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1.0 INTRODUCTION

Exxon Minerals Company is conducting a series of stud-
ies to evaluate the feasibility of mining a copper-lead-
zinc orebody near Crandon, Wisconsin wusing underground

mining technigues.

The proposed waste disposal facility, mine/mill com-
plex and related activities will, to some extent, have an
effect on the local hydrologic system. In order to quan-
tify these effects, the surface and groundwater systems
must be understood in their existing condition. The pur-
pose of this report is to integrate the various data and
studies relating to the hydrology, both surface and ground-
waters of the project area in support of anticipated hydro-
logic impact assessment studies. This information has been
reviewed in detail and has been synthesized into a coher-
ent, unified picture of the existing site geohydrologic
system which is presented in the following sections of this

report.

Throughout this report three perspective views are
used, as shown 1in Figure 1.1. The regional area 1is at
scales of 1:30,000 or 1:24,000 and includes the surface and
groundwater system boundaries. The project area includes
the orebody, mill site and proposed waste disposal system
area and is presented at a scale of 1:12,500. The orebody
area includes the orebody itself and specific surrounding
points of hydrologic interest, such as Swamp Creek and

several perched lakes. These scales range from 1:1,000 to

1:5,000.
Metric units are used throughout this report with

English units presented in parentheses. All figures are in

S.I. units with the exception of the 1:30,000 and 1:24,000

Golder Associates
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scale regional area drawings which were developed from

English basemaps and are in English units.

This report is divided into 8 sections. Following the
introduction, Section 2 presents the many sources of infor-
mation used in the compilation of this report; Sections 3
and 4 describe the geology and geohydrology of the study
area; Section 5 discusses the surface water system;
Section 6 presents: the details of the orebody and
overburden 1interconnection; and Section 7 discusses the
interaction between the perched lakes and the regional
groundwater system. Section 8 presents a summary of the

geohydrologic system, highlighting various key features.

Golder Associates
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2.0 DESCRIPTION OF BACKGROUND INFCRMATION

2.1 Review of Data Collection Efforts

Exxon Minerals Company initially began drilling ex-
ploratory boreholes at the Crandon orebody during 1975.
Since that time there have been numerous data collection
efforts relating to the geology, hydrogeology, and.surface
water hydrology of the study region. The major data col-

lection efforts are summarized below.

- Orebody evaluation drilling program by Exxon
Minerals,

- Environmental baseline study by Dames & Moore,
covering geology, groundwater, and surtace water,

- Waste management system preliminary design data
collection by Golder Associates including boring
program and pumping test,

- Orebody geohydrologic data collection and analy-
sis including borings and pumping tests done by
Camp Dresser and McXee and pumping test analysis
by Thomas A. Prickett and Associates.

In addition, less extensive geologic, hydrologic and meteo-
rologic data from several other sources were compiled and
integrated into the review and synthesis of the study area
geohydrology. In the following subsections each of the
above major data collection efforts are discussed in de-

tail.

The majority of the data and reports used in this
study are in the form of final project reports prepared for
Exxon Minerals or as public domain documents. All such
data sources are listed in the reference list at the end of
this report. Appendix A is a table of the soil boring
information database which was developed as this data was

accumulated. This listing contains boring 'data from stud-

Golder Associates
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ies by Exxon, Dames & Moore, Golder Associates, Camp Dress-
er and McKee, and several other boring programs. The
borings are arranged alphabetically by boring name, and the
table includes the S.I. and English equivalents of the
boring 1location coordinates, ground elevation, bedrock
elevation (if available), groundwater elevation and reading
date (if available), and coarse stratified drift aquifer
thickness (if available). Appendix B lists U.S.G.S. sup-
plied groundwater levels in private wells in the regional
area. Figures 2.1 and 2.2 show the plan location of this
data on S.I. (1:12,500) and English (1:30,000) basemaps,
respectively. Figure 2.3 shows the plan location of boring
data in the orebody area (1:2,500). Appendix C contains

miscellaneous data which were transmitted by letter.

2.2 Orebody Evaluation Drilling Program

The orebody evaluation drilling program by Exxon Min-
erals Company progressed from the initial exploratory
drilling in 1975 to the completion of the surface
exploration drilling program in August, 1978. These
borings indicate the elevation of the bedrock surface and
allow delineation of the various zones of weathering of the
bedrock surrounding the orebody, as presented in
Reference 18. In addition, some of these borings indicate
the glacial overburden types which exist at the bed-
rock/overburden interface. This data was used, in conjunc-
tion with data from other drilling programs, to estimate
the extent, thickness, and hydraulic conductivity of the
various soil types which directly overlie the bedrock in
the vicinity of the weathered orebody zones. Figure 2.3
shows the plan 1location of all the borings of primary

interest in the vicinity of the orebody.

Golder Associates
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2.3 Environmental Baseline Data and Reports

Dames & Moore performed an environmental baseline
study of the Crandon Project between 1977 and 1981. Refer-
ences 2, 3 and 4 present the geology, groundwatef, and
surface water hydrology of the Crandon Project area. This
effort produced several years of site specific streamflow
data, approximately 50 observation wells, 1lake cﬁemistry
data, and a large number of soil borings and soil sample
test results. In addition to the environmental baseline
study, Dames & Moore performed a series of short duration

oumping tests in the glacial overburden.

The Dames & Moore reports present the geologic, hydro-
logic, and meteorologic characterization of the Crandon
Project area. This preliminary assessment was used in the
subsegquent, more detailed data collection efforts. Much of
the data and the preliminary site evaluations presented in
these subsequent reports formed the basis for this

integrated site characterization report.

2.4 Preliminary Waste Management System Design

The preliminary design of the waste management system
performed by Golder Associates between 1978 and 1982 re-
quired extensive geotechnical and geohydrologic data col-
lection efforts as presented in References 5 through 8.
The database of soil borings and soil test results initial-
ly established by Dames & Moore was more than doubled.
Approximately 50 additional groundwater observation wells
were installed and a large scale pumping test was

performed.

In support of the selection process of various waste

disposal system design alternatives, a groundwater

Golder Associates
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flow/solute transport computer model was used to estimate
the extent of possible waste disposal system seepage
migration (Reference 25). This modeling effort required
definition of the groundwater potentiometric surface,
surface of the Precambrian bedrock, net infiltration rate,
extent and thickness variation of the coarse glacial drift
and several glacial overburden hydraulic parameters. These
data were presented in several reports prepared by Golder
Associates (References S, 6, 7, 8, 25). Subsequent to the
submittal of those reports, additional data have Dbeen
developed under several other contracts and is included in
this report. The additional soil boring and geohydrologic
data have allowed updating of the groundwater potentio-
metric contour maps, bedrock contour maps, and coarse drift

isopach maps.

2.5 Mine Water Control

A fourth major hydrogeologic data collection effort
was performed in support of the mine water control study.
This effort included a series of orebody pumping tests
verformed by Camp Dresser and “cKee (CDM) (Reference 9),
and a subsequent analysis of these data by Thomas A. Prick-
ett and Associates (performed under contract with both
Zxxon and CDM and included in Reference 9). This data was
augmented by slug tests in the orebody borings performed by
TSxxon (included in Appendix C). The orebody weathering
data collected by Exxon and the Golder/Dames & Moore
overburden characterization were also utilized in the
analysis. The degree of hydraulic connection between the
orebody and the overburden was also investigated by a
series of glacial overburden borings and geophysical tests

done by Camp Dresser and McKee (References 10 and 11).

Golder Associates
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The glacial overburden boring and geophysical test
data provided by these studies was used in conjunction with
other data to define the vertical flow resistance of the
soils directly overlying the orebody and the orebody weath-
ered zones and the hydraulic characteristics of the over-
burden. This potential hydraulic connection between the
orebody and glacial overburden is discussed in detail in-

Section 6.

2.6 Other Related Data Collection Efforts

In addition to the four major data collection efforts
discussed above, several other programs were undertaken
which generated data used in this effort. Some of these
efforts were designed to fill gaps in the general geohy-
drologic database while other efforts centered around un-
related activities, but generated useful hydrologic or geo-
logic data. These efforts are briefly discussed in the

following paragraphs.

Soil Testing Services of Wisconsin (STS Consultants)
performed two soil boring programs and laboratory testing
efforts in the mine access and ventilation shaft areas to
characterize subsurface conditions (References 12 and 13).
These data are included in the soil boring database in
Appendix A of this report. A third STS drilling program was
undertaken to determine the soil types and potentiometric
head beneath Little Sand Lake (Reference 14). These data
were utilized in the perched lake/groundwater interaction

discussion presented in Section 7.

Two additional soil boring and laboratory testing
programs were performed which provided additional soils
data. Braun Engineering Testing performed borings in the

area of the proposed mill facility (Reference 15) and Foth

Golder Associates
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and VanDyke and Associates and STS performed a soils in-
vestigation along the proposed access road and the railroad
spur to the mine/mill facility (Reference 16). The pro-
posed access road crosses Swamp Creek north of the orebody
and the soil types and bedrock elevation data from this
study area were used in the groundwater/stream interaction

definition.-

Normandeau Associates performed a detailed wetland
assessment study of the <Crandon Project area (Refer-
ence 17). This work effort produced detailed surface water
drainage divides which were used in this study. Norman-
deau's work also provided additional insight into the sur-

ficial geology of the study area.

additional data on the elevation of the Precambrian
bedrock surface across the study area was provided by two
geophysical survey programs performed by Geoterrex (Refer-
ence 21 and 22). These data were provided at locations
where the bedrock/overburden interface was not dJdefined by
the various boring programs and have been used in the prep-
aration of the bedrock surface contour map. Bedrock sur-
face definition was augmented by data provided by the

U.S.G.S.

Golder Associates
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3.0 GEOLOGY

3.1 Geological Nomenclature

The geology of the Crandon project site area has been
the subject of several investigations and reports (Refer-
ences 2, 5 and 10). These various reports describe
different aspects of the site geology (e.g. orebody
stratigraphy, glacial succession, glacial/orebody contact,
etc.) and use differing geologic terminology. The purpose
of this section is to present the consolidated terminology
to be used in the hydrogeological interpretation of the

Crandon site.

When one is dealing with mineral resource investiga-
tions, waste management projects, or hydrogeological stud-
ies, it is convenient to use 1litho-stratigraphic rather
than chrono-stratigraphic nomenclature. Litho-stratigra-
phic nomenclature divides sequences of deposits on the
basis of physical characteristics and are therefore recog-
nized and defined by physical features rather than by age
or geological history. Since 1litho-stratigraphic units
often cut across different time periods, physical terms may
not be equated with chrono-stratigraphic terms. For ex-
ample, the coarse stratified drift described herein may be
a combination of the Greenbay and Langlade drifts (Refer-
ence 2) beliesved to be present at the Crandon site. The
terms used in litho-stratigraphic classification, in order

of decreasing rank are:

Group
Formation
Member
Bed

Golder Associates
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While reference is made to chronological events in this
report the Crandon Project study area geology is described
using the 1litho-stratigraphic nomenclature system. Fig-
ure 3.1 illustrates the geological succession for the study
area, which.consists of Pleistocene glacial deposits uncon-

formably overlying Precambrian metamorphics.

3.2 Precambrian Bedrock Geology

3.2.1 Regional

The bedrock across northern Wisconsin is the southern
extension of the Canadian Shield, referred to as the South-
ern Province. This Province is one of seven Canadian
shield rock provinces consisting of rocks ranging in age
from 960 to 3,200 million years, Before Present (3.P.)
(Reference 2). Three major ages of Precambrian rocks,
Early, Middle and Late are found in Wisconsin. Of these,
the Middle Precambrian rocks (1,600 to 2,500 million years
B.P.) are present at the Crandon site. Approximately
2,100 million years B.P., volcanics and sediments were de-
posited in a large trough extending across Wisconsin from
Ladysmith to Marinette. It is within this volcanic belt
that the sulfide ore deposit at Crandon is found. About
1,800 million years B.P., this volcanic belt was faulted
and folded and intruded by granite during the .Penokean
Orogeny (Reference 2). The volcanics and éediments were
deformed into a series of =ast-west trending folds, and
were regionally metamorphosed to greenschist facies.
Greenberg (Reference 20) has suggested a general north-
south structural trend for the Precambrian rocks based on
rock foliations of outcrops within Forest County. This
hypothesis is contrary to results obtained from the Exxon
orebody drilling program. Dames & Moore (Reference 2) give
the average strike of the Precambrian rocks as north
80 degrees west with the dip being 70 degrees north to

vertical.

Golder Associates
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3.2.2 Project Study Area

The Precambrian rocks of the project study area were
deposited during two volcanic cycles referred to as the
Hemlock Creek and Swamp Creek Groups. The formations and
members that make up these two groups are illustrated with
descriptions in Figure 3.2. The Precambrian geology of the
Site area is described in detail by Dames & Moore (Refer-
ence 2). Fiqures 3.3 and 3.4 are horizontal and vertical
cross sections of thé Precambrian strata respectively.
Figures 3.5, 3.6 and 3.7 show the bedrock surface at the

regional, project and orebody scales, respectively.

The Crandon sulfide deposit is identifiable for a
distance of approximately 1,524 m (5,000 £t.) along strike
and to a depth of approximately 823 m (2,700 ft.) below the
bedrock surface (Reference 2). Its thickness varies from
zero on the west to 76 m (250 £t.) near its center (Refer-
ence 2). These data indicats that the local bedrock trend
is consistent with the regional trend previously

discussed.

3.2.3 Sulfide Ore Genesis and Weathering

An understanding of sulfide ore genesis assists in
estimating the modes and effects of subsequent orebody
weathering. This weathering has a direct bearing on the
site hydrogeology which is discussed in greater detail in

Section 6.

The Crandon orebody may be classified as a volcano-
genic deposit. Volcanogenic deposits are those that have
been formed by volcanic processes and the activities of
thermal springs beneath bodies of water (Reference 27).
The Crandon deposit has £features typical of subaqueous

volcanogenic deposits:

Golder Associates
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It is associated with submarine volcanic rocks.
The mineralized zones are flat to lenticular.

It consists of two main types of mineralization,
massive sulfide and stringer sulfide. At the
Crandon site, the zinc-rich massive sulfide is
conformable with the surrouding sediments whereas
the stringer sulfide zones consist of copper-rich
quartz-chalcopyrite veins disseminated through
the hyrdothermally silicified wvolcanics and
sediments of the underlying Sand Lake
Formation.

Subseguent consolidation, deformaticn, and uolift ex-

posed the

Exxon (Reference 13) has 1listed ou

orebody and surrounding rocx to weathering.

destructive

r
weathering processes that were actiive a2t the Crandon site;

a)
b)
c)
d)

The degree of weathering is a Zunction 2% 2 ¢

the above

follows:

a)

b)

c)

Oxidation
Leaching
Argillization
Fracturing

mpination of

0
processes. T™e wez-hering cztegories are as

trong if there

Strong. Weatnh2ring is 5

is extensive ZJevelooment of =w> or more of the
above destructive processes.

Moderate. Strong develoopm2n: of one of the
destructive orocesses and moderz:i2 development of

at least one additional destructive process.

e characteristic

Low. If the primary Zestruciive
>ck is in the low

~
is only moderate leaching, the
weathering category.
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d) Weak. Weathering is considered weak if there is
only weak development of one of the destructive
processes.

Figure 6.1 illustrates the characteristic "V" shape of
the North-South weathering profile of Crandon deposit and
surrounding rocks. The weathering profile and active de-
structive processes vary considerably between the footwall
(rock underlying orebody), Crandon formation (orebody), and
hanging wall (rock overlying orebody). This is in response
to the primary chemistry of the rocks, and the physical-

chemical conditions acting upon these rocks.

Footwall - The footwall rocks follow a relatively
uniform weathering ©pattern compared to the Crandon
formation (Figure 6.1). The lower boundaries of the
various weathering intensities are relatively horizontal,
but may contain small root-like zones which penetrate
deeper. This uniform weathering is a direct result of the
siliceous nature of the footwall rocks. The primary
destructive process is leaching, with very little oxidation

associated with the footwall rocks (Reference 18).

Crandon Formation - The Crandon formation 1is more

deeply weathered than the footwall (Figure 6.1). The base
of the weathering is highly irregular due to a variety of
rock types. The most prominent feature 1is a large
weathering "spike" along the hanging wall side of the
Crandon formation, which locally may extend 200 m (656 ft.)

into the bedrock (Reference 18).

Hanging Wall - The hanging wall rocks have weathered

differently than either the Crandon formation or footwall

deposits. The dominant destructive process has been

argillization (clay formation). This is due to the rock

Golder Associates
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being a relatively homogeneous, non-siliceous, fine-
grained, chloritic tuff which contains very small amounts
(less than 1 percent) of sulfides (Reference 18). The
deepening of the strong and moderate weathering profile
near the Crandon formation, 1is a chemical weathering
response to the acidic ground water solutions generated by
the leaching of sulfides from the Crandon formation. The
variation of rock permeability as a function of weathering

is discussed further in Section 6.

3.2 Pleistocene Overburden Geology

3.3.1 Regional

The bedrock throughout much of northern Wisconsin is
overlain by glacial deposits (commonly referred to as gla-
cial drift) deposited during the Pleistocene Epoch (2 mil-
lion to 10,000 years B.P.). There were four major glacial
advances during the Pleistocene Epoch. Deposits from three
of these have been recognized in Wisconsin. The majority
of the surficial deposits resulted from the most recent ad-

vance, the Wisconsin Age (75,000 to 10,000 years B.P.).

3.3.2 Project Study Area

Over the Project study area, the Precambrian bedrock
is everywhere overlain by glacial drift and till that
ranges in thickness from 8 m (25 ft.) to more than 91 m
(300 ft.). The glacial materials were deposited during the
Wwoodfordian Substage (22,500-13,000 years B.P.). The
region was glaciated numerous times prior to the

Wwoodfordian, but only wWoodfordian deposits have been

identified.

The Woodfordian ice advanced as a series of 1lobes.

Glacial materials from the Langlade Lobe and Green Bay Lobe

Golder Associates
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were deposited at the Crandon Project area. For a detailed
review of the glacial history of the site, the reader is
referred to Normandeau (Reference 17). To ' aid in
understanding the site hydrogeology the following simpli-
fied litho-stratigraphic system is presented for the gla-

cial deposits. .

TABLE 3.1
GLACIAL DEPOSITS
Formation Group S (Epoch)
Lacustrine and Wetland
Sediments - Holocene
Outwash
Till Crandon Glacial Group Pleistocene

Stratified Drift

A brief description of the various formations that

comprise the Crandon Glacial Group follows.

Till

This deposit consists of a well graded mixture of
silt, sand, gravel, cobbles, boulders and traces of clay.
It is devoid of any significant area wide internal
structure (bedding, stratification, etc.) and occurs as two
main layers over the site; 1) a lower layer directly
overlying the Precambrian bedrock, and 2) a surficial

deposit that forms the drumlin uplands of the site.

In addition, a fairly extensive deposit of till has
been mapped within stratified drift deposits on the eastern
side of the project area. The surface till locally
contains sand and gravel layers that grade and interbed

with adjacent fluvioglacial sands and gravels.

Golder Associates
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A commonly observed feature of the lower till layer is

the local presence of coarse sands and gravels.

Stratified Drift

The stratified drift is a poorly graded deposit rang-
ing from sandy silt to sand and gravel. The formation may

be subdivided into. a fine member and a coarse member, as

described below.

(a) Fine Grained Stratified Drift Member. A well
sorted, interlayered fine sand, silt and clay
(Unified Soil <Classification ML-SP) deposit,
believed to be of glaciolacustrine origin, com-
prises this drift member. This deposit has been
mapped over the eastern half of the project area
(Reference 5) and generally overlies the lower
till although it has been found directly on bed-

rock.

(b) Coarse Grained Stratified Drift Member. This
fluvioglacial deposit varies from a well sorted
fine to medium sand (Unified Soil Classification
SP) to a medium to coarse silty sand (Unified
Soil Classification SP-SM). The gradation occurs
both laterally and vertically over the site
area. The coarse drift member overlies either
the lower till and/or fine stratified drift. It
is continuous over the site but thins and becomes
interbedded with layers of till over the
orebody. ’

Throughout the remainder of this document the fine and

coarse grained stratified drift will be termed "fine drift"

and "coarse drift".

Outwash

These are fluvioglacial sands and gravels that have
been mapped extensively at the surface and tend to be de-
posited in the relatively flat areas between the till drum-
lins. At some site locations these deposits directly over-

Golder Associates
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lay the coarse drift and the boundary contact between the

two formations becomes indistinguishable at depth.

Lacustrine and Wetland Deposits

This grouping includes all post-glacial (Holocene)
deposits in the site area. They are predominantly fine
grained silts and clays with varying amounts of sand that
have been deposited directly from the lakes. They are
associated with the wetland areas and have been found ad-

jacent to and beneath lakes on the site.

Figure 3.9 shows four geological «cross sections
through the glacial deposits of the project area and Fig-
ure 3.8 shows the section locations. These sections illus-
trate the vertical and horizontal variation in facies to-

gether with the variation in thickness of these deposits.

Golder Associates
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4.0 HYDROGEOLOGY

4.1 Regional Hydrogeology

On a regional basis, the glacial overburden directly
overlies the Precambrian deposits of northern Wisconsin and
may exceed 91 m (300 ft.) in thickness, in buried, pre-
glacial valleys. The sheets of coarse drift and outwash
which are contained in this glacial overburden are the most

prolific groundwater aquifers in the region.

The Precambrian bedrock deposits, although 1locally
fractured and showing secondary permeability, typically
yield small amounts of water to wells (Reference 3). With
respect to regional movement of groundwat=sr under natural

conditions, the bedrock is functionally impermeable.

4.2 Study Area Hydrogeology

4.2.1 General

The glacial deposits constitute the main water bearing
unit within the project area. The coarse drift is the pri-
mary transmissive unit in the project area and although it
laterally pinches out or grades into till in some areas ani
exhibits vertical variation, over the project area as a
whole these effects become minimal. The coarse drift
behaves essentially as an unconfined aquifer that is
locally semi-unconfined where it 1is ovesrlain by till.
Pumping of the bedrock strata indicates hydraulical
connection in some areas to the overlying glacial

materials.

4.,2.2 Groundwater Levels

In general, the upland portion of the project area is

a groundwater recharge area with groundwater discharging to

Golder Associates
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the surrounding lowlying streams, lakes and wetlands. This
pattern is shown in Figures 4.1 and 4.2. Figure 4.1 shows
the regional area potentiometric surface with the data used
to construct the contours in English units. Figure 4.2
covers the project area and shows the potentiometric sur-
face contours in S.I. units. These contour maps are based
primarily on water level readings taken in February 1982 at
the various observation wells which exist around the Cran-
don Project area. The .date of the readings and groundwater
level for each well are 1included in Appendix A. In
addition, a series of groundwater elevations provided by
the U.S5.G.S. were used. However, these measurements were
made at various times and are not considered to be as
reliable as the Crandon Project data. A listing of the
well data provided by the U.S.G.S. and water level readings

for each is included in Appendix B.

The Crandon Project observation wells (i.=., those
included in Appendix A) are screened at various depths in
several types of glaciél overburden. The wvariation in
potentiometric level in clusters of adjacent wells scr=ened
at different depths indicates that the potentiometric lev-
els in the various types of glacial overburden vary less
than 0.27 m (9 inches) relative to each other (Refer-
ence 8). This leads to the characterization of the coarse
drift as a semi-unconfined aguifer which 1is 1in direct
connection with free draining, though considerably 1less
permeable, underlying and overlying layers of till. This
is further corroborated by the response of the clusters of
observation wells screened in the various glacial materials
during the large scale pumping test performed by Golder

Associates (Reference 7).

SGolder Associates
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As previously discussed, the potentiometric heads in
the glacial materials are essentially equal. However, they
do show a downward trend from the overlying till into the
underlying coarse drift. This fact is in agreement with
the concept of groundwater recharge in the till covered
highlands and groundwater discharge in the lowlands which
are predominantly coarse drift and outwash at the sur-

Face.

4.2.3 Typical Groundwater Flow Patterns

The general direction of groundwater movement is lat-
eral through the coarse drift overburden and discharging
into the surrounding lakes and streams. The lateral direc-
tion of groundwater movement 1is perpendicular to the
contours. Figure 4.3 shows the typical direction of
lateral groundwater movement across the Crandon Project
area. However, this general trend is not exhibited beneath

the perched lakes, as discussed in Section 7.

Movement of groundwater in cross section across the
Project area 1is generally downward through the overlying
till into the coarse drift. The surrounding groundwater
fed streams and lakes drain the coarse grained stratified
drift, inducing lateral movement of groundwater 1in this
material. To illustrate this pattern of movement, a flow
net was constructed along section A-A indicated on Fig-
ure 4.3. This flow net is bounded on the west end by a
groundwater divide and constitutes a no-flow boundary. The
east end of the flow net is bounded by Hemlock Creek and
its contiguous wetland, which constitutes a discharge
boundary. - The rising groundwater gradients on the east
side of Hemlock Creek also direct discharge to the creek,

insuring that flow along the section analyzed drains toward

Golder Associates
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the wetland or «creek channel. The flow net analysis
considers the material boundaries between the drift and the
till, as well as the differing hydraulic conductivity and
anisotropy of the two materials. Due to the scale of the
section analyzed, and the different order of magnitude and
anisotropy of the hydraulic conductivity of the materials,
a finite element computer model was employed. Figure 4.4
presents the final flow net. The flow directions indicated
on the flow net are parallel to the rigorously constructed
flow lines and show that groundwater movement in the over-
lying till is primarily downward and that movement in the
coarse drift 1is laterally toward the groundwater fed

streams and lakes.

4.2.4 Hydraulic Parameters

In order to gain a detailed understanding of the
groundwater system in the Crandon Project area the hydrau-
lic pvarameters of the various glacial and bedrock materials
must be known. These parameters include hydraulic
conductivity, storativity, and total porosity. In

addition, the thickness of the primary transmissive unit,

the coarse drift and how this thickness varies across the

project area should be known.

These parameters have been estimated in several stud-
ies, including pumping tests, drilling programs, ané soil

tests. Sources of these parameters are listed below.

1. Golder Associates large scale pumping test (Ref-
erence 7).

2. Dames & Moore pumping tests (Reference 1).

3. Soil testing by Golder Associates and Dames &

Moore (References 5 and 2).

4, Orebody pumping test by Camp Dresser and McKee
(Reference 9).

Golder Associates
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5. Boring and soil testing program by STS Consul-
tants (Reference 14).

6. Varied soil tests by other contractors.

Although pumping tests and other borehole tests (ris-
ing and falling head tests) measure the in situ hydrogeo-
logic properties of the glacial overburden and are valid
only over the area influenced by the test, these methods
vield bulk formation parameter values which are most
appropriate for use in project scale analytical
orocedures. These types of in situ tests are considered to
be the most reliable parameter estimates available, but
they do not indicate the range of values which can exist
across the project area or within a given material class.
Therefore, data from the various soils test results were
used to indicate the range of hydraulic conductivity and

porosity across the project area.

Values of hydraulic conductivity were estimated from
grain size analyses using Hazen's approximation. Hazen
found from numerous tests with loose filter sands that the
hydraulic conductivity of these sands depends upon the
effective particle size and the uniformity coefficients;
thereby relating permeability to grain size distribution.
For loose sands having a uniformity coefficient between 2

and 5, the Hazen empirical equation is:
= 2 4.1

where k is the hydraulic conductivity in centimeters per
second and Djg is the effective size (10 percent of the
sample, by weight, being smaller than this size) in centi-
meters. The value of the coefficient 'C' ranges from 90 to
120, with a value of 100 normally used. For soils other
than loose uniform sands, permeability values computed from

the Hazen equation should be considered only approximate.

Golder Associates
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Estimated coefficients of permeability for the glacial
materials have been made using Hazen's approximation and
the D;j particle sizes from the grain size curves. These
estimates have been made using a value of 100 for the co-
efficient term 'C' in Hazen's eguation. The grain size
distribution curves give the particle diameters in milli-
meters. Therefore, with C=100, and grain sizes in milli-
meters (not centimeters), Hazen's eguation may be rewritten

as:

k = (Dyg)?
100 (4.2)

with the result in meters per second to be consistent with

S.I. units.

Figure 4.5 shows the distribution of computed hydrau-
lic conductivity for samples of coarse drift and till and
Figure 4.6 shows the hydraulic conductivity for samples of
lacustrine deposits and fine drift. Insufficient data

exists on outwash to show a meaningful distribution.

Values of porosity were estimated from the bulk dens-
ity of the various soils as determined from relatively
undisturbed samples assuming a specific gravity of 2.71,
vased on the minerology of the overburden (Reference 2).
Figure 4.7 shows the distribution of computed porosity £for
samples of the fine drift and coarse drift and Figure 4.8
shows the distribution of porosity for the till samples.
Insufficient data exists to prepare distributions for the

lacustrine and outwash materials.

All of the wvarious overburden hydraulic parameters

values are shown on Table 4.1 and the orebody hydraulic

Golder Associates
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TABLE 4.1

HYDRAULIC PARAMETERS OF GLACIAL OVERBURDEN

(MOST REPRESENTATIVE VALUES ARE SHADED)

Horizontal Vertical i
Hydraulic Hydraulic |
! Material . Conductivity Conductivity ! Storativity | Porosity Data Source
| . (107° ws) (1075 w/s) | & ]
| ! 5
i : i
| Coarse Grained 13.0 1.3 0.07 1) - Golder Pumping Test _
: Stratified Drift 43.0 - ! 0.05 - « Dames & Moore Pumping Test
f : 21.84 - ! - - ! Hazen Approximations
; 5 = = i = 30.7 | Laboratory Density
0.28 3y 0.094 1y 0.054 - i Golder Pumping Test §
11l : 19.5 0.016 0.0015(4) - | Dames & !loore Pumping Test ! :
- = 1.69 | - - i Hazen Approximations i :
- 0.16 | - - ! Borehole Tests
“ - | - 22.6 i Laboratory Density :
% e e #, sk i e o ?
Fine Grained : 0.12 0_012(1) | g o - i Hazen Approximations i
Stratified Orift | = = : 0.06 - i Golder Pumping Test [
i i - - : - 36.1 | Laboratory Density |
Lacustrine 7 0.015 - (1) i - - ; Hazen Approximations
= (1) .20 - E Dames & Moore Estimate
0.0003''/ | 0.0003 | - = Constant Head Labora-
e S e o S e | e . A
Qutwash 14.4 1.4(]) - ) - : Hazen Approximation
- - 0.07 S0 1 Golder Pumping Test
= - - 3007 Laboratory Density
Notes: Estimated Values (3) Coarse Layer within Till

(1)
(2) Value from one reading only (4)

Early (elastic) response

824-1304
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conductivity on Table 4.2, with the most representative
values shaded, based on assessment of the reliability of
the test method. Also given in Table 4.1 are the data

sources and appropriate references.

TABLE 4.2
HYDRAULIC CONDUCTIVITY OF OREBODY

Hanging Wall

Degree Footwall
of m./sec. ft./sec.
Weathering x107> x107° 1075 m./sec. ft./sec. 107> m./sec. ft./sec.

_Orebody

Weak 0.0076* 0.025 -= -= 0.0017 0.0056
Low 0.0070 0.023 - -- - -
Moderate 0.0034 0.011 0.098 0.32 N0.0064 0.021

» Strong - - 0.89 __RELEE__, , 0.017 A 0'956"_

Source: Letter from Charles R. Glore, dated 5/22/82, in Appendix C.
*Hydraulic conductivity of highest mine level tested.

As stated previously, the coarse drift is the most
prolific highly transmissive unit in the study area. Given
the horizontal hydraulic conductivity specified in Ta-
ble 4.1, the overall transmissivity of this unit can be
determined based on its thickness. The variation in thick- -
ness of the saturated coarse drift across the study area is
shown in Figures 4.9 and 4.10 .in English and S.I. units,
respectively. The total saturated coarse drift thickness

data is included in Appendix A where boring data is avail-

Golder Associates
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able. This data was augmented with inferred data inter-
preted from geologic sections to construct the 1isopach

contours shown on Figures 4.9 and 4.10.

Over the majority of ﬁhe project area the saturated
coarse drift 1isopach includes only the coarse grained
stratified -drift. However, in the area between the orebody
(Crandon Unit) and Swamp Creek, the base of the coarse
grained stratified drift material is higher in elevation
than the groundwater level, resulting in very small to non-
existent saturated thicknesses, as is shown in Figure 6.1.
In the vicinity of the orebody itself, deposits of coarse,
highly permeable till were encountered. These highly per-
meable glacial materials have the potential to influence
the hydraulic connection between the glacial overburden and
the weathered zones of the orebody, as 1is discussed in
detail in Section 6. Therefore, geologic interpretations
by both Golder Associates and Exxon, based on boring logs
and sieve analyses, where available, lead to the inclusion
of this coarse till material in the orebody area for the

isopach presented in Figures 4.9 and 4.10.

Golder Associates
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5.0 SURFACE WATER HYDROLOGY

5.1 Regional Hydrology

5.1.1 Regional Drainage Basins

The regional area lies within the area of northwest
Wisconsin that 1is drained by the Wisconsin, Wolf, Fox,
Peshtigo, Oconto, and Menominee Rivers. The Crandon Pro-
ject area is entirely within the northern headwaters of the
Wolf River drainage basin as shown on Figure 5.1. The Wolf
River originates approximately 32 km (20 mi.) northwest of
the site area and flows south to Lake Poygan in Winnebago
County, which is approximately 161 km (100 mi.) south of
the project area. The Fox River drains the Lake Poygan-
Winnebago system in a northeasterly direction to Green
Bay. The Wolf River basin is bordered on the west by the
Wisconsin River basin. The Wisconsin River flows south and
then west to the Mississippi River. To the north and east
of the wWolf River basin, drainage 1is provided by the
Menominee, Peshtigo, and Oconto Rivers, which all flow

southeast to Green Bay.

In the upper Wolf River basin, the relatively slow-
flowing streams frequently pass through lakes and wet-
lands. Stream gradients were determined from topographic
maps and are generally in the range of 1.5 to 1.9 m/km (7.7
to 10 ft./mi.) (Reference 4).

5.1.2 Regional Precipitation

Average annual precipitation (rainfall plus snow) in
the regional area is 781.6 mm (30.77 in.) (Reference 4).
Precipitation is greatest during late spring and early
summer and least during mid-winter when it generally occurs
as snow. The mean annual accumulation of snow is 1,270 mm

(50 in.) (Reference 4). Precipitation records from the

Golder Associates
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Nicolet College weather station at Rhinelander, Wisconsin,
the nearest long-term data record, are assumed to be
representative of the region. Rhinelander is approximately
39 km (24 mi.) northwest of the project area. Average
monthly precipitation values for the period 1908 through
1977 inclusive are given in Table 5.1. On the average, the
wettest month is June with almost 15 percent of the annual

precipitation and the driest month is February with only

3.3 percent.

5.1.3 Regional Streamflow

Total annual stream discharge in the drainage basins
in the regional area ranges from 279 mm (11 in.) to 330 mm
(13 in.) (Reference 4). For the Wolf River basin the
annual stream discharges range from 254 mm (10 in.) to

330 mm (13 in.) (Reference 4).

The nearest long-term stream gaging station 1in the
area is the United States Geologic Survey (U.S.G.S.) sta-
tion on the Wolf River at Langlade, as shown on Fig-
ure 5.2. The surface drainage area upstream from this gage
encompasses 1,191 km 2 (460 sg. mi.) and 1includes the
project area. Based on U.S.G.S. records, mean annual
discharge at the Langlade station for the period 1966-1978
is approximately 13.2 m3/s (466 cfs). This discharge rate
corresponds to an average water depth of 352 mm (13.87 in.)
for the drainage area of the Wolf River upstream of this
gage. Monthly stream flow data for the Wolf River at
Langlade are givén in Table 5.2. The highest average
monthly stream discharge of 56.4 mm (2.22 in.) occurs
during April when snowmelt runoff is highest. January and
February are the months of lowest stream discharge, with
20.6 mm (0.8l in.) and 17.5 mm (0.69 in.), respectively,
because most precipitation 1is retained on the ground

surface as snow and ice.

Golder Associates
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TABLE 5.1

AVERAGE MONTHLY PRECIPITATION AT
NICOLET COLLEGE, RHINELANDER, WISCONSIN

1908 THROUGH 19772

AVERAGE
PRECIPITATION PERCENT OF
MONTH (am)P ANNUAL PRECIPITATION
October - 59.4 7.6
November 47.8 6.1
Decenmber 28.2 3.6
January 26.9 3.4
February 25.4 3.3
March 38.4 4.9
april 59.4 7.6
May 85.3 10.9
June 115.6 . 14.8
July . 97.3 12.4
August 102.6 13.1
Septenber 95.2 12.2
Total 781.6 100

dReference 4.
b25.4 pn = 1 i.ch.



TABLE 5.2 \ ;

USGS MONTHLY. STREAM DISCIIARGE RECORD FOR THE
WOLF RIVER AT LANGLADE, WISCONSIN
USGS STATION NUMBER 04074950

WATER MEAN MONTILY STREAM DISCHARGE (cfn) ANNUAL TUTAL
YEAR oCT NOV . DEC JAN FEN MAR APR MAY JUN JUL AUG SEP (inches of runoff)
1965=1966 - - - - k - - 685 540 365 240 280 231 ——
1906~1967 17 288 295 284 265 Juo 1,319 515 507 518 362 395 13.18
1967=1968 423 86 344 219 26 by 0643 642 911 874 473 Bl3 16.03
1908=1909 518 Ay 466 561 h4() 4} 904 6006 541 436 270 260 14.65
190Y=1970 340 ISl 320 01 262 339 420 533 46Y 228 206 298 9.97
1970-197) 380 683 476 369 BT} 401 1,142 572 421 283 224 256 13.64
1971-1972 569 437 421 364 297 361 896 887 322 300 . 632 618 15.07
1972-197) 1) 612 359 397 351 1,227 1,100 V32 049 369 384 483 19.66
1973=-1474 RHIO Ty 311 315 301 445 712 463 457 265 436 455 12.28
1974-191% kE3| 465 45 Jl2 207 356 B85 785 493 240 266 483 13.02
1975-1976 295 470 518 241 292 690 1,330 713 Ja4 229 254 216 13.71
1976=1977 190 206 220 193 223 549 775 339 2631 255 228 445 9.67
1977-1978 509 a4 84 305 258 294 693 494 460 592 526 538 13.53
1970=-1919 4| 349 321 il 334 671 1,219 933 727 470 362 316 15.93
Max. Month 723 6831 514 548 440 1,227 1,330 1,312 911 874 632 813 -_
Max. Day 1,330 1,040 us0 600 540 2,200 1,770 1,780 1,510 1,380 1,030 1,400 _
Mln, Month 196 204 226 193 223 294 426 339 263 228 206 216 -_
Min. Day 185 164 160 190 200 215 250 248 226 160 156 166 -
MEAN MONTHLY STREAM DISCUARCE

(cfs) 417 426 J68 J23 302 507 914 667 495 382 350 416 -
Inches of '

Runaot £ 1.04 1.03 0.92 0.81 0.69 1.27 2.22 ) .67 1.20 0.96 D.88 1.0l 13.87

Notes: Locatlon: asce Flgure 2 b=t
Drainnge Area, 1191 km?2 (40U square miles).

Period of RLcord March 1966 to September 1979, discontinued after Septemher 1979.
To convert to md/s, multiply cfs by 0.02832.
=~ Indicates no data.

Source: USGCS, 1979.
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Review of the Wolf River stream discharge data (Ta-
ble 5.2) indicates that the 1977 water year had the lowest
surface water flow measured during the 13-year period of
record. The annual total surface water runoff for this
year was 246 mm (9.67 in.) compared to the average annual
total surface water runoff of 352 mm (13.87 in.). The 1979
water year was the second wettest recorded during the peri-

od of record with an annual total runoff of 405 mm

(15.93 in.).

5.1.4 Regional Evapotranspiration

Evapotranspiration is defined as the movement of water

through vegetation to the atmosphere and the evaporation of
water from soil moisture and free water surfaces to the
atmosphere. Evapotranspiration is generally computed as

the difference between precipitation and stream discharge,

assuming that there is no net flux of groundwater from the

regional area. Oon this basis, average annual
evapotranspiration for the Wolf River surface drainage area
measured by the U.S.G.S. station at Langlade is
approximately 429 mm (16.9 in.). However, localized
drainage basins may experience significant groundwater flux

and would show correspondingly higher or lower

evapotranspiration amounts.

5.1.5 Surface water Use

In Wisconsin, permits for diversion of surface water

Water law in Wisconsin is essentially rip-
red with and

are required.
arian, which means that water rights are acqui

are inseparable from l1and adjacent to surface waters.

“In the Wolf River basin in Forest and Langlade Coun-

ties, there are eight diversions of surface water for ir-

Golder Associates
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rigation registered with the Wisconsin Department of Natu-
ral Resources (Reference 4). The diversion closest to the
site area withdraws 0.062 m3/s (2.22 cfs) and is located on
Swamp Creek below Rice Lake at County Road M. All other

diversions are outside the study area.

5.2 Proiject Area Hydrology

5.2.1 General Descriotion

The Crandon Project area lies within the Wolf River
drainage basin (see Figure 5.2) and 1is characterized by
forested land, lakes, wetland areas, and perennial streams
providing drainage paths. Portions of the orebody, pro-
posed plant site, and the proposed waste disposal system
lie in the subbasins defined by the watersheds above Rice
TLake and Pickerel Lake as shown on Figure 5.3. 1In 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.

5.2.2 Study Area Water Balance

In an effort to gquantify the annual net recharge to
the grcundwater system, a detailed water balance was made
on the Swamp Cresek drainage basin above Rice Lake. This
drainage basin is large enough to contain a representative
sampling of the main surface characteristics of the area
such as forests, wetlands, lakes and creeks. A water
balance is a quantification of the total water gains and
losses of a basin for a given time period. The balance
accounts for all waters entering, leaving, and stored with-

in a hydrologic system and 1its various components so that

Golder Associates
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continuity 1is honored. The general description of the

continuity statement is (Reference 30):

Inflow = Outflow + Change 1in Storage (
5.1)

The various terms of this basic continuity equation can be

divided into those components which are appropriate for the
watershed being studied. The following egquation and its

further subdivided forms follow the approach presented in

Reference 30.

P =SF + ET + U + Sg + Sg (5.2)
where

P = Precipitation

SF = Streamflow

ET = Evapotranspiration

U = Subsurface underflow (beneath the stream
gage)

Sg = Change in surface water and soil moisture
storage

Sg = Change in groundwater storage

The project area drainage basin and each of the above

listed water balance.components are discussed below.

Drainage Basin - The drainage basin above the U.S.G.S.

gage on Swamp Creek at Highway 55 upstremn'of Rice
Lake was selected for a detailed water budget analy-
sis. Golder Associates considers this gage to have
the most accurate streamflow measurements in the pro-
ject area due to its hydraulic control section (con-
crete weir), continuous data record, and . complete

period of record.

Golder Associates
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The surface water and groundwater drainage areas above
the U.S.G.S. gage on Swamp Creek at Highway 55 are
shown on Figure 5.4. The surface water drainage area
is about 11,200 ha (43.1 sqg. mi.) and the groundwater
drainage area 1is about 10,600 ha (40.9 sqg. mi.).
These two catchments roughly coincide as can be seen
in Figure 5.4. since the groundwater system is the
focus of this analysis and the surface and groundwater
catchment areas ‘are very similar, the groundwater
catchment area was used to eguate total wvolumes to

areally distributed depths in this water balance anal-

ysis.

Precipitation - The mean annual precipitation pre-

sented in Reference 4 and shown in Table 5.1 for the
region is 781.6 mm (30.77 in.). However, streamflows
at the study point are not known for a comparable time
period. A more representative estimate of the pre-
cipitation for the project area for use in detailed
water balance analysis was obtained from The National
Oceanic and Atmospheric Administration (NOAA) pre-
cioitation gaging station at Laona 6 S.W. This gage
is the nearest station to the site and has available
recorded data corresponding to the time pe:iqd of

streamflow measurements used in the water balance

analysis. For the period of 1974 to 1980 the average
annual precipitation of 840.0 mm (33.07 in.) was used.
Use of the lower value of 781.6 mm (30.77 in.) in the
water balance computation would decrease the evapo-
transpiration and groundwater recharge components
approximately proportionately. The annual precipita-
tion data for Laona 6 S.W. for this period is pre-

sented in Table 5.3 with the Rhinelander NOAA data

shown for comparison.

Golder Associates
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TABLE 5.3
ANNUAL PRECIPITATION
Laona 6 S.W. Rhinelander
Year mm inches mm inches
1974 750.0 29.53 715.5 28.17
1975 818.4 32.22 773.9 30.47
1976 606.3 23.87 447.8 -17.63
1977 1,052.6 41.44 990.9 39.01
1978 895.6 35.26 1,014.0 39.92
1979 912.1 35.91 796.0 31.34
1980 845.3 33.28 814.3 32.06
Average 840.0 33.07 793.2 31.23

The period of 1974 through 1980 was used to correspond
with the available streamflow data. The Laona
precipitation gage was used due to its proximity to

the study area and complete record.

Streamflow - Total streamflow 1includes both surface

ruroff and subsurface discharge or baseflow, and can

be divided as shown in the following equation.

SF = RO + BF (5.3)
where: SF = Total streamflow

RO = Surface runoff

BF = Baseflow

Baseflow separation was performed by Dames & Moore
(Reference 4) at the Swamp Creek at Highway 55 station
for 1978, 1979, and 1980 and is presented in Ta-
ble 5.4. This data shows that about 58 percent of the
total flow is baseflow. Using the average values, the
total annual streamflow is about 278.9 mm (10.98 in.)
with about 161.8 mm (6.37 in.) being of groundwater

origin (baseflow), and about 117.1 mm (4.61 in.) re-

sulting directly from surface runoff.

Golder Associates
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TABLE 5.4

ANNUAL STREAMFLOW COMPONBI‘Z'I%
SWAMP CREEK AT HIGHWAY 55

Streamflow(3) Sur face Runoff Baseflow(z)

Water Year mm in. mm in. mm in.
1978 282.7 11.13 119.°C 4.72 162.8 6.41
1979 307.3 12.10 133.6 5.26 173.7 -6.84
1980 246.6 9.71 97.8 3.85 148.8 5.86

Average 278.9 10.98 117.1 4.61 161.8 6.37

-

Notes:

(1)
(2)
(3)

Streamgage maintained by U.S.G.S.

Baseflow separations from Relerence 4

Volumes distributed over groundwater catchment area to
determine areal depth.

Underflow - Underflow is the volume of water flowing

into c; out of the Swamp Creek basin through the satu-
rated groundwater zone. By constructing the ground-
water catchment boundary perpendicular to the ground-
water potentiometric contours at the stream gage sta-
tion, as shown in Figure 5.4, this component is lim-
ited to flow beneath the stream gage itself.
Under flow leaving the Swamp Creek basin was estimated

using Darcy%'s equation: e

U = k-i-A (5.4)
where: U = Underflow

k = Hydraulic conductivity of coarse drift

i = Slope of groundwater surface

A = Saturated flow area beneath the gage

Golder Associates



dqr -

October 1982 -=

N
I~
|
[ee)
NS
ey
[
-
(@)
(@]
dw

Using the following values (K from Table 4.1, i from
Figure 4.1); k = 1.3x107% m/s; i = 0.0052;
A = 23,000 m2 (23 m thick x 1,000 m wide estimated
from surficial geology and surrounding soil borings)
the average annual underflow rate is estimated to be

0.0156 m3/s (0.55 cfs). This is about 4.6 mm/yr.

- (0.18 in./yr.) distributed over the groundwater bas-

in.

Storage Changes - Changes in both surface and subsur-

face storage were assumed to be negligible for the
water balance analysis. This assumption is considered
valid since full water years were used in the analysis
and year-to-year groundwater level variations are
small. The minor variations which may occur would not

significantly affect the results of this analysis.

Svapotranspiration - Evapotranspiration, as indicated

in Section 5.1.4, is the primary mechanism by which
water returns to the atmosphere. Evapotranspiration
consists of evaporation from free water surfaces and
soil moisture, evaporation of precipitation intercep-
tion from the plant surfaces, and transpiration of
soil moisture by plants. An accurate breakdown of the
components of evaporation and transpiration is beyond
the scope of this study. A common method for esti-

mating evapotranspiration is by the equation below

(Reference 31).

ET =P - SF - U (5.5)
where: - ET = Evapotranspiration

P = Precipitation

SF = Streamflow

U = Groundwater underflow

Golder Associates
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Therefore, using previously estimated values. for the
right side of the above equation the estimated annual

ET distributed over the groundwater basin is 556.5 mm

(21.91 in.).

As discussed at the beginning of this section, one of
the purposes of defining the water balance of the study

area is to estimate the amount of net groundwater recharge.

Net groundwater recharge, or deep infiltration, is that

portion of precipitation that <c=eps into the
Therefore, in estimating the net

saturated

groundwater system.
groundwater recharge the sum of baseflow and stream gage
underflow (as previously defin=2) must 5e augmented - by
evapotranspiration which is from groundwater origin and
does not flow past or beneath the stream gage. This

breakdown of evapotranspiration is described below.

Large portions of theé project ar=a are groundwater
discharge areas as shown by the groundwatar votentiometric

contours in Figure 4.1. A significant portion of these
ters, such

2
V1]

areas are covered by groundwatar £ed surface
as lakes and wetlands. These areas, which include Ground
Yemlock Lake, Lake Metonga, Rice Lake, 4emlock Creek, Swamp
Creek, Outlet Creek and their associated wetlands, consti-
tute about 23 percent of the total groundwater drainage
basin. Because the surface watsr system in the region is
groundwater fed, a large portion of the svapotranspiration
from these lowlying areas is of groundwater origin rather
than from direct precipitation or surZace runoff. The

portion of the total evapotranspiration originating from

groundwater must therefore be considered in determining the

net groundwater recharge as shown in the following

equation:

Golder Associates
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Rg = BF + U + ETg (5.6)
where terms not previously defined are:
R = net groundwater recharge
E%g = evapotranspiration of groundwater origin

Separation of the total evapotranspiration into a
groundwater origin component and a direct precipitation
origin component requires detailed water budget data for
small areas in which groundwater underflow is well known
and does not exist for the Swamp Creek basin. 1In order-to
estimate the portion of evapotranspiration which originates
from groundwater, the total evapotranspiration was varti-
tioned between that originating £rom upland (recharge)
areas and that originating from lowland (discharge) areas.
Area measurements indicate that about 23 percent of the
study area is lowland area and 77 percent is upland area.
Therefore, 77 percent of the total evapotranspiration is

considered to be from highland areas and 23 percent from

lowland areas.

The lowland evapotranspiration, 128.0 mm (5.04 in.),
was further divided into its groundwater origin and direct
precipitation/runoff origin components. Based on the de-
termination previously presented that 58 percent of the
streamflow is baseflow, a value of 60 percent was used to
estimate the fraction of lowland evapotranspiration orig-
inating from groundwater. This leads to a value of 76.8 mm
(3.02 in.) for ETg in equation 5.6 and a net annual ground-
water recharge of 243.1 mm (9.57 in.). The sensitivity of
this assumption was investigated by varying the groundwater
origin component over a range of 40 percent to 80 percent.
This resulted in a range of net annual groundwater recharge

of 217.7 mm (8.57 in.) to 268.7 mm (10.58 in.).

Golder Associates
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The water budget equation previously presented in this
section can be re-written to include the various subdivi-
sions of each component and omitting the negligible change -

in storage terms:

P = RO +# BF + U + ETH + ETLP + ETLG (5.7)

where terms not previously defined are:

ETy = Evapotranspiration from highland areas

ETip = Evapotranspiration from lowland areas of
direct precipitation and runoff origin

ETig = Evapotranspiration from lowland areas of

groundwater origin

The above relationship is shown schematically with the
annual value in depth over the groundwater basin given for

each component in Figure 5.5.

5.3 Low-Flow Analysis

5.3.1 Purpose

Although the Crandon Project waste disposal system is
designed to minimize leakage into the hydrologic system, it
may be necessary to analyze various potential 1leakage
scenarios with respect to the surrounding surface water
system. It is anticipated that any potential waste pond
seepage which eventually reaches the surface waters will do
so by way of groundwater discharge, i.e. the baseflow com-
ponent of streamflow. Therefore, the period in which
groundwater discharge provides the majority of input to the
surface water system 1is that in which baseflow is the

primary component of streamflow.

The common standard used by the Wisconsin Department

of Natural Resources to assess the impact of various ac-
tivities on surface waters 1is the 7 day-10 year low-flow

Golder Associates
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(Reference 24). The 7 day-10 year low-flow is defined as
that average rate over a 7 day period which the flow will
drop below on an average of once in 10 years. This
statistical low-flow rate is commonly used with mass load-
ing of waste material to determine critical in-stream con-
centrations. These concentrations can then be compared to

the applicable water quality standards.

Low-flow estimates (Q7,10) were made at nine locations
in the Crandon Project area. The 1locations and the
drainage basin boundaries above each estimate point are
shown on Figure 5.3. All of these points are within the
Swamp Creek and Pickerel Creek drainage basins. As can be
seen in Figure 5.3, five of the nine points are Dames &
Moore stream gage sites, three are U.S.G.S. stream gage
sites, and one site is ungaged. The U.S.G.S. stream gage

at County Road K is not shown at its exact location on

Figure 5.3.

5.3.2 Analysis Methodology

As previously stated, most surface water quality as-
sessments are approached by combining a minimum flow rate
at some 1level of probability (i.e. 10 year recurrence
interval) with a point source waste load, yielding a criti-
cal in-stream concentration. However, the Crandon Project
differs in that any potential waste system seepage which
may occur would be transported to surface streams by way of
groundwater discharge. Therefore, the critical period for
in-stream waste system seepage concentrations will be when
baseflow comprises the maximum percentage of total stream-
flow. During this period the baseflow will have the mini-
mum dilution from surface runoff. The first step in this
analysis was to determine the period at which baseflow
represents the maximum portion of streamflow rather than

the absolute minimum low-flows.

Golder Associates
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The critical low-flow period described above can be
determined by comparing the daily variation in streamflow
exhibited during annual 1low-flow periods. Periods with
relatively constant flow rates are controlled by baseflow,
while periods with variable flow rates show that relatively
constant baseflow is augmented with surface runoff. In-
spection of the flow records of the U.S.G.S. maintained
stream gage on Swamp Creek at Highway 55 (August 1977 to
1980) 1indicated that while the absolute 1low-flow occurs
during late summer, the winter period low-flow (late win-
ter/early spring) 1is wvirtually all baseflow. This was
based on the daily flow variation in the late summer and
the near constant flow during the late winter. Therefore,
7 day-10 year low-flow estimates were prepared considering
flows during the entire year (annual Q7'10) and considering
only the winter period (winter Q7,10). Both sets of analy-

sis results are presented.

5.3.3 BAnalysis Results

Stream gaging stations were installed and are
maintained by the U.5.G.S. and Dames & Moore across the
Crandon Project area. However, most of these gages were
instal¥led in 1977 and others in 1978 and 1979. This period
of record is sufficient for water balance analysis but is
too short Ffor wuse in a statistical 1low-flow analysis.
Therefore, the annual low-flow analysis was performed using
the procedures and equations presented in Reference 23,
which provide low-flow analysis procedures based on limited
or no streamflow data. Although the Crandon Project area
is not in the basins included in Reference 23, it is stated
that the procedures are considered to be applicable in
Forest and Langlade Counties. Egquations are presented

which allow estimates of the 7 day-10 yedr low-flows to be

Golder Associates
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made based on watershed characteristics. Procedures are
presented for both ungaged basins and for basins with
limited streamflow data. The estimation equation for
basins with 1limited streamflow data is as follows

(Reference 23):

Qm Q90 1.45
= 1.08 |————2%

7 day-10 year low-flow (cfs)

where: Q7,lo = .
a = drainage area (mi.?*)
Om = mean annual flow (cfs)
Q99 = flow which is exceeded 90 percent of the
year (cfs)
Q, = average daily flow during index period of

August 12-15 (cfs)

The estimation equation for ungaged basins is as fol-

lows (Reference 23):

Q7 10 = (1.22x1072)a0.89451.0670.819 (5 9)

where: Q7 19 = 7 day-10 year low-flow (cfs)
A’ = drainage area (sg. mi.) ’
S = main channel slope (ft./mi.)
T = transmissivity of drift in basin

(gpd/ft.).

The value of T represents an areal approximation of
basin transmissivity and may be computed by the equation

(Reference 23):

' Ko Am+Kn A
_ T Ap*+Kp Ap
T =D .[ S ] (5.10)

where: D saturated drift thickness in basin (ft.)

]

Ap,Ap area in basin of till and drift or out-
wash (sg. mi.), respectively.
Xp/Kp = hydraulic conductivity of till_ and drift

or outwash in basin (gpd/ft.?) respec-
tively.

Golder Associates
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Equation 5.8 was used for all low-flow estimates where
the index flow (Q_.) could be determined from limited stream
gage data, as was the case with eight of the nine estimate
sites. Values of hydraulic conductivity and transmissivity
used were selected from Table 4.1 and average material
thickness across the basin. The low-flow estimate on Swamp
Creek below the confluence of Hemlock Creek was performed
by combining flows from wupstream gageé areas using
Equation 5.8 with flows from the ungaged portion of the
watershed wusing Equation 5.9. Table 5.5 presents the

results of this analysis.

As stated previously, review of the streamflow data
from the U.S.G.S. gage on Swamp Creek at Highway 55 indi-
cated that in the late winter period the streamflow is
essentially all from groundwater. Due to lack of dilution
from surface runoff during this period, potential waste
disposal system seepage may be at a peak concentration in
the surface streams. This winter season 7 day-10 year low-
flow is defined as the minimum 7 day mean winter (December
through March) flow below which the flow will fall on the
average of once in 10 years. The low-flow report used to
estimate the annual low-flows (Reference 23) does not pre-
sent a winter season low-flow estimation equation. There-

fore, it was necessary to develop a ratio between the win-

ter Q7’lo and the annual Q7,10' :

Two sources of information were used in developing the
ratio of winter Q7,10 to annual Q7 10- First, three stream
gaging stations near the Crandon Project aresa were studied,
‘Wolf River at Xeshena Falls (1907-1980), wolf River at Lan-
glade (1965-1979), and Popple River near Fence (1964-1980).
Daily streamflow data for the above indicated periods were

Golder Associates
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TABLE 5.5

LOW FLOW ANALYSES RESULTS

[ E Surface Water ‘ Estimated Annual 10% § e
Crainage Basin | Mean Annual Flow Low Flow Estimated [ndex rFlow Estimatad %nnu&l { Est1mated\d1nter
(Note 1) om (Note 2) g Qr g7, 1@} Y710 (Note 3)
Station or Location | ha mi m3/s cfs m3/s 0 cfs m3/s cfs m3/s efs m3/s cfs
T ]
On Swamp Creek at County Road K | 18,260 70.50 i 2.005 70.79 ' 0.510 18.00 = 1.589 56.1 0.854 31.55  1.162 41.02 |
On Swamp Creek at County Road M 14,686 56.70 | 1.283 45.29 C.496 17.50 1.192 42.1 0.323 11.62" 0.428 15.11
|
On Swamp Creek at Highway 55 i 11,170 43.12 ! 0.884 .22 % 0.431 7,08  B.657 i 0.413 14.60 - 0.538 18.98 |
b i | ‘ é
SG-3 on Swamp Creek below i : }
confluence of Qutlet Creek i1 9,306 35.93 i 0.936 33.04 & 0.453 16.00 : 0.813 28.7 - §.319 .28 . 0.415 14.65
f On Swamp Creek below confluence 5; E . : '
{ of Hemlock Creek il 5,859 22.62 i - - - - - . 0.028 B L
! i
i SG-6 on Hemlock Creek below | : i . Loan
: Ground Hemlock Lake : €48 2.50 0.122 4.79 0.014 0.50 0.091 3.2 " B 9.29 ° 0.01] 0.38 |
SG-19 on N.4. Creek into Rolling ‘ s B el st
Stone Lake 379 3.20 ' 0.129 g3 % oo how, W i s 280 i 0am 5.9
§G-23 on N.E. Creek into Rolling . s g i | o ) e
Stons Lake | 1.699 5.56 - 0.13] 4.6 & 0.043 }.50 1 0.130 5.8 . BOLS 0.35 0.2 J.73
5G-22 on pPickerel Cresk at | i l e S v
Zast Srore Road } 3,983 13.87 : 0.+c4 ti. 10 U2y S.QOAAL 0.612 dhis i B 3.4 ¢ Q. 127 1.4]

NOTES: 1. ©Drainage areas may dit72r from trose presented 'in 3eference‘4 due to measurem2nt differences.
2. Data Trom Daces % Moorg, see lettsr dated 4/14/82 1n Agpendix C.
3. Winter low flow estimatad using a factor of 1.3 times annual low flow.
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provided by the U.S.G.S. for these stations and both winter
season and annual 7 day low-flow analyses were performed on
each of the 3 stations. Figure 5.6 shows the annual and
winter 7 day low-flow frequency curves for each of these
stations. In addition, Reference 24 presents both annual
and winter season 7 day-10 year low-flows for 11 gages on

the Wisconsin, Fox and wWolf Rivers. The average ratio of

_the winter 0, 5 to the annual Q7,10 for these 14 stream

gages is 1.30; i.e., winter Q7 39 is 30 percent larger than
the annual 7 day-10 year low-flows. Winter Q7'10 were then
computed by applying this factor to the annual 7 day-
10 year 1low-flows. Table 5.5 also presents the winter

Q7 1o values based on this ratio.
14

5.4 Lake Storage and Annual Flow

In addition to the streams surrounding the Crandon
Project site, the groundwater fed lakes may eventually
receive potential seepage from the waste disposal system.
Four lakes around the Project study area are receiving
waters from the site streams and include Little Sand Lake,
Dickerel Lake, Rolling Stone Lake and Rice Lake. 1In order
to assess how these lakes may respond to inflows during

‘critical low-flow periods, an average replacement time, or
time required for the inflow to replace the lake volume,
was computed for each lake. This required estimation of
the total volume of each lake and the annual yield of the
basin draining into the lake. The total lake volumes were
computed based on the depth contours shown on the U.S.G.S.
topographic maps of the Project area and are shown in Ta-

ble 5.6.
The annual flow volume into each lake was computed by

using the U.S.G.S. and Dames & Moore streamflow data pre-

sented in Reference 4 and the drainage areas of each lake

Solder Associates
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TABLE 5.6

LAKE YOLUMES AND ANNUAL FLOWS

Little Sand Pickerel Rolling Stone Rice

TLake Lake Lake Lake

Drainage Area (ha)? 1,060 6,810 3,370 13,490
(mi.*<) 4.1 26.3 13.0 52.1

Streamgage Used SG?3 SG22 SG22 U.S.G.S. at
' Highway 55

Gaged Area (ha) 1,710 3,600 3,600 11,160
(mi.?) 6.6 13.9 13.9 43.1
Gaged Annual Yield (106m3) 4.10 15.14 15.14 29.96
(ac.-ft.) 3,323 12,270 12,270 24,285
Area Correction (ha)7 -650 +3,210 -230 +2,330
(mi.*) -2.5 +12.4 -0.9 +9.0
Annual Yield Correction (106m3) -2.13 +10.50 -0.75 +7.62
(ac.-ft.) =1,727 +8,512 -608 45,178

Annual Lake Yield (106m3) 1.97 25.64 14.39 37.58
(ac.-ft.) 1,597 20,787 11,666 30,467
Lake Volume (10%m3) 2.54 13.78 4.18 1.15
(ac.-ft.) 2,059 11,170 3,388 932
Average Replacement Period (days) 470 196 106 11

Golder Associates



Il BN BN B e

October 1982 -77- 824-1304

watershed. The watershed boundaries above each lake are
shown on Figure 5.3, Several of the stream gages in the
Project area are 1located upstream or downstream of the
various lakes of interest. The annual yields of these
gages can be used to determine total annual lake flows by
correcting for the difference in drainage areas. This

correction was performed by developing a relationship be-

~tween annual yield and drainage area for the Project area

stream gages. Figure 5.7 shows the relationship between
annual yield and drainage area. The data from gage SG-5B
were not used in the analysis due to the fact that all
other stations gaged heavily groundwater fed streams while

gage SG-5B gages an upland area.

The total annual flow volume into each lake was com-
puted by correcting the annual yield at the nearest stream
gage by adding or subtracting a flow volume based on the
appropriate drainage area. Table 5.6 shows the stream
gages used and results of this analysis. From these re-
sults it is clear that short term (7 to 30 days) inflow
characteristics will probably not significantly alter the
water quality of wuittle Sand, Pickerel or Rolling Stone
JLakes. However, Rice Lake is a relatively small lake on a
large stream and has an average replacement time of
11 days, making it much more sensitive to short duration

fluctuations in inflow characteristics.

Golder Associates
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6.0 OREBODY/OVERBURDEN INTERACTION

6.1 Overburden Contact Geology

The hydrogeology of the orebody area is of particular
interest, and the degree of hydraulic connection between
the glacial overburden and the underlying Precambrian
strata will determine the mine water control

requirements.

Figures 3.5 and 4.9 show that the glacial deposits
thin in the orebody aréa with an associated decrease in the
thickness of coarse grained stratified drift. Figure 6.1
illustrates the overburden/bedrock contact with glacial
stratigraphy and bedrock weathering =zones. Camp Dresser
and McKee (Reference 10) mapped the orebody area glacial
deposits in detail, designating the local glacial deposits
as shown in Table 6.1. Figure 6.1 is a North-South section

of deposits overlying the orebody.

TABLE 6.1
GLACIAL OVERBURDEN CLASSIFICATION
Golder

CDM Classification and Description Classification
T1 Highly compact gravelly, Till

pebbly silt and clay
T2 Silty, gravelly sand Till
T3 Gravelly, bouldery sand Coarse Drift
T4 Silty sand Outwash
sl Clean sand, some gravel and Coarse Drift

pebbles
52 Medium to coarse sand Coarse Drift
S3 Sand and gravel Coarse Drift
S4 Stratified sands and silts Coarse Drift

Golder Associates
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Various mine water control techniques could have a
range of effects on the groundwater levels in the glacial
overburden. Those methods which would create a significant
drawdown pattern in the overburden might also affect the
surrounding surface waters. The two water bodies adjacent
to the orebody are Little Sand Lake to the south and Swamp
Creek to the north. Figure 6.1 shows the coarse grained
stratified drift pinching out south of Swamp Creek. Swamp
Creek therefore flows over till in this area and is some-
what isolated from potential mine water control activities.
Little Sand Lake is underlain by thick drift that is later-
ally connected to the drift overlying the orebody. How-
ever, the relatively thick lacustrine deposits immediately
beneath Little Sand Lake effectively perch and isolate the
lake above the drift and underlying groundwater. Perched

lakes are discussed in detail in Section 7.2.

6.2 Orebody Weathering at Overburden Contact

Weathering of the orebody subcrop strata has been
extensive, one result of which is a potential for hydraulic
connection between the ©bedrock and overburden (Refer-
ence 18). The degree of connection varies spatially, being
a function of the hydraulic conductivity of the glacial
deposits and weathered bedrock at their contact. To aid in
identifying those arszas with a high degree of connection,

Figures 6.2, 6.3 and 6.4 were prepared.

Figure 6.2 is a plan view of bedrock permeability at
the subcrop level. Bedrock permeability values were cal-
culated from falling head tests conducted by Exxon Minerals
(Reference 30), and are shown in Table 4.2. These values
reflect the variation in mineralogy and related weathering
mechanisms among the footwall, Crandon formation and hang-
ing wall deposits described in Section 3.2.3. Rocks con-

taining abundant chlorite within the Crandon Unit and hang-

Golder Associates
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ing wall have weathered to clay, producing a low permeabil-
ity residue. This is in contrast to the siliceous footwall
rocks where weathering has resulted in moderate permeabil-

ity due to leaching and the relative paucity of clay.

In addition to this broad variation in permeability,
there are two areas where unusually large or small values

of permeability have been recorded.

Within the Crandon formation there is a group of rocks
referred to as siliceous massive sulfide (Reference 18).
These rocks consist almost entirely of sulfide and quartz,
consequently very little clay has been produced by weather-
ing. Leaching and oxidation are the dominant agents of
destruction and have resulted in a highly permeable rock.
The outline of the oxidized siliceous massive sulfide

(gossan) is shown in Figure 6.2,

In contrast, an area of very low permeability has been
identified within the hanging wall rocks (Figure 5.2).
This is due to the fact that the hanging wall rocks are
relatively unweathered in the area outlined, hence the

‘development of secondary permeability is very minor.

Figure 6.3 illustrates the stratigraphy and
permeability of the glacial strata overlying the orebody.
Two areas of highly permeable coarse drift are present, one
crescent-shaped area 1in the west-central part of the
orebody and one area at the east end of the crebody. Two
lobes of low permeability clay-rich till cover the east-

central portion of the orebody.

Figure 6.4 is a combination of Figures 6.2 and 6.3,
and shows those areas with potential to allow groundwater

Golder Associates
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to migrate rapidly from the overburden to the bedrock
during mining. The areas of highest permeability are those
where coarse drift overlies siliceous gossan. The areas of
lowest permeability are those where clay-rich till is found
to occur. Gradation between these two extremes is shown on

Figure 6.4.

Golder Associates
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7.0 GROUNDWATER/LAKE INTERACTIONS

7.1 Groundwater Fed Lakes

In general, the lakes and streams in the Project re-
gion are groundwater fed. This is primarily the case for
surface water bodies which exist in areas of coarse drift
and outwash. Figure 4.3 shows the lateral movement of

,groundwater into the lowlying surface water bodies. The
interaction between these surface water bodies and the

groundwater system is discussed in detail in Section 5.

7.2 Perched Lakes

In contrast with the lowlying groundwater £fed lakes,
the highland lakes are primarily in till and are perched
above the regional groundwater table. These lakes are
underlain by lacustrine deposits of fine silt and clay
(Reference 14) which significantly impede seepage losses to
the groundwater. The elevations of the groundwater poten-
tiometric contours shown in Figure 4.1 show that Little
Sand Lake, Duck Lake, and Deep Hole Lake are perch=d lakes,
i.e. the water 1level 1in the 1lakes 1is higher than the
surrounding saturated groundwater level. Other smaller
lakes exist across the Project area but are similar to

these three.

Comparison of the 1lake bottom elevations with the
study area groundwater levels show that the bottoms of Duck
and Deep Hole Lakes are above the water table. Figures 7.1
and 7.2 are sections parallel and perpendicular to the
groundwater flow direction for Duck Lake and Deep Hole
Lake, respectively. These figures illustrate their perched
nature and show them as discharging into rather than being

recharged by the groundwater.

SGolder Associates
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Little Sand Lake differs from Duck and Deep Hole Lakes
in that its bottom is beneath the surrounding groundwater
level. However, the lake level is about 2.51 m (8.23 ft.)
above the surrounding groundwater level. In order to fur-
ther define the stratigraphy beneath Little Sand Lake, a
drilling program was undertaken consisting of six boreholes
in the lake bottom, as presented in Reference 14. These
data revealed that the lake 1is wunderlain by up to 10 m
{32 ft.) of lacustrine silt and clay with vertical hydrau-
lic conductivity ranging from 1078 to 1079 m/sec. (Refer-
ence 14). Measured groundwater levels in these borings
showed them to be below lake level, indicating that Little
Sand Lake 1is a perched 1lake. Figure 7.3 shows three
geologic sections across the lake and a schematic diagram
of the underlying lacustrine deposits. Figure 7.4 shows an

idealized flow net beneath Little Sand Lake.

By reviewing all the geologic and hydrogeologic data
pertaining to Little Sand Lake it can be seen that the lake
itself actually impedes the flow of groundwater across the
study area. Figure 4.3 shows the groundwater £flow direc-
tions diverging around the lake., The lower permeability of
the lacustrine deposits beneath the lake act as an obstruc-
tion to lateral groundwater flow. Similar phenomena have
been observed to occur around low permeability landfill

sites (Reference 29).

Golder Associates



October 1982 T { ; il o

L b T R T = - - —_
ELEVATION B | Ly : St T : A
(ME TERS) MSL . i 3 e . 1 L A L LEGEND
; , : L : - : S racustame
COARSE ORIFT
4704
: BEDROCK =
8
Pred LAKE SURFACE =
GROUNDWATER SURFACE
4504 100 150 200 230
; SCALE IN METERS - 1
Y <7 ’ = S: VERTICAL EXAGE“ATION
- § 4507 Sy = : 4
il R ¢ / o . - - - - b
AKX :
1o = 3 ¥ e T PR R L AT e e P T I =i e SRR = == 7
= e e - - - — : O O R AR AN KA O N TR AN RS A AL "ff{‘ff‘*ffﬁ.f{t‘vff\r‘(QV’y(";i‘ N Ll o 7 s ISR | £ Y A il
oMA-2 DMA-IS'
! \
; : ==
B s |
ELEVTION . O *1
(ME TERS) MSL s ; ] 3
g 1. G40-vIs
A | : == 1
480
t— 470 e .
460
450
2404
430
O R S O e NSO A N e
e
C C s ~—
e
- \
LOM-16 ! e el —_
—
coOM-18 — 2
ELEVATICN il 540-vI3 : B
METERS] USL 3 plee= <155
490 l LOM-20 =1 = A H // -
i LSL‘ G40-Y154

[FiGure 7.3
Golder Associates

Ananra, Zeorsd

EXXON MINERALS COMPANY

CAANDON PROJECT J

a LITTLE SAND LAKE H

GEOLOGIC SECTIONS AND
SCHEMATIC DIAGRAM

i _7.4‘"‘ "_L,.,_ I % FLREST
el R e o 13 Mo
= 3 § -# _.
— S . = are []
e —_——
-~ ST i
.




rGLAE DRAFTING MEDIA

P

-1304 |
October 1982 824 ‘ ,

NOTES: ; : ' ' r

l. FLOW NET DRAWN ON IDEALIZED SECTION BASED ON i A
GEQLOGIC CROSS SECTION B-B' SHOWN ON FIGURE 3.8 - O 16
32X CDM- 20
2. SOILS IN IDEALIZED SECTION ARE ASSUMED ISOTROPIC 7 {}ST;;_,_SL
AND HOMOGENEOUS. ““L-CDM- 18,19
gl L sraiier-n
x ' 54&$srr.nn
- :
o
o
=
, =25 ' 3
é( | RVl
LQCATIQN PLAN
SCALE =1:12500 i
G40-S17 STS-LSL-4 H
5 ¥ WATER LEVEL IN LAKE
CLAY LAYER BENEATH LAKE
ey / Bk
= . & v /i e i st Aoy =
' LB TR LR O SR ARG DI R BIE LGT A R SR W - :

& o e -
s i e o
4504 wel DIRECTICN OF FLOW —+ - 450
z _ J 5
2 | , L1 s
& : XXX XXX KK XXX KKK XK AKX ARKAXARAKXAKAAAARAARRARARARARARRARARARARARAR ARSI SOSEKIK w
sl TOP OF BEDROCK goa . T
WEST EAST

NO. E ;
%" 824 - 1304 S e IDEALIZED FLOW NET BENEATH
i POIE . S-74-00 :
SK8 _ LITTLE SAND LAKE
; Golder Associcies FEX(ON MINERSLS COiPANY 1o



N B EE B B BT S B S BN B BN BE E EE =,

October 1982 -93- 824-1304

8.0 SUMMARY

The Exxon Minerals Crandon Project may include several
aspects which have the potential to affect the existing
site hydrogeologic system. As a preamble to evaluation of
these effects, the existing hydrologic system has been
characterized in detail, including geology, hydrogeology,
surface water hydrology, and potential interactions between

- the groundwater and the orebody and nearby surface water

bodies. This review and synthesis effort has lead to
several key conclusions which should be considered in the

design of various aspects of the Crandon Project.

1. The predominant path of groundwater flow in the
Project area is vertically downward through the
till and then horizontally through the coarse
drift.

2. The water level in the perched lakes south of the
orebody (Little Sand, Oak, Duck and Deep Hole
Lakes) is higher than the surrounding groundwater
levels. This condition precludes migration of
groundwater from the underlying aguifers into the
lakes.

3. In some areas in the vicinity of the orebody the
combination of residual bedrock weathering prod-
ucts and aquifer materials result in the poten-
tial for a high degree of hydraulic connection
between the orebody and the glacial overburden.
These areas should be considered in the design of
mine water control strategies.

4, The hydraulic connection between Swamp Creek and
the orebody to the south is lessened by the ab-
sence of saturated coarse drift material. The
hydraulic connection between the perched lakes
and the orebody is also minimized by the lacus-
trine deposits beneath the lakes.

5. Rice Lake has the shortest average residence time
of all the lakes studied in the project area.
This information should be used in siting any
treated water discharge points.

Goldei Associates
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The hydrogeologic characterization presented in this
document is the culmination of a great deal of data ac-
quisition, analysis, and study. While Golder Associates
has attempted to present the appropriate degree of detail
in this report, readers may at times need to refer to the
original data and reports. Nonetheless, this report should
greatly aid in developing a thorough, comprehensive under-

standing of the Crandon Project area surface and ground-

water hydrology.
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HAME HCRTH ERST GROUMD  BEDROCK ELEM. ML) DATE THICKMNESS

FEET FEET FEET FEET FEET FEET
METERS METERS METERS METERS  METERS METERS

brR-19 115PA3. 208 Z279719.%68 1597.286  --——- 1588.54 3/82 -—-—-
ITEnILevs 694367. 263 436.83 -—- 484.19 -

HMR-23 119263, 26 2272422.168 1592.08 0 ---- 1561.37 3782 -—-
iR £3278@3.563 485, 21 = 475.91 ==

DIR-22 117200, 400  2297350.560  1623.63  ---- — - -
S THA240.758 495,41 ———- - ——-
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0

— 1662.85 082 --—

LR-208 117280, 668 2297I50.6EE 129
T4E2¢ —— 438.55 e

S4E26., 250 THez4e,750 4986.

......

rHe-27 1ES1T0,0RE  27S4900,000  1548.18  ---- ———— - -

I2GTE, 16T 462,43 ———- -—- —
CE-3TA 102470, 666 1547.18  ---- - e ———-
11930, £42 471.56 - e -

8 - 157458 3082 --——-

[MA=-22 101278, CGE 1 =
St --—- 147.75 ———

TRIES 2T

Sl DL L)

DIMA-23R 101290, 600  22S13°@.600  1936.78  ---- 1534.68 382 -——
T02E1.IT1 S3E222.87S 463,33 ---- 467.78 ——

e Lt e

DMR-37 2021R10, 908 1577.56  ---- ——— - -
CESIER, 256 48R ZTE ---- - i
CHR-T1 2291576.008 1592.18  --—- 1584.78 3082 --—
£95470.933  489.28 ---- 483,62 ——

DME-T28 112654, 556 2290288, 260 1232.18 —--——- 1523.34¢ 382 -——-
I4153.220 £Q2177. 138 485.28  --——- 432,57 -
TMe-77 1R=S25, 6008 221770, 000 1937.%¢  —-—- -—— == -
IIIRILA2L STETAT,TI0 4632.75 —-——- ——== -
LHR-T 143060 0 NITESH, CFE L Qg ——— 1573.82 IT/A? ———m
DHMR-3 1142008,668 22470200, 00 525,79 1533.82 232
I4747.017 £2521T,575 .15 --—- 467,51 ———=

DIMA-IS 111130.06G  I245920.000  1570.48  ---- e e ——
TIRI9,674 £P4574.188 478,86 ———- — —
[118-34 17ISR0, 606 20S@180,806  1S7S.S8 ---- —— e —
I2472,874  GIS2R3LIZS 518,78 --—- — —
DMA-37 125740, 006 224743.000 1624.18 - —— e e
13704,094  43SR24.933 513,32 ---- — e

CMA-32 141150, 368  2243R2@.008  1772.88  —--- —— 382 -——-
S4@,11  ---- —— —_—

s  e——m s
47323T,833 £E5771. 58
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HAME HCFTH ERST CROMD  EBEDROCK ELEW. (MSL)> DATE THICKHESS

FEET FEET FEET FEET FEET FEET
METERS METERS METERS  METEPS METERS FMETERS

Cre-32 14256€0.000  2256939.608 1772.78  -——- —— - —
437ST.E17  £R6107,668  546.28  --—- ——— e

[418-42 137040, 208 2271020.008  1515.%@ ———- — ——

Ll oD

$6SS1.832  €92215.25@ 492,53 --——- ——— e

THA-4T 1ITEGR, 888 2ETIVIRG.0008 0 162407 === 1525.45 382 -—-
41752,182 £32733.438 4395.21 === 435.50 -

DPR-d4 22720.000 0259120608  1530.88  --—- e —————
2EIRA,0E2 ARBGA5,37S 424,83 -——- — e

L1815 16AST0, 060 2TI0Z6@.06G 1448.68  ---- ——— - R
I6572,395  TO4157,438 0 9A@.0E6  -——- — —
[ME—46 117420.000  2319400.0603 1714.58  ---- ——— - ~——
5790047 THEEL.E3S  S27.58  —-mm — ——-=

[ME-47 IITECST. B0 1SPILEG —--- 1554.68 382 -—-
£3TTI0LB1T 4784 - 473.87 e

Dra-g2

2263702, 500  1547.48 ---- 1537.39 382 --—

£3151@, 522 71.65  --—- 453.58 —

rreo-at Sl 1637.38  —-— ——— - —
-ia716e3 476,81 -——- - —

TG 1A 114405, GG 1527.28 ---- 1532.7¢6 382 -——-
T4271. 867 496,13 —-—- 485, 48 e

[pg-a 114395, 600 ITS4RQ,800 1766.38 - ———m e —
ITESA.8%F $9672@,25@  520.69  --—- — —

rHe-63 112259, 666  297465.668  1537.90  --—- 1579.45 382 -—--

P S prp——]

SATIITLTEE 424,00 ---- 431.42 e

TE-2d 117409, 306 27IITES.G00 1844.30  ---- 1532.48 16-88 --—-
TORTA, 277 GRAIG6, 06T S01.I5 - 435.39 —
[1E-iS 112135, 660  FIASS40.008  1£88.80  ---- - 382 --—-
I4172,160 636641086 51475 --—- o e
THE-3SA 112170, 668 295545.000  1532.30  --—- 1592.51 3482 --—-
T4177.637  93¢£42,508 514,90 --—- 435. 4@ e
rHR-2g 112325, 066  2727615.608  1666.58  ——-- 1592.28 382 ----
I4755.252  £9SE71.375 S@7.96 - 435.33 e

LhME-87 1e8al

@.98@ 2287345.608  1533.78 -—-- 1589.87 332 --—-
4. 37343.5

85173 2
32254.710 6 . 963 Se84.85  -———-— 484,35 -——==
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837242.863
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2571179, 600
£9726M, 273
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637062, 508
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22THAES, (OO
£U2264, TE3
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"383.71
Sag. 48
44,7
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1262, 24
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1565, 15
477.0¢6

1553.82
3472.37
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FEET
METERS

2265698, 008
£31627.008

2263205, 08
56%1357.188

2271375, 608
£R2323.438

2263325, 600
£314%4,756
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<3

L1537

1535, 0806
cE73. 625

@Z238116, 008
£97424, 713
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SATELE, IV
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£24591, 250
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1713.68
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1547.7
£62.23

EEDROCK
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METERS

1575. 56
338,22

$74.5

[

473,31

1573.5@
473.61

1561.63
473,28

1257.58
3474.73

1557.08
474.38
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1559. 52
475.38

15533, 78
473.63

1539.79
462.33
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471.39
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433.99

1587.56
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1285.98
483.41

1579.13
481.32

1589. 736
434.63

1389. 434
424 .47

1522, 54
484,22
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I5459,385
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2278125.2080
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........

227BEES. Boa
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1647.38
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1595.68
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1623, €0
4%4.33
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2,41
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473,66

1434, 08
432.33

1337.81
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1377.34
48@.7

1593.36
435, 34

1596.48
434.78

1531.32
4381.73%
1531.91
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£21954, 863
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22373, 375
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2271135, 0668

crr

32263, 763
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632216,
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@2, 28

1682.18
438.33

1543. 608
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1431.33
435.28
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413.84
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7.61

- e
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456. 49
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475.34

1249.18
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— .{:’4‘_‘
DT

1564.58  3-82 --—
476.%8 e

1569.36
478.35

3-82
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1112708, ara
23854, 543

ey

119328, 266
I023€.377

133779, 066

R ™

112255, 60
34227.238

-t

T4740, 12

"t & - he

185755, BOR
312237.561

121515.008

733,213
12153364, 228
V14,718

.....

1E23708, 4o
32244, 123

1e7000. 008
J2632.281

METEPS

22734%0. 663
A32768.125

2273515.068
£I27S,750

22VSI65. 06

R3I539, 625

-~

2273770, 008
AIIEAT, BE3

2273736, 00638
AAT663. 123

2272418, 0808
534467, 750

2277934, 6o
SRYTTA VT

0
e 1wt

——
77
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24

IR.ceq
2@, 338

“577a
342

2Z79136,000
R347A2, 438

2272178, 600
A463%, I75

227248, 208
§£34354, 333

2273318.068
A24437, 250

2272224, Coa
4580, 625

.....

METERS

1797.98
528.57

1€41. 18
523,21

16@8. 18
493, 15

1628.36

493.87

1639, 98
499,35

1535. 65
496. 36

1535. 78
436. 44

1550, 46
424.7

e tTL e

152@.78
4384.35

1648. 28
498,12

1614.18
491.923

METERS

1425. 49
434.47

1448.38
433,16
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473.61

15€4.24
476.79
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482,28
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HOETH ERST CROUHD ZEDROCK
FEET FEET FEET FEET FEET FEET
HETERS METERS - METERS  METERS METERS METERS

116120.008  2220610.608  1618.65 1497.65 1591.46 3,32 24
I5393.281  £95138.313 420,93 456.49  435.08 7.3
11£35. 000 22316%3.688  15634.48 --— — —_— ——
IST2E.124 65T467.S0E8 493,17 -— — -—

48 $35570.00@ 492,93 -— ——- ——-

113258, a6a 23?3@79 cO@ 1615.68 1418.68 1531.48 332 113
34249, 495 635504.875 492,44 423,25 485.8¢8 6.8

117765, 003 :92-9@.0@@ 1615.68 -—- -— —— ——
I4554.870 £95506.77 492.44  -— —— ——

112265, 00d ”“?19‘8 are  1s511.58 -— 1392.61 3782 -—-
4523, 553 H3TD18, 258 491,22 -—— 485.43 E—

113134, 00@  2281794.088  1£11.35  -— 1686.51 3,82 -—-
J4491,992  £3T498,60@ 491,15 --— 423,70 -—-

; $33.88  1584.93 382 3
GE~ 038,28 455.34 433.89 22.3

1515.18 —— -— —_— —-

492,24 -—— -— -—

112220,068  2232525.60@4 143,28 -— -— —— —
TH2RS.G7R 63S722.00@  S@2.53  --— -— -—
111360,008  2232140.008  1£98.48  -— -— —— ——
33924.€48  £35€04.687 512,19 -— -— -—
2222975.008 1651.60  -— -— ——_— —

°3I.41  -— — ——

14T, G 1827.38  1386.8@  1592.93 392 116
T4EER 01E 476,81 422,78 485.55 354

114725,400  2282295.00@  1626.78 -— —— = ——-
T4T€4,%69 595934.917 435.82  -— e —

117320.008 2282935008 1647.38 -— -—— — -—-
S2.341 0 4R9247.008 582,18 -— -— -—

PI2T25.008  22R7p€S.008 0 1€66.48  1418.98 ¢ 1591.405 382 =]
T4ZT5.359 95268, 313 B87.92 432.49 434.95 22.9

11e7s@d.0ea  2237@85.608  1624d.
33757.6883 £358932, 688 49
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1122£0.068  2233293.488  1645.68  1391.68 1588.35 3,82 93
32eBV. 652 635955, 133 Z81.38 424.16 434,32 2.4
199378, 088 2282576.668  1883.75 1331.75  1523.58 3492 146
32T19,262 633735, 758 4982, 66 424,2 434,21 44.5

at Ce68 22305%4.808  1£83.58 -— 15%3.24 582 -—
33314.538 295741.812 423,58 -—— - 484.71 -

187255, 088 2223465.086@ 0 18S53.98 1403.88 0 1936.38 0 3482 123
I2581.719 520683, 66 B2, 23 435. 5 483.53 3s.@

116035, 008 2234745.008  1587.18  --—— -—— —— ——-
TSI2E.134 £RE2FE.THE 514,23 -—— -—— —

115825, 600 2294430068  1575.78  -— — ——— =
JE363.287  676I82.588 518

112228, 068  2I224725.088  1¥R9.48 1333.68 1591,.69 3432 41
I3131.572 ARETI2, =T 521,80 424,77 485.13 12.5

113936, 008 2224715088 1725.10  -— -— —— —
I472¢, 291 EREIET, A0S 519,72 -— -— —
P14GEE, GG 2324315,006 1786,38 -— 1591.94  3/82 -—-
I4TT2.G04 BREDET.E2S S2@,27 ——— 435,23 -—
114055, 0868 2284315.906@  1706.88  1331.88  1532.63 3492 36
T4TE4.I@3 BRE2ET.LEDS S22.24 424,23 485.26 11.@
114078, 660  7294T15.008 170638 -— 1592.78 382 -—-
T4TSELTER  SRED6T,825 S20.89 -—o 485, 49 —-

2284715.008 170558 --— 1592.82 .82 -—-

GIEDET.EZS 519,87 -— 485,25 -—

2324315.808  1795.68  -— 1592.14 322 -—

FR6267.625  S19.87 -—— 425, 29 e
117265, 288 22Q4315.008  1783.5@  -— 1592.28 3,82 -—
T455Q,184 GREDET,A2S 519,23 -— 435, 33 -—
117415, 063 2224426.26@  15°1.5@ 136658 1592.37 3432 78
T4563.3@3  S%ED92,625 S1S.38 415,51 485,36 21.3

-— 1592. 81 382 -—-—

112428, 368 2234396.888 ¢ Se
LA 483,25 -

5
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JIR71.995 RRESGE.SE3 S13.23 0 427.8@ 433,35 18.3
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T4155.445  82EET4.875 514.87  -— -— -—
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ITATR.TA2 EREED7.IC 511.%8  -— 582.38 -—

G41-J12 118726, 204 2225236, 3 1536. < —_— -— —— ———
I3TES. 152 ?bb83.633 514.35 - — —_—
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CRING COCORDIMATE ELEVRTION MSL) GCROUNDRTER AQIIFER
HRME HORTH ERST CROUCHD TEDROCK  SLEML(MSLY  DRTE THICKMESS

FEET FEET FEET FEET FEET FEET
METERS METERS METERS METERS  METERS METERS

C41-P15 113755.688  2238766.808  1928.78  1423.78 1582.48 382 48
345672.741 637622.433 434,24 433.95 432.32 12.2

[23z5.¢68  1538.%8 -—- 1586.43 382 —-
42,25 484.38 -—- 433.535 -

- 1388.4¢ 3482 -—-

541-P13B 1113933, 9380 2702 10
4.36  -—— 434.19 —

132,832 &
Ga1-pma 167S53.060  2209666.008  1532.88  1365.68  1589.16 3-82 187
33731637 597592.008 S12.63  416.96  434.38 57.8

C41-622 1RSSR, 206 ZI93120.866 1512.38 1383.38 1529.32 3482 216

TZET3. 062 537703, A 491.43 337.48 4384.43 63.8
fe-1 12« 32382, 708 1575.68  -— -— - =
AT BET 438.87 -—-— -—— -

ER-2 124763.586  2282299.568  1575.00 -— -— — -
I7907.977  A°T6SS.2S@ 998.87  -—- -— —

STE-2@1 115792,108  207314R,.908  1655.78  -—- -— — -
TSSP2.86@  634385.687 504,66  ——— -—— —

STE-EGD 115€41,43@  2272142.9B8  1652.98 -— - —— -—
ITII2LT27 0 ER4I86.IFS 543,81 ——- -—— -—

STE-ERT 2277392.888 1554.38 -— -— m—— ———
£34342.313  564.33  -— -—- S

STE-0g4 11£777.488  2273021.3@8  1661.28  -— -— —
I55%4.1868  S24343.258 586.34  -—- — -—

STI-ops 11£228. 366 2077936.608  1655.68 ~— -—— ——— ——-
ITI42.148  634T2F.298 564,63 -— -— -—
TTI-E0G 11£292.46@  2275895.70@  1549.78  -— -— —_— —
TS4T4.168  £24372.25@  582.83  —— -— -—
=T5-807 11£252.48@  2273287.006  1642.18 -— -— ——  ——=
TT434.168 §34438.258 5068.52  —— -— -—=
STE-208 11£476.108  22700%6.708  1653.00 -— -— o —
I5428,152 €94372.258  563.34 -— — e
STE-ER2 116554.208  2079191,768 1652, e — == —-
TTT2S.148 0 594481.312 583, -— -— -—

£433.5688  2272383.444 164
35T@3.172 6344335.258 4

(_l»-a
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BORPING COCPDIMATE ELEUATIOHASL ) GROURDATER SCJIFER
HAME HORTH ERST CROUMD  EEDROCK  ELEW.(M5L> DATE THICKNESS

[y}

FEET FEET FEET FEET FEET FEET
METERS METERS METERS  METERS METERS ‘ METERS

W32 116442,868  2276157.468  1645.48 -—- — —— -
T9491.%49  £33781,128 81,52 -—- — e—

Wid—¢4 115178,37 2273391.7318  1823.67 -—— 1534.55 4,82 -—-
TT483, 748 £24452, 25 494,986 -—- 492.38 -—

¥-174 112143,7068  2273692.66@  1S22.78  1472,88 -—— @ -—— ——o
TET15.438  £32946.938 492,41 448,67  -— —

X-175 112208, 768 2270400.000 1590.86  1433.88 -—- —— —
T4331.355  £32625.250 434.64 456,56 -—- -—

N-178 2ITRES2.20@  1615.6@  1391.88  -—- — ——
£31%22,625 492,44 423,93 -— ——
H-1TT @ 2273128.108 166179 1552.78  -—- —— ——=
JTERA,E21 524463.125 S06.43 473,27 —— -—
H-1RSCEUS 118742.86@  2273374.108 161418 1544.18  -—- —_— —
IT4E1.468 £24633.625 491.38 473.65  -—  —
M-S 116743,908 2274372.10@  1583.68  1593.66 -— 0 -—— -—o
3. 63I23€.938  512.93 484.22 -— —
N-133 117411,568  2226467.40@  1717.58  1415.88 -—- — ——
T49E8.242  £3EWS.433 523,98 931,38 -— -——
-200 112752.338  I2337E5.380  1675.28  1482.88  -—- — —
T4IET.4%E SRTATRLIZS S18.31 9427.33 --— -
N-081 115395508 2070437.308 1406.88 1377.98  -—- —— e
TEIT2.973 SR2637.8FF 489.76 41971 -— e
H=262 227C0CA.TOE  1£67.0@  1345.90  -— — ——-
£31324,438 422,82 483,96 -—- -—
=227 110422, 256 236717266 1564.48  14246.68  -— —— ———
TITTLSIS £3TIFRLBL3 TEV.I2 474.65 -—- -——
$-284 112717.78@  223€263.580 1783.5@  1434.68  -—- —— —
T4TTE.E4T £36261.56@ 519,23 437.83  -—- -—
-2RE 1115TS. 200 229€71A.566  1633,60  1422.28  -—- —_—
TER2.531 663, TS S16.22  433.43  -—- -—-

- 266 117751,166  2239503.9G@ 1993.08  1393.98 -
T4ETLLTS4 E967SLL938 0 S17.56 424,59 -— -—

N-2e7 113742,168  2099R47.386  1596.38  1323.9@  -— —— ——
T4E63.012  £73015.008  486.56  484.78  -—- -—-
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APPENDIX B

U.S.G.S. Well Data



October 1982

_51- 824-1304

Observation  Meas.
well Date
FR-36 Unknown
FR-96 Unknown
FR-97 1977
FR-98 "
FR-99 "
FR-100 "
FR;lOB "
FR-104 "

/ FR-105 "
FR-106 "
FR-107 "
FR-108 Unknown
FR-109 1977
FR-110 Unknown

APPENDIX B

U.S.G.S. WELL DATA

Water
Elevation
rt. (m) Comments

1534 3

(467.6)

1534 3

(467.6)

1531 4

(466.6)

1537 4

(468.5)

1534 4 Next to Swamp Creek

(467.6)

1536 4 Between Mole Lake and Rice lLake
(468.2)

1534 4

(467.6)

1534 4

(467.6)

1535 4

(467.9)

1534 4 BRetween Mole Lake and Rice Lake
(467.6)

1536 4 Between Mole Lake and Rice Lake
(468.2)

1535 3 BRetween Mole Lake and Rice Lake
(467.9)

1535 4 Between Mole Lake ard Rice Lake
(467.9)

1536 3 Between Mole Lake ard Rice Lake
(468.2)

Golder Associates



October 1982

824-1304

Observation
well

Meas.
Date

FR-111
FR-112
FR-113
FR-114
FR-115
FR-116
FR-117
FR-118
FR-119
FR-120
FR-121
FR-122
FR-123
FR-124
FR-125
FR-126

FR-127

1977

Unknown

1977

Water

Elevation

Ft. (m) Comments
1537 4 Between
(468.5)

1534 4 Next to
(467.6)

1535 4 Between
(468.9)

1534 4 Between
(467.6)

1535 4 Between
(467.9)

1534 3 Between
(467.6)

1538 4 Between
(468.8)

1538 4 Between
(468.8)

1520 4 Next to
(463.3)

1534 4 Next to
(467.6)

1538 4

(468.8)

1536 4

(468.2)

1537 4 Between
(468.5)

1534 4 Between
(467.6)

1537 4

(468.5)

1533 4

(467.3)

1537 4 Next to
(468.5)

Golder Associates

Mole Iake and Rice lLake

Swamp Creek

Mole Lake ard Rice Lake

Mole Lake and Rice Lake

Mole Lake ard Rice Lake

Mole Lake and Rice Lake

Mole Lake amd Rice Lake

Mole Lake ard Rice Lake

Swamp Creek

Swarmp Creek

Mole Lake ard Rice Lake

Mole Lake and Rice Lake

Swamp Creek



October 1982 U.S.G.S. WELL DAZA 824-1304
Water
Observation Meas. Elevation
Well Cate Ft. (m) Comments

FR-128 1977 1536 4
(468.2)

FR-131 " 1536 4 Next to Swamp Creek
(468.2)

FR-132 n 1542 4
(470.0)

FR-133 n 1543 4 Next to Mole lake
(470.3)

FR-134 " 1534 4
(467.6)

FR-135 Unknown 1541 3 Next to Mole Lake wetlard
(469.7)

FR-136 1977 1540 4
(469.4)

FR-138 Unknown 1551 3 Next to Mole Lake

: (472.7)

FR-139 n 1552 3 Next to Mole Lake wetlard
(473.0)

FR-140 " 1535 3
(467.9)

,FR-142 n 1565 3 About 700 £+. (213 m) north of
(473.0) Oak ILake

FR-143 n 1575 3
(480.1)

FR-144 19877 1577 4
(480.7)

FR-145 Unknown 13580 3 Next to Little Sand Lake
(481.6)

FR-146 n 1575 3 Next to Little Sand Lake
(480.1)

FR-147 n 1577 3 Next to Little Sand Lake
(480.7)

Golder Associates
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Octorer 1982 U.S.G.S. WELL CATA 8324-1304
Water
Observation  Meas. Elevation

Well Date Ft. (m) Comments

FR-148 Unknown 1583 3 Next to Little Sand Lake
(482.5)

FR-149 " 1569 3 VNext to Little sand Lake
(478.2)

FR-150 1977 1535 4 Next to Bishop Lake
(467.9)

FR-151 " 1534 4 Near Bishop Lake
(467.6)

FR-152 " 1538 4 Next to Bishop Lake
(468.8)

FR-153 " 1538 4 Next to Bishop Lake
(468.8)

FR-154 " 1542 4 Next to Bishop Lake
(470.0)

FR-156 Unknown 1549 3
(472.1)

FR-157 " 1539 3 Next to Bishop Lake
(469.1)

FR-157 1977 1554 4 Northeast of Rice Lake
(473.7)

FR-158 " 1556 4
(474.3)

FR-159 " 1594 4
(485.9)

FR-160 " 1591 4
(484.9)

FR-161 " 1599 4
(487.4)

FR-162 " 1604 4
(488.9)

FR-163 " 1603 4
(488.6)

Golder Associates
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October 1982 U.S.G.S. WELL DATA 824-1304
Water
Observation  Meas. Elevation
Well Date Ft. (m) Comments
FR-164 Unknown 1611 3
(491.0)
F
FR-165 1977 1618 4
(493.2)
FR-166 Unknown 1580 3
(481.6)
FR-167 n 1602 3
(488.3)
FR-168 " 1592 3
(485.2)
FR-169 " 1640 3
(499.9)
FR-170 " 1660 3
(506.0)
FR-171 " 1649 3
(502.6)
FR-172 n 1536 3
(468.2)
FR-173 " 1575 3
(480.1)
“FR-174 n 1592 3
(485.2)
FR-175 " 1575 3
(480.1)
FR-176 1977 1534 4 Between Mole Lake ard Rice Lake
(467.6)
FR-179 n 1545 4 Next to Rice Lake wetland
(470.9)
FR-180 " 1545 4 Next to Rice Lake wetlard
(470.9)
FR-181 n 1537 4
(468.5)

Golder Associates



October 1982 U.S.G.5. will LaZa 824-1304
Water
Observation  Meas. Elevation

well Date Ft. (m) Cortrents

FR-182 1977 . 1536 4
(468.2)

FR-183 " 1543 4
(470.3)

FR-185 " 1558 4
(474.9)

FR-186 Unknown 1572 1
(479.1)

FR-187 1977 1539 4 Next to Hoffman pond
(469.1)

FR-188 " 1549 4
(472.1)

FR-189 " 1545 4 Next to Bishop Lake wetland
(470.9)

FR-190 Unknown 1548 3 Next to Bishop Lake wetland
(471.8)

FR-191 1977 1541 4 Next to Bishop Lake wetland
(469.7)

FR-194 Unknown 1541 3 Next to Bishop Lake
(469.7)

FR-195 " 1534 3
(467.6)

FR-197 " 1533 3
(467.3)

FR-198 " 1536 3
(468.2)

FR-199 " 1538 3
(468.8)

FR-200 " 1538 3
(468.8)

FR-201 " 1575 3
({80.1)

Golder Associates



October 1582 U.5.G.S. WELL DATA 824-1304
Water
Observation Meas. Elevation
well Date Ft. (m) Comments
FR-202 Unknown 1539 3
: (469.1)
FR-203 " 1534 3
(467.6)
FR-205 n 1535 3 Next to Swamp Creek
(467.9)
FR-207 " 1534 3 Next to Bishop Lake
(467.6)
IN-478 1977-78 1538 2
(468.8)

NOTE: Data sources as listed by the U.S.G.S. are as follows

1 - Unknown
2 - data from Dames & Mocre
3 - data fram Wisconsin Logs

4 - data from JrRE

Golder Associates
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APPENDIX C

Miscellaneous Data Sources
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June 22, 1982

Crandon Project - Table of
Permeabilities for the Ore Zone

Mr. Gary H. Collison, P. E.
Golder Associates

5125 Peachtree Road
Atlanta, GA 30341

-Dear Gary:

Enclosed is a copy of the Summary of Slug Test Analyses from the testing work

done earlier this year.

. Glore, P. E. G.

CRG:jmn

Enclosure

. Grenia

. Mittelstadt

. Schroeder, Crandon Project

c:

oo
. . .
[p e N ew)]
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Test Analyses
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The following table summarizes the results of the tests for each type
of weathering that was tested:

TABLE 1 SUMMARY OF SLUG TEST ANALYSES
DEGREE OF WEATHERING ) 3
Well e
Number]
LOW MILD ~ STRONG
253 48 | 13
0.04/1.7 x 1078 ]0.14/6.4 x 10-8
{258 - 373) (167 - 258)
254 14 7.8
0.15/7.0 x 10-8]0.07/3.4 x 10-8
(315 - 435) (217 - 315)
255% S - D B 1867
0.35/1.7 x 10~7 18.96/8.9 x 10-6
(252 - 300) (300 - 426)
256 139 2%
2.1/9.8 x 10~7 5.3/2.5 x 1076
(282 - 394) (167 - 282)
257 8.1
{Aver— 0.15/7.6 % 1078
aged)
* Note: Both tests in Well 255 were in strongly weathered rock.

The lower zone was a strongly leached, gossain.

LEGEND

Permeabiiity gpd/ft2/meters/sec

(Test Interval, feet)
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Zl\ Golder Associates

D CONSULTING GEOTECHNICAL AND MINING ENGINEERS

April 14, 1982

Dames & Moore
1550 Northwest Highway
Park Ridge, Illinois 60068

Attention: Mr. Kenneth P. Stimpfl
Project Manager

RE: STREAM FLOWS
EXXON CRANDON PROJECT
CRANDON, WISCONSIN

Gentlemen:

786085/MA/407
F/N 402.7

The following flow values were transmitted in a phone con-
versation between Mr. Stimpfl and Mr. Clerici on April 13,

1982:

Flows (cfs) for Water Year 1978
Gage Total Runoff Baseflow

g SGl 70.79 26.60 44.19

5G2 . 38.24 13.99 24.25

SG3 33.04 7.25 25.79

SG4 11.61 4.33 7.28

SGSB 4.24 1.68 2.56

SG6 4.79 1.41 3.38

SGl19 4.54 0.85 3.69

sSG22 . 17.10 9.25 7.85

SG23 4.63 1.96 2.67

UGSG @ M 45.29 16.47 28.82

USGS @ 55 31.22 12.62 18.60

These values were obtained by Dames & Moore by integrating
the hydrographs used in the Surface Water Report, and were
used in the water balances presented in Table 2.4-12.
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Please contact us if this recap of the .conversation is not
correct since this data will be used in additional studies
being performed.

Very truly yours,

GOLDER ASSOGIATES

H. Collison, P.E.
Associate

GHC:JFC:dap

cc: Mr., Curtis E. Fowler
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