designs did not have provisions
for special 1lining materials. The other ponds had pro-

visions for special liners.

sed £

The estimates of storage volumes which were u
the facility layouts are presented in Table 6.1. The wat

O
~

i)
r

[a))

treatment sludge was given an estimated allowance ©
15600 ac. ft. (1.97 Mm3) of storage volume, The reclaim
water wvolume for reclaim pond sizing was based on the
estimated volume of process water flow with a retention
time of 2 months. After about 15 vears of operation the
combined backfill sand would have been removed and the pond
would be available for disposal of sulfide tailings.
Therefore, sulfide tailings disposal would be in two ponds
with a combined storage capacity of 7000 ac. ft.
(8.64 Mm3).

The difference between the minimum volume of storage
and the design volume of storage for the various waste
oroducts shown in Table 6.1 is a reflection o0f the esti-

mated accuracy of densities and the storage efficiencies

Golder Associates
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TABLE 6.1

100 MILLION DMI' OREBODY
ESTIMATED WASTE POND STORAGE WOLUMES

Min. Reg'd.

Waste Specific | Estimated Dry | E
Product Gravity ! Density Volume | Design Volume

‘ i 1 _
(pef) | (Ra/md) | (ac. £t.)  (md) | (ac. ft.) | (vMm3)
| Waste Rock - | 105 | 1630 . 3,085  3.80 3,200 | 3.95
| Comb. backfill sand | 3.55 | 110 | 1760 1,381 1.70 | 1,550 | 1.91,
| Sulfide tailings 4.30 | 130 | 2080 5,713 | 7.05} 7,000 | 8.64
| Non-sulfide tailings ;| 2.74 | 85 | 1360 | 16,726 |20.64 | 20,000 | 24.68
Treatment sludge | N/A | N/A | NA L - |- 1,600 | 1.97|
Reclaim water LON/A | N/A N/A 1 1799 | 2.%22 1,850 | 2.78;
| ]
TOTALS | 28,704 | 35.41 35,200 3.43]

«
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at which the facilities might operate. Since the reclaim
water density and quantity was known and the storage of
water is very efficient, there is little difference between
the minimum and design wvolume estimates. Waste rock
storage 1is also relatively efficient so 1little excess
volume was provided. The combined backfill sand, sulfide
tailings and non-sulfide tailings volumes are the most
difficult to estimate because variations in density will
yield variations in volume and the efficiency with which
these materials can be stored is dependent on the method of
disposal. Therefore, design wvolumes for these waste

products provided allowance for these uncertainties.

$.2.2 Hydrology and Topography

All selected siting areas have similar groundwater
hydrologic features since each is a groundwater recharge
area and their geologic materials are similar. At this
stage of the project, simple hydrologic parameters were
considered. The greater the distance between the ground-
water and pond bottoms the greater the potential for at-
tenuation of any leachate which might escape from a waste
pond. The greater the distance from the site to a ground-
water discharge area, the greater the opportunity for dis-
persion and attenuation of leachate. From a surface water
standpoint, it was considered preferable to keep all
facilities within the same surface watershed. The surface
watersheds which were employed for this study are shown on
Figure 5.7, Wetlands wWatershed Map, in Section 5 of this
report.

The topography of a site profoundly affects the spe-
cific facilities layout. The topography affects the earth-
work required to construct the facility more than most any

other feature. Valleys or surface depressions are key

Golder Associates
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target areas for creating ponds with a minimum amount of
earthwork., Because the lakes and large low-lying wetlands
were excluded as potential siting areas, there are few
major topographic depressions or valleys which are
available for pond sites. However, the topographic
features were used as much as possible in developing the

potential waste disposal facility layouts.

6.2.3 Wetland Considerations

In addition to the site topography, and predominantly
as a result of the site topography, wetlands locations were
an important siting consideration. As previously noted,
the large wetlands and those contiguous with streams and
lakes were excluded from consideration during the siting
ohase of the project. Most of these wetland areas are
below elevation 1600 feet (487.8 m). However, the
topography of the land above elevation 1500 feet (487.8 m)
includes numerous localized depressions which have
developed into wetlands. These wetlands are not
groundwater discharge areas and are believed to be only

associated with the surface drainage system.

In addition to the area of wetlands actually covered
by the layouts, consideration was also given to the poten-
tial impact of covering the surface watershed to a wetland
when not covering the wetland itself. In this regard, it
was assumed that if 50 percent of the total surface water-
shed to a wetland (the local watershed and the contributing
watersheds) was covered by the facilities, then the wetland
could be potentially impacted.

6§.2.4 Embankment Design Parameters

The embankment design parameters which were of primary

concern at this stage of the facilities layouts were those

Golder Associates
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which have the greatest affect on earthwork and hence over-
all size of the facilities. These factors were slope con-
figuration, freeboard height, and crest width. Other fea-
tures, such as filter material design, slope protection
details, and drainage and grading details would not control

the overall layout concepts,

From an aesthetic, erosion control and maintenance
standpoint, 3.0 horizontal to 1.0 vertical slopes were
selected for the downstream (outside) sides of all embank-
ments., Vegetative cover can be established on these slopes

and they can be readily maintained.

For the upstream (inside) slopes of the embankments,
two slope angles were used. Where pond linings were en-
visioned for water retention and/or leachate control,
4.0 horizontal to 1.0 vertical slopes were used. This
slope is sufficiently flat for placement of synthetic mem-
brane or other types of liner materials. The 4.0 horizon-
tal to 1.0 vertical slopes were used to size the reclaim,
combined backfill sand, sulfide tailings, and water treat-

ment sludge ponds.

At the time, data suggested that the non-sulfide ponds
would not contain sufficient guantities of acid producing
materials to generate acid leachate and otherwise unaccept-
able water gquality to warrant installation of special pond
linings. On this basis, the non-sulfide tailings ponds
were designed with upstream (inside) slopes of 2.0 horizon-
tal to 1.0 vertical. These slopes are satisfactory from a

stability and surface erosion standpoint.

For this project, with the nominal embankment heights

envisioned, a 20-foot (6.1 m) crest width was established

Golder Associates
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for perimeter embankments and a 16-foot (4.9 m) crest width

for interior (between ponds) embankments. These crest
widths were used for the facility layouts except where
wider crests were needed for pipeline or rock haul corri-

dors.

The crests of all ponds would be sloped to drain into
the ponds. all ponds were designed to have a minimum
freeboard height of 3 feet (0.9 m). This freeboard height
is adequate for the pond sizes considered based on the
100-year, one-hour wind velocity of 90 miles per hour
(145 km/h). A service road would be provided around the
outside perimeter of the pond embankments. The service
road and a perimeter ditch would also be constructed around
the waste rock disposal area.

£.2.5 =Tarthwork and Stage Construction

The cost 0of the earthwork will be a major portion of
the overall expense of the waste disposal facility. Thus,
the approximate amount of earthwork required for the vari-
ous layouts 1is an important £factor in the layout process.
At the time of the study, earthwork estimates were not
detailed and did not differentiate the different types of
materials which may be incorporated in the final design.
Although the cost of the earthwork for construction had not
been estimated, the relative costs of various layouts were

compared based on their relative earthwork quantities.

In addition to the total volume of earthwork for a
waste disposal site, planning for staged construction ac-
tivity was also a factor in the facilities layouts. The
aspects of staged construction included time factors of
when various ponds would be constructed as well as the

approximate location of the excavated material (borrow) and

Golder Associates
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the approximate location of the embankment construction.
To the degree possible, borrow areas would be close to
required £ill areas since 1long haul distances markedly

increase the cost of earthwork,

Preliminary earthwork estimates were prepared for each
layout included in the report. Consideration was given to
staged construction timing and haul distances in a gen-
eralized manner. The specific layouts were not studied
extensively to provide highly accurate earthwork volume
estimates. However, sufficient work had been done to pro-
vide an estimate of the overall magnitude of the earthwork
involved and to be able to compare the relative amount of

earthwork for the various layouts.

6.3 Evaluation of Site Systems

6.3.1 OQOverall =nvironmental Factors

[

The three site layouts presented on Figures 6.1, 6.2
and 6.3 were designed to meet the more readily identifiable
environmental criteria which were anticipated to be re-
guired of such facilities., All facilities for the three
layouts are outside of £floodplain areas, more than 300 feet
(91.4 m) from navigable rivers or streams, and more than
1000 feet (305 m) from lakes or ponds. They are more than
1000 feet (305 m) from 1interstate and federal or state
trunk highwavs, and more than 1000 feet (305 m) from any
oublic park. No active private or public water supply
wells are known to be within 1200 feet (366 m) of the fa-
cilities. The proposed sites are not known to cover miner-
al resources within 1000 feet (305 m) of the surface. None
of the sites require destruction or moving of either osprey
or eagle nests, and each is more than approximately one-
guarter mile (0.4 km) from the closest osprey nest.

Sites 40 and 50 infringe slightly on the deer yard associ-

Golder Associates
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ated with the wetland between Mole and Rolling Stone Lakes,
but since deer yard locations and areas change continuously

this is not considered a major environmental factor.

The amount of 1land actually covered by each of the
three layouts, excluding pipeline corridors and access
roads, 1is approximately the same: 850 acres (344 ha) for
Site 40, 917 (371 ha) for Site 41, and 1073 (434 ha) for
Site 50. Sites 41 and 40 are compact layouts, keeping all
facilities within the same general area. Site 50 is sprezd
over a much larger area than the 1073 acres (434 ha) the
facilities actually cover. Sites 41 and 40 are believed to
be preferable to Site 350 from the standpoint of overall

area required,

None of the sites cover or infringe on any wetlan
which are contiguous with lakes or streams. Such wetland
areas were strictly aveided in selecting the sites,
Sites 40 and 41 cover 33 and 63 acres (15 and 25 ha) of
upland wetlands, respectively. Site 50 covers no wetlands

since this criteria was the primary intent of the layout.

For purposes of the report, the potentially impacted
upland wetlands were those where half or more of the wet-
land's watershed is covered by the facilities. All three
site layouts presented include potentially impacted wet-
lands according to this «criteria. The wetland areas
directly covered and wetland areas potentially impacted by
having 50% of their watershed covered are 85 acres (34 ha)
for Site 50, 95 acres (39 ha) for Site 41, and 50 acres
(20 ha) £for Site 40. Thus, all three sites have the
potential of impacting upland wetlands even through one

layout, Site 50, covers no wetlands directly.
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Since all sites are in upland areas, they are all
above the groundwater levels. The facilities of Site 40
are nominally 35 to 70 feet (10.7 to 21.3 m) above ground-
water while those at Sites 41 and 50 are nominally 50 to
95 feet (15.2 to 29.0 m) above groundwater. With increased
height above groundwater, there is increased opportunity
for attenuation of any leachate which may seep from the
system. Thus, Sites 41 and 50 may provide additional safe-
guards compared to Site 40 in this regard.

From a surface watershed viewpoint, Site 41 has the
advantage of being able to contain the facilities within
one watershed except for the downstream slopes of the em-
bankments along the east side of the site, The Site 40
facilities straddle the Swamp Creek/Pickerel Creek water-
shed divide and the Little Sand Lake sub-watershed divide
within the Pickerel Creek watershed. Site 50, because it
is spread over parts of both the Site 49 and 41 land areas,
has facilities in all of these watersheds. The overall
potential impact of the facilities will probably be reduced
when they can be contained in fewer surface watersheds such
as the Site 41 layout.

<

It is generally safe to assume that the Ffarther a
potential source of leachate is from a groundwater
discharge area, the greater the potential for attenuation
and dilution. Of particular importance in this regard are
the groundwater discharge areas of the wetlands associated
with Ground Hemlock Creek, Swamp Creek, Rice Lake, Mole
Lake and Rolling Stone Lake. These creeks, 1lakes and
wetlands form a continuous band around the southwest, west,
north, and east sides of the combined Site areas 40 and
41.
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From the standpoint of proximity to groundwater dis-
charge arezs, Site 40 is the closest and Site 41 the far-
thest, with Site 50 having its facilities located in both
Site 40 and 41 areas. The Site 40 layout is within about
400 feet (122 m) of the wetland between Mole Lake and
Rolling Stone Lake. This wetland drains both north to Mole
Lake and south to Rolling Stone Lake. On the south side of
Site 40, the wetlands contiguous to Rolling Stone Lake are
groundwater discharge areas and drain directly to Rolling
Stone Lake. Groundwater contours at Site 40 suggest that
groundwater flows across the site from essentially
northeast to southwest with' a gradient of about 0.3%,
Thus, any seepage which enters this groundwater system

would tend to flow' in this same direction.

Site 41 is located above a groundwater high., From the
3 n

central poportion of Site 41 the groundwater level contours
tend ¢t beccocme lower in all directions, but there 1is
preference for the majority of the groundwater flow to be

toward the east and southwest. The groundwater gradient
from the center of Site 41 to the wetland contiguous with
Hemlock Creek is 0.3%, but steepens to about 1% between the
edge of Site 41 and this wetland. The groundwater gradient
from the center of Site 41 to the wetland northeast of
Rolling Stone Lake is about 0.3%. At its closest point the
Site 41 layout is about 600 feet (183 m) from the wetland
contiguous with Hemlock Creek, but over most of its eastern
edge 1is more than 1000 feet (305 m) from this wetland. It
is also more than 10,000 feet (3050 m) from the wetland

northeast of Rolling Stone Lake.
Site 50, because of being spread over the land areas

of both Site 40 and 41, includes the groundwater features

of these two sites. Those facilities on the east side of
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Little Sand Lake are over the groundwater high, Those
facilities on the west side of Little Sand Lake are over
the lower groundwater areas but located such that the down
gradient direction 1is across the site from northeast to

southwest,

£.3.2 Construction and Overational Factors

The primary factors in evaluation of the sites from a
construction veiwpoint 1is the overall earthwork volume,
staged construction considerations, waste rock haul road
length, and pipeline lengths. For these three sites, most
all other construction related factors are egual. There
are no major construction problems related to the founda-
tion conditions, material availability or groundwater which
are anticipated at this time for either of the three
sites. From an operational standpoint the method of Zecant
water removal, pipeline lengths and haul distances are the
primary factors. Other operational factors not related to
these items are essentially the same for the three sites or

have a lesser impact to the total system operation.

The earthwork volume estimates for the three sites

indicate that Site 41 will require 1less earthwork than

Sit2 40 and much 1less than Site 50, If balanced, the
earthwork for Site 41 could be two-thirds that of Site 40
and half that of Site 50. These differences represent

substantial costs since earthwork alone could be more than

half of the total construction cost of the facility.

From a staged construction standpoint, it appeared
that Site 41 could be developed in stages which correspond
reasonably well with the need of the various facilities.
Vertical staging would be possiblepfor the unlined tailings

ponds. Since detailed excavation and fill volumes were not
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compiled for Site 40, it was assumed that it could also be
similarily developed. Although Site 50 could be
constructed in stages, the stages themselves would probably
have to be large units. Since each pond would have to have
nearly a balanced earthwork by itself, the excavated mate-
rial would be obtained from the pond bottom. Therefore, a
pond would have to be completely constructed to its full
size before it could become operational. This leaves
little possibility for constructing an individual pond in

successive vertical stages while in operation.

The pipeline corridor and waste rock haul road from
the mine/mill area to the disposal area would be more than
four times longer for Site 40 than for Site 41. Thus, four
times the land area would be covered and probabiy about
four times the =zpense would be involved in construction.
Tor Site 50 this length is essentially the total of both

n

o)
d the ponds,

Sites 40 anc 41, Distribution lengths arou
once the disposal area is reached, would be about the same
for Site 40 and 41. The Site 50 system would be longer

than either of these because the ponds are spread over such
a large area. In addition, duplicate standby lines and
additional piping to the water reclaim pond would be

required for Site 50,

The problems and costs associated with operating this
waste transport system are approximately directly related
to the length of the pipelines and haul road. wWith
approximately egual grade change;, the longer the lengths,
the greater the pump sizes and energy costs of operation,
and a greater area 1is impacted. Maintenance costs are
higher because there is more length to the system. There
are no benefits, from a cost or environmental view, in

having a long waste product transfer system.
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The decant system design znd operation is primarily a
function of the proximity of the waste ponds to the reclaim
pond and their relative elevations. A simple, short gravi-
ty flow system is most advantageous with respect to cost
and operations, Of the three sites, the Site 41 system
will zllow for gravity flow decanting from all but one non-
sulfide pond. The Site 40 system will also allow for grav-
ity decanting from most ponds with some pumping reguired
from the non-sulfide ponds. The Site 50 system will re-
gquire pumping from all ponds except the combined backfill

sand pond.

6.3.3 Summary and Conclusions

Based on the studies vperformed and the information
regarding the volumes and characteristics of the wvarious
waste oproducts, the 3ite 41 system was recommended for

£

cisposal of the waste procducts from the ZTrancdon mining and
milling process. A Site 41 system can be designed to have
the least adverse environmental impact on the area, and be
feasible to construct and operate. A summary of the
features of each of the three site layouts is presented in

Table 6.2,

Site 41 is more acceptable than Site 40 £for a number
of reasons. Site 41 is predominantly contained 1in one
surface watershed and its location, in that watershed, is

uch that there is not a direct, short drainage path to the

n

waters and wetlands of Swamp Creek and Rolling Stone Lake.
Site 40 straddles three surface watersheds which drain di-
rectly to the wetlands contiguous to Mole and Rolling Stone
TLakes. The groundwater surface beneath Site 40 has a pref-
erencial gradient toward, and discharges into, the wetland

around Rolling Stone Lake and the wetland betwesn Mole and
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TABLE 6.2
COMPARISON OF SITE FEATURES
(* Notes advantage over the other sites)
FERTURES SITE 40 SITE 41 SITE 5B
i CASE U-A1 CASE U-A1l CASE U-A2
1. Land area covered *1. 850 acres (344 ha) 1. 917 acres (37) ha) 1. 1073 acres (434 ha), but is spread
over a much larger area
2. Upland wetlands covered 2. 8 wetlands @ 39 acres (16 ha) 2. 13 wetlands @ 63 acres (25 ha) total *2. None - "no wetland" layout
3. Upland wetlands potentially impacted *3. 3 wetlands @ 11 acres (4 ha) 3. 3 wetlands @ 33 acres (13 ha) total 3. 14 wetlands @ 85 acres (34 ha)
4. Distance from pond bottoms to ground- 4. 35 to 70 feet (10.7 to 21.3 n) *4. 50 to 95 feet (15.2 to 27.4 m) *4, 50to 95 feet (15.2 to 27.4 m)
water table
5. Surface watersheds in which site is 5. 3 - Swamp Creek and Pickerel Creek *5. 2 - Ponds in Little Sand Lake sub- 5. 5 - A1l watersheds of Sites 40
located watersheds and Little Sand Lake sub- watershed, small area of downstream and 41
watershed embankments in the Hemlock Creek/
Swamp Creek watershed
6. Proximity to groundwater discharge 6. Closest to discharge area *6. Farthest from discharge area 6. Combination of Sites 40 and 41
areas
7. Estimated earthwork volume 7. 13 million cu.yds. (9.9 Mn°) *7. 9.3 million cu.yds (7.1 Mm°) 7. 19.2 million cu.yds. (14.7 Mm®)
8. Staged construction considerations *8. Probably could be developed in stages *8. Could be constructed in stages which 8. Full size pond units only; nearly
similar to Site 41 correspond reasonably well to needs. no possibility for constructing an
individual pond in stages
9. Pipeline corridor/haul roads 9. About 4 times longer than Site 41 *9. Shortest corridor/haul road from the 9. Total of both Sites 40 and 41
mine/mill complex to disposal area
10. Decant systems 10. Some gravity flow, some pumping *10. Mostly gravity flow, some pumping 10. Mostly all pumping
11. Relative costs 11. Probable cost significantly higher *11. Lowest probable capital and operating 11. Probably twice the cost of Site 41.

than Site 41, but less than Site 50

cast

Features common to all three sites:

Outside flood plain areas
More than 300 ft.
More than 1000 ft.

More than 1000 ft.
More than 1200 ft.

OO wmn —

(91 m) from navigable rivers or streams
(305 m) from lakes or ponds

More than 1000 ft. (305 m) from state and federal highways
(305 m) from public park
(366 m) from known active water supply well

7. More than 1000 ft. (305 m) above any known mineral

resource likely to be minable in the future

8. Do not include a major wetland contiguous with a

lake or stream

9. More than one-quarter mile (0.40 km) from existing

osprey/eagle nest
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Rolling Stone Lakes. The groundwater surface beneath
Site 41 forms a northwest to southeast trending ridge so
that the gradient has some preference toward the east and
southwest. The groundwater levels are farther below the
pond bottoms at Site 41 than at Site 40, thereby affording
a2 greater potential for leachate attenuation. Site 41 1is
closer to the mill, thus keeping all surface facilities in
a more compact geographical area. The pipeline corridor
and haul road 1length from the mine/mill complex to the
disposal area is shortest £for Site 41, thus reducing the
amount of land required and reducing potential environ-
mental impact. In addition to these environmental
advantages of Site 41, the waste disposal system can be
developed and operated at this Site for a lesser cost than
the Site 40 system. Pipeline and haul distances are
shorter, more decanting can be done by gravity and the

overall earthwork 1is substantially less for Site 41 tha

EeN
3

ot

for Site 40. The primary advantage of Site 40 over Site
is that the facility layout at Site 40 covers and
potentially impacts fewer acres of upland wetlands than

does the Site 41 layout.

Recent regulatory trends towards limiting the incorpo-
ration of wetlands in a disposal facilities system led to
the develooment of the Site 50 design which does not cover
wetland. Although no wetlands are covered by this fa-

o

ilities layout, it does cover wetland watersheds and could

o
votentially impact nearly as many acres of wetland as does

wn
Vs
r
1]

41. Through work comoleted to date, the potential for

dverse environmental impact is considered greater for the

jO)

Site 50 layout than for either Site 40 or 41. Although the
advantages of Site 41 apply to the eastern portion of the
Site 50 layout, the disadvantages of Site 40 apply to the

western portion of the Site 50 layout. In addition, the
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Site 50 1la

<

out impacts nearly twice the overzll land area

as either Site 40 or 41, even though it only covers
[

slightly more area. From a cost standpoint, Site 50 could
easily be twice as expensive to construct and operate as
the Site 41 system.

In consideration of the overall area surrounding the
Crandon orebody, there appears to be no viable site which
would exclude incorooration of wetlands. The three site
layouts presented herein are believed to have a minimum
overall environmental impact for ths general design con-
straints placed on each system. The Site 41 and Site 40
layouts were designed to minimize wetland usage. 0Of these
S s, Site 41 is considered to provide a functional waste
disposal facility which minimizes the potential wetland

and has the 1least overall adverse impact to the
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7.0 SLURRY SYSTEM LAYOUTS FOR 77 MILLION DMT OREBODY

7.1 Design Pond Volumes

v

After determining Site 41 to be the preferred waste
disposal facility location, wvarious alternative facility
layouts 1in Site 41 were studied. The waste products and
product volumes used as the basis for sizing the waste
disposal system facilities were presented in Section 3 of
this report. Those volumes are an estimate of the amounts
of materials to be stored, but do not include any allowance
for the efficiency of tailings storage nor any allowance
for water in the reclaim pond above that reguired for
return to processing. Additional capacity must be provided
within the system to account £for these allowances.
Table 7.1 is a summary of the waste product wvolumes
estimated from mine/mill production tonnages and the total
volume for which the system will be designed from a storage
viewpoint. The reasoning of these differing volumes 1is

discussed below.

The reclaim ponds (it is presently envisioned that
there will be two separate ponds although early designs
were based on one pond) must store the required process
water volume of 954 acre-feet (l.lelO6 m3) plus the design
storm water volume of 28 acre-feet (O.O35x106 m3). The
design storm is the 24-hour, 100-year event which equals
5.1 inches (130 mm) of precipitation. Also, storage will
be provided for 14 days storage of 2,500 gallons per minute
(0.158 m3/s) of mine water handling from excess water
treatment facility shut-down. This 1is equivalent to
154 acre-feet (0.19x10° m3). The early pond systems de-
signed with one reclaim pond were sized for the process
reclaim water plus 3 feet (0.91 m) of £freeboard. This

freeboard height is sufficient for retaining the 24-hour,
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TABLE 7.1

DESI@ WASTE PRODICT VOLIMES
TOR THE 77 MILLICN DMT OREZODY

i Design Storage Percent of Storage
| Brodugkion wolume, . Yolue . Volume above
Product ! 10%m3 | Ac. Ft. 10°m3 ¢ Ac. Ft. | Production Volume
| Tailings and Excess Waterj i :
i Treatment Sludge 1 23.87 | 19,348 27,45 22,250 15%
‘ | i
wWaste Rock ! 1.93 | 1,565 L.%3 1 1,565 0%
| i |
Reclaim Water (see Note 1) 1.18 ' 954 1.59 | 1,288 | 35%

Note 1. Reclaim pond design storage includes storm precipitation and an
allowance for mine water handling due to shut-down of the excess
water treatment plant.
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100-year storm water plus waves. The requirement, by
Zxxon, to store the mine water £from the excess water
treatment plant shut-down was applied along with their
request to have two reclaim ponds in lieu of one. In
addition, capacity was added to contain the Probable
Maximum ©Precipitation (PMP) Volume from the largest
tailings pond. Thus, the total volume of the two reclaim
pond options is larger than the single reclaim pond op-

tions.

The tailings ponds will hold the slurried tailings,
waste water treatment sludge, and waste rock. Most of the
waste rock will be incorporated into the construction of
the ponds or will be used to re-grade the ponds beneath the
reclamation cover. Thus, 1ts total volume is not treated
as required storage volume at this stage in the preliminary

design process.

In addition to the solids within the pond and the
water retained within the pores of the tailings after it
settles, the tailings ponds will also pond water for final
clarification prior to its decanting to the reclaim
ponds. Along with a volume for water ponding, the tailings
pond volume must account for the slope of the tailings
surface. The surface of the tailings beach in a pond
slopes downward from the input point to the ponded water
area. Slopes generally range from 0.5 to 1.0 percent for
similar mine tailings ponds. Because of the fine particle
size of the tailings for this project, a 0.5 percent slope
is estimated for preliminary design. Experience indicates
the slope of the tailings below the ponded water will be
nearly horizontal, except for a steep slope (which may
range from 5 to 50 percent) right at the water's edge

against the tailings beach. This steeply sloped area,
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however, 1s usually found to be limited in height to about

10 to 20 feet (3 to 6 m). The difference in pond volume

between the anticipated tailings surface configuration and

a level surface at the highest point of the tailings (at
the input point) is termed the inefficiency of the pond.
Typical inefficiencies for similar tailings ponds ranges

from 10 to 20 percent of the storage volume based on
production tonnages. As shown on Table 7.1, a 15 percent
inefficiency has been used for preliminary design for the
tailings and sludge. No inefficiency was assumed for the
waste rock since it will b2e used as construction

material.

The waste production volumes and design storage vol-

umes included in Table 7.1 are based on the latest tonnage

estimates available from Exxon at the time of this writ-
ing. Pricr to having these tonnages, many estimates were
made and subseguently refined for the 77 millicon DMT ore-
body. As revised tonnages were received and revised volume

estimates made, they were incorporated into tailings facil-
ity layouts. Details of the various tonnage estimate re-
finements are not presented herein since they were fairly
minor and would lend little to the overall purpose of this
report, Although there are slight differences in the de-
sign wvolumes of some of the layouts because of these
changes, any one of the system layouts presented could be
modified to accomodate the latest waste product tonnage and

volume estimates.

7.2 Common Design Features

All facility layouts developed have several common
features regardless of differences in size, shape, loca-
tion, or number of ponds in each system. Some features
cannot be shown on the drawings because they are veyond the
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level of detail required at this stage of ©project
development. However, allowances have been made, or could
be made, to incorporate each of the features. The
significant common features of these systems are as

follows:

1. Lakes are not employed as disposal areas.

2. Offset of more than 300 feet (91.4 m) from navig-
able streams.

3. Ponds excluded from areas below elevation
1600 feet (487.7 m) MSL.

4, Outside floodplains.

5. Offset more than 1,000 feet (305 m) <from the
right-of-way of the following:

a) state trunk highway,

o) interstate or federal primary highway,

c) boundary of any state or federal park,

) boundary of a scenic easement purchased by

the Wisconsin DNR or DOT,

boundary of a designated scenic or wild
river,

a scenic overlook designated by the
Wisconsin DNR by rule,

g) a bike or hiking trail designated by the
United States Congress or the State Legisla-
ture.

®

rh
~—

. More than 1,200 feet (366 m) from any public or
private water supply well (except wells drilled
by Exxon).

[92Y

7. More than 0.25 miles (0.4 km) from osprey or
eagle nests.

8. Outside the area containing a known mineral re-
source likely to be mineable in the future and
which lies within 1,000 feet (305 m) of the sur-
face. :

9. All tailings ponds to include a low permeability
liner and underdrain above the liner.

S T TRT WA TGN TRIETIRW e e e om0

10. Reclaim water ponds to include two low permeabil-
ity liners.
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11. All ponds to have a minimum of 3 feet (0.91 m) of
freeboard.

12. Pond crests to be able to carry at least one-way
traffic for periodic inspection.

13. All pond crests sloped to drain into the pond.

—
=3

e

lor embankment slopes 3.0 horizontal to

. EX r
1 vertical.

t
.0

15. 1Interior pond side slopes 4.0 horizontal to
1.0 vertical.

16. Service road to be provided around the perimeter
of the system at the toe of embankment slopes.

17. Drainage swales or other drainage grading to be
provided around the perimeter of the system.

18. All tailings ponds to be covered, graded to
drain, and vegetated at reclamation.

19. Reclaim ponds to be dismantled, with lining mate-
rials placed in final tailings pond, and area
regraded and vegetated at reclamation.

One of the location criteria of proposed NR 182 1is
that the facilities be more than 1,000 feet (305 m) from
navigable lakes. 1In preparing the facility layouts, it was
found that there were topographic and groundwater features
which could warrant infringing on this offset around Duck
and Deep Hole lakes. Rather than ignore these possibili-
ties, some layouts were developed which would require a

variance from this location criteria.

Another location criteria listed in proposed NR 182 is
that the facilities not be within 200 feet (61 m) of the
property line. At this time, it is understood that Exxon
is still in the process of acguiring certain portions of
land. It 1is therefore considered inappropriate to show

certain property boundaries. In preparing the layouts, it
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has been assumed that this location criteria would not

present a restriction.

There are many other £features to be incorporated into
the design of a tailings facility beyond those 1listed
above. However, for purposes of preparing the alternate
layouts which follow, these additional £features are con-
sidered as details or would not have a bearing on selecting

a system from the alternatives provided.

7.3 Alternative System Layouts and Comparison

In working with the Site 41 area, numerous pond con-
figuration layouts have been developed. To date, over 100
£ferent layouts have been prepared within the Site 41
area over a period of about 3.5 years. Wwith the many
changes and refinements in orebody size estimates, waste
o

v
kS

'y

duct tonnage estimates, number of waste products, waste

oroduction schedules; and waste product oroperties, most of

these layouts are now out dated. As discussed in Section 3

of this report, the most significant change in waste prod-

uct volume estimates was applied to the waste facilities:
design in January, 1981 when the orebody reserve estimate

was revised from 100 million DMT to 77 million DMT. Since

that time about 25 layout alternatives have been prepared

for the Site 41 area.

Since the adoption of the 77 million DMT reserve esti-
mate for waste facility design, the most significant
changes in waste product volume and scheduling have been
for the waste rock and reclaim pond. The waste rock volume
and production schedule has been refined based on newer
mine planning concepts. The reclaim pond design has been
altered by Exxon's reguest that this water be retained in

two ponds rather than one, so that they have the option of

Golder Associates



January 1983 . -83- 786085

chemically treating the reclaim water as it flows between
these two ponds, and their requirement that the reclaim
ponds be large enough to hold mine water in the event of a

short shut-down of the excess water treatment facility.

Th

selected to illustrate the range of viable variations pos-

(1]

alternative Site 41 layouts presented herein were

sible. Although the available storage within each system
differs slignhtly, ény one could be altered to provide the
latest estimated storage volume and still maintain its
overall characteristics. The five alternatives shown cover
an average of (measured within the outside toe of embank-
ment slope) 515 acres (209 ha) (*6 percent) of land and
have an average storage capacity of 21,100 acre-feet

(26.0x10°m3) (+1 percent).

In terms of overall environmental impact, those items
considered of most significance are wetlands, groundwater,
and distance from lakes. Less significant items are total
land area, embankment height, and crest elevation. The
impact of mine waste facilities on the groundwater system
is discussed in detail in the following Section of the
report. The other items listed above are summarized on
Table 7.2 from the drawings of the five alternatives shown
on Figures 7.1 through 7.5. Other environmental impact
considerations and design features common to each of these

alternatives were listed in Section 7.2.

From a construction cost standpoint, the volume of
earthwork required to develop the configurations shown and
the area inside the crests are the most significant. The
area inside the crests represents the area of pond bottoms
and inside slopes requiring liners or liners and under-
drains, and also the area reguiring cover for reclamation.

Since the 1location of each of the systems presented rela-
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TABLE 7.2 »
SUMMARY OF COMPARATIVE FFATURES o
[e¢]
OOMPARATT VE, I ALTERNATIVE SYSTEM DESIGNATION
o FEATURE 141-103 | 41-106 |  41-109 | A1-114 | 41121
Number of tailings ponds 3 4 t 3 4 2
Distance from lakes, feet (m) 170 450 | 1,050 1,050 200
(51.8) (137.2) | (320.0) (320.0) (61.0)
Wetlands covered, acres (ha) 36 47 54 49 62
(14.6) (19.0) (21..9) (19.8) (23.1)
| Wetlands impacted, acres (ha) A 53 54 49 62
1 (16.6) (21.4) (21.9) (19.8) (25.1)
; Total land area, ecres (ha) 505 537 ; 503 538 485 olo
: (204.4) (217.3) | (203.6) (217.7) (196.3) v
Area inside crests, acres (ha) 1 405 423 386 421 406
| (163.9) (171.2) (156.2) (170.4) (164.3)
Height above groundwater, | 30-66 34-59 54-59 44-60  30-55
feet (m) (Note 1) (9.1-20.1) | (10.4-18.0)] (16.5-18.0) | (13.4-18.3) (9.1-16.8)
Maximum crest elevation, 1,735 1,740 1,745 1,745 1,723
feet MSL (m) (528.8) (530.4) (531.9) (531.9) | (525.2)
Max. pond depth, feet (m) 90 90 95 %5 983
(27.4) (27.4) (29.0) (29.0) | (29.9)
| Max. exterior fill height, 123 95 102 00 | 108
~ feet (m) (37.5) (29.0) (31.1) (30.5) | (32.9)
S . R . R | -
| Approximate earthworlé, millions, 11.71 13.15 12.03 12.49 | 9.26 o
of cubic yards (10°m3) (8.95) (10.05) (9.720) (9.55) (7.08) &

(1) Heights given are for tailings pond bottoms only. Reclaim pond bottoms for all five
alternatives range from 35 to 45 feet (10.7 to 13.7 m) above groundwater.
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system water balance, and,

tailings areas are reclaimed

faster. Also, with a staged system there is the ability to
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Thus, because the embankment
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is being filled. However,
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basis for the alternative syste
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ems presented concerns wet-

lzands. As the project progressed, a revised wetlands map

.

was prepared.

The initial wetlands boundaries . (see
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Figure 5.7 1in Section 5) were defined by photographs and
maps and were later better defined by £field survey (see
Figure 5.8 in Section 5). Timing was such that these later
wetland boundary definitions have only been incorporated on
the basemap for the 41-114 layout. This difference 1is
fairly small as noted by comparing the wetland acreage
covered by layout 41-109 versus 41-114. Even though 41-114
covers more individual wetlands than 41-109, the acreage of
wetlands covered by 41-114 is less, by about 10 percent,
than 41-109,. Considering the relatively small wetland
acreages covered by these alternative systems, any
comparison made with respec£ to wetlands impact would
essentially be the same regardless of which wetland basemap
is wused. Only the large wetland southeast of Deep Hole
Lake was considered to be of more relative importance than
the others covered by any one of the alternative layouts
because of its size and because it is a large segment of
the surface drainage area to Deep Hole Lake. None of the
wetlands covered by the alternative layouts are groundwater
discharge wetlands; they are all well above the regional

groundwater level.

In one wetland area, northeast of Duck Lake, the dif-
ferences in the wetland boundaries between the two Dbasemaps
would cause a shift in pond layouts to some of the alterna-
tives. Any dual reclaim pond system finally developed
could, and would, be located outside this wetland. The
dual reclaim pond configuration for 41-114 shows a small
portion of this wetland beneath one of the reclaim ponds.
This reclaim pond configuration was subsequently altered to
avoid this wetland and is shown later in Section 9 of this
report. This same altered configuration of reclaim ponds
could be applied to any one of the other systems having two

reclaim ponds in this general location.

Golder Associates
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Alternative layouts 41-103, 1046, and 121 are within
1,000 feet (305 m) of either, or both, Duck or Deep Hole
Lakes. These layouts were located so that the topographic
mound just east of Duck Lake could be incorporated into an
embankment, making use of the surrounding low ground for
tailings storage. Also, as will be discussed in the fol-
lowing Section of this report, these layouts tend to stay
toward the western side of the groundwater mound beneath
Site 41 to the degree possible. Layouts 41-109 and 41-114
maintain more than 1,000 feet (305 m) f£rom the lake shores

to the outside toe of embankment slope.

Farthwork volumes estimated for the alternative sys-
tems presented are approximate (probably within #15 per-

C

1)

nt, but not verified) and the layouts were not adjusted
so that the excavation balanced with the combined £fill
volume needed for embankment and cover material. Further-
more, the waste rock volume has not Ddeen accounted for 1in
those earthwork gquantities. The total earthwork volume
shown on Table 7.2 was obtained by averaging the total
excavation and total fill (embankment plus cover volume).
In comparing the estimated earthwork volumes, it is ap-
parent that the greater the number of tailings ponds, the
greater the total earthwork. The three pond systems 41-103
and 109 will require about 11.7 to 12.0 million cubic yards
(9.0x105 and 9.2x105m3) of earthwork while the four pond
systems 41-106 and 114 will require about 12.5 to 13.2 mil-
lion cubic yards (9.6x106 and 10.1x10°m3) of earthwork.
Two pond system 41-121 will require substantially less
earthwork, about 9.3 million cubic yards (7.lx106m3).

EBarthwork volume comparison also points out that there

is some.saving to be gained by incorporating the topograph-

Golder Associates
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ic hill ad3acent to Duck and Deep Hole Lakes, but only by
placing embankment very close to these lakes as shown for
systems 41-103 and 41-121. Earthwork for 41-103 is about
0.3 million cubic yards (0.2x10°m3) less than for 41-109,
both being three tailings pond systems. Although System
41-106 also utilizes the hill adjacent to Deep Hole Lake it
makes less advantageous use of the other topography in this
area resulting in greater earthwork than reguired by system

41—114, both being four tailings pond systems.

The depths of the tailings ponds and maximum embank-
ment heights (measured as the difference in elevation be-
tween the pond crest and point where the outside toe of
slope intersects the natural ground surface) for the five
alternatives presented are not significantly different.
The tailings pond depths range from 90 to 98 feet (27.4 to
29.9 m) and the maximum embankment £fill heights range from
95 to 123 feet (29.0 to 37.5 m). Similarly, the highest
embankment crest elevations for the five alternatives are
nearly the same, ranging from elevation 1723 feet to
1745 feet MSL (525.2 m to 531.9 m). Thus, regardless of
the number or location of the individual tailings ponds,
there is no advantage of one alternative over another in
significantly reducing these pond depths, embankment fill

heights, or crest elevations,

The height of the tailings pond bottoms above the
groundwater levels ranges from 30 to ©66 feet (9.1 to
20.1 m). The range in height above groundwater for the
reclaim ponds is from 35 to 45 feet (10.7 to 13.7 m).
Since the reclaim ponds need to be shallow, 20 feet (6.1 m)
for reagent decay, their location from system to system is
essentially the same to make use of the relatively flat

area north of Duck Lake. The tailings pond bottom levels

Golder Associates
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vary widely because of their location with respect to the
topographic low areas around Deep Hole Lake. Those alter-
natives with pond bottoms closest to the groundwater are
41-103, 106, and 121. These same alternatives are also
closer than 1,000 feet (305 m) to either, or both, Duck and
Deep Hole Lakes, Alternatives 41-109 and 114, more cen-
trally located in the Site 41 area, have tailings pond
bottoms ranging from 44 to 60 feet (13.4 to 18.3 =) above

groundwater.

7.4 Summary of Layout Comparisons

Comparison of the various environmental impact fea-
tures of the five alternative waste disposal system layouts
presented may be viewed as a system of trade-offs. As will
be discussed in the following Section of this report, po-
tential groundwater effects are nearly egquivalent £
tems 41-103, 106, 109, and 114 to the degree consid
the screening analysis. As the next 3ection of the report
will show, System 41-121 has a different effect on the
groundwater system than the other four. Xeeping this 1in
mind, compérison of other aspects of t ternative system
layouts is best made between 41-103, 106, 109, and 114 and

4 21,

then between these four and system

Systems 41-103 and 109 are three tailings pond systems
and 41-106 and 114 are four tailings pond systems. The
advantage of a four pond system over a three pond system is
the ability to better stage construction and to begin rec-
lamation earlier. The disadvantages are that the four pond
systems cover more surface area and require more earthwork.
The stage construction cost advantages of the four pond
systems are offset by the total cost advantage of lesser
earthwork for the three pond systems. At this point in the

design process, these items are considered equal. The

Golder Associates
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advantage of being able to begin reclamation earlier in the
life of the system, offset by its cost disadvantage can be
weighed against the need for the larger surface area of the
four pond systems versus the three pond systems. This
trade-off comparison is subjective but the advantages of
early, better staged reclamation are considered to outweigh
the 1increase 1in land area reguired by the £four pond

systems.

Crest elevations, pond depths, and maximum £ill
heights for the three and four tailings pond system alter-
natives are approximately egual. No one system is viewed

as having a significant advantage over any oOther system.

Although alternatives 41-103, 106, 109, and 114 cover
and impact (impact being defined as over 50 percent of a
wetland's surface drainage area being covered by the waste
facilities) about the same wetland acreage, ranging from 41
to 52 acres (16.6 to 25.1 ha), there is a regulatory trend
favoring minimizing the acreage of wetlands incorporated
into a waste facility. There are, however, significant
trade-offs associated with covering wetlands for the three

nd four pond alternative systems. The primary trade-offs

[V

are in the distance from Duck and Deep Hole Lakes and the
distance between the tailings pond bottoms and the ground-

water.

Alternatives 41-103 (3 ponds) and 41-106 (4 ponds)
cover fewer wetlands than alternatives 41-109 (3 ponds) and
114 (4 ponds). However, both 41-103 and 106 are closer
than 1,000 feet (305 m) to Duck Lake and 41-103 is also
closer than 1,000 feet (305 m) to Deep Hole Lake. In tak-
ing advantage of the slightly lesser earthwork provided by

the topography around these two lakes, the tailings pond

Golder Associates
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bottoms are also the closest to the groundwater table,
30 feet (9.1 m) for 41-103 and 34 feet (10.4 m) for 41-106.
This is because the topography is low on the east side of
the hill just north of Deep Hole Lake. Even though the
four pond systems 41-106 and 114 take more land area than
the three pond systems 41-103 and 109, system 109 covers
the most wetland acreage. Thus, the minimization of wet-
land acreage is at the expense of reduced offset from the
lakes and closer distance from the lowest pond bottom to
the groundwater table. Alternatives 41-109 and 41-114
adhere to the location criteria in NR 182 of maintaining a
minimum of 1,000 feet (305 mj between the lakes and the
waste facility, although they regquire the taking of more

wetland acreage than systems 41-103 and 41-106.

In comparing 41-109 and 41-114, the four pond 41-114
system covers less wetland acreage than the three pond
41-109 system. However, as previously discussed, 41-114 is
shown on the latest wetland basemap while 41-109 is shown
on an earlier wetland basemap. wWithout oreparing each
layout on the latest wetland base map it 1is fair to con-
sider that alternatives 41-106, 109, and 114 cover about

equal wetland areas.

Alternative system 41-121 is significantly different
from the other four alternatives presented. The reason for
the difference is that its two tailings ponds are located
in the southwestern portion of the Site 41 area. As will
be discussed further in the £following Section of this re-
port, this location was selected based on reduced potential
groundwater effects. This alternative has two distinct
advantages over the other four systems. It regquires about
25 percent less earthwork, and covers the least amount of

land area. Although with only two ponds there 1is less

Golder Associates
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opportunity for construction staging of individual ponds,
the stepped bottom of pond number 2 does allow for vertical
staging. Some disadvantages of this system compared to the
other four is that there is little opportunity for staged
reclamation, the pond bottoms re fairly close to the
groundwater table, it is closer than 1,000 feet (305 m) to
Duck and Deep Hole lakes, it covers the largest wetland
acreage, and it covers the single largest wetland which is
a major surface feature in the Deep Hole Laxe drainage
area. Also, the geologic conditions around the wetland
east of Deep Hole Lake are less favorable than the general
geologic conditions beneath the remainder of the Site 41
area. In the vicinity of this wetland the surface glacial
till strata is very thin and the coarse grained stratified
drift extends well above the groundwater level (see Geo-
logic Section C-C in Section 3 of Ref., 11). The coarse
ined stratified drift would allow leachate which may
k from the pond bottom to reach the groundwater much
ter than would glacial till, thus providing less time
a

ttenuation.

As can be seen from the layouts and discussions pre-
sented, there is no one waste disposal system alternative
whi-h minimizes all environmental impacts and at the same
time provides the least cost for construction. Those sys-
tems trending toward lowest cost as measured by earthwork
and land rea, are also those which may cover the most
wetland acreage, are closer to the groundwater table, are
closer to the 1lakes, or provide least opportunity for
staged reclamation. If minimizing wetland acreage coverage
is viewed as being of primary importance, system 41-103 is
the best choice. If it is desirable to adhere to the loca-
tion criteria of proposed NR 182 with respect to the lake

offsets while also minimizing wetland coverage; system

Golder Associates
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41-114 is the best selection. To minimize earthwork and
land area covered, system 41-121 is most advantageous, but
it covers the largest wetland acreage and includes the
largest wetland, 1is close to the lakes, and has a fairly
short distance between the groundwater table and pond bot-

toms. There are no obvious single answers.

Golder Associates
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8.0 PRELIMINARY

()

EOHYDROLOGIC SCREENING ANALYSIS

of a potential mine waste disposal site on
c system was considered a major factor in
t ite evaluation vprocess, Groundwater 1is the
primary water resource in the Project area and was there-
fore the prime target of this screening investigation.

In the site selection process it was necessary to
screen many mine waste disposal sites and different seepage
control systems over the life of the mine and many years
after reclamation. The methodology selected for this pre-
liminary screening process was use of a computer model to
simulate the groundwater flows and movement of seepage from
the mine waste disposal facility with the groundwater. The
model had to be suited to the hydrogeology of the study
area, allow easy simulation of mine waste disposal system
seepage, and be relatively inexpensive to operate. It was

determined that these reguirements could best be met by

[}
T

combining a groundwater flow model with a seepage transpo

rn

ns
model and developing input and output capabilities speci

ically oriented toward this study.

The model which was developed for this preliminary
screening study simulates the geohydrologic effects of the
waste disposal system in a series of discrete time incre-
ments through the mine 1life and after reclamation. The

three overall steps in the model are (1) definition of the

waste system seepage, (2) computation of the shape of the
phreatic surface, and (3) determination of the movement of
seepage through the groundwater. At each timestep, or
multiple thereof, various information may be output such as
seepage concentration or phreatic surface shape. In this

Golder Associates
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manner, the geohydrologic effect of a waste disposal system
could be tracked through time. An overview of the model is

presented in detail in Golder Associates' Project Report 9

(Ref. 19). The use of this computer model allowed prelimi-
nary assessment for screening many more alternatives with
more comprehensive results than other methods available.

8.2 Geohvdrologic Study Area

The geohydrologic study area was defined as a
22 sguare mile (56 kmz) area surrounding the orebody. It
is bounded on the north by Swamp Creek, on the east by
Ground He
Pickerel Lake, and on the west by Rolling Stone and Mole

mlock Slough and Crane Lake, on the south by

Lakes. The upland area within these boundaries serves as a
groundwater recharge area while the surrounding streams and
lakes serve as discharge boundaries. ~Figure 8.1 shows the
study area boundaries, the location of the Crandon forma-
tion (orebody), and proposed wasts disposal facility site
areas 40 and 41. The »oundaries of the study area are the
limits of the groundwater model and function as either
discharge (constant head) or no-flow boundaries, as indi-
cated on Figure 8.1.

Considering the scale of the study area, the geology
may be approximated as a relatively thin layer of glacial
soils overlying bedrock. Figures 8.2 and 8.3 are plan and
section drawings across the study area and system 41-114.
Section A-A in Figure 8.3 shows the soil zone beneath the
tailings ponds in relation to the boundaries of the study
area. With the exception of a weathered zone in the Cran-
don formation, the bedrock is considered to be functionally
impermeable. For purposes of groundwater modeling, the
glacial overburden was idealized as interlayered strata of

till and coarse grained stratified drift. A major coarse

Golder Associates
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grained stratified drift unit is generally continuous over
the study area and is overlain in the upland areas by a
well graded till. The coarse grained drift is two to three
orders of magnitude more permeable than the till and is
considered to be the primary transmissive unit in the area.
\n idealized hydrogeologic section of the study area Iis
shown in Figure 8.4. The primary path of tailings pond
seepage movement is downward through the till and laterally
through the drift to the surrounding groundwater fed lakes
and streams,. The groundwater assessment included herein

considers only the lateral movement through the drift.

8.3 Hydrogeologic Parameters

8.3.1 Progressive Refinement

The process of alternative site and design evaluation
1 S

~
£

n
ace in vparallel with data collection efforts. Dur-
selection and design alternative screening

cess, more detailed definition of the hydrogeology of
study site became available. Therefore, the model
ut data was updated during the modeling effort to re-
£lect this additional data. The two sets of input data
e termed the "initial" and "final" parameter sets al-
though they apply to the preliminary screening. These
parameter sets were used in two phases of preliminary geo-
hydrologic assessment screening analyses. The 1initial
phase took place during June 1981 and the final phase took

place during October 1981.

8.3.2 1Initial Parameter Set

-3

he

system screening analyses was to assess the long term ef-

urpose of the initial phase of the waste disposal

Q

fectiveness of various seepage control strategies. Tail-

ings pond seepage histories ranging from an unlined system

Golder Associates
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to a lined system with an underdrain were modeled for an
approximate 30 year mine 1life and 30 years thereafter.
Proposed waste disposal system 41-103 was used for these
studies.

The groundwater model paramete were specified for

s rs
each node point in the finite difference grid by assigning
a "material type" for each node. Each material was char-
acterized by its hydraulic conductivity, storativity, natu-
ral net recharge, porosity, longitudinal and transverse
dispersivity, and retardation. Figure 8.5 shows the study
area with the material type and parameter values by cell.
Material types 1 and 2 represent the primary aguifer mate-
rials. Material type 1 with a storativity value of 0.07
was applied where the groundwater zone is completely within
the coarse grained stratified drift. Material type 2 with
a storativity value of 0.054 was applied where the upper
portion of the groundwater zone 1is within the %till above

.
-

(]

coarse grained stratified drift. This value reflects

o

n

D

lower drainable porosity of the till which controls the

cr

rate of volume release as the top of groundwater fluctuates
within the till. Material type 3, 4 and 5 are special
material types which provided various groundwater model
poundary conditions. Material type 3 had a porosity value
0f zero which indicated the seepage transport boundaries of
the study area. Material type 4 was assigned a hydraulic
-25

conductivity of 10725 feet per day (0.3x10 m/d) to simu-

late a "no flow" boundary node. Material type 5 was as-
signed a storativity of 1023 to simulate a "constant head”
boundary node. The wvalue of 2,050 cubic feet per day
(58.2 m3/d) per groundwater cell (23 acres) for natural
recharge was used throughout the study area and represents

a value of 9 inches (229 mm) per year.

Golder Associates
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The finite difference grid and seepage transport grids
were coincident for the initial study phase at 1000 feet by
1000 £

drift thickness was set at a constant value of 70 feet

eet (305 by 305 m). The coarse grained stratified

te and transmissivity variation was

e

(21 m) across the s

achieved by varying the hydraulic conductivity. Calibra-

[l

t
tion was achieved by varying the overall net annual ground-

2]

water recharge for the groundwater system and by varying
hydraulic conductivity at specific cells to match localized
variations in head distribution. Simulated groundwater
head contours across the site were compared against con-
tours drawn from field data taken 1In September 1980

(Ref, 18). Figure 8.6 shows the observed and simulated
n

nalysis was performed to cdetermine the
ersivity on model results. Longi-
tudinal dispersivity was varied from 0.1 feet (30 mm) to
0 with corresponding transverse dispersiv-
ities of 0,01 feet (30 mm) to 60 feet (18 m). 3ased on
his sensitivity study and review of the literatu
Refs. 1 and 8), wvalues of 200 feet (61 m) and 20 feet
6.1 m) were chosen for the longitudinal and transverse
ivities, respectively. Figures 8.7, 8.8 and 8.9
w the spread of seepage 30 years beyond reclamation
ears total) for the three above cases. It can be seen
ese figures that dispersivity primarily governs the
oread of the contours of low concentrations. However, the
0 percent seepage contour is relatively close across the
range of dispersivities used, indicating the relative in-
e vity of this parameter for the study case. There-
ore, use of 200 feet and 20 feet for 1longitudinzl and
transverse dispersivities were considered reasonable for

the screening effort presented herein.

Golder Associates
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fferent slurry pond systems within Site 40 and 41

. These tailings pond systems were "generic" in that

a, regardless of site to-
erest in this evaluation were

0f waste system seepage directed to-
g one Lake for the wvarious

[« S
o>t

site systems.

A more accurate calibration of the groundwater gradi-
ents beneath the Site 41 area than was used in the initial
parameter set was considered necessary to assess the rela-

rive amounts of seepage being transported to Hemlock Creek

Figure 8.10 shows the coarse grained stratified drift
thickness con:tours over the study area used to determine a

thickness value at each finite difference grid node.

The model was +then recalibrated to refine the fit
between simulated and observed groundwater heads. Final
adjustements were achieved by modifying the net annual
agquifer recharge and a value of 12.5 inches per vyear
(318 mm/y) over the study area resulted in the best cali-
bration. Figure 3.11 shows the material type assignment
for the finite difference matrix and the parameter values
specified for each in the final parameter set. As can be
seen in Figure 8.12, the final calibration was a signifi-
cant improvement over the initial calibration with respect
to the plan location 2f the groundwater divide from north-
waest to southeast across the groundwater mound beneath the

Site 41 area.

Golder Associates
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In addition to the refinement of the model parameter
set, the final screening study employed a modified version
of the groundwater model itself, The resolution in tail-
ings pond placement and seepage concentration obtainable at
the 1,000 foot by 1,000 foot (305 m by 305 m) matrix was
considered too coarse for the final phase of the prelimi-
nary screening study. Therefore, a second matrix which
divided th 1,000 foot by 1,000 foot (305 m by 305 m)
groundwater element into fifteen 200 foot by 333 foot (61 m
by 101l m) seepage elements was employed for seepage compu-
tations. ©Figure 8.13 illustrates the groundwater flow grid

and seepage sub-grid.

8.4 Tailings Pond Seepage Estimates

8.4.1 Seepage Estimate Methodology

Potential seepage from a proposed mine waste disposal
site may affect both groundwater flow and guality. It is
therefore necessary to characterize the time variation of
seepage from the tailings ponds, referred to hereafter as

the "seepage history". For the tailings pond syvstems being
considered for the Crandon Project, the primary factor
governing the seepage rate during operation is the seepage
control measures used, A detailed description of seepage

rate estimate methodology 1is presented in Golder Associ-

Iy

ates' Project Report 3.1 (Ref, 12).

A second factor which could potentially influence the
seepage rate 1is the hydraulic head in the till material
beneath the ponds. If the head in the foundation material
at the pond bottom is positive, the seepage rate becomes a
function of not only the seepage control system but also of
the hydraulics of the underlying materials, i.e. the pond

and the £foundation material act as a single hydraulic

]

unit. The seepage rate estimation methodology for thes

Golder Associates
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two cases 1is different and the first step was therefore to
determine which <case applied to the proposed tailings

ponds.,

The two processes which are likely to give rise to a
positive head beneath the liner are (1) a saturated ad-
vancing wetting front through the underlying till and (2)
build-up 0f a recharge mound in the till which rises to the
pond bottom. It was determined (Ref. 12) that for pond
seepage rates less than 1,800 gallons per minute
(0.11 m3/s) per 100 acre (40 ha) pond the wetting front is
unlikely to progress in a saturated state. Also, for seep-
age rates less than 700 gallons per minute (0.04 m3/s) per
100 acre (40 ha) pond, it 1is unlikely that the groundwater
table will mound to the bottom of the pond. These tailings
cond seepage rates are considerably higher than the antici-
cated rates

tems. Therefores, the seepage may be estimated based only
on o

8.4.2 Seepage Histories

As described in Section 8.3, the geohydrologic
screening study was performed in two phases, The first
ohase primarily investigated the effectiveness of various
seepage control measures while the second phase addressed
the detailed pond layouts within the Site 40 and 41
areas. The first phase considered seepage from proposed
system alternative 41-103 with no liner, with a bento-
nite/till liner of 0.5, 1.0, 2.0, and 5.0 feet (0.15, 0.30,
0.61, and 1.5 m) thicknesses, and with a 1.0 foot (0.30 m)
thick bentonite till iiner covered by an underdrain sys-

tem, The second phase considered reslative effects of sev-
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eral oroposed Site 40 and 41 area systems with the 1.0 foot
m) in

er and underdrain seepage control system.

For use in the first phase of the screening analysis,
the seepage history was computed for each of the seepage
control measures proposed, 1including the wunlined case,.
These seepage histories were prepared specifically for
tailings pond system 41-103 based on the methods presented

in Golder Associatass' Project Report 3.1 (Ref. 12), but

employing the following preliminary parameter values.

Hydraulic conductivity of liner: 1x10-10 T/
(3.3x10710 f£t./secz.)

Hydraulic conductivity of 5x107 3 4

tailings: (1.6x1077 ft./sec.)
Drainable porosity of tailings: 0.05
Steadv-state infiltration 1.0 inches per year
fafter pond reclamation) (25 mm/y)

wn

ome of these values differ from those presented 1in

un

the £f£inal Golder Associates' Project Reports 3.1 and
(Ref. 12 and Ref. 15). The laboratory testing data
(Ref. 15) and the parametric seepage rate study were not
available during this assessment effort. The two primary
differences are the hydraulic conductivity of the ben-
tonite/till liner material, which was found to be
5x10°10 m/s (1.6x10°° ft./sec.) rather than the 1x10710 m/s
(3.6x10'10 ft./sec.) assumed and the drainable porosity of
the tailings, which was estimated to be 0.3C rather than
the assumed value of 0.05. The effect of these changes in
parameter values are that the flow rates from the ponds
would be higher than that used in the preliminary assess-
ment study (because of higher liner hydraulic conductivity)
and that the desaturation of the tailings would take longer

(because of the higher tailings drainable porosity). How-
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ever, the preliminary geohydrologic assessment was per-
formed to determine relative impacts of various seepage
control measures and detailed pond 1ayouts. In this re-
gard, the results of these studl

to be made and are considered valid for their intended

purpose.

The seepage histories for each of the six seepage con-
trol measures studied are shown in Figure 8.14. As can be
seen in these figures, the computed cumulative peak seepage
rate ranges from about 450 gallons per minute (0.03 m3/s)
for the unlined <case down to 18 gallons per minute
(0.001 m3/s) for the liner with underdrain case. 3Based on
the rates computed for these seepage control measures and

£

the resultant effect (to be discussed in the next subsec-

tion), the decision was made to propose a bentonite/till
liner overlain by an underdrain as the seepage control
system. For the final phase of the study a 1.0 foot
(0.31 m) +thick bentonite/till 1liner with an underdrain

system was assumed.

Having selected a seepage control system, the final
phase o0f the preliminary geohydrologic assessment was to
study the site alternatives within the proposed Site 40 and
41 areas. Since no detailed tailings pond layouts had been
prepared for some of the alternatives to be considered, and
to allow maximum flexibility in alternative selection, a
generic system consisting of a set of 3 ponds was used.
The seepage rate from this generic tailings pond system was
simplified to a constant rate for each of the ponds during
their operation and a linear increase over a one year peri-
od to a steady-state seepage of about 1.0 inch per year
(25 mm/y) after reclamation. This seepage history is shown
as Figure 8.15. In order to maintain consistency of the

peak seepage rates for the underdrain cases between the

Golder Associctes
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initial and final phases of the study, the depth of water
in the underdrain was taken to be 0.12 feet (37 mm) and the
steady-state infiltration through the tailings was taken as
0.75 inches per year (19 mm/y). These adjustments were
made to account for the variation in the total plan areas

of the waste disposal systems.

8.5 Results of Modeling Effort
8.5.1 Physical Geohydrologic Effects

The construction of approximately 400 acres (162 ha)
of lined and underdrained waste disposal ponds on the study
site would significantly reduce the natural recharge be-
neath the facility which generally ranges from & to
12 inches per year (152 to 305 mm/yr.). For the assumed

\

liner/underdrain case, the seepage histories on Figure 8.15

D

show the tailings pond leakzge during operation to b
1.3 gallons oer minute per pond (0.2 in./yr. = 5 am/y).

After reclamation the seepage rate increases to 6.3 gallons

2

per minute per pond (1.0 in./yr. = 25 mm/y). These low

seepage rates compered to the natural recharge will have
o

greater effect on groundwater gradients in the Site 41

=

a
than the Site 40 area since the Site 41 area is the high

point 0f a groundwater recharge zone.

To consider this effect, the model simulates the re-
sponse of the groundwater gradients to the reduced net
recharge beneath the ponds. Figure 8.16 illustrates the
simulated <changes to the groundwater gradients after

30 years of operation of the southwestern generic waste

stem. Note that the groundwater high beneath

<

disposal s
the Site 41 area has reduced significantly in areal extent
and moved to the northwest. However, the groundwater po-
tentiometric contours below 1580 feet (482 m) elevation are

not significantly altered. TFigure 8.17 shows the simulated

Golder Associates
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groundwater potentiometric contours 10 years after reclama-
tion of the southwestern generic mine waste disposal system
with an assumed infiltration value of 1.0 inch per year
(25 mm/yr.) through the reclamation cap. Note that the
groundwater mound beneath the Site 41 area has not fully
recovered to its original configuration. This is because
the reclamation cap limits the infiltration to a level much

lower than the present rate.

8.5.2 Seepage Transport Analysis

The oprimary function of the preliminary hydrologic
assessment was to determine the relative directions, rate,
and guantity of movement of pond seepage in the saturated
coarse grained stratified drift between various proposed

waste disposal syvstems. Tt should be emphasized that the
seevage transport results presented herein are based on
several simplifying assumpcions, as listed below.

1. Transit time between pond bottom and saturated
coarse grained stratified drift was ignored.

2. Unsaturated and saturated zone retardation was
ignored.
3. Unsaturated and saturated zone chemical attenua-

tion was ignored.

4, Considered pond Seepage to be 100 percent
unspecified "solute".

5. The seepage concentration contours represent the
concentration of seepage within the saturated
coarse grained stratified drift assuming complete
mixing (vertical integration) of the seepage in
the drift. Based on Bear (Ref. 2) this assump-
tion is valid beyond 10 to 15 times the saturated
coarse grained stratified drift thickness away
from the seepage source.

Therefore, the times and concentrations presented herein
are not conservative but are of value for relative compari-

son 0f alternatives.
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Based upon the seepage rate, groundwater gradients
12

beneath a proposed pond and nature of the coarse grained

o]

stratified drift, the incremental movement of pond seepage
esach year was computed. The percent of seepage 1in the
coarse grained stratified drift was determined for each
cell” a

drawn. A series of these simulated seepage concentration

"seepage nd contours of egual ©percentages were
contours for up to a 200 year period were compared for each
proposed system to assess the relative hydrologic effects

of each.

The first phase of the analysis investigated the re-
lative effect of various seepage control measures using
proposed system 41-103. Figure 8.18 shows the simulated
progression of seepage from an unlined system at 15 years,
30 years, 60 years and 120 yszars after the system begins
operation. The seepage concentration contours indicate the
percent of the groundwater in the coarse grained stratified

Qu

rift which originated from the ponds. ©Note that at year
15 with tailings pond number 2 in service, 100 percent of
the groundwater in the aguifer originated from the over-
lying pond. This is due to the flat groundwater gradients
which result from the very low pond seepage and the limited
groundwater movement produced. The seepage plume moves to
the southwes:t toward Rolling Stone Lake and to the north-
east toward Hemlock Creek since the proposed waste manage-
ment facility straddles the groundwater mound. At vear

120, the plume is near its steadv-state position.

Seepage concentration plumes were simulated for a
range of seepage control measures at the proposed 41-103
system ranging from unlined to an underdrain system. rig-
ure 8.19 shows a comparison of the simulated seepage con-

centration plumes at 30 years (the assumed end of the ser-

.

o
vice 1ife of the facility) for the seepage control measures

Golder Associates
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. Both the peak concentrations and the extent of

cent contour are decreased with increasingly ef-
e seepage control measures. Based upon this com-
n, an underdrain system with a liner was adopted as

the proposed seepage control system.

Figure 8.20 shows a segqguence 0f simulated seepage

ncentration plumes at 15, 30, 60 and 120 years for the

>0
Q

—

-103 site with a 1liner and underdrzin system. The
underdrain seepage history included in Figure 8.20 shows
the increase in pond seepage after reclamation, yielding
increased seepage concentrations from year 30 to year 60,
However, this increased seepage rate allows the previously
depressed gro

ndwater mound beneath the Site 41 area to
a

This increases the later
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The second phase of the preliminary hydrologic assess-

ment investigated 3 alternative sites within the Site 41
a and one within the Site 40 area. The seepage histo-
ries emploved in this phase were based on an underdrain
tem over a 1.0 foot (0.31 m) thick liner. The purpose
the second phase of the study was to determine the rela-
ive effect of placement of the ponds within the Site 40
d 41 areas. Therefore, the analyses used a generic 3
nd system with equal plan area at each location and equal
seepage histories. Tach pond is about 130 acres (52.6 ha)

with a total tailings area of about 390 acres (157.8 ha).

The three Site 41 area alternatives studied included a
center option which straddles the groundwater mound, a

western ootion which encroaches on the 1000 foot (305 m)

I

offset from Duck Lake, and a southwest option which covers

Golder Associates
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I5 YEARS INTO OPERATION

NOTES

30 YEARS INTO OPERATION
( AT CLOSURE)

I. TIMES PRESENTED ASSUME THAT POND SEEPAGE ENTERS SATURATED COARSE
GRAINED STRATIFIED DRIFT AT TIME ZERO.

2 TAILINGS POND LINER BENEATH UNDERDRAIN IS 1O FT. THICK TILL/BENTONITE MIX
3 SEEPAGE HISTORY SHOWN ON DRAWING NO. 050 -1-8064I . FIGURE B |14,

4. GROUNDWATER MODEL PARAMETERS FOR THESE ANALYSES PRESENTED ON
DRAWING NO 050-1-8063T7, FIGURE B.5.

S. RECLAIM POND ASSUMED LINED WITH SYNTHETIC LINER OVER A 6" THICK
TILL / BENTONITE MIX FOR ALL CASES.
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d to the east of Deep Hole La

vement toward Hemlock Cree

tudied 1s to the southwest
s

o
tudied and ths simul

ure 8.21 shows the 4 sites s ted seep-
ge concentration contours at year 31, one vyear after as-
1 tion. The groundwater gracdients beneath the

f=

L

ormly to the southwest, causing

the seepage plume to move toward Rolling Stone Lake, about
2000 feet (510 m) away. This short travel distancs yields
relatively little time compared to the other options for

nuation and dispersion of the seepage in the aguifer.
41 Western and 41 Center sites are similar in that they
straddle the groundwater mound beneath the Site 41 area.
3oth options show simulated peak concentrations of 1

0
cent and show seepage plume movement toward Hemlock C
o

side 0f tnhe 3ite 41 area groundwater mound and ther

shows no movemant of seepage toward Hemlock Creek.

assess the long term hydrologic eff

)
ao o

0o
Tovement was simulated until a steady-stat o)
d. Figure 8.22 shows the resulting seepa
ite 40 area option reached steady-state conditions by
to

100 years after operation

®
[Ve]
™
3
RN
o
o

tributary. The
site 1s lower than the

ns studied, but %the seenage flows directly to-
ve

-l

ly less time for at-
tenuation or other mitigating influences than the other

options.
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NOTES

I TIMES PRESENTED ASSUME THAT POND SEEPAGE ENTERS SATURATED
COARSE GRAINED STRATIFIED DRIFT AT TIME ZERO.

2. ALL ANALYSES PRESENTED ARE AT | YEAR AFTER SYSTEM CLOSURE

3 RECLAIMATION COVER INFILTRATION IS | |INCH / YEAR

4. RECLAIM POND ASSUMED LINED WITH SYNTHETIC LINER OVER A 6" THICK
TILL 7/ BENTON!TE MIX FOR ALL CASES

5. TAILINGS POND LINER BENEATH UNDERDRAIN IS i.0' THICK TILL/ BENTONITE
MIX .

6. GROUNDWATER MODEL PARAMETERS FOR THESE ANALYSES PRESENTED ON
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7 SEEPAGE rISTORY SHOWN ON DRAWING NO 050-1-80522 , FIGURE B 1I5.
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plumes which move toward Rolling Stone Lake and Hemlock
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epage concentrations of 70 and 80 per-
cent are reached beneath the ponds. These high concentra-
u the groundwater gradi-

om decreasad infiltration. Th
ow gradients slow the lateral movement of seep-
v

ement that tends to hold

The Site 41 Southwestern option, located southwest of
the Site 41 area groundwater divide, shows the simulated
seepage plume moving only toward Rolling Stone Lake. Since
the ponds o not straddle the Site 41 area groundwater

adient modification from recduced infiltration
does not ovroduce the limitazd movement zone seen in the
other two Site 41 area options. The peak seepage concen-

e cent. the distance to Roll-
ing Stone Lake 1 about 12,000 feet (3660 m), providing

S
relatively long opportunity for geochemical attenuation.

The steady-state seepage plume configuration is highly
dependen upon the infiltration through the reclamation
co

t
ver, The seepage plumes shown in Figure 8.22 are from an
0

1

infiltration rate of about ! inch pver year (25.4 mm/yr.).
To determine the sensitivity of this parameter a similar
analysis was performed on the 41 Center option with ap-
proximately 3 inches per year (76.2 mm/yr.) infiltration.
Figure 8.23 shows a compari:on of seepage plumes at about
30, 60, and 100 years for each of the two infiltration
rates. Note that both the 2xtent of seepage movement and
peak concentrations reached are greater for the 3 inch per

year (76.2 mm/yr.) infiltration rate.

Golder Associates
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8.6 Conclusions

The seepage concentration contours which resulted from
tive screening study allowed the hydrologic
ement system alternatives to
ernatives review process.
h ted herein should not be
taken as a detailed assessment of hydrologic effects, since
several simplifying assumptions were made. Also, no allow-
ance has been made for the time for seepage movement ver-

tically from the pond bottom to the coarse grained strati-

rn

ied drift. However, the relative effects of the alterna-
tives studied are evident from the results of the study.
Five major conclusions resulted from this preliminary as-

sessment.

1. An underdrein and bentonite/till liner will pro-
vide the lowest seevage rate of the systems con-
sidered and is prooocsed as the seepage control
system.

2. Mine waste dispcsal facilities can be designed in
the Site 41 area to provide lesser overall en-
vironmental effect on the groundwater and surface
water system than the Site 40 area because of the
longer average flow path and increased opportuni-
ty for chemical attenuation.

3. Of the Site 41 area systems studied, System 41

Southwest provides the least groundwater effects
on the Hemlock Creek/Swamp Creek surface water

system.

4, The Site 41 area Center and Western options re-
sult in a zone o0of limited movement beneath the
waste system that tends to retard movement of
seepage.

5. The final steady-state seepage (cover infiltra-

~

tion) has a major influence on the steady-state

plume configuration.

Golder Associates
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n to employ an underdrain and liner s
he low amount of seepage expected from the
system and limited extent of the preliminary seepage plume.
n nderdrain system reduces the pressure head

ond water acting against the liner beneath the drain.
Reducing the head reduces the driving force of the seepage

on the 1liner and hence red: the amount of seepage

s

o
(@]
0w o

through the liner. Subseguent ies presented in Golder
Associates' Project Report 3.2 (Ref, 13) have shown that
the varying thickness of the liner from 5 feet (1.5 m) to
5 inches (152 mm) has very 1little effect on the seepage

rate through the liner because it is controlled by head

build-up in the underdrain. Therefore, a 6 inch (152 mm)
thick liner has been recommended for the final mine waste
disposal system.

The preference of the Site 41 area over the Site 40
arsa is based upon the long flow path between the Site 41

area to Rolling Stone Lake and 1its tributaries and the
creased opportunity for geochemical attenuation/retarda-
tion and dispersive effects. The 41 Southwest option at

the Site 41 area is preferred from the standpoint of avoid-

zance of significant seepage into Hemlock and Swamp
Creeks. The significant direction of plume advance from
system 41 Southwest is toward Rolling Stone Lake, approxi-

mately 3 miles (1.8 km) from the facility. In addition t
its length, this flow path has relative low groundwater

radients. Therefore, the long travel time of the simu-

L()

p—

ated system 41 Southwest seepage plume allows maximum
opportunity for geochemical attenuation and retardation as
the seepage crosses the 1200 foot (366 m) compliance bound-
ary and as it £flows toward Rolling Stone Lake. However,
these studies do not account for the coarse grained strati-

fied drift being near the ground surface over a large por-

Golder Associates
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tion of the Site 41 Southwest option which would decrease
vertical flow time of seepage and reduce the potential for

chemical attentuation. The Center and Western alternatives

D

(

in the Site 41 area provide a zone of 1limited movement
beneath the waste system area. Although high seepage con-
centrations develop beneath the systems, the concentrations
moving away from the area are low and occur over long time

periods which permit more opportunity for dilution.

Golder Associates
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9.0 RECOMMENDED SLURRY SYSTEM
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9.1 Sele

From the various alternative site systems compared in
Section 7 of this report and from the screening analyses of
preliminary potential groundwater effects discussed 1in
Section 8 of this report, it is Exxon's and Golder Associ-
ates' collective opinion that System 41-114 1is the most
viable mine waste disposal system. System 41-114 covers
and/or effects more wetland acreage than other systems, but
adheres to the criteria of proposed NR 182 in being more
than 1,000 feet (305 m) from the lakes. System 41-114 is a
four pond system and thus has stage construction and stage
reclamation advantages over system 41-109, the only other
system maintaining the 1,000 foot (305 m) lake offset. The
study of the Site 41 center and west options showed that
System 41-114 is essentially equal in potential groundwater
effects to systems 41-103, 106, and 109. These potential
effects are directed toward Rolling Stone Lake and to a
lesser degree toward Hemlock Creek which drains into Swamp
Creek. System 41-121 is the only system which does not
potentially effect the Hemlock Creek/Swamp Creek system.
However, system 41-121 covers the large wetland east of
Deep Hole Lake which is a major surface feature in the Deep
Hole Lake drainage area and there is very little glacial
till beneath this system in the vicinity of the large wet-

land east of Deep Hole Lake.

Having been selected as the most advantageous mine
waste disposal site system, further preliminary engineering
design has been done with system 41-114. 1In order to fa-
cilitate ease of discussion and comparison of. the more
detailed design features, the recommended system has been

designated 41-114R, ' The 41-114 designation is applicable

Golder Associates
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to the system and commensurate level of detail as presented

in Section 7 of this report.

9.2 System 41-1148 Lavout

The final system 41-114B layout is presented on Fig-
ure 9.1. The tailings ponds and reclaim ponds are shown at
a larger scale on Figures 9.2 and 9.3 respectively. These
drawings reflect the waste disposal system plan which has
been developed to provide for permanent storage of the
mine/mill waste products based on an estimated 77 million
DMT orebody. The system has been designed so that waste
rock is included in the embankments or used as rock slope

protection. Cover material £for reclamation will be ob-
tained from material excavated within the tailings pond

areas., Benches have been added to the interior slope of
tzilings pond embankments to facilitate construction and to
permit vertical staged construction of the liner, under-
drain, and rock slope protection. Two reclaim ponds are
included in the system with different normal water levels
and a mixing box between them so that chemicals can be
added as the water flows from one pond to the other. Seep-
age control liners will be included in the reclaim ponds
and tailings ponds with an underdrain system installed
above the tailings pond liners. Typical cross sections of
the system 41-1148 layout are shown on Figures 9.4 through
9.7.

The system 41-114B layout differs in plan location
from the 41-114 system in the position of the reclaim ponds
and the outline of tailings pond T4. The reclaim pond
locations have been adjusted to keep the embankments
outside of the wetland northeast of Duck Lake. This modi-
fication was in response to the most recent definition of

wetland boundaries. Tailings pond T4 1is larger 1in plan

Golder Associates
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was shown for the 41-114 svstem. In preparin

an
1-1148 system layouts, the 1:2 le basemap (Fig-

r

4 5 a
re 9.2) was employed; this is about twice the one inch to
u

u

400 foot (1:4800) English scale basemap used in preparing
all previous layouts. This larger scale was selected in
order to accommodate the increase in detail for the final
preliminary engineering design of the tailings ponds. As
the system 41-114B layout was being prepared at this larger
scale, it was found that the fourth tailings pond had to be
increased 1in size about ten percent to accommodate the

estimated volume of tailings.

It was also noted when using the larger scale maps for
the 41-1143 system that the northeastern embankment of
tailings pond T4 as shown on the 41-114 system layout en-
croached on the wetland just to the northeast of this same
embankment. Thus, this 1increased level of accuracy has
cointed out that 54 acres (21.8 ha) of wetland would have
been covered by the 41-114 system instead of the 49 acres
(19.8 ha) noted in Section 7. The revision of the location’
of the northeastern embankment of tailings pond T4 does not

raise the wetland acreage covered above 54 acres (21.9 ha).

9.3 Tailings Pond Seepage Control Measures

Seepage control measures for operating tailings ponds
will consist of a 5 inch (150 mm) thick till/bentonite
liner overlain by a two layer underdrain system. The un-
derdrain system will consist of an 18 inch (450 mm) thick
sand drain layer covered by a minimum 18 inch (450 mm)
thick filter layer of glacial till. Waste rock will be
used as slope protection over the glacial till filter layer
along those sides of the tailings ponds where free water is
expected to pond; the sides opposite the tailings input.
The plan location of the waste rock slope protection is

shown on Figure 9.8, The waste rock will be 6.6 feet (2 m)

Golder Associates
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thick in tailings pond T1 and 3.3 feet (1 m) thick in tail-
ings ponds T2, T3, and T4. This thickness varies because
of availability of the waste rock, In tailings pond Tl the
underdrain filter layer along the free water side slopes
will be 13 inches (450 mm) thick but in tailings ponds T2,
T3, and T4 it will be increased to 3.3 feet (1 m) thick
because of the thinner layer of waste rock slope protec-
tion. A detailed discussion of the use of underdrains to
control seepage is presented in Golder Associates' Project
Report 3.2 (Ref. 13).

The till/bentonite liner will be made by mixing pro-

cessed glacial +till with bentonite, The till will be
screened at the 3/4 inch (19.1 mm) sieve size, or crushed
to produce a till with a maximum aggregate size of
3/4 inches (19.1 am). Present estimates suggest the

bentonite will be mixed with the processed till at a pro-
portion of 8 percent by weight. Additional testin

till/bentonite mix during final design may indicate a
lesser percentage o0f bentonite to be adeguate. Current
analyses are based on developing this liner with a permea-
bility of 5x10710 m/s (1.5x1079 €t./sec.). Preliminary
laboratory testing on the till/bentonite liner material is

presented in Golder Associates' Project Report 5 (Ref. 15).

The tailings pond bottoms will be sloped toward the
embankments (shown on Figures 9.2 and 9.4 to 9.7) to direct
seepage in the underdrain to the inside toe of slope of the
embankments. A collection pipe will be placed around the
perimeter of the inside toe of the embankments. Three
discharge pipes per tailings pond will be placed down the
inside embankment slopes to intersect with the bottom pe-
rimeter pipe. Pumps will be placed in these discharge
pipes to 1lift the collected seepage to the surface where it

a
will be piped to the reclaim ponds.

Golder Associates
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Details of the 1liner, under system, and under-

d n
drain collection and discharge pipes are presented on Fig-

ures 9.3 and 9.10, and 9.11.

Based on the analvtical procedures and analyses pre-
d by Golder Associates' Project Reports 3.1 and 11
(Ref., 12 and 21). the estimated seepage history projected
or the 41-1143 system 1is presented on Figure 9,172, As
shown on this figure, the maximum seepage rate from the
system 1s estimated to be 92.4 gallons per minute
(5.8x10°3 m3/s). The maximum rate for each individual pond
is less than 30 gallons per minute (19x10~% m3/s)

9.4 Reclaim Pond Details

The two reclaim ponds, Rl and R2, will provide for
retention of two months of process water at normal oper-
ating levels which is a maximum water depth of approximate-
ly 20 feet (6.1 m). Reclaim pond R2 1includes a 3 foot.
(0.91 m) freeboard above this level and reclaim pond R1
includes an 8.5 foot (2.6 m) freeboard above this level.
Both ponds will accept storage of the 24 hour-100 year
design storm of 5.1 inches (130 mm) of precipitation, with-
in the freeboard height, as required by proposed legisla-
tion NR 182, Reclaim vpond R1 has been designed with an
8.5 foot (2.6 m) freeboard height to store two weeks of
water from the mine in the event of a shut-down of the

xcess water treatment system. This is 50.4 million gal-
lons (1.9lx103 m3) of water, at a rate of 2,500 gallons per
minute (9.46 m3/s) for 14 days, which 1is egqual to about
5.2 feet (1.6 m) of storage height above the normal oper-
ating water level in pond Rl1. The minimum 3 foot (0.91 m)
freeboard height with rock slope protection is sufficient

to prevent overtopping by the maximum wave produced by the

Golder Associates



January 1983 :

-154- 786085

530

328

»
~
o

ELEVATION, (METERS) MSL
8
»

-
~n
~

520

530

828

ELEVATION, (METERS) MSL
b
>

3
R

sz0

sie

824

520

-
5

ELEVATION,  METERS) MSL
v
-

sp
e

si2

810

0.23m

EL. 522 5 FOR TAILINGS POND TI
EL 529.5 FOR TAILINGS PONDS T2, T3, 74 ¥

0 46m FILTER

0.15m LINER

DETAIL A

APPLIES TO EMBANKMENT ON TAILINGS INPUT SIDE OF ALL TAILINGS PONDS
TAILINGS POND T2 SHOWN DISTANCE FROM CREST TO BENCH VARIES FOR
OTHER TAILINGS PONDS

0.23 m
5295 FOR TAILINGS PONDS T2, T3, T4

1O0m ROCK SLOPE PROTECTION

Om FILTER

/—D 15m LINER

O.46m DRAMN

DETAIL B
APPLIES TO EMBANKMENTS ON PONDED WATER SIDES OF TAILINGS PONDS T2, T3 ANC T4.
DETAIL FOR TAILINGS POND T2 SHOWN DISTANCE FROM CREST TO BENCH VARIES FOR
OTHER TAILINGS PONDS

522.5 FOR TAILINGS POND Ti

2.0m ROCK SLOPE PROTECTION

O 46m FILTER

49m CREST WIDTH : s@m CREST WIDTH
ROCK SAFETY BERM i 3
37m ROADWAY % ]
%v.sm‘—— il 37m ROADWAY . 1Sm
* Bl B c%?n‘f:%i l
s S f 15
' C3im 2% O i
4
— |
ROCK SAFETY BEAM 3 ROCK SAFETY BERM
NO PIPELINES ONE PIPELINE
£r e anlcaesTENiern Y . 70m CREST WIDTH :
LA 37m  ROADWAY S 2m | ) el RN : 27m !
[ t PIPELINE CORRIDOR —L,Glm‘
| | 5: PIPELINE CORRIDO®
| 15 & ilgs |
2% Bigy L 4 /Klw = ~ 0c =
! i
Y"\ /Am SAFETY BERM
TWO PIPELINES THREE PIPELINES
2 CREST WIDTH DETAILS
0 1 2 3 4 5
SCALE IN METERZ
0 s 10 15
e SCALE IN| FEET
[——-D 46m FILTER
4 T L .3m
i =
v_ii ' s I4.6m ROADWAY
5 i L 0.5&-7 i i
S0.15m LINER 0.46m DRAIN -l |
TYPICAL BOTTOM UNDERDRAIN AND LINER '1:- . o
i T y1 2T
_DETAIL D : T oty
o 1 2 3 4 & £ T 8 9 1C L—'OEF- ROCK ROADBED NC SAFETY BERM
<— Rock SAFETY BEAM REQUIREC ON CUT
SCALE IN METERS SLOPE SIDE
o & 0 igailiee 5 4
SCALE IN FEET NO ALLOWANCE FOR PIPELINES
. e T e A )
T 1 SCALE IN METERS
—O15m TOP SEAL
l _—% o 3 10 s 20 s 30
I SCALE IN FEET
T
—0 5% T 20m
T Estimates Final
TAILINGS SUFACE | L H46m  ROACWAY
| CONSTRUCTION MAT i i 5
—VARIABLE THICKNESS | i
(G72m MIN THICKNESS) -"!n_{ P |
i . ot
TYPICAL RECL AMATION COVER T Jﬁ’ e o s:!_,l
~

DETAIL E

A (O O T TR NI, VI S . S (<
SCALE IN METERS
0 s © [} 20 . %0
S TN

SCALE N FEET

O 4% m DRAIN

!
o0 15m LINER

DETAIL C

APPLIES TO EMBAMKMENTS ON PONDED WATER SIDE OF TAILINGS POND TI

NCTES ANT PRELIMINARY SPECTFICATIONS

Content, as detersnec by AST™ [-69F

UNDERDRAIN AND LINER DETAILS

3. Drain material shal’ be finer thar 51 mr (7 rn
anc coarser thar (.42 mw (hc. &40 L . Stancerc
sieve)

4. Filter meterial snall pe glazia! 11! finer thar

152 mn (€ in.} anc snall nct be compacted

Roch slope protectior shall contist of mine watte

w

Z. Lvner material sne’’ be glacrta’ till finer thar
- OE [ DR NN T NS, (O e S ) gs.?-”u 7% ‘mm‘?ec r pentorite,
SCALE IN METERS Liner snall be compacted to 95 maximun gry
density, al Or abGve ODUIMUT MOYSTure contert, rock
0 5 0 15 20 25 30 as determined by ASTM [-69€

SCALE IN FEET

NG SAFETY BERW
REQUIREL O CuT

- ‘ -
“— ROCK SAFETY BERM ——0.6im ROCK ROADAED

ALLOWANCE FOR THREE PIPELINES sioee sioe
HAUL ROAD DETAILS
A DNE T L R RETT
SCALE IN METERS
L] i}
SCALE IN FEET J FIGURE 99
' Golder Associates
Afanto, Georgw
EXXON MINERALS COMPANY
CRANDON PROJECT
"™ UNDERDRAIN, LINER, RECL AMATION
COVER, HAUL ROAD AND
CREST WIDTH DETAILS
' as swown|""  WISCONSIN [== roRest
) part - oecRmTION T L - oarn %
ARSROVED B ﬁ, ;'I”-“ APPROVED ™ ey
%ﬁ::ﬁ:‘?—ﬁﬁ%?—wz: . 050-1-80597 :.,, -":-"’




786085

January 1983

525
520 2 —C akm FILTER
COMPACTED GLACAL TiLL
515 EMBANKMENT APPRON (MATE ORIGINAL  GROUNT SURFACE —
¢ L PR et | R R ECSTEE AR G
5 —C13e § UNDERDRAIN DISCHARGE Siof S e e e e e
Esio. o - meawaniad Grse LmEr —
o
=
'ﬁ_m -
<
: 1LO= FILTER —
2
- ELEV 455 0
500 ]
SECTION A-A e
Q1o 36 3" &8 sl 0 70 ! Loasn riren
495 SCALE IN FEE® L o.46 pRam
Q F) Brce i 20 046~ ¢ COLLECTION BiPE- [ O.8m LINEA
SCALE IN METERS MVENT. Lokl #8754 | Loiscuarce pumr
APPLIES TO BOTH UMDERDRAIN DISCHARGE P!PES ON WEST SIDE OF POND Satar o &
o A ;S 04emEiLTER
— 0.46m LiNER
325 ~
am
~~0.70m FILTER 0 100 300 500
520 \ 0.30m SRaN m LOCATION PLAN _E!:”/
_PERMAMENT WASTE ROCK %’Dﬂ
STORAGE v
sis -—m___.._-l ______ SCALE
g i = — e, o _APPROXIMATE  OMIGINAL  GROUNT SURFACE —— .
@ | —lom FiLTER _-_—"_—--‘nm....-.—__...
Esio 4 Lown ruren LT T e e L L
E L o.46m DRAN F
£ ~C.rm § UNDERDRAIN DISCHARGE PIPE CASING
2s0m A UNDERDRAIN DISCHARGE PIPE DETAILS
=
s
w
o i om
500 - —SECTION B-B /
. 0 Qisw § niERIaAn 3% i ;
DISCRARGE PP = == ROCr  S_0PF
SCALE IN FEET L} Lg.e6m FILTER 'f‘_ _— PRCTECTION i-—v—-—”—
g ' ” 4 i
a5 9 s 10 15 20 gl — 0.46 DRAIK . e il
‘ SCALE IN METERS : - 0.5m LINER 2.0m WOCK S.0SE
046=  COLLECTION PIPE— / L oiscuarce pume | proTECTION \-,-_.,M." —
as0 4 Wl Loaem rutes = e [SCHARGE ©1OF CASING
—0.46m LINER + { D'SCHARGE Biof 1?' = FI= TR
T Cacm Dan i
T
5285 . S0 mm LINER
i v ' SECTION E-E
. (o] -] i0 15 20
' 1
v { s it | SCALE IN FEET
o | : _/l\ 1 COLLECTION PIPE DETAILS S
i . ', —2.0® AR 5,09 PRCTECTON SERCENINAME TERS
Y 2 \ 2 |v — QApr T "R 1 !
! .n—- | H —20m——= 09im @ UNDERDRAMN DISCHARGE PiPE CASMG
- o - —I-— - ~C 4%~ DRRIN
p L P 1 — C.i5m LINER
. A T \ ‘
O%im P UNDERDRAIN i N el —_
: T cauni | ‘ o Net ‘ A ok geain  BEODING EI o FILTER
| A s '8 = it T TS0 i5m @ UNDERDRAIN  DISCHARGE PIPE
Y . - H : tGw FILTER ._?,,, /
506 & T <er ORAN 1
L Y . Y ] SECTION F-F
£l A — 018m LINER ~=2ELIIVN TV
__‘;:__f____.., ; 4 : a 3 (] 5 _E 15 20
i L t 90 | n'g r’D i Laem LINER —) S e e 3a ! R R e gt tn SCALE IN FEET
. 1”: —— === == S ‘—,--Lﬁf__j___. s u (O A T e e
GLamter wott g
: | | COLLECTION mer D H SECTION C-C Gk mmy et SCALE IN METERS ] FIGURE 9.10
B A _A {ins oA 3 Q L] 10 15 20
1 .- SRt L T LI P A i e Cmnihg *h - .
PLAN VIEW—SECTION A- e A ~giasn FtE N SCALE IN FEET Csoe ey Golder Associates
W =046 PRGN 2 : 2 S = 5 : e E= il sl Atlonta, Georgia
SCALE W FEET PLAN VIEW-SECTION B- SoieliBie SCALE IN METERS i : 2 .
050 10C 200 300 400 ; 1 g
[} 25 7 | e SR 40 s s b
S - - —— EXXON MINERALS COMPANY
MOTES b PRELIMINARY SPLIIFICATIONS 0 25 50 78 100 : == ER AR CRANDON PROJECT
1. 6lacial til] embankment material snhall be fi- 4. Filter materia) snall be i At SCALE IN METERS e - tat TTLE
ner than 152 mr (6 in.} anc compaclec to 95: 15758 6 v 1ian S TT ot r_;.;;:q;f" Lot i ; E UNDERDRAIN AND COLLECTION
®aximur dry density, within *3. of optimur = 0 nevatc oart " oescenion PIPE DETAILS
moisture content, as determined by ASTM [-698. S. Roch slope protectior sha'! consist of = ¢ P
A e s - : SR TAILINGS POND TI
. Liner materia! shall be glacial till finer than O 46 @ CO.LESTION P /! Z e
19.1 mr (0.7% 1n.) mocified with bentor'te SEE DRAWING NUMBER 050 -1-B0538 BIPE INVER" ;‘s.‘“.;",‘. “*' a5 sHOWN [“" WISCONSIN ] FOREST
Liner shal] be compacted 1o 95 maximum dry T b Y TACREC §Y
density, at or above optimur moisture content, FORLOCATION, OF URDERDRAIN SECTION D-D CAB -20-82 EMS :“:u. 3
as determined by ASTM D-69. DISCHARGE AND COLLECTION PIPES - R /& Lt SIORE & Ll
(] 5 10 15 20 = sz« /Rt de? 2
s, oy o raoer Mty Compeny APPROVED B 7
3. Drain material shall be finer than S1 mm (2 in.) SCALE IN FEET L‘;ﬁ;%ﬁnﬁ;ﬁﬁ:::: 2 e i s
and coarser than 0.42 me (Mo, 40 U.S. Standard Qollioplo a8 e ke SRS T RO ST et s
iy ettt SHEE 050 - |- 80596 o —
N o]

PESION FRODUCTS CO



January 1433
530 -
=
z
.Cm ROCK SLOPE PROTECTION
525 4
COMPACTED GLACIAL TiLL
EMBANKMENT =l APPROXIMATE  ORGINA.  GROUNT SURFACE —
i
820 T TAFIRIRI T T T T — — S — e e e e o o
I 7 — 0 46m FILTER M“"Lh——-_._
H o GO
g c T
:‘ 5‘5 - '_..',_,— e 2ol
w 2 —
-3 = 2 ——030w DRALIN T e
é 510 4 ; —
“;‘ SCALE |N FEET R L === .,—o.gn- @ UNDERDRAIN DISLHARGE PIPE CASING
o ] 5 10 15 20 : [—— C1Zm @ UNDERDRAIN LISMARGE PIPE
505 - 'SCALE IN METERS oasa Fiitek
APPLIES TO EMBANKMENTS ON PONDED WATER SIDE OF TAILINGS PONDS T2,T3 AND T4. TAILINGS POND T2 SHOWN SLOPE DG ORAN
LENGTH VARIES FOR TAILINGS PONDS T3 AND T4 i
| —oBm ineR
300 4 T3te oRAN— =
046w B COLLECTION PiPE—
495 Ca6m rn_'gi--‘{J O
’ O 4Em LINER .’J
DISCHARGE PuUMP —
830+ — -
. =1 S
{ \?—?\\-"\
COMPACTEL GLACA. TRL =
ss 4 | [T —_— N — \\-___‘\ [—240m FILTER
. = e el SRl Tl ) — = = e APPROXIMATE ORIGINA. GROUNG SURFACE ——
S - s e e e —— e e vl —— - ———— e
s R —— — 0 500 1000 |soc') LOCATION PLAN |NORTH
. =S "
gl O.m® LINER—' e SCALE
@ 4
E 518 o L
= ECTION -B —C.ICm LRAN
w -
2 (<] 10 20 30 40 5% 60 —C e FILTER
£ 50 SCALE IN FEET D UNDERDRAIN COLLECTION PIPE DETAILS
5 (+] 5 10 | 1O ROCK SLOPE PROTECTION
& : LE IN METER I y I N [-.o. FILTER
= APPLIES TO EMBANKMENTS ON TAILINGS INPUT SIDES OF TAILINGS PONDS T2,T3, AND T4 090m FILTER — e ©.9im @ UNIERDRAN DISCHASGE PIPE CASING
o TAILINGS POND T2 SHOWN SLOPE LENGTH VARIES FOR TAILINGS PONDS T3 AND T4 o= | oiseie iseneas uisaigE iint ~046w FuTEE :
= - ~ G 46m DRLIN
T 05 LMER .
c30m pAAIN — ' 1
v | | \
1
3 ‘ 4 a ;
529 % s29 ¢ O 46, B COCLELTH 0 46m DRAIN-—
494 J —'Y_ 4 O A6m Fo_TER— CiSm LINER— e
4 4l o s R 0 #6m @ COLLECTION PPE — e gabm LikEe
| | o 1 = | CISCHARGE BuME — SECTION E-E
F- === \ s e Ay —l_ DISCHARGE PIPE DETAILS ° e T 20
_Y— - SCALE IN FEET
e al | L HEOE ) e N §
1 1 Sim UNDERDRAIN DISCHARGE
! ‘ ALl _~"PRIPE CASING A © 9im @ UNDERDRAIN DISCHARGE BIPE CASING [o4em oRam SCALE IN METERS
55 SiLt weeR N - . | romm Liner
- = 4
l. L o 1 : 3%
e & H_E?Em‘cuscuw:n' ‘tg:uso
4 “ il 2 Ld On !
i i s )
| | L] :
08 < (| FILTER
T 508 O 104em DRAN 3 :
' v T 0 46m@ COLLECTION PIPE
| il e —— 015w § UNDEKDRA™  DISTHARGE S1ef SECTION F-F
Ll a i r i
i i & e 370 . o
04t § COLLECTiOn P ! . £ IN s in o 0 F) o__ s 20
R swe & —F : 0 15 20 . : S SCALE IN FEET
: i o gt ey i SCALE IN FEET & g 2 e Tamghe Wit R e JA, Ve R B | FIGURE 911
: F I i I D I T : ) SCALE _IN_METERS 2
B | 3% 4 @ COLLECTION PIPE 31 T - -
| LE IN METERS i
sl e A Golder Associates
80: 8 it
N 3 = Atlanta, Georgm
PLAN VIEW — SECTION A-A PLAN VIEW - SECTION B-8B = z
o 50 100 200 300 400 ) %C 100 2 300 09w @ UNDERDRAB DISMARGL PIBL CASING b RA MPANY
m——— - — —— aTe ¥
SCALE N FEET SCALE IN FEET '_l_,, 5 EXXON MINE LS CO
' : ‘ E gmain reeoDG For CRANDON PROJECT
s SCALE !shc IETER?: a i b _zsscn 4 57515 e l_._ P.PE-C 30m W% DIMENSION | i "
L LE IN METERS g ey AL e
TES & PRECIMIMARY SPECIFICATIONS e Vi s N G187 £ UNDERDALIN DISCHARGE PIRL i a MRmAlN AND mLLECTm
e - T ‘ PIPE DETAILS
1. Glacral till embankmert material snall be finer 3. Drawr materel she'! be finer tnar 51 ) | Ca6m DA 1
than 152 mr (6 1r. )} an¢ compacted to 95 mari- anc zoerser tnan 0 & mw (b0 40 U S NOTE " L TAlLlNGS PONDS T2. T3 AND T4 s
mum dry Oensily, witnin 23. of optimuw moisture sieve; L Sibe CHEE e o -
content as determined by ASTM D-698 = SEE DRAWING NUMBER 050-1-B0%98 N AS SHmﬂ] WISCONSIN l FOREST
4. Filter material sna'l be glacial till finer than SECTION D-D e 1 e et CAB s T o s wa
¢ Liner material shall be glacial till finer than 152 mw (€ in.) an¢ sne!l not be compacted FOR LOCATION OF UNDERDRAIN 9-20-82 s S/ /82
16.1 mr (C.75 1r. ) modified with benton-te. DiECraRDe 5 " o S 10 ;5‘ 20 ——rr ﬂ art F—=trn Dot
Liner shall be compectec to 95 meximur ory §. Rock slope protectior shall cons:st of mine AHND- CCELRCHICHE PR S SCALE IN FEET 1 ' T g S [y -::PLM fraom Bart
denzity, at or above optimun moisture content, waste rock. e T e T T B e e e o
as determined by ASTH D-698. et T T R T o — T
SCALE IN METERS L 050-1-80595 & e %

Amm xirear



Z GAF DRAFTING MEDIA

January 1983 -157- 786085
TAILINGS FACILITY ABANDONED
SEEPAGE RATE (10%m3/s)
70 5
‘\MILL STARTUP \TAILENGS AND RECLAIM PONDS
FULLY RECLAIMED SEEPAGE RATE (gpm)
BEGIN MINE CONSTUCTION P
e Q mox = 0.00583m3/s £ 92.4 gpm
- 90
FOND SYSTEM 4/-1148
50 ~ - 80
L 70
40
- 60
NOTE: SEEPAGE FROM THE TWO RECLAIM PONDS FROM YEARS O-30
EQUALS 0.000012m3/s (0.2gpm) THIS VALUE NOT PLOTTED =
At 4 BELOW.
- 40
20_
,POND 2 POND L 3
+ 20
10
- 10
C‘ /a./—_v : -{’-' v‘ - . T T i T T T T T T T L L 0
o] 5 10 15 20 25 30 35 40 45 50 55 60 65 TO T35
TIME ( YEARS)
SEEPAGE HISTORY BASED ON THE FOLLOWING UNDERDRAIN PUMPING SCHEDULE
TAILINGS POND NUMBER [ 2 3 4
UNDERDRAIN PUMPING START (YEARS) 4.5 90 16.0 33.0
JBNO. 7BE085 SCALE AS SHOWN
UNDERDRAIN PUMPING END (YEARS) 20.8 34.0 41.0 48.0 Sk BB o TR SEEPAGE RATE HISTORIES
CHECKED m DWG NO SITE 41-114B
. F IGURE
Go|der Assomafes EXXON MINERALS COMPANY 9 12




January 1983 -158- 786085

ce the two reclaim ponds will be used for water

s be a minimum of about
20 feet (6.1 m) of water in the ponds acting against the
liner. To reduce seepage to a low rate, a till/bentonite
liner would have to be several feet thick. Thus, the two
reclaim ponds have been designed with a synthetic liner
underlain by a 6 inch (150 mm) thick till/bentonite lin-
er. Two possible alternative synthetic liner materials
ve peen selected as being suitable for this project and
ives. Details for the

t
laim pond liners and rock slope protection are shown on
u 13

Normal water levels in the two reclaim ponds have been
set 3 feet (0.91 m) apart with the level in pond R2 higher

n

than in pond Rl. A mixing box with a simple overflow welr
entrance will be located between the two ponds. Water will
£1ow from pond R2 to pond Rl during normal operating peri-
ods. The mixing box will zallow the addition of chemicals
to the water, such as the addition of lime for pH adjust-
ment, with mixing taking place in the mixing box. Details
of the location of the mixing box are shown on Fig-
ure 9.14. Other details such as baffle design within the

box, have been left for final design.

9.5 wWaste Rock Utilization

Waste rock is produced throughout the 1life
mine, but at non-uniform rates. The rate of wast
production is presented on Figure 2.15. Once the mill 1is
in operation, all roc¢k from the mine will be crushed to

sizes below 6 inches (152 mm) before being hoisted to the

Golder Associates
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surface. Prior to this time, all pre—production rock 1is
estimated by Exxon to be less than 24 inches (508 mm) 1in
size. Most of the waste rock being hoisted to the surface

o
will be pre-production waste rock.

Waste rock can be most effectively used as a construc-
tion material 1if it can be used as it is produced rather
than being stockpiled and re-handled. For this project,
because of the schedule of waste rock production, most of
the waste rock will have to be used prior to the time when
the mill is in operation. Therefore, most of the waste
rock will be used to construct pond embankments prior to
the time when these embankments are needed for completing

the tailings ponds.

Because some of the waste rock will contain sulfide
minerals (all non-sulfide waste rock and overburden from
shaft sinking and early mine development is assumed to be
used in construction of the plant and/or roads) it has a
potential to produce an acidic leachate. Thus, the waste
rock is treated as a waste product and is kept within the
waste disposal area above the liners and liner/underdrain
seepage control measures of the various ponds. Recause of
this, the waste rock used in embankment construction has
been confined to common embankments (those between ponds)
and will have the natural ground beneath these areas graded
toward the earliest constructed pond. These areas will
have the tailings pond 1liner and underdrain systems con-
structed beneath them to direct seepage into the earliest
constructed tailings pond. Prior to a pond being operated,
and on the side where the later pond will be constructed,
lined berms with collection ditches will be constructed to
collect precipitation runoff and precipitation infiltration

from the underdrain. This water will be pumped to the

Golder Associctes
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reclaim pond or to an operating tailings pond. Figure 9.156

e regrading to be done in the area where waste rock
will be wused for embankment construction. Figure 9.17
shows detailed cross sections through the waste rock em-

bankment.

The waste rock embankment area will also be used for
temporary storage of waste rock which will be needed at
later times for construction of slope protection. This
will be done by constructing the side slopes as steep as
1.5 horizontal to 1.0 vertical and raising the rock level
slightly above the final pond crest elevations. These
are steeper than other interior embankment slopes
since the liner and underdrain is beneath the waste rock
rather than being placed on the waste rock. As waste rock
is needed as a construction mateial, it can be taken from
this area without affecting normal pond operations. This
area may also be utilized for temporary storage of pre-

production ore.

When the tailings ponds are reclaimed, waste rock will
be used as part of the material for grading the surface
er the tailings and/or in forming a construction mat over

tailings. The waste rock will be kept below the final

e
reclamation cover and seal.

9.6 Tailings Distribution

The tailings will be pumped at 50 percent solids con-
centration, by weight, from the mill to the tailings ponds.
The tailings will be input at one side (or sides) of the
ponds. Clarified water will be pumped from the surface of
the pond and water from the pond underdrain will be pumped
to the reclaim ponds. A floating barge mounted pump is
presently anticipated for pumping the ponded surface

water. A fixed pump will take water from the reclaim pond

Golder Associates
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to the mine/mill complex for re-use. The pipeline align-
ments for the entire system are shown on Figure 9.18 and
the alignments around the tailings shown on Fig-
ure 9.19. Although all alignments are shown, they will be
constructed only as needed depending on which ponds are in
operation. A schematic diagram of the pipelines and their

approximate sizes is shown on Figure 9.20.

The tailings and return water pipelines £follow the
embankment crests and will be placed along the inside edge
of the crests. The crest widths vary depending on the
number of pipelines to be carried, The pond crests also
serve as access roads. The relationship between the number

0f pipelines and the crest -width was previously shown on

The anticipated tailings input points are noted o
Figure 9.21. With tailings input at these locations, the
estimated surface of the tailings when the ponds are filled
is shown on Figure 9.21. This surface is based on an esti

mated 0.5 percent slope to the tailings beach, and an esti-
mated ponded water surface of about 20 percent of the tail-
ings pond area with water about 20 feet (5.1 m) deep.
Estimates of the volume of material needed for reclamation
have been based on the tailings surfaces shown on Fig-
ure 9.21 and the anticipated final reclaimed surface

Tailings surfaces other than those shown oOn rig-
ure 9.21 can be developed with different fixed locations of
the tailings input points and/or by moving the input points
around the crest and over previously deposited tailings. A
more detailed discussion of these options is presented in

Golder Associates' Project Report 10 (Ref. 20). Although

[

maximizing the storage efficiency of the tailings within a

Golder Associates
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pond optimizes the storage volume to pond embankment volume

ratio, it -may increase the volume o0f earthwork needed for
reclamation. From the various options studied (Ref. 20)
the one shown herein 1is relatively simple and easily ob-
tainable. However, during operation of the £first pond
various input techniques could be tried to see if a slight-

would maximize

C

ly different surface can be obtained which w
storage efficiency without greatly increasing the regquired
cover volume, It may also be possible to re-grade the
tailings to reduce the regquired volume of reclamation cov-
er, Variations in tailings deposition configuration and
working with previously deposited tailings are best left to
the time when the ponds are in operation. These details
cannot be accurately planned at this point in the prelimi-

nary engineering design process.

3.7 Aaccess and Haul Roacs

Access roads are needed along the pond crests and toe
r

of exterior embankment slopes for inspection and p2

s .

maintenance of the waste disposal system facilities. Haul
roads are those which will also be used by rock trucks
hauling waste rock to the waste disposal area for embank-
ment construction or storage for later use as rock slope
protection. A1l =2ccess and haul roads will be surfaced
with rock or granular material to provide an all weather
surface. The access and haul road alignments were high-

lighted on Figures 9.18 and 9.19.

cr

Q

The pond crests are designed to accommodate a minimum
15 foot (4.9 m) wide access road with safety berms or guard

ails which permits one way traffic. In some areas the

1

crests are wider because the tailings and/or water recycle

ipelines also run along the crests. The perimeter access

’O

1

road (at the exterior toe of slope) is designed to be

20 feet (6.1 m) wide for two way traffic. The rock haul

Golder Associates
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S m) in width with safety berms
affic. Additional width 1is provided for
as. Typical cross se s

ctio
s were previously shown on

[o7)

a
nd haul roa

[N

9.8 Earthwork and Staged Construction

The reclaim pond embankments will be constructed of
glacial till excavated from within the area covered by the
reclaim ponds. Embankments for the four tailings ponds
will be constructed of glacial till from within the tail-

ngs pond arsa and from waste rocx. Glacial till from

[

within the system area will also be used as reclamation

cover, processed for liner material, processed for under-

drain material, processed for sand cushion material
- n

nd liner, and processed for use as mine

backfill. The volume of glacial till to be excavated is
approximately 17.8 million cubic yards (13.6x105 m3). Of
tais volume, approximately 7.2 million cubic yards
(5.5x106 m3) 7111 be wused for embankment construction,
5.5 million cubic yards (4.2x106 n3) as processed
materials, and 5.0 million cubic vyards (3.8x106 m3) as

the earth-

reclamation cover. A more detailed listing of
included on Fig-

work volumes on a pond-by-pond basis were

ures 9.1 and 9.3.

Svstem 41-114B is designed tou provide for staged con-
n dual pond basis and to provide £for

staged construction of the liner, under-

drain and rock slope protection within an individual tail-
ings pond. A bar chart schedule for construction of the
system 1s presented on Figure 9.22. The timing of con-

atch the time at which the various

13

truction is set to
ponds will he needed £for water storage and/or tailings

storage. Some of the embankments will be constructed ear-

Golder Associates
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r than reguired by the tailings production schedule

0f waste rock and their construction
iming is established by the production schedule of waste
rock from the mine. A more detailed description of the
waste rock utilization was presented in Section 9.5.
Construction of the mine waste disposal system will
begin by providing an area for storage of pre-production
waste rock, constructing reclaim pond R1l, and beginning to
place the preproduction waste rock in 1its storage area
which will utlimately become part of the common embankment
cetween tailings ponds Tl1, T2, T3, and T4. This con-
struction will ©be done while mine access shafts and
underground development is beginning. Yo tailings will be
produced during this period.

water for the mill. Tailings pond Tl will have to be com-
pleted up to the level of the lowest interior construction

berm in order to accept tailings. In later years, the
underdrain, liner, and rock slope orotection can be placed
to higher level berms on the interior slopes of the embank-
ments as needed. This vertical staging could be of benefit
in leveling out over time the production rates of processed

.

material for the underdrain and llner.

The next three major stages of develoopment are con-
struction of tailings ponds T2, T3, and T4, respectively.
Construction schedules will be set so that each tailings
pond is completed up to the lowest berm prior to filling of

the preceeding tailings ovond. Fach tailings pond may have
f ds ¢ g \

Golder Associates
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The various major construction stages described in the

e
ted on Figures 9.23

oreceeding paragraphs are 1illustra
through 9.26. In addition to staged construction, the
waste disposal facility is designed

to permit staged recla-
mation. The beginning reclamation stages, with reclamation
cover on tailings ponds Tl and T2, are shown on Fig-
ures 9.25 and 9.26. The remainder of the reclamation
stages are shown on the figures presented and discussed in

Section 9.9, which follows.

9.9 Reclamation

The tailings disposal raclamation system is designed
with a 6 inch (150 mm) till/bentonite aémixture seal cov-
ered by 3 feet (0.91 m) of glacial till. Glacial till and
waste rock, some of which will come from previously con-
structed embankments, will be used to grade the pond sur-
face to a minimum 2 percent slope. The thickness of the
material used for grading will vary, but is anticipated to
be at least 2 feet (0.61 m) thick in order to provicde a
working mat above the tailings. A typoical detail for the

cover system was previously shown on Figure 9.9.

It is estimated that the till/bentonite seal layer
will restrict infiltration seepage into the tailings to a
maximum of about 3.4 inches per year (89 mm/y), which is
equivalent to about 18 gallons per minute (1.1x1073 m3/s)
for a nominal 100 acre (40 ha) pond. This figure assumes
that the till above the seal layer is continually saturated
for 41 weeks of the year (frozen for 1l weeks) so that the
seal has a constant foot (0.6l m) head of water above

it. The actual infiltration seepage rate will be less than

Golder Associates
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this value when accounting for evapotranspiration. Details
of the procedures used for estimating this seepade rate,

ulic considerations
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r Associates' Project Report 10 (Ref. 20).

The mine waste disposal system 1is
reclamation can be done 1in stages. After each tailings
pond is filled and taken out of service, the ponded water
will be pumped to the reclaim ponds or, in the case of the
a

last tailings pond, to the treatment facility for dis-

1

charge. The working mat above the tailings can be con-

e

structed in the winter months when the tailings surface 1is
frozen to 1in lity for construction
rading, seal construc-

t
tion, and final cover will follow. Figures 9.25 and 2.26,

which were shown in Sectior 9.8, indicate intermedia

steps in the staged reclamation oprocess £for tailings
ponds Tl and T2, The stage for tailings pond T3 is shown
on Figure 9.27. After the mill 1is no longer producing
tailings, the water in the reclaim ponds and in the last
tailings pond will be treated for discharge. The liner
materials from the reclaim ponds and rock slope protection
materials will be placed in the last tailings pond prior to

its final cover being placed. The reclaim pond area will
be re-graded with the glacial till embankment soils. The
final reclaimed surface of the tailings ponds is shown on
?igure 9.28. The final reclaimed surface of the reclaim

ponds is shown on Figure 9.29.

9.10 Groundwater “onitoring

oposed locations for installation of grouncdwater

b

~

observation wells for purposes of groundwater quality moni-
toring are shown on Figure 9.30. These locations have been
selected based on the anticipated direction of potential

seepage flow within the groundwater system as predicted by

Golder Associctes
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GROUNDWATER MONITORING WELL SCHEDULE
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AR LS

/ Cem (2 M
s

NOTE G4 ANC DME SER:ES MONITORING WELLS MAVE 10Zmm (47)
PRCTECTIVE COVER ANC Simm (2") PVC SLOTTED AND
SOLID PIPE

_~ GENERAL NOTES

oo o 1zed /
. COMPLIANCE  BOU o MW-SH

3 FNGSNE'&:T : a . &6‘2 | ELEVATIONS IN METERS ABOVE MSL BASED ON I929 ADJUSTMENT
: ' 2 BASE MAS AND AERIAL PHOTOGRAPMY (B76) BY AERC-METRIC

- TAROURD TA{L
= ~
ENGINEER NG, INC.
3 SITE AREA MAPPING AT |0 METER CONTOUR INTERVAL ADDITIONAL AREA
TO THE NORTH AND WEST WAS ADDED AT THE AVAILABLE 20 METER
CONTOUR INTERVAL TO PROVIDE ADO!TIONAL COVERAGE
4 GRID COORDINATES IN METERS BASEC ON WISCOMSIN STATE PLANE
COORDINATE SYSTEM

[Ficure 9 30

Golder Associates
Atiare | Georgio

00
o e e L EXXON MINERALS COMPANY
0 % DO B0 200 300 400 300 CRANDON PROUJECT
i ™ GROUNDWATER MONITORING WELL
ol B e LOCATIONS

SCHEDULE AND DETAILS

R siown | wiscoesm ; T
—r = S
-—.Pl‘/@ ‘?}2‘{2‘ e L I
—
[}

050-1- 81120

= F—




January 1983 -185- - 786085

the site screening studies discussed in Section 8. For
each general direction of monitoring, a set of wells is
proposed near the outside toe of embankment slope and at
the compliance boundary. additional sets are located at
ntermediate points within the boundaries of tailings
ponds T2, T3, and T4. As each pond is put into service,

these intermediate monitoring wells will be grouted shut.

At each monitoring 1location, a pair of wells |is
planned. One well will be screened over the thickness of
the glacial till strata below groundwater and ‘above the
coarse grained stratified drift. The second well will be
screened over the thickness of the coarse grained strati-
fied drift. Typical details of the monitoring wells are

also shown on Figure 9.30.
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