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

Attention: Mr. C. E. Fowler

Re: Waste Disposal System
Crandon Project
Crandon, Wisconsin

Gentlemen:

We are pleased to present the final draft of Project Re-
port 2, Geotechnical Review, Crandon Project Waste Disposal
Svstem. This report presents the results of field and labo-
ratory investigations and the interpretation of this data to
provide an understanding of the existing geologic and hydro-
geologic conditions and to determine the physical properties
of the glacial materials. The report includes three volumes
as follows:

Volume 1, Analyses and Interpretation

Volume 2, Laboratory Test Data, Test Pit Logs, and G40
Series Boring Logs

Volume 3, G41 Series Boring Logs

We appreciate the continuing opportunity to provide services
to Exxon Minerals Company for the Crandon Project and extend
our thanks to you and the Exxon staff for their excellent
cooperation.

Very truly yours,
GOLDER ASSOCIATES

GgX¥y H. Collison, P.E.
Associate
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1.0 INTRODUCTION

Exxon Minerals Company has retained Golder Associates

to provide preliminary engineering design for use in per-

mitting the waste disposal system for their Crandon Mining
Project in Forest County, Wisconsin. The purpose of this
report is to present the results of field and laboratory
investigations and the interpretation of this data to pro-
vide an understanding of the existing geologic and hydro-
logic conditions and to determine the physical properties

of the glacial materials.

This report is presented in three volumes. Volume 1
presents Golder Associates' interpretation of the data to.
determine the physical properties and stratigraphy of the
geologic materials ahd to describe the characteristics of
the groundwater system. Volume 2 presents the logs of the
G40 series test borings and test pit excavations supervised
by Golder Associates and the results of laboratory tests
performed on samples from the borings and test pits. Vol-
ume 3 presents the logs of the G4l series test borings.

The investigations cover two potential disposal sites
which have been selected from various alternative siting
areas (Ref. 1). The location of these two sites, Sites 40
and 41, are shown on Figure 1l.1. The location boundaries
shown on Figure 1 are approximate. They are intended to
show the general location of each site for discussion ref-
erence purposes, They are not precise limits of a recom-
mended waste system. As the geotechnical investigations
and other related waste disposal system studies progressed,
it became evident that of these two sites, Site 41 appeared
to be better suited for developing a waste disposal system
than Site 40. Therefore, more exploratory work and de-

tailed evaluation have been performed for this site.

Golder Associates
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The specific subsurface conditions at proposed waste
disposal Sites 40 and 41 have been investigated by test
borings, test pits, borehole permeability tests, and labo-
ratory tests on samples obtained from the borings and test
pits. In addition, a major pump test was conducted at
Site 41. These data along with surface geologic mapping,
geophysical investigation in the area surrounding the pro-
posed waste disposal sites, and published and unpublished
geological and soil information have been used to assess
the specific site conditions and material properties. Data
which is not included in the three volumes of this report

but which has been used in this study are referenced.

Test borings for investigation of the subsurface con-
ditions (not specifically related to exploration of the
orebody) at the proposed waste disposal sites and sur-
rounding areas were a result of programs designed and su-
pervised by Golder Associates and Dames & Moore. These
programs were implemented over a period of several years to
investigate different areas around the Project site, for
different specific purposes (such as groundwater monitoring
versus definition of the glacial stratigraphy from the
ground surface to the top of rock), and for increased level
of stratigraphic detail in some areas, particularly 1in
Site 41. A detailed discussion of the test boring programs
designed by Golder Associates is presented in Appendix A
and the logs of the test borings are presented in Volumes 2
and 3. Detailed logs and discussion of the test Qorings by

Dames & Moore are presented in Reference 6.

Test pits were dug under the direct supervision of
Golder Associates to provide bulk samples of the near sur-
face soils for laboratory testing. The test pits were dug
with a backhoe and were limited to depths from 1.5 to 5.2 m

Golder Associates
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(5 to 17 £t.). A more detailed discussion of the test pit
program is included in Appendix A and the test pit logs are

in Volume 2.

Laboratory tests were performed on samples obtained
from the borings and test pits supervised by Golder Asso-
ciates, These tests were primarily standard soils tests
consisting of index properties (grain size analyses, Atter-
berg 1limits, and specific gravity), compaction, triaxial
shear, and laboratory permeability. Index properties were

determined for samples from boreholes and test pits. Other

'soils tests were performed on samples from the test pits.

In addition to the physical soil tests, carbonate content
tests were performed on a limited number of samples from
borings G41-Gl5 and G41-Gl5A and the results are presented
in Section 4.7 of this report, A complete description of
the laboratory soil test program and test methods is pre-
sented in Appendix B. The laboratory soil test results are

contained in Volume 2.

A great deal of emphasis has been placed on deter-
mining the characteristics of the glacial aquifer and hy-
draulic characteristics of the glacial soils which will be
used in construction of the waste disposal facilities.
Aquifer <characteristics were directly investigated by a
pump test at Site 41. A brief summary of the results of
this test are included in Appendix E of this report. A
complete description of the test and analysis is provided
in a separate report (Ref. 7). Determination of the
groundwater potentiometric contours at the proposed dispos-
al sites and surrounding area is summarized in Section 2.4
of this report. Details of the methods used in determining
the potentiometric contour levels are also presented in a
separate report (Ref. 5). Permeability test data from

Golder Associates
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borehole tests, direct laboratory measurements on compacted
samples from test pits, and estimates from grain size data
using Hazen's approximation are discussed and evaluated in

Appendix C.

The level of the bedrock and weathered rock below the
glacial soils has been defined at many points around the
orebody, proposed waste disposal sites, and in surrounding
areas. From these data a contour map of the bedrock and
weathered rock surface has been prepared and 1is presented
in Section 2.3 of this report along with a brief descrip-
tion of the bedrock geology. The locations of data used in
preparing this map along with a discussion of the data

interpretation is provided in Appendix D.

Golder Associates
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2.0 AREA GEOLOGY

2.1 Glacial History

Large areas of North America were once covered by
thick ice sheets during a period of time termed the Pleis-
tocene Epoch. Four major advances of the ice sheets oc-
curred during this time period and lasted from approxi-
mately 2 million to 7,000 years ago. The last major ad-
vance of the Pleistocene ice sheets, called the Wisconsin
stage, began about 75,000 years ago. The glacial events
which deposited and shaped the surficial materials within
the Crandon Project area and the surrounding region oc-

curred primarily during this glacial stage.

Several ice sheet advances during the Wisconsin stage
have been documented. The bulk of the surficial material
in the region is the result of glaciation during two sub-
stages of the Wisconsin stage. The Altonian advance oc-
curred approximately 75,000 to 28,000 years ago and was
followed by the Woodfordian advance which lasted from about
22,000 to 12,500 years ago (Ref. 2). These glacial ad-
vances were separated by interim periods of glacial re-

treat.

During the Altonian and Woodfordian advances, several
glacial ice lobes crossed the north-central region of Wis-
consin, These glacial ice lobes were tongue-like projec-
tions from the main mass of the ice sheet. Each lobe was
formed by several cycles of advancing and retreating ice
which make the glacial history of the region very com-

plex.

The advance and retreat of an ice sheet significantly

affects the landscape of a glaciated area by depositing

Golder Associates
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glacial drift and creating new landforms. Glacial drift is
the material transported and deposited by the glacier.
Glacial drift can be broadly categorized into deposits of
till and stratified drift. Till is material deposited
directly by the ice and stratified drift 1is material de-
posited by, or in, water derived from the melting of the

ice.

Two of the older glacial drifts in the region are
present at the existing ground surface to the south of the
Crandon Project area and are termed the Wausau and Merrill
glacial drifts (Ref. 3). The Wausau drift was deposited by
an 1ice 1lobe advancing from the west, possibly in early
Altonian or pre-Wisconsin time, and is east and west of the
city of Wwausau (Figure 2.1). The Merrill drift, which is
north of the Wausau drift, was deposited in late Altonian
time by ice flowing from the north-northwest. Material
from these glacial drift deposits may exist below the pres-
ent ground surface in the Crandon Project area but it is
also possible this material has been mixed with material

from more recent glacial activity.

The bulk of the drift in the Crandon Project area is
most likely the result of Woodfordian glaciation by the
Green Bay and Langlade Lobes. The Green Bay Lobe advanced
from the southeast while the ice of the Langlade Lobe
flowed from the northeast. The complex interfingering and
overlapping nature of the contact between the glacial
drifts of the two ice lobes 1is exhibited at the present
ground surface south of the Crandon Project site (Fig-
ure 2.1). This interlayered relationship of the two drifts
may also be present in the subsurface materials of the

project area. .

Golder Associates
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The advance of the Wisconsin Valley Lobe down the
Wisconsin River Valley, west of the project area, also
occurred during Woodfordian time. However, there is little
evidence of deposition of glacial drift by this ice lobe in

Forest County or the Crandon Project area.

2.2 Surface Mapping

Mapping of the surficial materials and glacial land-
forms within the Crandon Project area has been completed by
Dames & Moore, the U.S. Department of Agriculture Soil
Conservation Service, and the Wisconsin Geological and
Natural History Survey. Each group approached the work
with a different purpose and accomplished it with different
mapping technigues. These different approaches in combina-
tion with the interpretive nature of the mapping resulted

in three slightly different surface material maps.

The surficial geologic mapping done by Dames & Moore
was the result of site specific test boring data and recon-
naisance work within the Crandon Project area. This map
has been slightly modified by Golder Associates to reflect
the additional data obtained by Golder Associates' test
boring program. This modified map 1is shown as Fig-
ure 2.2, Revisions to Dames & Moore's surficial geology
map were restricted to the northeast corner of Langlade
County where a more extensive surface deposit of glacial

till was further defined by the additional investigation.

The surficial materials and glacial landforms in the
project area are primarily the result of the advance and
retreat of the Langlade Lobe. These glacial landforms are

the product of specific geologic processes.

Golder Associates
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The upland areas are largely composed of glacial till
deposited by the ice of the Langlade and Green Bay Lobes.
The upland areas are typically shaped by the movement of

the glacier and they trend to the southwest.

During the retreat of the Langlade Lobe, melting of
the glacier 1ice exposed the uplands and released large
gquantities of meltwater which deposited stratified drift on
or adjacent to the ice. These ice-contact stratified drift
deposits exhibit a hummocky surface topography. Meltwater
streams moving away from the glacial ice margin laid down
outwash deposits. These outwash plains tend to have a
relatively flat topographic surface and often occur as

valley fills.

Lacustrine or lake deposits are present in the project
rea adjacent to some existing lakes. These deposits may
represent the bottom sediments of more extensive ancestral

lakes and have a flat topographic surface.

LY

Swamp and marsh deposits associated with wetlands are
present throughout the project area. Large wetlands occur
in the 1lowlands while small, perched wetlands exist 1in

upland depressions.

The U.S. Department of Agriculture Soil Conservation
Service (SCS) has mapped the soils in the project area by
their physical and chemical properties and have estimated
their expected behavior in certain engineering, recreation
and woodland uses (Ref. 9). Their brief soil description
also includes an interpretation of the underlying glacial
drift. Only selected parts of Forest and Langlade Counties
immediately surrounding the proposed mine waste disposal

areas were mapped. The SCS work indicates there are more

Golder Associates
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extensive surface deposits of glacial till present in the

immediate project area than shown on Figure 2.2.

The SCS investigates only the soil within about 1.5 m
(5 ft.) of the ground surface. This near surface soil
sampling limits the applicability of the interpreted under-
lyving glacial material and the soil's estimated performance

in certain uses.

The Wisconsin Geological and Natural History Survey
(Ref. 3) has examined the glacial geology of Forest Coun-
ty. The origin and development of the glacial landforms
and their associated surficial materials were discussed and
mapped. The section of Langlade County which lies within

the project area was not mapped.

The glacial landforms in the proposed Site 41 waste
disposal area, as mapped by the Wisconsin Survey, are
ground moraine and drumlins. Minor areas of outwash and
ice-contact stratified drift were also indicated to be
present. The interpreted landforms in the proposed Site 40
area were ground moraine, drumlins, outwash terraces and
kame terraces. Outwash and kame terraces are glacial land-
forms of stratified drift. The mapping done by the Wiscon-
sin Survey in the proposed Site 41 area is similar to that
shown in Figure 2.2.‘ However, only the northern portion of
proposed Site 40 which lies in Forest County has been exa-
mined by the Wisconsin Survey. Their interpretive work
suggests more surface deposits of stratified drift to be

present than are shown on Figure 2.2.
Although the various mapping techniques and personnel

involved have produced somewhat different interpretations

of the geologic origin of the surficial materials, these

Golder Associates
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differences are relatively minor. These differences are
not anticipated to affect the overall design of the pro-

posed waste disposal system.

2.3 Bedrock

The bedrock of northern Wisconsin is an extension of
the Canadian Shield. The Canadian Shield is a continental
block of the earth's crust which has been relatively stable
over a long period of time. The rock types present in the
region are Precambrian igneous and metamorphic rocks which
were formed approximately 1.9 billion to 1.5 billion years
ago. Igneous rocks are formed by the cooling and crystal-
lization of molten rock material, while metamorphic rocks
represent sedimentary or igneous rocks modified by changes
in temperature and pressure. within the Crandon Project
Area, the bedrock 1is primarily a metamorphosed volcanic
tuff.

The regional trend of the bedrock surface in north-
central Wisconsin is downward to the east and southeast at
approximately 7-10 ft. per mile (Ref. 3). Within Forest
County the bedrock surface is irregular (Ref. 3). Detailed
work in the Crandon Project area has also defined an ir-
regular bedrock surface. The interpreted bedrock surface
for the Crandon Project and surrounding area is shown on

Figure 2.3, Bedrock Contour Map.

The Bedrock Contour Map is the result of the synthesis
and interpretation of data from various sources. The area
shown on Figure 2.3 1is a portion of a larger geographical

area for which bedrock contours have been interpreted. The

~map of the larger area with the data locations shown is

included in Appendix D along with a discussion of the map

construction.

Golder Associates
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2.4 Groundwater

Groundwater occurs within the glacial overburden and

in the bedrock,. The principal aguifers are within the
glacial overburden, occurring under unconfined (water
table) and semi-confined (leaky) conditions. Locally

perched groundwater conditions occur within the surficial
glacial deposits above the main aquifers. These zones of
perched water appear to be of 1limited areal extent
(Ref. 4).

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

tions normal to the groundwater contour lines.

Groundwater levels over the Crandon Project site have
been primarily determined by measurements in observation
wells installed in test borings. Groundwater observation
wells have been installed at various times over the past
3 years under the supervision of Golder Associates and
Dames & Moore. The observation wells have been installed
at various depths and locations to evaluate the groundwater
conditions at the site. Many of the observation wells have
been monitored over long periods to measure fluctuations in
groundwater levels and groundwater chemistry. The results
of these activities have been assembled by Dames & Moore
and are reported in Ref. 4. A detailed evaluation of the
potentiometric conditions in the glacial material has been
made in order to define the groundwater conditions. The
resulting potentiometric contour map is shown on Fig-
ure 2.4; This groundwater contour map was constructed

through joint efforts by Golder Associates and bames &

Golder Associates
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Moore for the purpose of providing a single, acceptable
representation of the potentiometric groundwater elevations
for the area. This contour map 1s based on water level
measurements in the accessable observation wells obtained
on September 10 and 11, 1980, plus well data provided by
the United States Geological Survey. A complete descrip-
tion of the methods used to derive the Groundwater Poten-
tiometric Contours map (Figure 2.4) and the data used in

the map's construction are presented in Ref., 5.

Principal areas of groundwater discharge surrounding
the Project site are along the major drainages: Swamp
Creek, Ground Hemlock Creek, Upper Pickerel Creek; Rice
Lake, Rolling Stone Lake, Ground Hemlock Lake, and the
wetlands associated and contiguous with these features.
A1l of these bodies of water and wetlands are belcw ap-
proximately elevation 488 m (1600 ft.). Around the Crandon
orebody and proposed waste disposal areas are numerous
lakes and wetlands which are perched above the main water
table aquifer. These lakes and wetlands receive little to
no groundwater recharge. They are fed by surface water
runcff and probably inhibit percolation of the surface
water to the main groundwater aquifer. Around the orebody,
Skunk, ©Oak, Little Sand, Duck and Deep Hole Lakes are
perched partially or completely above the main groundwater
aquifer. A more thorough discussion of the groundwater
discharge/recharge regime is presented in Ref. 4. Addi-
tional discussion and data regarding the perched lakes and

wetlands is provided in Ref. 4 and 5.

Golder Associates
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3.0 GLACIAL STRATIGRAPHY

3.1 General Description of Glacial Materials

The methods of glacial deposition and the various time
periods of deposition 1in the Crandon Project area have
created a variable distribution of soil materials at the
ground surface and with depth. The surface glacial depos-
its were previously discussed in Section 2.2 and shown in
Figure 2.2. The specific types of glacial deposition of
the materials mapped at the surface are not necessarily
indicative of the method of deposition of the materials at

depth at the same location.

Based on the test boring and laboratory data and the
understanding of general glacial deposition processes, the
primary materials found throughout the depth of the glacial
deposits at the proposed waste Sites 40 and 41 are till and
coarse grained stratified drift. Lesser amounts of fine
grained stratified drift and lacustrine deposits were also
identified. Outwash materials were found surrounding the
sites (as were shown on the Surface Geology Map, Fig-
ure 2.2) but not directly identified beneath the two pro-
posed waste disposal sites. Weathered rock was penetrated
beneath the glacial materials in some of the boreholes. At
some locations this material was sufficiently weathered to
be termed a residual soil. A brief description of each of

the glacial materials follows:

Till - A well graded (poorly sorted) heterogeneous
mixture of silt, sand, gravel, some cobbles and boulders,
and traces of clay. This material was directly deposited

by a glacier.

Golder Associates
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Coarse Grained Stratified Drift - Moderately uniformly

graded (well sorted) sand and fine gravel with traces of

silt. This is a water deposited, glaciofluvial material.

Fine Grained Stratified Drift - Moderately uniformly

graded (well sorted) silt and/or fine sand, often layered

and 1including clay and/or coarse sand. This material
appears to be a glaciolacustrine sediment deposited in a

glacial lake or other body of still water in front of a

glacier.
Lacustrine Deposits - Deposits of fine grained soils,
mostly silts and clays. Predominantly found surrounding

and beneath present day lakes and major wetlands. These
materials are sedimented from still bodies of water. They
are similar to the silt and clay layers found in the fine
grained stratified drift. These deposits do not constitute

a single mappable unit.

Outwash - Uniformly graded (well sorted) sand and
gravel usually containing very little to no silt. This
material has been mapped at the surface but not encountered

at depths beneath the proposed waste disposal areas.

The subsurface glacial stratigraphy has been inter-
preted for proposed waste disposal Sites 40 and 41 based on
the data from the numerous test borings at these two sites
and from the laboratory grain size analyses of the samples
tested. The plan location of the test borings at the waste
disposal sites and surrounding area are shown on Fig-
ure 3.1. A detailed discussion of the differences in grain
size distribution of the various glacial deposits and as-
sessments of their physical properties (such as permeabil-
ity, friction angle, etc.) 1is presented in Section 4 which

follows. No attempt has been made to correlate particular
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glacial strata to the specific glacial history stages which
were discussed 1in Section 2.1. This approach provides a
cood understanding of the main glacial stratagraphic units,
their relationship to the groundwater hvdrology of the
area, and a basis for describing materials of varying phys-

ical properties.

3.2 Stratigraphy Block Diagrams

As a visual aid in perceiving the distribution of the
various glacial materials at Sites 40 and 41, the block
diagrams shown on Figures 3.2 and 3.3 were prepared. The
diagrams give an overall three dimensional view of the
proposed disposal sites. They are intended to provide a
overall understanding of the terrain, bedrock, and major
glacial formations. They are not a precise duplication of
the borehole data but employed this data in their construc-

tion.

Each diagram was constructed by outlining the area to
be drawn on a topographic map of the area. A block of this
rectangular area was then drawn in what is known as 'cabi-
net' projection. In this particular block diagram, the
sides of the block are projected at an angle of 30° from
the front side of the block. With this projection, mea-
surements in direction parallel to all the edges are on the
same scale. This allows borehole locations and other data
points to be easily transposed from the base map to the
block. Both block diagrams were oriented approximately
north-south. To obtain the various geologic formation's
surface features, such as the bedrock surface and the
coarse grained stratified drift surface, boreholes were
located on the block and then depths to the various strata
plotted. The surface for a given deposit was then con-

structed by drawing a network of lines between the various

Golder Associates
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borings that intersect that given surface. The trend of
the surface shape 1is interpreted and shading is used to
illustrate that trend. The diagrams were constructed using
horizontal scales of 1:1250 and a ten times exaggeration
along the vertical axis. The front and side faces of the
block are essentially geological sections along those

faces.

These diagrams show how the bedrock surface has in-
fluenced the subsequent deposition of glacial materials.
The coarse grained stratified drift is noted to be continu-
ous over both sites as 1s the overlying till deposit.
Site 41 has a till and/or fine grained stratified drift
underlving the coarse drift. These deposits may be simi-
larly present at Site 40 but there 1is insufficient deep
borehole information to confirm the continuous presence of

the lower till/fine grained stratified drift.

3.3 Geologic and Boring Profiles

Eight Boring Profiles and eight Geologic Sections
(Figures 3.4 to 3.19) have been prepared to illustrate the
subsurface conditions in the ©proposed waste disposal
Sites 40 and 41. The plan locations of these profiles are
shown on the Boring and Profile Section Location Plan,
Figure 3.1. The profiles are presented at the end of this
Section of the report. The profile section locations were
chosen to intersect a large number of borings (particularly
the deeper ones), to cover those portions of the disposal
sites where waste facilities are more 1likely to be de-
veloped, and to present the subsurface conditions in a

variety of compass directions.

The Boring Profiles show the stratigraphy at each
boring based on the Unified Soil Classification System

Golder Associates
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designations for each strata. These same classification
system designations are included on each boring log in
Volumes 2 and 3. The Boring Profiles include borings from
the Golder Associates and Dames & Moore soil exploration
programs. The Dames & Moore logs also provide the Unified
Soil Classification System designation for each strata.
For reference purposes, the complete Unified Soil Classi-
fication System designation definitions are provided 1in
Appendix A. The groundwater 1levels shown on the boring
profiles are those measured just after each boring was
drilled. For those borings which are not exactly on the
profile section line in plan view (such as boring G41-E13
on Boring Profile A-A) the profile is located at the pro-
jection of the boring location normal to the profile sec-
tion line. Also, the profile of these borings 1is shown
with the top elevation equal to that of the field location
of the boring and therefore may not coincide with the
ground line drawn on the Boring Profile. The G41-Gl4
series and G41-Gl5 series borings were not all sampled
throughout their full depth. The borings in these two
groups were drilled at different times and because they
were closely spaced sampling was not performed over the
same interval in each boring. However, when the sampled
intervals of the borings in each group are combined a com-
plete profile of the materials from the ground surface to
rock can be shown. This combination is used to depict the
stratigraphy at the locations of these two groups of bor-

ings on the Boring Profiles.

The Geologic Profiles (Figures 3.12 to 3.19) depict
the interpreted stratigraphy of the materials based on
Golder Associates' interpretation of the method of glacial
deposition such as till, coarse grained stratified drift,

etc. The various glacial materials, and hence strata, do

Golder Associates
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not correlate on a direct one-to-one basis with the classi-
fication of the materials by the Unified System. (This is
discussed in detail 1in Section 4 of this report.) The
Geologic Profiles are slightly different from the Boring
Profiles 1in the treatment of those borings which do not
fall precisely on the profile section lines. In these
cases the Geologic Profiles show an interpretation of the
glacial stratigraphy at the section line rather than show-
ing the stratigraphy projected directly from the boring as
was done on the Boring Profiles. For borings located on
the section lines, the glacial stratigraphy is a direct
presentation of the interpretated glacial deposition for
the various materials. The groundwater levels shown on the
Geologic Profiles have been taken from the potentiometric

contour map shown on Figure 2.4.

The Boring Profiles are a precise representation of
the data obtained. from the individual test borings. The
Geologic Profiles are for 1illustrative purposes to show
trends implied from the glacial history and boring data.
The distribution of the glacial stratigraphy at locations
other than those at the borings directly at the profile
section line has been inferred from the borings in the area
and the actual distribution of materials may vary from that
shown. The Geologic Profiles aid in the understanding of
the subsurface materials and provide a guide to the general

stratigraphy of the major glacial deposits.

From the Geologic Profiles, it can be seen that the
thickness of the till which outcrops at the ground surface
is much more extensive at Site 41 than at Site 40. This is
significant from the standpoint of developing a waste dis-
pcsal system since the till is less pervious than the un-

derlying coarse grained stratified drift materials and the
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facilities will be constructed in and from the upper level
materials. The Geologic Profiles also point out that the
coarse grained stratified drift material is quite extensive
and 1is continuous throughout both disposal sites. The
coarse grained stratified drift beneath the two disposal
sites is also shown to be continuous with the stratified
drift materials exposed at the surface or directly beneath
the major wetlands which are groundwater discharge areas.
Although the glacial stratigraphy is generally shown to be
rather complex (in that it's not a simple clear cut layered

svstem) these two trends are evident.

As an over simplification, the subsurface conditions
may be thought of as a layer of till overlying a layver of
coarse grained stratified drift which overlays a deeper
layer c¢f till (or fine grained stratified drift). Beneath
the lower till/fine grained stratified drift layer is bed-
rock with a cap of residual soil and/or weathered rock in
most places. This more simplified system is useful to keep
in mind for an overall understanding of the groundwater
hydrologic system. Precipitation enters the system through
the upper materials, which is till over much of the project
area, and moves downward to the groundwater level. Ground-
water then moves laterally through the coarse grained stra-
tified drift (because of 1its high horizontal hydraulic
conductivity compared to the till) to the groundwater dis-
charge areas which are continuous with the coarse grained
stratified drift. A more complete discussion of the
groundwater discharge/recharge system is provided in Ref. 4
and a more detailed discussion of the hydraulic properties
of the glacial strata are provided in Appendix E of this
report and in Ref. 7.

Golder Associates
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4.0 MATERIAL PROPERTIES

4,1 General Characteristics

The majority of the glacial materials encountered in
the project area are till and stratified drift which are
granular soils; combinations of sand and gravel with vary-
ing amounts of silt and often containing cobbles and boul-
ders. Traces of clay were encountered but represent only a
very small fraction of the till and stratified drift mate-
rials, The predominantly fine grained soils, silt and
clay, were most associated with lacustrine deposits around
the present day wetlands, as layers within the fine grained
stratified drift, or residual soil. These fine grained
soils represent only a small fraction of the glacial over-

burden.

From the glacial history and results of the penetra-
tion tests taken during the boring program, it is evident
that the till and étratified drift materials are compact to
dense (Standard Penetration results between 10 and 50 blows
per foot) in the upper 4.5 to 6.1 m (15 to 20 ft.) and very
dense (Standard Penetration tests above 50 blows per foot)
below this level. The individual grains of the granular
materials are rounded to sub-angular. The high density of
these materials, their grain angularity and their grain
size ranges make them excellent materials for embankment
construction and foundation support. These materials will
not undergo long term settlement due to consolidation to an
amount which will be preceptively significant to waste
disposal facilities. Although these granular soils may
range from sand, gravel, and cobbles with little fines
(silt and clay size particles) to sand or sand and gravel
with up to 40 percent fines (predominantly silt), their

overall engineering strength characteristics will be simi-

Golder Associates
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lar, having high friction angles and little to no cche-

sion.

The predominantly fine grained soils, silts and clay
combinations, were most always associated with the larger
existing wetlands. The proposed mine waste disposal fa-
cilities are anticipated to be constructed in, and with,
the granular glacial soils. There 1is presently no inten-
tion to utilize the fine grained wetland deposits for con-
struction purposes. Therefore, the engineering properties
of these fine grained materials as applicable to construc-
tion considerations are not addressed in detail. Similar-
ly, the outwash soils, fine grained stratified drift, re-
sidual materials, and rock are not proposed as materials
for construction so their engineering properties are not

addressed in detail.

Samples of each of the glacial materials have been
subjected to index properties tests (grain size distribu-
tion and Atterberg limits) and each has been classified in
accordance with the lettered designations of the Unified
Soil Classification System. These data were used in the
interpretation of the glacial deposition origin of the
materials. A discussion of the differences of the index
properties of the glacial materials is presented in the
following Sections of this report. References to specific

data are provided therein.

Strength parameters are of importance for those mate-
rials anticipated to be used in, or providing foundations
for, construction of waste disposal facilities. These
materials are the till and, possibly, the coarse grained
stratified drift. Of these two materials, only the till

has been subjected to laboratory triaxial shear testing.

Golder Associates
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The till soil was easily sampled in bulk by test pits and
the triaxial tests performed on laboratory compacted sam-
ples. Undisturbed samples of dense granular soils (till or
coarse grained stratified drift) could not be obtained from
the test borings. Estimates of the friction angle for the
coarse grained stratified drift are provided on the basis
of grain size distribution of the samples tested and esti-
mated density of these materials from the borehole penetra-
tion tests. The strength parameters and densities are
discussed further in the following Sections of this re-

port.

A great deal of emphasis has been placed on deter-
mining the  hydraulic <characteristics of the glacial
soils. Agquifer characteristics were directly investigated
by a pump test at Site 41 (Appendix E and Ref. 7). Perme-
ability testing was performed in some of the test borings
and laboratory measurements were made on compacted samples
from the test pits. Also, soil permeability was estimated
from the grain size data using Hazen's approximation. The
permeability test data 1is evaluated in detail in Appen-
dix C.

From the test boring data and results of laboratory
tests, pertinent physical properties for the various gla-
cial strata are summarized on Table 4.1. Each glacial
material is discussed separately in the following Sections
of this report with comments on their physical properties

and specific data references.

4,2 Till Deposits

Glacial till is material deposited directly by a gla-
cier. In the project area it consists of a heterogeneous

mixture of predominantly silt, sand, gravel, cobbles, boul-
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TABLE 4.1
SUMMARY OF GLACIAL MATERIAL PROPERTIES
Atterberg Shear Strength Density -~ Moisture
Limits Parameters T & it Compacted
Permeability
Unified Soil X Dry Unit Max. Dry \pgtimum
Material Classification L P.L c' @' Wt. kg/m3| Density 1Eg§¥2g%
Type Symbol Gradation % N/m?2 deg m/s (ft./sec.) (pcf) kg/m3 (pcf) % Remarks
Glacial Till Predominantly See Fig. 4.2 Predominantly 0 34 to 40| 1 x 107® to 1 x 1078|1762 to 1986 to T Primary con-
SM and SP-SM and 4.3 non-plastic S wis [ 2211 2195 to struction mate-
(3x‘10 e f il (110 to (124 to | 12.5 rial
138) 137)
Coarse Grained Predominantly See Fig. 4.4 Non-plastic 0 35 1 X 1073 to 1 X 103} (100-130) - - May be used as
ified if - ! ti
Stratified Drift SP and SP-SM and 4.5 (3% 10-3 to 3 X 10-5) const;uc ion
material
Fine Grained Ranges from See Fig. 4.6 Varies - - 1% 167% to 1 % 10°8 - - - Not anticipated
Stratified Drift M SP - £ i -
L to (3% 10 4 e 3)(10-8) or us§ in con
struction
Outwash Sp See Fig. 4.7 Non-plastic - - 1% 1073 80’1 % 1072 - - “ Not anticipated
Only one sample 2 e for use in con-
tested i £o X VEE] struction
Lacustrine Ranges from See Fig. 4.8 Varies- - - 1% 10 to 1 % 16~8 - - - Not anticipated
OL to SM i =
(3X10-5 to 3x 10-8) vl
o struction
NOTES:
1. Each glacial material is discussed separately in Sections 4.2 through 4.6 of this report.
2. Unified Soil Classification System designations are representative of the majority of the materials of the deposit.
3. Permeability ranges are representative of the majority of the materials of the deposit. See Appendix C, for evaluation
of permeability tests and estimates from Hazen's approximation. See Appendix E for summary of pump test and Reference 7
for details of pump test and analysis. .
4. See Table 4.2 in Section 4.2 for summary of test results on till samples from test pits.
5. Cohesion measured in triaxial tests believed to be a result of test procedure (see Table 4.2). Cohesion considered
to be zero for effective stress analyses. Zero cohesion inconsequential to facility design analyses.
6. See Volume 2 for individual laboratory test results.
TABLE 4.1
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ders, and traces of clay. The till 1is typically fairly

well graded (poorly sorted) as evidenced by grain size

curves of the tested samples.

The till exposed at the

ground surface forms the characteristic drumlin topography

of the area. The till uplands have a general northeast-

southwest orientation reflecting the main direction of ice

flow. The physical characteristics of the till materials

found at various

depths are identical.

Till is differentiated from stratified deposits by the

shape of the grain size curves. The till

sorted material

throughout the r

does not have &a large percentage of single

is not water

and therefore tends to have grain sizes

ange of silt, sand and gravel sizes. Till

sized parti-

cles. This grain size distribution is presented graphi-

cally on rigures 4.2 and 4.3 where each grain size curve of

till samples tested is plotted on one graph for Site 40 and

one for Site 41.
coefficients ran

being above 10.

.The till samples tested have uniformity

ging from 6 to 290, with all but 9 samples

The uniformity coefficient (C,) 1s defined
as the ratio of the grain size at which 60 percent of the

particles are finer by weight to the grain size at which

10 percent of
(Dgg/D1o) -  In
graded granular

cient less than

As can be

soils encompass

the particles are finer

by weight

the Unified Classification System, poorly

materials are those with uniformity coeffi-

8.

seen from Figures 4.2 and 4.3, the till

a wide range of grain sizes,

with all but

three samples having more than 5 percent fines (silt and

clay sizes) and most having more than 10 percent fines.

Only a few samples could be classified as primarily gravel

(more than 50 percent of the material larger than the No. 4

U.s. Standard s

ieve size) and only a few were Dprimarily

Golder Associates
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fine grained soils (more than 50 percent of the material
smaller than the No. 200 U.S. Standard sieve size). The
majority of the till samples fall into the Unified Soil
Classification System designation of SM soils. These mate-
rials have more than 50 percent sand size particles and
more than 12 percent fines (material finer than the No. 200
sieve). The second largest category of till samples fell
into the SP-SM Unified classification., These materials are
also more than 50 percent sand but have between 5 and
12 percent fines. A few samples were in the SW-SM cate-
gory. The difference between the SP and SW designations
are determined by the uniformity coefficient. Those three
samples exhibiting less than 5 percent fines are classified
as SP and GP. A completed list of the till samples and
their uniformity coefficients is provided in Section C-4.0

of Appendix C.

Permeability of the till soils will vary widely be-
cause of the variation in the percentage of fines. The
range of permeability estimated and tested for the ¢till
soils 1is Dbetween 1x10~% and lxlO‘lo m/s (3)(10“4 and
3x10-10 ft./sec.) with most wvalues 1in the 1x10~% ang
lxlO'8 m/s (37410'6 and 3x10~8 ft./sec.) range. The ranges
of permeability from the various test and estimate methods

are as follows:
Hazen Approximation: 7x10~4 to 2x1078 m/s
(2xl0‘3 to 6x10~8 ft./sec.)

Laboratory tests: 2x107% to 3x10719 m/s
(6x107% to 9x10-10 ft,/sec.)

Borehole tests: 4x10~4 to 6x10~8 m/s
(1x10~3 to 2x10~7 ft./sec.)

Pump test (horizontal): 3x10~6 m/s (9xl0'6 ft./sec.)
(vertical) : 9x10~7 m/s (3x10”% ft./sec.)

Golder Associates
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The pump test value is one of the highest in the above
group. The wvertical hydraulic conductivity was directly
measured by the pump test and the horizontal hydraulic
conductivity was estimated from the vertical. In Golder
Associates' experience pump test wvalues are ‘typically
higher than laboratory test values because the pump test
affects a large mass of the material and the measured
hydraulic conductivity is usually a response from the more
permeable portions of the mass. A complete discussion of
the 1laboratory, borehole, and Hazen approximations of
permeability determination are presented in Section C-4.0
of Appendix C. A review of the pump test is presented in
Appendix E with complete details of the test and analysis

in Ref. 7.

All of the test pits were excavated in till soils.
Measurements of in-place density were made in five of the
test pits with wvalues ranging from 1769 to 2216 kg/m3
(110.4 to 138.3 pcf). Bulk samples from these test pits
were subjected to laboratory compaction, permeability and
strength tests. The test results are summarized in
Table 4.2. As expected, triaxial test results show the
friction angle of this material to be fairly high, ranging

from 34 to 40 degrees.

4,3 Coarse Grained Stratified Drift Deposits

Coarse grained stratified drift is a glaciofluvial
material deposited by glacial meltwater. In the proposed
waste disposal site areas it consists of a mixture of pre-
dominantly sand with some gravel and low percentage of
fines. This soil 1is moderately uniformly graded (well
sorted) as evidenced by the grain size curves of the sam-
ples tested. This material has been found at depth below

Golder Associates
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TABLE 4.2

SUMMARY OF BULK SAMPLE TEST RESULTS

SAMPLE CLASSIFICATION IN SITU STANDARD TRIAXIAL SHEAR PERMEABILITEY Y ALGEE O
IDENTIFICATION PROPERTIES PROPERTIES PROCTOR (L STRENGTH CZ AZEN COE.SETHOD @xz CONST%FT HEAD(EJS CONST%ET HEAD@D@D
] o s + s =1 o
o 3 § |3 g T T e o e 0 > by~ 5 o > o
100t e ] s GE (EE ERE E B inl M 8 3 lSEly ® lwrEplE | B T e
Test Pit No. | 3 |+ = 0l 18 g% |84 Hig? Sigd | EES El " g Hal| g 2 [o8 5 8@ & €6 | A 8 g |80 o
o) v p S8 - LY 8 % & 2lE g TR a8 L 218 el B g 2| o < o S o e =3 . i i r+
Depth o o b B R SRl e lam ag “lkan 8o am i o o W GdE| am g 0 o 8 % ilae B oe| 9 ~ @ o |Toe o
-» S |3 |3 |8 5| 5%]|x - 50 |5t e [£ gleg 1R |8 8|37 |34 e S G SRR TN
m (ft.) Eodl e sl il 0 5318 P e itaeadt B e B D mld 9|5 4 & g o 2 £ G = B E S kF |=8 &
e 32 AdEElmee S g w2 : g0 0 L mdg g | Gy
- B2 50 E .. . g
TP-1 e S NP s SM 2216 2169 2163 1650 [12.45 -7 1841 -5 2092 -6 2054 -8
7.2 | (I38.3)(135.4)](135.0)] 7.2 {1L03.0)F(260) | 34.0| 005 | 2.5x10 (114.9)| 15.9 3.9x10 (130.6) 4.5 | 1.9x10 (2820 1 7.7 305x%x1i0
(See| Note 7) |
1.52 - 2.13 1815 |[15.08 2049 -7 2115 -7
(113.3) (3d.5) ] 29,0 (127.9)| 10.4 1.4x10 (132.0) 8.4 |1.1x10
(5.0 = 7.0}
(See| Note 7) |
1921 {13.17 | 40.0 |
(112 9) | 275)

TP-2 1961 | 1854 | 2083 1769 |12.45 | 1758 g 1o02 ) 2033 i
2.59 - 2.90 = - NP - SM 14.6 | (122.4)[(115.7}{(130.0)| 9.2 [(110.4) ]| (260) | 39.5 L0613, 6R10 (109.8)| 18.0 1 2.3x10 (118.7) Fo50 1L o7l CL26.9Y [ 9.4 2 3l
(8.5 - 9.5)

1836 | 1820 | 1994 1708 |17.24 _g| 1581 1 | 1870 “to

TP-4 25 16 9 2.65 CL 14.1 | (114.6)|(113.6)|(124.5)| 12.5 [(106.6) | (360) | 35.5 .0021 | 4.4x10 (98.7) |17.6 ‘2.9XIO (a7 1350 2.5%10
1.67 - 1.98 : i 1836 R
(5.5 « 6.53 | ;(114.6) 143 1 2. 9x10 .

TP-5 1769 | 1721 | 2187 1799 [12.45 _g| 1962 | | 1998 _q 2202 o
1.83 = 2.13 - - NP - SM 4.8 | (110.4)(107.4)[(136.5) B.1 |(112.3)] (260) | 35.0| .01B | 3.2x%10 (122.5) |12.2 2.5%10° (124.7) 8.0 1.2%10 {131.2) | B.3 | 1.9x10
(6.0 - 7.0)

TP-6 1894 1852

1.22 NP - SM 7.9 | (118.2)|(115.6)

(4.0)

2110 : 2079
TP-TW-41 -} -} we SM 131.7) | 8.7 .030 | 9.0x10™° j , (129.8) | 9.0 [6.0x107?
paes e | | | 2001 [7.4 2.9x1078 | 3091 e
(2.0 - 6.0) 1(130.5) | (see Note 10) |(130.5)| 7.4 3.5x10
NOTES: 1. Performed using materials passing 19.05 mm (3/4") sieve. 6. Tests performed in a Proctor mold using pressure differential of
2. Performed using materials passing 12.70 mm (1/2") sieve. 5 to 15 psi (34.48 to 103.43 kFa).
3. The triaxial tests were performed using oven-dried, air-cooled 7. Results are suspected to be influenced by piping along side of
samples and employing vacuum as the confining pressure. Because the mold. Results not considered valid.
of this, cohesion component from the shear stress normal stress 8. See Appendix B for description of laboratory test procedures.
plot (including the CL materials from TP-4) is judged to be due 9. See Appendix C for evaluation of permeability test data.
to the testing procedures and does not represent true cohesion. 10. For comparison, after performing the permeability test in a
Cohesion of zero to be used for effective stress analyses. Proctor Mold, the specimen was extruded and tested in the tri-
4. COE abbreviation for the U.S. Army Corps of Engineers. axial cell under pressure differential of 5 to 15 psi (34.43 to
5. Tests performed in triaxial cell employing pressure differential 103.43 kPa). Notes #2 and 5 are not applicable for these test
of 2 to 10 psi (13.79 to 68.95 kPa). results. TABLE 4.2
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both proposed disposal sites and is believed to be continu-
ous over a larger area. This material represents the major
aguifer layer through which most of the lateral groundwater

movement occurs.

Coarse grained stratified drift is differentiated from
till by the shape of the grain size distribution curves.
Because of the water sorting, this material tends to have a
large percentage of single sized, or closely sized, parti-
cles. The grain size distribution curves for those samples
tested from Site 40 are shown on Figure 4.4 and those from
Site 41 on Figure 4.5. The samples tested have uniformity
coefficients ranging from 2 to 15 with all but four being
below 8.

As can be seen from Figures 4.4 and 4.5, the coarse
grained stratified drift soils are predominantly sand sized
with less than 10 percent fines. Many of the samples ex-
hibit less than 5 percent fines. The majority of these
soils fall into the Unified Soil Classification System
designations SP and SP-SM. A complete list of the samples,
their Unified classification, and their uniformity coeffi-

cients are presented in Section C-4.0 of Appendix C.

With such low fines content, uniformity of grading,
and water sorted, layered deposition, these soils exhibit
high permeability values. The range of permeability values
based on Hazen's approximation 1s between 1x10-3 and
1x1075 m/s (3x10™3 and 3x107> ft./sec.). A list of the
estimated permeability for each sample is presented in
Appendix C. The hydraulic conductivity of this material
was directly tested in the pump test at Site 41. The hori-
zontal hydraulic conductivity was measured at 1.3x10°4 m/s
(4.3x10"4 ft./sec.) and the vertical hydraulic conductivity

Golder Associates
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was estimated at 1.3x1075 m/s (4.3x10-5 ft./sec.). A sum-
mary of the opump test and analyses 1s provided 1in

Appendix E of this report and the details in Ref. 7.

Bulk samples of the coarse grained stratified drift
were not obtained from the boring or test pit exploration
programs., No laboratory permeability, triaxial shear, or
compaction tests were performed on this material. However,
based on the grain size distribution and density exhibited
by the high penetration resistance, the friction angle of
this material 1is estimated to be 35 degrees and in-place
density is estimated to range from 1602 to 2083 kg/m3 (100
to 130 pcf).

4,4 Fine Grained Stratified Drift Deposits

Fine grained stratified drift is a lacustrine material
deposited in a body of still water. This material 1is
termed fine grained stratified drift to differentiate it
from the <coarse grained stratified drift previously
described. Several borehole samples of this material
revealed alternating bands of sand and fines (silt and
clay). In a glacial environment this 1is commonly
recognized as a varve deposit which reflects seasonal or

yearly changes in the depositional environment.

The fine grained stratified drift grain size curves
have a shape similar to that of the coarse grained strati-
fied drift, but are finer in overall grain size. As with
the coarse grained stratified drift, the water deposition
process yields a large percentage of single sized, or
closely sized, particles. The grain size distribution
curves for all of the samples tested from both Sites 40 and

41 are shown on Figure 4.6. The samples tested have uni-
formity coefficients ranging from 2 to 13 with only one

being greater than 8.

Golder Associates



i

Octcber, 1981 -38- 786085
FIGURE 4.0
T T “ T T S D S
! } i i i 1 / | § { i T w
[ i T ] | | 1 I J T T T T w
| T i i J 1 ? - N
) : — . S &
W ] i | ; | 1 i _ © m
o | | ° z 2 -
“ ., ,“ | | ﬁ | ! i = =
— FE ! | : , \ © v =
T T ] ] | Wi B <z
P j Lo | \_ = z
v I N — T
w ﬁ U —
M . z = 2ot '
| " ol ¢ .
w = - p
< b o
za 3] — b
LN w G o
R B B x
- M_ — = i
4 |9 3 z
» - a |
(S, o |
« = .
<] e < _
S = "
< = — |
z 5 !
o N ~ D m
= | — ,
o yo! oo !
- Ie3) = |
. z = = |
© ) ) = =7
N @ W < = O
N w sl x=_ =@
w U Dl ” < =
s 'z Q __ ¢
w P o— = ) Y
w -~ TS - = »C
W : - ! = < ~
o : i . _
g - - -
(@] g\ : i { '3 |
. L] TR
Z«c | — 1 N w12 a _
- — : , —2 s |
2 | o | | | F
W ol N S A B N Lo ; < =
i ! ; | | 1 ! ! x m
! i ! * i | i H § (&) W
. , . P i ®
: I T 1 I °4
o o Lo Lo IS s _
4r|L|L|L|vxlwlr|hl‘|L|-,rI‘I-.lénrlwl,llﬂl,ll_!l. O
| i | | J i T
I 1 L ! { ! ! 1
= | i i ! )i 1 ; : i
[ S N 1 i . : i w om..
- Y Y Y N N z w
i W ' | ﬂ “ ‘ _, J|" °
¢ | ! I Q g
G YN PR (R R S A [ N L L 2
- : " , : - - —— e e e - — - - -~ ——— < >
| i R [ I i & ﬁl. w
e e A e e i e — o -
" T " ] ! w W
“ _ | I ! e
i , ‘ 4
B | : T T <
N ; ; A , ©
- _ - BRE
I e o e e e ey e i ——r ) z
I ; : 0 !
_ G O
| ‘ [ - o m
M | | byl e S
| . L S ®
o [<] [} @)
S % 8 ° § 8 € 8 8 2 ©°
PERCENT FINER BY WEIGHT
10-7-81 Drawn L
Date : V7,
s o 736085 Golder Associates Checkes R

mmsnton\krﬁl




Y NI

October, 1981 -59- 786085

The fine grained stratified drift soils all exhibit
fairly high percentages of fines. The majority of the
samples tested fall into the Unified Soil Classification
System designation ML, being vpredominantly silt. However,
SP-SM and SM designations were also found in the tested
samples. Because of the depositional process and confirmed
from the field classifications, this material may range
from uniformly graded sand to silt, SP to ML. L complete
list of the samples with their Unified classifications and
uniformity coefficients 1is provided in Section C-4.0 of

Appendix C.

Because of the range of the fines content of these
soils, permeabilities based on the Hazen's approximation
are variable, ranging between 1x10~4 to 1x10-8 m/s (3x10~4
to 3x10-8 ft./séc.). A list of the estimated permeabili-
ties for each sample is presented in Appendix C. Perme-
ability measurements and triaxial strength tests for these
materials have not been made. These materials constitute a
very small fraction of the overall volume of glacial soils
and have not been found in areas where they will be of

concern in construction of a waste disposal facility.

4.5 Outwash Deposits

Outwash materials are uniformly graded (well sorted)
sand and gravel materials deposited by meltwater streams
moving away from the glacial margin. Qutwash tends to be
deposited in plains with a relatively flat topographic
surface and often occur as valley fills. Outwash soils
have been mapped at the surface (see Figure 2.2) but have
not been noted as a separate formation below Site 40 or
Site 41.

Golder Associates
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One sample of outwash material, from boring G41-Pl8B
at a depth of 0.37m (4.50 f£t.) has been noted. This
particular sample was classified as outwash from the sur-
face mapping in the wetland near Ground Hemlock Lake where
the boring is located. The grain size distribution of this
sample is very uniform (uniformly coefficient of 2) and the
permeability estimated from this sample by Hazen's approxi-
mation is 1.4 X 1074 m/s (4.6 X 10-4 ft./sec.). The grain
size curve for this sample is shown on Figure 4.7. Its

Unified classification is SP.

The grain size distribution of this sample is similar
to the coarse grained stratified drift materials. 1In gen-
eral, there 1is 1little difference between the stratified
drift and outwash from the standpoint of their grain size
characteristics, and hence their hydraulic conductivity
characteristics. Outwash deposited soils may exist at
depth beneath the. proposed dJdisposal sites but they could
not be differentiated from the coarse grained stratified
drift. Their importance as a separate formation at depth
is not significant since they are similar to, or part of,
the coarse grained stratified drift formation. The outwash
does not occur within those areas of Site 40 or Site 41
which would ultimately be developed as a waste disposal
area. Therefore, their specific strength properties are of
no consequence to the project. All physical properties of
the outwash are assumed to be similar to those of the

coarse grained stratified drift.

4.6 Lacustrine Deposits

Lacustrine deposits are materials sedimented £from
still bodies of water. They are predominantly fine grained

soils, silt and clay, but may range to sand with a high
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percentage of fines. These soils are somewhat similar to
the silt and clay materials found in the fine grained stra-
tified drifct. The lacustrine deposits are generally found

surrounding and/or beneath present day wetlands and lakes.

The samples of lacustrine sediments tested exhibit a
fairly wide range of grain size distribution shape. The
uniformity coefficients of the samples tested ranged from 3
to 45. The grain size distribution curves for the tested
samples from Sites 40 and 41 are shown on Figure 4.8.
Because of the very high fines content of these soils,
permeabilities estimated using Hazen's approximation range
between 1X1073 and  1X1078 m/s (3¥107° and
3x10-8 ft./sec.). A list of the Unified classifications,
uniformity coefficients, and estimated permeabilities 1is

presented in Section C-4.0 of Appendix C.

Direct permeability measurements and strength para-
meters for these materials have not been made. These mate-
rials constitute a very small portion of the overall gla-
cial deposits and, since they are primarily found in asso-
ciation with wetlands or lakes, are not intended for use in
construction of waste disposal facilities. Where waste
facilities may encroach on a small upland wetland which has
lacustrine sediments, it is anticipated that this material
will be stripped and possibly salvaged as topsoil. There
are insufficient available volumes of this material for

consideration of using them in construction.

4.7 Carbonate

The Green Bay Lobe glacial soils are reported to be a
calcareous drift containing approximately 2 to 56 percent

carbonate fragments in the gravels (Ref. 11). Dames and
Moore - (Ref. 6) performed percent carbonate tests on the

Golder Associates
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GRAIN SIZE DISTRIBUTION
FIGURE 2.2
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material larger than the No. 4 U.S. sieve, and soil pH
tests on selected samples as an aid in determining the
glacial history of the materials, Golder Associates had
carbonate content tests performed on 13 samples from the
G41-Gl5 series borings. These results are included in
Table 4.2 The soil pH of the 21 samples tested by Dames
and Moore ranged from 6.95 to 9.35 with only 4 of the sam-
ples having a pH below 8.0. Dames and Moore found 24 of
the 62 samples checked to contain carbonate pebbles and the
carbonate percentage ranged from 0.8 to 35.7 (Ref. 6). The
carbonate tests by Golder Associates included the entire
grain size range of each sample tested and carbonate
contents between 1.0 and 6.2 percent were measured. The pH
tests by Dames and Moore and the carbonate content tests by
Golder Associates were performed on samples ranging from
2.6 to 93.5m (8.5 to 306.7 ft.) below the ground surface.

The U.S.D.A, Soil Conservation Service performed soil
survey mapping in the Crandon Project area for Exxon in
1978 (Ref. 9). The area mapped by the SCS includes most of
the 1land presently proposed for the alternate disposal
locations, Sites 40 and 41. The surface soils mapped by
the SCS at the disposal sites fall into the following

categories:

1. Histosols (ponded wetlands)
2. Monico stony loam
3. Iron River Variant stony loam

Of these 3 categories, the Monico and the Iron River
Variant stony 1loams are of most interest in this study
since they comprise the vast majority of the surface soils
at the disposal sites. The SCS information on these soils

indicates the Monico stony loam to have a pH ranging from
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Table 4.3
CARBONATE CONTENT TEST RESULTS
Sample Identification Carbonates (CO3)

Roring Sample Depth Depth

No. No. m fr. Percentage
G41-G1l5 S%2 14.63-14.78 48.0-48.5 2.0
G41-Gl5 £5B 19.96-20.27 65.5-66.5 2.7
G41-Gl5 S#6 21.49-21.79 70.5-71.5 1.4
G41-G15 S#11 29.26-29.57 96.0-87.0 1.6
G41-G1l5 S#14 37.19-37.49 122.0-123.0 1.2
G41-Gl5 S#18 49,68-49.83 163.0-163.5 1.5
G41-Gl5 S#21 58.98-59.13 193.5-194.0 1.8
G41-G15 £25 6£8.28-68.43 224.0-224.5 1.0
G41-G15 S#£29 80.77-81.02 2€2.0-265.8 6.2
G41-G15 S#33 93.42-93.48 306.5-306.7 4.3
G41-G15A S%2 3.05- 3.35 10.0-11.0 3.3
G41-G1l5A S#5 8.53- 8.69 28.0-28.5 3.0
G41-G15A S#6 10.06-10.15 33.0-33.3 2.7

Test Performed in accordance with AST™ procedure D 3042-72.
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4.5 to 5.5. The Iron River Variant stony locam is noted as having pH
ranging from 4.5 to 6.5. The SCS studies include only the upper 1.5 m
(5 ££.) of soil. For both of these soils, the pH is noted to increase

with increasing depth.
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APPENDIX A

GEOTECHNICAL FIELD EXPLORATION

A-1.0 INTRODUCTION

The geotechnical exploration programs for the Cran-
don Proiject waste disposal facilities consisted of test
borings, test pits and geophysical surveys. These programs
were designed to provide data over a wide geographical area
encompassing the proposed waste disposal Sites 40 and 41.
They were performed during different time periods
concurrent with the waste disposal siting studies. The
various programs were used to develop different types of
information for preliminary design of the waste disposal

facilities for permitting.

The test boring and test pit programs provide site
specific subsurface information on the types and thickness
of the glacial soils, type and depth of the underlying rock
and location of the groundwater level. The geophysical
program provided the depth to rock at numerous locations
over a much larger area than the proposed waste disposal
sites, primarily for input to the groundwater hydrologic
modeling studies. The test borings and test pits were lo-
cated over a small area including proposed waste disposal

Sites 40 and 41 and their immediate vicinity.

Golder Associates
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A-2.0 TEST BORING PROGRAM

A-2.1 General

The

=

(as

est boring program developed by Golder Asso-
ciates was directed toward providing subsurface information
for the specific areas of the proposed alternate waste
disposal sites. This exploration was accomplished in three
phases: Phase 1 from February, 1979 to April, 1979,
Phase 2 from November, 1979 to January, 1980, and Phase 3
from April, 1981 to June, 1981. The Phase 2 program was
developed to primarily cover a larger area than the Phase 1
program as dictated by siting study reguirements. The
Phase 3 program was developed to provide data at deeper
levels over the Site 41 area and to cover a slightly larger
area than the Phase 2 program. The borings drilled during

each Phase are listed in Table aA-1l.

The boring program included penetration testing and
split spoon sampling, undisturbed sampling of soft materi-
als with thin-wall tube samplers, rock core sampling,
in situ permeability tests, and the installation of ground-
water observation wells. Qualified engineers, geologists
and technicians from Golder Associates' staff inspected the
boring programs, logged all holes, described all samples

and adapted the work to conditions encountered.

A grid system for borehole identification was devel-
oped for each prospective tailings site with lettered
north-south orientated grid lines and numbered east-west
grid lines. The distance between the grid lines was 200
meters. Boreholes were located to provide areal coverage
of the potential tailings facilities sites and to explore
the overall range of subsurface conditions expected to
occur. The boreholes at each site were numbered from their

position on the respective grid system.

Golder Associates
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TABLE A-1
LIST OF TEST BORINGS BY PHASE

To To
ring No. Depth(m) Rock Obs. Well Boring No. Depth(m) Rock Obs. Well

Phase 1-G40 Series Phase 1-G41 Series (Continued)
El6 15.70 - - K17 24.17 -— -
G19 19.96 - - L1l 27.58 - -
H13 59.53 - - L13 26.37 - --
H16 81.69 X X L15 22.65 - -
J15 15.70 - X 19 21.06 - -=
K13 15.32 - X P18 39.62 - X

L19 36.73 -- - P18B 13.56 - X
M14 28.96 - - Phase 2-G40 Series
M15 94.49 X X D24 57.45 X* X
Phase 1-G41 Series E22 15.70 - -
Cll 15.51 -- — G24 30.72 - -
Cl3 15.39 - - G26 30.78 -- -—
Cl5 66.23 X* X H27 76.20 X X
Cl5Aa 44.20 - - J20 23.16 - -
C15B 8.08 - X 123 27.68 - X
D14 16.15 - - P10 21.58 - -
D17 15.48 - - P17 30.63 - -
D18 19.87 - - P20 24.69 -— X
Ell 15.09 -- - Q7 21.49 - -

l E13 76.35 X* X R23 24.69 - X

El3A 57.30 - - S1l1 24.63 - -
E15 15.24 - - Phase 2-G4lSeries

El7 79.25 X* X F24 74.06 X*

E19 15.33 -- C - Gl4a 73.46 -—

X
X
F13 17.01 - — Gl4B 109.76 X X
Gll 24.84 -- -- Gl4C 48.77 - X
Gl2 6.40 - X G14D 78.33 - X
Gl4 29.41 -- -- Gl4E 50.29 -- X
G15 103.02 X X Gl4F 101.19 - X
G15A 34.44 - X G21 30.63 - X
G15B 51.82 - X K21 23.10 --
Gl5C 44,50 -- -- L23 24.66 -= --
Gl6 22.98 -- - L25 26.06 - -
G19 27.58 - - M24 9.39 - X
N21 45.87 - X
X

HI13 31.94 --
H17 22.65 -= P24 105.16 X*

X
H18 22.95 - X Phase 3-G41 Series
X

H18A 6.55 -- A24 54.86 X X
Jl1 30.39 - E19A 84.12 X* X
J14 24.45 -= - Gl3 97.23 X X
J17 12.19 - — HS 96.01 X X
J17A 9.14 - - H18B 87.78 X* X
J18 21.49 - X K21A 90.83 . X* -
J19 23.03 -- -- K26 100.58 X* X
M1l 48.92 X X
M15 77.42 X* --
P16 55.17 X X
Q22 96.47 X* X

K13 86.87 X
K13a 37.24 --
K13B 6.10 -

e

*Rock Cored Goider Associates
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The Dborehole logs are presented in Volume 2. The

location plan of the boreholes, as drilled, was shown on

Figure 3.1 and is also included in Volume 2. The coordinate

locations and elevations of the boreholes were provided by

Exxon and are included with the logs.

The drilling and sampling work was contracted direct-
ly by Exxon with technical specifications provided by Golder
Associates. Phases 1 and 2 of the work were awarded to Soil
Testing Services (STS) of Wisconsin, Green Bay, Wisconsin.
Three well drilling firms were subcontracted by STS to drill
the deeper holes because of the power of the well drilling
equipment and air compressor capabilities for driving sam-
ples. The Phase 3 program was carried out with well drills

bv Dennys Drilling Inc., Duluth, Minnesota.

A total of 91 holes were drilled, with a total foot-
age of 3,799.07 m (12,464.1 ft.). The holes ranged in depth
from 6 m to 110 m (20 f£t. to 360 ft.) with the average depth
being about 41.7 m (137 ft.). The shallowest holes were
drilled to investigate the conditions of the bottoms of the

wetland areas while the deeper holes penetrated to bedrock.

A-2.2 Boring and Sampling Procedures

The boreholes were primarily drilled by the mud-rota-
ry method. A biodegradable viscosity increasing agent, Re-
vert, was used to form the drilling fluid. Tri-cone bits

were normally used to drill the holes with drilling rods of

60 mm (2-3/8 in.) diameter ("N" rods) and larger
diameters. Nominal hole diameters ranged between 102 mm and
152 mm (4 in. and 6 in.). A minimum of 1.5 m (5 ft.) of
casing was wused to start each hole. The holes were held

Golder Associates
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open with mud below the bottom of the casing. Occasionally,
a special problem or an in situ permeability test required
the use of additional casing. Upon completion, all holes
not including 1installation of an observation well were

filled with cement grout to the ground surface.

Disturbed and undisturbed samples were obtained from
the boreholes. Samples were generally taken every 1.5 m
(5 ft.) to a depth of 30.5m (100 ft.) and every 3.1 m
(10 £ft.) below a depth of 30.5m (100 ft.). The disturbed
samples were obtained by driving a split spoon sampler with
a drop hammer. At the start of the program, 51 mm (2 in.)
O0.D. split spoons were driven with a 63.5 kg (140 1lb.) ham-

mer freely falling 762 mm (30 in.). The number of blows it
takes to drive the sampler the last 305 mm (12 in.) of an
457 mm (18 in.) penetration provides a rough indication of

in situ density and is called the Standard Penetration Re-
sistance ("N"). The very high density of the soil, however,
made driving resistance of the split spoons very high re-
sulting in small sample recoveries. In order to 1increase
the sample recovery, 76 mm (3 in.) O.D. split spoons were
substituted and driven with 136.1 kg to 163.3 kg (300 1lb. to
360 1b.) drop hammers. The number of blows it took to drive
this larger sampler was also recorded on the boring logs.
On the well drilling rigs with air compressors, the sampler
was driven with the air hammer. The air hammer combines a
fast vibratory motion with down-pressure to advance the
sampler. This method resulted in very good sample recovery
in the very dense soil. All samples were placed in glass
jars which were packed in corrugated cardboard boxes for
shipment and storage. All samples have been retained by

Exxon.
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Several undisturbed samples were taken in some of the

wetlands where soft material was encountered. Thin-walled

sampling tubes, 76 mm (3 in.) 0.D., were pushed into the
soil by hydraulic pressure. The tubes were capped and

sealed in wax for transport and storage.

Twenty-three of the boreholes were drilled to bedrock

with bedrock samples being obtained by coring in twelve of
them. The rock was cored with a diamond bit on a double

tube core barrel, yielding a minimum core diameter of 54 mm

(2-1/8 in.) ("NWM" core barrel).

A-2.3 Observation Well Installation

Wells for the observation of groundwater levels were
installed in 46 boreholes. These wells were placed at vari-
ous depths over the prospective sites. Shallow wells were
installed in a few wetlands to observe the relationship
between the seasohally ponded water in the wetlands and the
groundwater levels below. These wells were sealed from the
surface waters and often located above anticipated ground-
water levels. Most of the deep wells were installed at
various levels below the anticipated groundwater levels.
The installation depths were varied to provide water quality
samples from different levels and to observe the relation-

ship between the hydrostatic levels at these depths.

The observation wells consisted of 1.5m to 6.1 m
(5 ft. to 20 ft.) of machine slotted, 51 mm (2 in.) O.D. pPVC
pipe set at the desired depth with a gravel backfill. Solid
51 mm (2 in.) 0.D. PVC pipe was then continued to the sur-
face. water was flushed through the assembly until the
drilling mud and filter cake was washed from the hole.
Gravel was then placed around the slotted and solid PVC pipe

to the desired depth. A bentonite clay seal, a minimum of

Golder Associates
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three feet thick, was placed over the gravel. The annulus
around the solid pipe was then backfilled with cement grout
to the surface. The PVC pipe was cut off 0.6 m to 0.9 m
(2 ft. to 3 ft.) above the ground surface and capped with a
steel protection pipe with hinged top and 1lock. Specific
well installation details are presented with their respec-

tive boring logs.

A-2.4 Borehole Permeability Tests

During the Phase 1 exploration program, numerous
in situ permeability tests were planned in the boreholes and
a total of 19 were performed. Many problems were encoun-
tered during the testing requiring on site test modifica-

tions and resulting in variations in test methods..

The planned method reguired 102 mm (4 in.) 1I.D.
casing to be driven into the soil at least 0.6 m (2 ft.)
beyond a larger starter hole. The casing was then cleaned
by washing with a 102 mm (4 in.) diameter bit, using water
and/or air, to a point about one foot below the bottom of
the casing. The casing was then filled with clean water.
The drop 1in water level with respect to time was then
measured from the top of the casing. In order for the
results of this test to be directly interpreted as permea-

bility, the bottom of the casing must be in saturated soils.

Due to field problems, the tests could not always be
performed in the described manner. In many instances the
granular soils would run up into the casing after it was
cleaned, a condition often termed "running sand." This con-
dition voids the test since it is not possible to estimate
the amount of sand in the casing during any period of mea-
surement and the soil conditions at the bottom of the casing

are highly disrupted. Repeated washing and cleaning of the
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casing usually resulted in more running sand. Due to this
condition, many of the tests below the groundwater level
were deleted. In lieu of these tests, falling head tests
were performed in the materials above the groundwater level,
Although the results of the tests done above the groundwater
may not be interpreted strictly to permeability values, they
provide a relative comparison of the permeability of the

materials.

An alternate method was attempted for tests below the
groundwater where the running sand could not be stopped. A
drive well point, 660 mm (26 in.) long, 51 mm (2 in.) I.D.
with a stainless steel screen, was driven three feet into
the natural material below the bottom of the casing. Water
was then poured into the attached standpipe and the fall of
the water level with respect to time was measured. However,
the materials were very dense and hard driving of the well

point eventually eliminated this procedure.

At the onset of the program, it was planned to
per form the permeability tests at various levels within the
same borehole. However, once casings were driven into the
soil below the starter hole they could sometimes not be
pulled out. Also, driving the casing past each test would
require a separate hole and even then running sand and
abandoned casing was a problem. These problems combined to
make the costs of the permeability tests very high and the
results questionable, thereby resulting in abandonment of
some scheduled tests and performing others above the

groundwater levels.
The test results are summarized in Table C-1, RESULTS

OF BOREHOLE PERMEABILITY TESTS, and the evaluation of test
results is presented in Appendix C. The test results, be-
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cause of the problems in performing the tests, are not con-
sidered valid as direct measurements of the permeability of
the materials tested. These test results have not been used
as specific wvalues for analyses relating to the design of

the proposed waste disposal system.
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A-3.0 TEST PIT PROGRAM

A program of test pit exploration was performed to
e

provide site specific information and samples not readily

obtainable from other methods of exploration. The program
consisted of 23 test pits excavated with a backhoe to depths
of 1.52 m to 5.18 m (5 ft. to 17 ft.). The test pits were

located in readily accessible areas and at locations to
provide samples of till soil materials for testing. The
program was not intended to be an exhaustive exploration
program, but to obtain data to be used in conjunction with

the test boring program to characterize the site soils.

All of the test pits were logged by an engineer or
engineering geologist. Bulk samples of selected materials
were retained for laboratory testing. In situ densities of
the materials were tested in six of the pits by the sand

cone density test method (ASTM D-1556).

Details of the test pits and in situ densities are
shown on the test pit logs included in Volume 2. The test
pit locations are included on Figure 3.1, Boring and Profile
Section Location Plan, and on Figure V2, Boring Location

Plan in VvVolume 2.

Test pit TP-TW4l was excavated for use as a mud pit
during the drilling of the test well for the pump test.
This pit was logged and a 227 kg (500 1lb.) sample obtained
for future laboratory testing of till plus a bentonite clay

admixture.
Test pits TP-7 through TP-22 were excavated to pro-

vide a large bulk sample of till material for future test-

ing. These test pits were logged and materials inspected
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until a sample of till material was found with approximately
12 to 15 percent fines. This sample reprecents till with a
fines content less than the average fines content of all
till samples tested. A sufficient amount of this material
was found in test pit TP-22 to provide approximately 900 kg
(2,000 1lb.) of till sample. This sample was retained for
future testing of the till with a bentonite clay admix-

ture.

Golder Associates
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A-4.0 SOIL CLASSIFICATION

The description of the soils provided on the boring
logs and test pit logs in Volumes 2 and 3 of this report
were made by the Golder Associates field personnel. These
descriptions are based on the knowledge and experience of
those personnel. The soil descriptions include a written
portion and the Unified Soil Classification System letter

designation symbols.

The written portion of the soil descriptions are
separated into two primary groups, those for granular soils
and those for cohesive soils. Granular soils consist of
boulders, cobbles, gravel, sand, and silt. Cohesive soils
are those which possess the characteristics of cohesiveness
and plasticity. They may be granular soils with the
addition of clay or organic silt which causes cohesion and
plasticity, or they may be clay or organic silt with no
coarse components. The constituent parts (gravel, sand,
etc.) are defined by their grain size as indicated on the
grain size distribution curves found in Volume 2 or

Section 4 of this report.

The following terminology is used to denote the per-

centage by weight of each component:

Description Term Range of Proportion
Trace 1-10%
Some 10-20%
Adjective (e.g. sandy) 20-35%
And 35-50%

The terminology used for soils of various degrees of

plasticity is given below:
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Silt None
Clayey Silt Slight
Silty Clay Medium
Clay High

l Designation Degree of Plasticity

e m

Thne Unified Soil Classification System chart pro-
viding a definition of the letter designation symbols 1is

shown on Figure A-1l.
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APPENDIX B

’ LABORATORY TESTING

B-1.0 INTRODUCTION

The laboratory testing program was designed to
permit identification, classification and assessment of the
engineering properties of the materials encountered. This
testing program consisted of grain size analyses, specific
gravity determinations, Atterberg Limit tests, Standard
Proctor compaction tests, triaxial shear tests and various
permeability measurement tests. In addition, carbonate
content tests were performed on a limited number of samples
(see Section 4.7). The classification tests, 1including
grain size analyses and Atterberg Limit determinations,
were performed on samples from the borings and bulk samples
from the test pits. Retrieval of undisturbed samples from
the borings which were representative of the predominant
glacial soils was not feasible due to the granular nature
0of the materials and their high in situ densities.
Therefore, the triaxial shear strength, permeability and
compaction tests were performed on bulk samples from the
test pits. The pertinent details for the laboratory test

procedures are described in the following section.

Results of the individual laboratory tests for grain
size distribution, Atterberg Limits, Standard Proctor com-
paction, triaxial shear, and laboratory permeability are
presented in Volume 2. The carbonate content test results
were presented in Section 4.7 of this report. Results of
classification, triaxial, in situ density, in situ moisture
content, Standard Proctor compaction, laboratory perme-
ability, and permeability estimates from grain size for the

test pit samples tested were presented on Table 4.2,
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B-2.1 Index and Classification Tests

Atterberg Limit tests, specific gravity
jetermination and particle size analyses were performed by
S

the following ASTM Standard

ASTM D 422-63 (1972): ©Particle Size Analysis of Soils
ASTM D 423-66 (1972): Liguid Limit of Soils

ASTM D 424-59 (1971): Plastic Limit and Plasticity
Index of Soils

ASTM D 854-58 (1979): Specific Gravity of Soils

Minor variations in the particle size determination

procedures were employed to better sult the soils being

ct

tested. In some cases, material vassing the No. 20 U.S.
Standard sieve screen was used in the hydrometer portion of

the analyses.

B-2.2 Ccmpaction Tests

Standard Proctor tests, following ASTM test
procedure D-698: Method D and Method D were used 1in
testing the bulk samples from the test pits. With both
methods, materials passing through a 19 mm (3/4 in.) sieve
were used to determine the moisture-density relationship of

the soils tested.

B-2.3 Triaxial Shear Tests

These tests were performed employing vacuum instead
of conventional confining pressure application through
fluid surrounding the sample. This special technique of
vacuum confining presure was employved to facilitate sample

preparation and testing of the predominantly granular
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materials. The soil sample was air dried to approximately
one percent moisture content, and the portion passing a
13 mm (1/2 in.) sieve was used to ©prepare the test
specimen. The test specimen was formed by pouring the
prepared soil sample through a funnel into a 102 mm (4 in.)
diameter mold. A rubber membrane was attached to the mold
to cover its interior surface. At approximately each 25 mm
(1 in.) 1ift, the soil sample was compressed manually with
a plunger of the same diameter as that of the inside of the
mold. The prepared specimen was placed on the pedestal of
the triaxial chamber and sealed at both the top and
bottom. A small vacuum was then applied at the bottom of
the sample and the mold removed. The remainder of the cell

assembly was completed in the usual manner for triaxial

testing.

A multiple stage triaxial test was conducted on the
same specimen using internal vacuum confining pressures of
approximately 17 kpa, 51 kpa, and 85 kPa (5 in., 15 in.,
and 25 inches of mercury) respective in successive
stages. Throughout the test the specimen was loaded verti-
cally at the rate of 46 mm per second (0.03 in. per
minute). During the first two stages, when the stress-
strain curve began to flatten out (an increase in strain
with 1little 1increase in stress), the confining vacuum
pressure was increased to the next higher increment. The
third stage was continued to failure of the specimen. AS
an example of the effects of the degree of compaction on
shear strength, the soil sample from test pit TP-1 was
tested at three different molding densities. Other soil
samples from test pits TP-2, TP-4 and TP-5 were tested at

only one density value.
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B-2.4 Permeability Tests

Pour of the test pit samples were tested in the
laboratory for their permeability characteristics. TO
evaluate a possible range of influencing factors due to
rest procedures, several test methods, as described in the

following, were employed:

1. The U.S. Army Corps of Engineers' Method:
The test samples were prepared by sprinkling
oven-dried soil passing a 13 mm (1/2 in.)
sieve into a mold with a maximum 13 mm
(1/2 in.) of free water maintained above the
top of the sample. The details of this
method are given in the Corps of Engineers
publication EM 1110-2-1906: Laboratory Soil
Testing, page VII-8. A standard falling head
permeability test was then performed on the
prepared sample.

2. Constant Head Test in Triaxial Chamber: In
this method, the test specimen was prepared
by compaction in a Proctor mold employing the

tandard Proctor test procedure. Since the
use of the sample diameter larger than 102 mm
(4 in.) was not feasible, materials passing a
13 mm (1/2 in.) sieve were used to prepare
the specimens. The specimen was then ex-
tracted from the mold and placed 1in a
triaxial chamber with a flexible membrane
lining along the sides of the specimen. The
specimen was saturated using the back
pressure technique. A constant pressure head
was applied at the bottom of sample with flow
being measured at the top of specimen. To
evaluate the effect of density on
permeability characteristics, separate
specimens were prepared by varying molding
moisture and the number of compaction blows
for two of the four test pit samples.

3. Constant Head Test using Proctor Mold:
Specimens for this test were also prepared
using the Standard Proctor mold and test
procedures. Before compacting a sample 1n
the mold, the side of the mold was wiped with
a moist towel and dry bentonite powder was
sprinkled on the moist surface. A very thin
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bentonite film (approximately 0.8 mm oOr
1/32 in.) was thus prepared on the inside

surface of the mold to prevent piping along
side of the mold during the permeability
test. The test specimen, with material
passing the 19 mm (3/4 in.) sieve, was then
compacted in the mold. The specimen remained
in the mold during testing and the mold was
fitted with a sealed top and bottom cover
plate. Before permeability measurements were
made, the specimens were subjected to various
pressure gradients between 34 kPa to 103 kPa

(5 psi to 15 psi) and this pressure
maintained until the 1liguid inflow was equal
to the outflow. Permeability measurements

were then made at the same pressure gradient
for which the inflow and outflow were equal.
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APPENDIX C

PERMEABILITY DATA EVALUATION

C-1.0 INTRODUCTION

h

Data <for overburden permeability estimates were
developed by Golder Associates from the £ield borehole
permeability tests and laboratory tests. In addition,
laboratory grain size analyses results were also inter-
preted to obtain approximate permeability wvalues using
Hazen's formula. 1In the following sections, these data and
their results are discussed and evaluated. Data developed
by Dames & Moore has been reviewed by Golder Associates but
is not 1included in this evaluation. In addition to the
data presented herein, a field pump test has been performed
to investigate overall aguifer characteristics. A summary
of this pump test is presented in Appendix E and a complete
discussion of the test and analysis is provided in Refer-

ence 7.
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C-2.0 BOREHOLE PERMEABILITY TESTS

C-2.1 General

Various methods adopted to perform the borehole
permeability tests, their limitations and the difficulties
encountered during the testing were described in detail in
appendix A, Section A-2.4. The pertinent details and field
measurements for each test are described in their respec-
tive boring logs. Table C-1, Results of Borehole Perme-
ability Tests, summarizes the computed permeability values
based on the available field data as interpreted by Golder
Associates. The formulas and time durations used for cal-
culating the permeability values for each test are also
included in Table C-1.

C-2.2 Calculation Procedures

Borehole permeability tests were performed at levels
both above and below the groundwater table. In the former
tests, since the soils above the water table are partially
saturated, calculated permeability values should be re-
garded more as percolation rates or, at best, approximate
estimates of the permeability characteristics. To dif-
ferentiate various time segments of a test, a semi-loga-
rithmic plot of time (natural scale) vs. hydrostatic head
(log scale) was drawn for each test. The straight line
portion of this plot indicating steady flow was then used

to calculate the reported permeability values.

In tests above the groundwater table, it is typi-
cally noted that the initial percolation rates are higher
which probably accounts for saturation of the soil as the
wetting front moves downward and outward. After the ini-
tial saturation period, the percolation rate normally

reaches a constant value. It was noted in one case, where
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TABLE C-1
RESULTS OF BOREHOLE PERMEABILITY TESTS
FORMULA USZD TO CALCY 5 T
CASE TEST CCNDITION Do [PJEF:".E;.;IL;T{,-. kC“LAT“ 5 |
X-—- - ---¢ R % - = " L
——r e [ " hl 4¢1n (—[-)—) A1 BCRINLG g TEST : = } CALCULATICNS BASED CN: CALCULATED & i (3)
. N BA R k = 3LIt,-t) ln 73 : .. | ELEVATION g TIME | peawvekBILITY, REMARKS
(a) ; ; : NO. A m (ft.) 9 TEST PERICD
Ija:fz Use m = 1, assuming horizontal & = (1) 3] CONDITICN i) k, n/s
Falling Head using well-point vertical permeability to be equal 2
= ::? R Tgl ny ' G41-C15A il 451.90 Till | Case (a) 5-=20 i & Large run-up prior to testing
) [ i L D (1482.6) | (5P-3M) L 3l e | don Ngne Wk
(b) R 11(t,-t,) p G41-E13A | 1 | 492.47 Till | Case (e) 2-18 | ¢ | Test at level above the ground-
(1615.7) (5M) 1.9 x 10 . water table
2 489.11 il Case (e) 5=-15 ! e Test at level above the ground-
(1604.7) (M) | L. 3.50% 1o water table
h 8 482.71 Till : Case (4) 5=30 ; Test at level ablve the ground-
< WS SRR (1583.7) (SM) 5.5 x 1070
(c) Em=TiE & h : %
5y 2 4| 476.31 Till & Case (d) 0.5-15 o
Rising Head Test (1562.7) (SM) | 7.8 x 10 |
e 5 464.42 g i 1 3§ Case (b) 0.75=5 e Run-up prior to testing,
e I Ihl . (1523.7) (M) : 3.7k 10 = | See Note #4
(@) - - 2 RGN 6 | 453.15 cesD | Case (a) 11-16 _7 | Slight silting during test
S i K » ____ZL(t2_tl) Lol in h, (1486.7) (sp) | 7.0
; s 74 437.60 CGSD | Case (a) 025=31 i Very high silting during test,
e T (1435.7) (SP-5M) 2.9k 10”7 See Note #4
e ;-11 T G41-Gl5Aa 1| 481.98 Tall'|  Cage (&} 0-40 _5 Rising head test, limited value
S ik 4 }: hy 2 h (1581.3) (sm) ! 2.6 k 10 | due to only one observation
(e) e 2 4 TR SRS ln(%%) ln(ﬁi) 1| 481.98 I Tiil | Casge (a) 0-15 _7 | Hole apparently clogged after
iaba i e 2L(t,-t,) 2 (1581.3) | (sM) 8.9 x 10 sampling. See Note #4
G41-15C 1 509.32 Till | Case (e) 10~-25 L Test at level above the ground-
3 . [ (187L.0) | d{sw) | 180 10 water table
hy 2R &+ 1T1L; hl 2 503,495 vy Case (e) 5=15 _7 Test at level above the ground-
(£) i_ k = LY ln(H—) : (1650.0) f (GM) 3.6 % 10 water table
2 1 = 3 f 496.67 I Till | Case (e) 20-45 e ! Test at level above the ground-
' (1629.5) (sM) 6.5 x 10 ° |  water table
| 4 | 490.42 T4 14 Case (e) 1-15 i Test at level above the ground-
FEw |2~y pl 1, A By | (1609.0) (SM) 6 @ 10" | neer taie
(9) .1Ll 2 k = T } ln(ﬁ—) 5 471.22 Till Case (d) 5-15 -7 Silting of hole during test,
¥ - i | 2 (1546.0) (SM) 1.1.0¢ to See Note #4
Falling Head Test G41-J17A 1 508.99 Till Case (e) 5-30 _7 Test at level above the ground-
(1669.9) (SM) 1.0 % 10 water table
NOTATICN: G41-K13A 1 480.88 Till Case (d) 5-20 T Test through boulder, see the
. {1577.7) (SP-SM) i 1.7 % 1o text
hy = piezometric head at time =ty G41-K13B i 511.09 Till Casa (L) 20-30 -t Test at level above the ground-
hy = piezometric head at time = t, (1676.8) (sM) 1.0 % 10 water table
d = diameter, well point G41-P18B | 1 | 470.86 Till Case (g) [See Note #5 _5 Sand run-up during test,
D = diameter, casing (1544.8) (SM) 2.7 ¥ 10 See Note #4
R = radius, casing NOTES:
m = transformation ratio 1. Elevation indicates the lowest level of the 3. Detailed review of each field permeability
I. = intake length - test section. test is included in the text.
L, = length, sand run-up or soil plug inside casing bottom 2. Classification includes estimated glacial soil 4. Not considered representative of in situ
1n = natural logarithm type (and Unified Soil Classification letter conditions due to reason noted.

Formulas from Reference 10

designation) with CGSD being coarse grained 5.
stratified drift.

Average of 0 to 2 and 25 to 35.

TABLE
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the test level was approximately 6.1 m (20 ft.) above the
groundwater table, that the percolation rate increased with
time. It is suspected that this increase is due to leakage

around the casing.

The tests below the groundwater table were affected
either by run-up conditions or silting. Since run-up mark-
edly disturbs the in situ conditions, results are not con-
sidered representative of in situ characteristics. Even
though permeability values are calculated for such cases,
these data are not considered valid and are so noted in
Table C-1 as well as in Section C-2.3, Test Review. Some
of the borehole permeability tests were apparently sub-
jected to silting of the hole by fines which remained 1in
suspension. To some extent, this silting was identified
from the semi-logarithmic plot of time vs. hydrostatic
nead, by a gradual change of the slope of the curve. Sev-
eral such slope changes would indicate heavy silting and
relative times of occurrence. The effects of silting on
the calculated permeability values would be wvariable.
However, in view of predominantly granular materials being
tested, silting would tend to indicate lower rather than
higher permeability values. It is judged that the calcu-
lated permeability values may be lower by approximately one
order of magnitude than their true values. The tabulated
permeability values are calculated from stabilized readings
after 10 to 30 minutes of testing and are not adjusted for

silting.

C-2.3 Test Review

To illustrate the limitations of the tabulated per-
meability values, each borehole permeability test is re-

viewed separately in the following:
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Boring

G41-Cl5A: Running sand was encountered while

Boring

driving the casing prior to this test. Vari-
ous methods to control the running sand were
not successful and a well point had to be
driven to the test elevation through the run-
up materials. Because of these conditions,
the test 1is not considered representative of
in situ conditions.

G41-E13A: Seven tests were performed at this

location at deoths varying from 3.4 m
(11 £t.) to 58.2 m (191 ft.) below the ground
surface from elevation 492.5 m (1615.7 ft.)
to 437.6 m (1435.7 ft.). Test numbers 1 and
2, per formed at elevations 492.5 m
(1615.7 ft.) and 489.1 m (1604.7 ft.), were
above the groundwater table. Although full
saturation of the surrounding soil may not
have been achieved, the calculated permea-
bility wvalues from these two tests are in
reasonable agreement with each other as well
as with tests 3 and 4 which were conducted

below the groundwater table. Tests 3 and 4,
at elevations 492.7 m (1583.7 £t.) and
476.3 m (1562.7 ft.), appear to be satis-
factory and representative of in situ condi-
tions. Test 5, at elevation 464.6 m
(1523.7 ft.), was performed in a new hole
1.5 m (5 ft.) south of the original boring
location. This test was affected by approxi-
mately 4.6 m (15 ft.) run-up, and therefore,

is not indicative of in situ conditions. The
last two tests at this location, tests 6 and
7, were at elevations 453.1 m (1486.7 ft.)
and 437.6 m (1435.7 ft.). The borehole was
advanced using revert drilling mud and well
points were driven to the test 1levels to
avoid running conditions. The water level
vs. time data suggests slight clogging during
test 6 and more severe clogging during test 7
as evidenced by a decrease in the amount of
water intake with time. This decrease in
test 7 was particularly noticeable and re-
flects a computed permeability chan%e from

3x10-6 to 3x10°7 m/s (9x10
9xlO"7 ft./sec.) after the first three mln—
utes of the test. There is no readily ap-

parent reason for this decrease in permeabil-
ity so it is not p0551b1e to determine which
permeability value is more accurate.

Golder Associates
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G41-Gl5A: A rising head permeability test

was performed in this boring at elevation
481.9 m (1581.3 ft.) and vielded a _permeabil-
ity value of 2.6x107° m/s (7.8x10™°> f£t./sec.).
After this test was completed, a split spoon
sample was driven at the bottom of the hole.
The hole was then filled with water and a
falling head permeability test performed. The
falling head test yielded a significantly
lower permeability value of 8.9x1077 m/s
(2,7x10’6 ft./sec.). Apparently, the sampling
and silting of the borehole clogged the bottom
of the hole for the falling head test.

G41-G1l5C: Five falling head tests were per-

formed in this boring; four above the ground-
water level and one below. Tests 1 and 2, at
elevations 509.3 m (1671.0 f£t.) and 502.9 m
(1650.0 ft.), suggest steady flow conditions
to have been established quickly and the re-
ported permeability values are based on' these

'steady conditions.

Test 3, at elevation 496.7 m (1629.5 ft.), had
a rapid drop in water level not noted in the
other tests. However, the flow rate appeared
steady after about 20 minutes and the reported
value is based on these measurements.

Test 4, at elevation 490.4 m (1609.0 ft.),
indicated an increase in water take with
time. The reported value is for the first 15
minutes of the test. It is possible that the
increase in flow with time was due to leakage
around the casing.

The one test below the groundwater level, test
5, was per formed at elevation 471.2 m
(1546.0 ft.). The measurements suggest a
possible silting of the hole with time. The
reported permeability value 1is based on the
measurements for the first 15 minutes oOf
testing where the silting may have had some-
what less effect although the low results do
suggest some effect.

G41-J17a: The falling head test at elevation

' October, 1981
' Boring
l Boring
' Boring

508.9 m (1669.9 ft.) was located above the
watertable. The reported permeability value is
based on the flow rates for the 5 to 30 min-
utes time duration interval.

Golder Associates
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Boring

G41-K13A: A falling head test was conducted

"

o

Boring

at elevation 480.9 m (1577.7 £t.), after
drilling through a 0.5 m (1.5 ft.) thick boul-
der Dbelow elevation 48l1.6 m (1579.9 ft.).
Thus, the test section was 0.2 m (0.7 ft.)
below the bottom of the boulder with the
casing driven to the top of the boulder. The
data were reduced assuming that the boulder
was not broken and acted as part of the
casing. However, it is very likely that leak-
age occurred between the casing and the boul-
der. Also, the boulder might have been frac-
tured or broken during drilling. Because of
these wvariables, the test results are con-
sidered gquestionable. The calculated perme-
ability values depict decreasing permeability
with time indicating a sealing of the hole.
The permeability value noted in the table is
the average value between 5 and 20 minutes
time duration.

G41-K13B: The falling head test at elevation

Boring

511.1m (1676.8 ft.) was conducted at a level
above the water table. The reported perme-
ability value in the table is based on stabi-
lized flow rates after 20 minutes time dura-
tion.

G41-P18B: Sand run-up of approximately 1.52 m

(5 £t.) was noted during the test and 1is
therefore not considered indicative of in situ
conditions.

Golder Associates
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C-3.0 LABORATORY PERMEABILITY TESTS

Several procedures of sample preparation and testing
were emploved to evaluate the permeability characteristics
of the test pit samples. The various test procedures adop-
ted were described in Appendix B, Section B-2.4 and the

results were summarized in Table 4.2.

The specimens prepared by sedimentation using the
Corps of Engineers methods, had fairly low densities since
there is no mechanical compaction of the sample. Also,
sedimenting of the sample can cause a moderate layering
effect which would not be representative of in situ or em-
bankment construction conditions. Two samples tested by
this method developed piping along the side of the mold
which was visually obvious and the other samples were also
suspected of having developed piping. Because of these
conditions, the results from this test procedure are not
considered indicative of the permeability of the materials
in their in situ condition nor their anticipated compacted
condition. The permeability values determined by this pro-
cedure are believed to be much higher, possibly up to two
orders of magnitude higher, than those of the in situ or
compacted materials. These values have not been used 1in

analyses for design of the waste disposal facilities.

The Constant Head tests were performed by two dif-
ferent methods. The first method involved the use of a
triaxial apparatus with back pressure saturation and a flex-
ible membrane along the sides of the sample. This method
permits the measurement of degree of saturation by deter-
mining the "B" parameter before taking the permeability
readings. Also, there did not appear to be any smearing of
soil on the upper and lower porous stones and the method of

preparation of the sample should not have produced an ap-

Golder Associates’
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preciable layering of the fines in the material to affect
the permeability measurement. However, 1t 1s suspected that
there was some increased flow at the soil-membrane interface
which yielded a higher permeability value than if this flow
had not occurred. It is Jjudged that the permeability value
for predominantly granular (SM) material will be slightly
lower than the average 1indicated permeability range of
1x1077 to 2x1077 m/s (3x10”7 to 6x1077 ft./sec.) by this
test method.

In the second method of Constant Head permeability
test, a Proctor mold with bentonite coating on the 1inside
surface of the mold was used. Due to the bentonite coating
any piping along the side of the mold was essentially elimi-
nated under the pressure gradients of 34 kPa to 103 kPa (5
psi to 15 psi). However, this method does not assure full
saturation, which is believed to be the reason for the per-
meability values on the order of 2x1078 m/s
(6:’410’8 ft./sec.) which are lower than those obtained by the
first test method.

Golder Associates
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C-4.0 HAZEN'S APPROXIMATION

The flow of groundwater through sands and silts de-
pends upon the size and shape of the voids in the soil.
Hazen found from numerous tests with loose filter sands that
the permeability of these sands depends upon the effective
particle size and the uniformity coefficients; thereby re-
lating permeability to grain size distribution. For loose
sands having a uniformity coefficient between 2 and 5, the

Hazen empirical equation is:
= 2

where k 1s the coefficient of permeability in centimeters
per second and Dy, is the effective size (10 percent of the
sample, by weight, being smaller than this size) in centi-
meters. C 1s a constant whose value ranges from 90 to 120,
and a value of 100 is wusually used. For soils other than
loose uniform sands, permeability values computed from the

Hazen equation should be considered only approximate.

Estimated coefficients of permeability for the gla-
cial materials have been made using Hazen's approximation
and the Djj particle sizes from the grain size curves.
These estimates have been made using a value of 100 for the
constant term 'C' in Hazen's equation. The grain size dis-
tribution curves give the particle diameters in milli-
meters. Therefore, with C=100, and grain sizes in milli-
meters (not centimeters), Hazen's equation may be rewritten

as:

2
(Dy9)
100

with the result in meters per second.
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Table C-2 presents results of permeability estimates
using the above formula. The table also given the Dyg size
in millimeters and the uniformity coefficient (Dgy/Djig)-
Table C-2 1is arranged with the data categorized by glacial
material type, disposal site (Site 40 and 41), boring num-

ber, and sample number.

These results are not precise determinations of soil
permeability but do provide an indication of the variability
of permeability which may be expected for the various mate-
rials. Where permeability measurements have been made by
laboratory test or from the pump test, their data fall with-

in the range estimated by the Hazen approximations.

Golder Associates
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TABLE C-2
l PERMEABILITY ESTIMATES BY HAZEN'S APPROXIMATION
' GIACIAL TTLL DEPCSITS
= i ; | Uniformity
l } - Boring  Sample Unified Dgg | Dig Coefficient Permeability
M. | No. Classification (mm) | (WM  (Dgy/Dyy) (1070 m/s)
' Tp-1 1 M | 0.60 | 0.040 15 1.6
™-2 1 M . 0.78 | 0.060 13 3.6
TP-4 1 CL | 0.20 | 0.0020 100 0.0040
l TP-5 1 M | 0.46 ! 0.015 31 0.23
TP-22 1 GP-M 10 0.075 130 5.6
TP-TW-41 1 M . 0.46 @ 0.030 15 0.90
l G40-D24 6 ™ 0.31, 0.014 22 0.20
G40-G24 4 SW-SM . 0.55 ! 0.060 9 3.6
G40-G26 8 S | 0.40 | 0.024 17 0.58
l G40-H27 7 M ' 0.12 | 0.0094 13 0.088
G40-J20 7 M 1 0.40 | 0.030 ! 13 0.90
G40-123 6 M 0.38 = 0.030 ! 13 0.90
G40-M15 = 2 M ©0.33 ) 0.0065 | 51 0.081
l 38 M 0.34 | 0.0016 210 0.0026
.39 M . 0.46 | 0.0090 51 0.081
G40-P10 | 6 M ' 0.61 | 0.032 | 19 1.0
l G40-p17 | 6 SP-S ' 0.76 | 0.13 6 17
16 SP-M  0.40 | 0.021 ! 19 0.44
G41-C15 32 SP-SM 1.2 | 0.076 16 5.8
' G41-D18 5 SP-M ' 0.55 | 0.087 | 6 7.6
G41-E13 3 ™ . 0.42 | 0.041 10 1.7
3 5 M 1 0.31 | 0.041 8 1.7
I |9 ; M | 3.6 | 0.060 | 60 3.6
13 & 14 M | 0.54 | 0.019 | 28 | 0.36
| G41-E15 | 8 ‘ SP-SM ! 2.8 0.16 | 18 L 26
l . GAl-E17 7 | M . 0.45 | 0.0080 56 1 0.064
; 24 SP-sM 4.0 | 0.11 . 36 12
G4l-Gl1l | 1 M 0.33 | 0.0014 240 | 0.0020
I 14 SP-SM i 1.4 0.076 18 | 5.8
' ; 15 ' M 0.42 | 0.010 42 ? 0.10
G41-Gl4a | 1 SP-SM 1.7 | 0.20 9 .40
2 P-GM 11 0.22 50 | 48
l L3 M 0.30 | 0.0090 ! 33 | 0.081
4 ™M 0.37 | 0.013 . 28 L 0.17
s M 0.35 | 0.023 15 0.53
7 M 0.38 | 0.030 13 0.90
' 9 M 0.42 | 0.032 13 1.0
10 sM 0.40 | 0.044 9 | 1.9
l Golder Associates
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TABLE C-2
' PERMEABILITY ESTIMATES BY HAZEN'S APPROXIMATION (Continued)
. GLACIAL TILL DEPOSITS (Continued)
= . Uniformity ‘
l - Boring  Sample: Unified Dgp Dig Coefficient Permeability |
No. No. . Classification (mm) = (M)  (Dgy/D1g)  (107° m/s) |
' G41-G14B 3 M 0.32  0.023 14 0.53
4 M 0.32  0.021 15 0.44
5 M 0.47 0.024 20 0.58
' 6 SP-SM 7.5 0.11 68 12
7 M 0.56 0.050 11 2.5
9 ™ 0.097 0.0078 12 0.061
l 4 10 ML 0.027 0.0017 16 " 0.0029
11 sM 3.8 0.013 290 0.17
G41-G15 1 ™ 2.3 0.010 230 0.10 !
54 & 5B M 0.28  0.0030 93 0.0090
' 8 M 0.33 0.030 11 0.90 !
17 sM 0.37 0.020 19 0.40
27 M 0.30  0.0054 56 0.029
l G41-G15A 3 M 0.54 0.040 14 1.6
4 M 0.45  0.020 23 0.40
7 GM 5.4  0.0015 3600 0.0023
10B M 0.32  0.0094 34 0.088
' G41-G15B 2 GP-GM 7.3 0.13 56 17
G41-G21 12 M 0.45 0.015 30 0.23
_ 20 M 0.36 0.030 12 0.90
I - G41-H13 1 M 0.27 0.0054 50 0.029
 G4l-m17 3 sp 1.5 0.21 7 44
6 GP 15 10.21 71 44
. G41-Hi8A 3 M 0.24  0.0050 48 . 0.025
' ' G41-J17 3 M 0.70 0.023 30 ‘ 0.53
i 6 M 0.51 '0.0050" 100 | 0.025
- G41-J18 7 sp 4.6 . 0.26 18 . 68
' | 11 sM 0.36 '0.019 19 . 0.36
15 SP-SM 5.0  0.15 33 23
G41-K13 1 M 0.37 ,0.0020 190 ' 0.0040 |
! 9A & 9B SW—-SM 1.5 . 0.12 13 . 14 g
' f 14 SM 0.97 0.012 | 8l 12 :
- G41-K13a 16 SP-SM 2.5 10.098 | 26 9.6 !
| 23 SP-SM 1 0.44 | 0.077 | 6 5.9 |
' | G41-K13B 1 ML 10.064 | 0.0030 21 | 0.0090 |
' 3 CL-ML £ 0.031 ;0.0023 | 13 ; 0.0053 |
L5 sM 1 0.53 10.030 | 18 ! 0.90
G4l-R21 ! 8 S 1 0.60 0.015 | 40 | 0.23 ?
' G4l-M1l | 14 SP-SM 1 0.63  0.060 | 11 3.6 |
l Golder Associates
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TABLE C-2
l DERMEARTLITY ESTIMATES BY HAZEN'S APPROXIMATION (Continued)
' GLACIAL TILL DEPOSITS (Continued)
=z Uniformity
' ) Boring . Sample Unified . Dgo D1g Coefficient Permeability
‘ No. . No. Classification (mm) (mm) . (Dgg/D1g) (10'5 mn/'s)
l G41-P16 3 SW-SM - 1.0 0.090 11 8.1
‘ 12 SP-SM 1.7 0.076 22 5.8
. G41-Ll11 4 SM . 0.40 0.010 40 0.10
l ' G41-115 2 SM - 0.44 0.012 37 0.14
? 9 SP-SM | 0.43 0.076 . 6 5.8
G41-119 2 SM l 0.62 0.016 39 0.26
.  G41-L23 8 SM ''0.33  0.0040 83 0.016
| G41-125 5 SM ! 0.80 0.015 . 53 0.23
| 14 SW 5.8 0.20 29 40
. G41-P18 10 M . 0.42  0.0036° 120 0.013
l ; 12 SP-SM 3.6 0.15 24 23
- G4l-p24 7 SM 0.60 .~ 0.027 | 22 0.73
| 26B SW-SM 3.0  0.076 39 5.8
I . Gal-m24 1 M 0.43 0.013 33 0.17
| G41-N21 3 SP-SM 2.0 0.070 29 4.9
. COARSE GRAINED STRATIFIED DRIFT
G40-D24 22 : SP 0.31 0.16 2 26
. G4a0-G24 14 ! SP 0.46 0.12 4 14
G40-G26 19 | SP 0.50 0.17 3 29
G40-H13 5 SP 0.43  0.20 2 40
G40-H16 = 18 } SP-SM 0.44  0.14 3 20
l .24 | SP-SM 0.31 ; 0.030 10 0.90
G40-K13 = 4 i SP-SM 0.30  0.13 2 17
| 6B SP-SM 1 0.43 | 0.16 | 3 26
' G40-123 | 17 | sp 0.43  0.18 ! 2 32
G40-ML5 | 22 ; SP-SM 0.40 | 0.094 | 4 8.8
G40-P10 | 11 SP-SM 0.50 | 0.14 4 20
G40-P20 15 : SP-SM 0.41 | 0.13 | 3 20
l G40-R23 15 ? SP-SM 0.34 | 0.090 } 4 8.1
G40-S11 12 5 SP-SM 1 0.95 ‘ 0.18 | 5 32
l | G41-C15 3 Sp 0.27 llo.ls | 2 26
‘ 25 SP-SM 0.43 | 0.10 | 4 10
 G41-E13 25 . sp 0.31 ,0.14 | 2 20
l ; Il : SP-SM 0.22 0.11 2 12
| 34 | SP-SM 0.38 ¢ 0.12 3 14
l Golder Associates
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TABLE C-2
' PERMEABILITY ESTIMATES BY HAZEN'S APPROXIMATION (Continued)
' COARSE GRAINED STRATIFIED IRIFT (Continued)
_:__ Uniformity N
l . Boring  Sample Unified D Dig Coefficient Permeability
No. No.  Classification (mm) = (Wm)  (Dgy/Dyg) (107> w/s)
' . G41-E19A 13A sp 0.27 0.1l 2 12
. Gal-F24 15 SW-SM 1.3 0.15 9 23
| G41-Gl4n 13 SP-GM 0.52  0.098 5 9.6
l 14 sP 0.43  0.18 2 32
| 15 SP-SM 0.35 0.10 4 10
| 16 SP-SM 0.24  0.092 3 8.5
‘ 17 SP-5M 0.23  0.080 3 6.4
| G41-G19 16 SP-SM 1.5  0.10 15 10
| G41-G21 18 SP-5M 0.44 0.15 3 23
. G41-H18 9 SP . 0.54 0.16 3 26
l  G4l-H18A 4 sp 2.4  0.25 10 63
| G41-K13 11 SP-SM . 0.30  0.076 4 5.8
| G4l-R21 14 sp 0.60 0.26 4 68
. | G41-K26 18 - Sp 0.25 0.15 2 23
| G41-M11 5 : sp 10.26  0.15 2 23
| G41-123 - 15 SP 1.8 0.30 6 90
CG4l-N21 . 26 sp '0.79  0.20 4 40
' | G41-P24 4 SP-SM 0.80 0.16 5 26
' 23 SP-sM 0.43  0.076 3 5.8
l FINE GRATNED STRATIFIED DRIFT
G40-H16 27 ML 10,072 0.010 7 0.10
l - G40-Ml5 . 32 SP-SM 10.18 : 0.076 2 5.8
G41-C15 31 | ML 10.029 0.0054. 5 0.029
' G41-E17 30 ML, 0.065 0.020 3 0.40
| 31 ML 0.020, 0.0016 13 0.0026
| G4l-Gl4n 18 | ML 10.060 0.020 3 0.40 ‘
| G41-G14B 1 M 10.14 © 0.038 4 1.4
l | 2 ML 10,061 0.023 3 0.53
' OUTWASH DEPOSITS
G41-P18B 2 | sp 10.25 0.12 2 . 144
l Golder Associates



October, 1981 C-16 786085

TABLE C-2

PERMEABILITY ESTIMATES BY HAZEN'S APPROXIMATION (Continued)

LTACUSTRINE SEDIMENTS

= Uniformity
i Boring Sample Unified '~ Dgg Dig Coefficient Permeability
No. No. Classification| (M) (M)  (Dgg/Dyg) (107> W's)
G40-H16 2 SM 0.16 0.024 7 0.58
G41-Cl5 8 SM 0.13 0.050 3 2.5
11 ML 0.068 0.0015 45 0.0023
G41-C15B 2A PT 0.23 0.020 12 0.40
G41-G12 1 ML 0.034 0.0021 16 0.0044
G41-H18A 2 SM 0.074 0.0038 19 0.014
G41-pP18 5 ML 0.016 0.0037 4 0.014
G41-P18B Tube ML 0.0095 0.0014 7 : 0.0020
8 ML 0.017 0.0045 4 0.020
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APPENDIX D

BEDROCK CONTOURS

A contour map of the bedrock and weathered rock was
prepared for the Crandon Project area. The boundaries for
the map approximately correspond to the surface watershed
divides and represent an area which will encompass future
groundwater modeling efforts. Data for this map was ob-
tained over an area of about 260,000 km2 (100 sg. mi.).

The rock surface map 1is the result of the synthesis
and interpretation of various data. The data used to de-

velop the bedrock contour map were from:

1. Test borings supervised by Golder Associates;

2. Refraction seismic survey program developed by
Golder Associates, performed by Geoterrex Lim-
ited;

3. Test borings supervised by Dames & Moore;

4. Mineral exploration borings supervised by Exxon

Minerals Company; and

5. Refraction seismic survey program conducted by
United States Geological Survey (USGS).

The locations of these data are shown on a composite
USGS quadrangle basemap, Figure D-1, Bedrock Data Map.
Figure 2.3, Bedrock Contour Map, shows contours as a metric
basemap which covers a smaller area than shown on Fig-

ure D-1.

The primary purpose for determining the bedrock con=-
tours was to define the trends of the base of the glacial
overburden which would thus set the base of the glacial
aguifer. For this purpose, weathered rock and/or sound

rock were considered to define the basement surface.

Golder Associates
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The detailed test boring data for those borings super-

vised by Golder Associates are provided in Volumes 2 and 3

©0f this report. Detailed logs of those borings supervised
b\'

y Dames & Moore are in Reference 6. Exploration borings
supervised by Exxon included those at the orebody and those
in surrounding areas. The plan location density of drill
noles and rock contouring done by Exxon around the orebody
was 1in much greater detail than shown on the Bedrock Con-
tour Map in Figure 2.3. This detailed information is shown
on Figure D-2 as provided by Exxon. A list of the loca-
tions and bedrock elevations of other Exxon exploration
holes was provided in correspondence of February 26, 1979,
a copy of which is included at the end of the text of this

Appendix.

Geophysical data was obtained near the Mole Lake area
by the USGS. The data from this seismic program was pro-
vided in correspondence of May 8, 1980. A copy of this
data is included after the copy of the Exxon exploration
drilling correspondence at the end of the text of this
Appendix. Depth to rock at each end of the survey line was
given as data. These depths were converted to elevations
and then averaged to provide a single data point for the

bedrock surface interpretation.

Seismic exploration was also undertaken by Exxon in an
area north of the orebody around Swamp Creek. This area is
highlighted on Figure D-1. Bedrock contours shown on Fig-
ures D-1 and 2.3 in this area were provided by Exxon. This
survey was performed by Geoterrex Ltd., of Lakewood,

Colorado during July - October, 1981.

Golder Associates
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An additional seismic program was performed to provide
rock contour data over a larger area than that covered by
the other exploration programs previously described. This
program was carried out by Geoterrex Ltd., of Lakewood,
Colorado during March 1980 and observed by representatives
of Golder Associates and Exxon. Individual locations for
the refraction seismic survey were selected to provide spot
coverage of the study area. Test locations were closer
together near the proposed waste disposal areas, 1.6 to
3.2 km (1 to 2 mi.) apart, than near the perimeter of the
study area, where they are up to almost 6.4 km (4 mi.)
apart. Locations were also selected based on ease of site
access and limitation of disruption to the public. The
final locations were selected to be as far from public or
private buildings as possible, over terrain with topography
being as flat as possible and as close as possible to their
pre-planned locations. The final 25 survey locations are

shown on Figure D-1, and in detail in Ref. 8.

Data from the Geoterrex program shows the interpreted
bedrock surface elevations along the line of geophones at
each survey location. The average rock elevation along
each survey line was determined by averaging the rock ele-
vations at 15.2 m (50 ft.) intervals from the center of the
survey line. These average elevations were used as spot
data for the bedrock contour determination and are shown on
Figure D-1. Details of the Geoterrex program are presented
in Ref. 8.
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EXON MINERALS COMPANY, U.S A

POST OFFICE BOX B13+ RHINELANDER WISCONSIN 5450

February 26,
MEMORANDUM Fra
= zx::f ff:ziﬂzs
TC: C. E. Orser :
FROM: F. J. Scncermen
RE: Drill <cle Information

Per your reguest, the following regional drill hole data is &
inccrporation in the Golder Study.

Hole No.
CUR-1 Center NE/&, SW/4, NE/L Sec. 30, 35N, 12E.
ko--oximate Elevetion: 1,580. \Verticel Deptn
CUR-2 Sw/4&, NE/&, NW/&, NW/& Sec. 29, 35N, 12t.
Eooroximate E]eth1on 1,545. Vertical Depth
U Ne/L, NW/&, SW/6, NE/& Sec. 36, 34N, 12E.
Loproximate Elevation: 1,540. Vertical Depth
HR-1 Cernter N1/2, NE/&, SW/&, Sec. 31, 34N, 12EL.
tpproximate Elevation: 1,540, Vertical Depth
WRN-1 Center SE/4, SE/4, SE/& Sec. 3, 35N, 11E.
Approximate Elevation: 1,613. Vertical Depth
WRS-1 Center W/2, SW/4, Nw/4, Sec. 11, 35N, 11E.
Approximate Elevation: 1,607. Vertical Depth
NA-1 NE/4, NwW/4, SE/4, SE/4, Sec. 1, 35N, 11E.
foproximate Elevation: 1,660. Vertical Depth
CIL-1 Sw/4, NE/4, SW/&4, NE/4, Sec. 15, 35N, 11E.

are a few competi tor drill holes which may be available from
attempt to obtain the necessary cata and forward it to you.

T W I O G G G B G G N oD O ED Ee @ = -

Please let me know if 1 can be of further assistance. S

1879

vailable for

to BR: &4,
to BR: 22'.
to BR: 154",
to BR: 99
to BR: 66'.
to BR: 51'.
to BR: 153'.

Approximate Elevation: 1,592. Vertical Depth to ER: 49",

These are Exxon drill holes within a 10-mile radius of the Crandon site.

There

the DNR. I will

Frank J. Sondermen

FIS/ip

AN OPERATING DIVISION OF EXXON COMPANY US £ & 5nISION OF EXXON CORPORATION
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EXON MINERALS COMPANY, U.S.A.

POST OFFICE BOX 813+ RHINELANDER WISCONSIN 5450

March 6, 1978

MEMORANDUM

RECEIVED.
T0: C. E. Orsen MAR 7 1979
FROM: F. J. Sonderman pxXON NINERRES
RE: Bedrock Elevations

The following is a summary of bedrock data for drill holes adjacent to the

Crandon ore deposit:

Vert. Depth

Collar

Hole No. Elev.
132 1,5€3
135 1,590
136 1,616
199 1,718
200 1,676
207 1,607
202 1,607
203 1,664
204 1,704
205 1,694
206 1,698
207 1,596
208 1,608

Please advise if additional information for these holes

FJS/ip

AN OSERLZTING DIVISION OF EXXON COMFPANY

to B.F. ~-ation
117 Center, SE/4, NW/4, Sec. 25, T25N,
g2 ‘Center, NE/&, SE/&4, Sec. 23, T25N, R12
225 NE/4, SE/&, SE/4, S.c. 26, T3EN, R12E
303 SE/4, SE/4, NE/4, Sec. 32, T35N, R13E
274 Nw/4, NE/4, SW/4, Sec. 32, T35N, R13E
230 NE/4, NE/4, NE/4, Sec. 35, T35N, RIZE
262 Nw/4, SE/4, NE/4, Sec. 35, T35N, R12E
238 Nw/4, NW/4, NW/4, Sec. 4, T34N, RI3E
270 , Nw/&, NE/4, SE/4, Sec. 32, T35N, RI3E
272 NE/4, SE/4, SE/4, Sec. 32, T35N, RI3E
305 Sw/4, SE/4, NE/4&, Sec. 32, T35N, RI3E
268 Sv'/4, SW/4, NE/4, Sec. 33, T35N, RI13E
268 NW/4, SE/4, NE/4, Sec. 35, T35N, RIZE

Frank J.

US4& A DWVISION OF EXXON CORPOBLTION

is required.

e

Sonderman

R12E
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United States Department of the Interior

GEOLOGIC AL SURVEY

Water Resources Division
1815 University Avenue
Madison, Wisconsin 53706
608262-2188 (FTS 262-2488)

May 8, 1980

2. Dave Heller

en Associlaces
catree Road

orgia 30341

O C

Dear Dave,

Uniortunately, I cannot sand vou a copy of our bedrock topo maps
for the lole Lake vicinity. It is against the policy of the USGS

to release interpretive material until it has been approved by our
Direc:tcr.

I can, nowever, send you the raw data obtained during our study.
It is enclosed.
IZ rou have any gquescticns, ~* use feel free to call.
Sincerely,
For the District Chief
e
/’Z : /’z .
RAL/bjh R. A. Lidwin
Enclosures

Hydrologist
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Mole Lake Seismic Data

The following is seismic results for the 21 lines
indicated on the accomparving base map. Data is pre-
seﬁted according to numbered lavers. For each layer,
the layer number is given, the seismic velocity of
the layer in ft/sec, the depth at the "A" end of line,
and the deprh at the "B" ena of line is given. All
depths ;re in feet. The "A" and "B" ends of tii- limes

are indicated or .° =~ 1se map. Following each layer

is an incterpretive remark.
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unworkable

different days.

- = Unsaturatad sanc.
9 1 (2ms+ -kl A
) ;2 xadfLer tablges
. - o 1 5 . T
135 134 Bedrock dioping toward B. Perhaps
. e =
somewhat weathered.
T o ~A 11
= Lnsaturatea till.
- q 4 LA i
17 15 Water table.
1 160 BRadyrae ced rh 5O Im AamRARnSTE
161 iR=0-/ Bedrock wiCn Zero @lp ccompenenl

= - Surface material.

17 22 Water table.
Bedrock not seen, but is estimated
to be deeper than 175 ft.
= - Glgeial till.
30 33 Water table.
120 136 Bedrock.
- = Glag Al i1,
8 8 Water table near surface.
33 36 Bedrock.

Sandy surface layer.
Water table.
Weathered bedrock? (lower veleocity).

e
b=

1
ot
(en]
ro

Glacial £ills

23 23 Water table.
159 193 Bedrock.

due to seismic noise levels. Attempted on two
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LINE ©
1 1176 - - Glacial till
2 5333 12 1 Water table.
3 11694 144 157 Bedrock.
LINE 10
1 1250 ~ - Sandy till.
2 5063 15 17 Water table.
3 9305 124 172 Weathered bedrock
11
1 870 - - Sandy till.
2 5049 9 10 Water table.
3 15560 144 151 "Hard" bedrock.
LINE 12
Unworkable because of highway
LINE 13
1 1818 - - Glacizl till of drumlin
2 16818 16 21 Underlain with un ..thered bedrock
near surface
LINE 14
1 160G - = Claedal will.
2 6388 L.X 11 Water table.
3 20054 243 241 Abnormally high velocity bedrock.
LIXE 15
1 1250 - - Glaecizl. till.
2 5037 7 22 Water table.
3 15525 i i 84 Bedrock.
LINE 16
1 1416 - - Glacial till showing evidence of
compaction.
2 22855 21 17 Laver 2 is high velocity bedrock ¢
of drumlin. No water table apparen
IKE 17
1340 - = Glacial till deeper than most.
2 89784 37 40 Water saturated clay?

1

T

Bedrock apparent in data but depth
calculation difficult. Probabl

greater than 125 ft.

‘oA
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Mole lLake Seismic Data

(a}
g
(o9
0.
[N
T
[
o]
£
(1]
[

n

The following is seismic results for 22 to 25

layer, the layer nunover is
of the layer in ft/sec, the depth at the "A" end of

iirne, and the depth at the "B" end of line is given.

All depths are in feet. The "A" and "B: ends of the
lines are indic= ~: on the base map. Following each

iven, the scismic velocity



LAYER Y D, REMARKS
0o
LINE 22
1 240 o Glacial till.
2 6255 9 Wacer table at 9 ft.
3 ? 236 Depth at A is maximum, ma
be less to bedrock.
LINE 23
1 1756 0 Compact glacial till.
2 7946 24 26 Water table, satureated ¢
3 ? 31¢ 56 Depth to bedrock relatively
uncertain due to short
LINE 24
1 1193 0 Glacial till.
2 5419 18 Water table.
3 18450 116 Good becdrock data
LINE 25
1 1343 0 0 Glacial till
2 5330 44 37 Water table.
3 1¢360 195 121 Good bedrock data

(el
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APPENDIX E

PUMP TEST AND ANALYSES

The following pages of Appendix E contain the Manage-

ment Summary portion, pages -i- through -ix-, of the Pump
Test and Analyses, Crandon Project Waste Disposal System,

Project Report 4, September, 1981, by Golder Associates.

This summary presents a brief description of the test well
installation, observation well installations, test perfor-
mance, and geohydrologic model of the test site from the
data analyses. Details are provided in the main text and

appendices of the report.

Golder Associates
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MANAGEMENT SUMMARY

Exxon Minerals Company 1is evaluating the feasibility of
developing a waste disposal facility for a copper/lead/zinc
mine and mill complex in an area south of Crandon, Wiscon-
sin. As a part of the investigation of the geohydrologic
system a major pump test was conducted in the summer of 1980
at one of the potential disposal areas known as Site 41.

The location of the test site is shown on Figure S-1.
The geology of the pump test site is essentially as follows:

An upper layer of till, 190 ft. (57.9 meters)
thick, of which the lower 80 ft. (24.4 meters) is
saturated.

A middle layer of stratified drift, 70 ft.
(21.3 meters) thick, of higher hydraulic conduc-
tivity than the till.

A lower layer of till, and some fine stratified
drift, 70 ft. (21.3 meters) thick, of lower hy-
draulic conductivity than the middle layer.

A base of bedrock, of substantially lower hydrau-
lic conductivity than any of the granular materi-

als overlying it.

The installations for the pump test were comprised of a test
well, 13 primary observation wells which were read regular-
ly, and 16 secondary observation wells which were read less
frequently. The test well and most of the primary observa-

tion wells were installed specifically for the test, while
the remainder of the observation wells had been installed as

part of previous subsurface exploration and monitoring

programs. The test well and observation well locations are

shown on Figure S-2.

Golder Associates



786085

Sentember,

N PLAT

A;'-v‘ﬂ « ’ ':
P v y o s - . _
, . 4 . - : )
! v 0 / [ N o . g I -
—_ .l B P e Nt 1 A ke A e - -
o v ! - /,/ y
“w i ',\’ L L5 . . . . "‘»’\ Sy . "p-a“ . . : S
_1————3————‘ P oE S s SR -~ = — P 3 T ;\.rr_' ¥ ] T S
: | / v hed . N - - - - \; - ) - -
: ! . S e - . = - - - -l - . I - . . B
Lo YA +OREBODY . and PLANT- SITE
. ¥ e e~ T e .
el A e U - ST LT e
- ’ < s ~. =y .
< . PSS & S S - e T T I el Y ’. - e R
‘ - ! /LW\41 » T
- e ? A =
L . . p - . b4 . R LT J - D=
- - L 5 -
; : o :
: - i - - - 2 R -~ - - - - - - - - \
. : i
’ .
1] .
Ks

el e e e e e e =m - Su5E wAs RESEMINCE
— —— AETINT T T e S5 5 Tt v
Al warsy

NASmul L E @SCONSM 6
JAMOUN 1S w368
LARE L UUSNE. wtlTwSin, 9es
LT _amf mS Tes 973
ML L AKE evSCUMSE. 973

c BOEERTS _ARE. 8 STiS, 9Ty

SITE

LOCATION PLAN : FIGURE s-1

RAPHI
Scalse 5 c

bate _7-31-81
Job No. 786085

A
Drawn CaB

Checked
Raviewed GHC

JFC

Golder Associates




LEGEND

786085

& PUMP TEST WELL

_$_ GOLDER ASSOCIATES BORINGS WITH
OBSERVATION WELLS

’Y DAMES & MOORE BORINGS WITH
OBSERVATION WELLS.

DOMB 5

O

Job No._ 786085

PUMP TEST LOCATION PLAN FIGURE S-2
Scale GRAPHIC . . CAB
bate | =21- 8! Golder Associates Checked _FC

Reviewed SHC




e

786085 -1iv=- September, 1981

The test well construction and pump arrangement are shown in
Figure S-3. The well is screened over essentially the full
depth of saturated material, gravel packed, and has grouted
surface casing through the unsaturated till material. A
shaft driven diesel powered pump with a flow capacity of
1500 gpm (0.095 cubic meters per second) was used 1in the
main test, while a smaller, nominal 400 gpm (0.025 cubic
meters per second), submersible electric pump was used in

preliminary testing.

Observation wells were completed at various elevations and
various distances from the test well so as to observe the
behavior of the entire system during the test. Some obser-
vation wells were completed so as to monitor water pressures
at essentially one level in the groundwater system, by seal-
ing a screened standpipe tip at that location. Typical

installation details are shown in Figure S-4.

Prior to the beginning of the main pump test, a flow veloc-
ity profile of the test well was obtained in order to eval-
uate the nydraulic conductivity of the materials penetrated
by the well. This test was performed on June 6, 1980, using
the Johnson flow profiler at a well production of about

530 gpm (0.033 cubic meters per second).

The main well test was conducted over the period from
June 6, 1980 to September 10, 1980. The well was pumped at
an average rate of 1420 gpm (0.090 cubic meters per second)
for 24 days, starting on June 27, 1980, producing a maximum
drawdown of 73 ft. (22 meters) at the well. The observation

Golder Associates
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wells responded to the pumping for a distance up to 4000 ft.
(1220 meters) from the well. The approximate potentiometric
map in the stratified drift layer at the end of the pumping
period for the test is shown on Figure S-5. Recovery was

monitored for 52 days after the pump was turned off.

Detailed analyses of all the data collected during the test
was performed to develop an understanding of the dynamic
behavior of the groundwater system at the site, and to de-
velop the hydrogeologic parameters which characterize each
material. The results of these analyses were then combined
to produce a geohydrologic model of the test site, which is

presented in Figure S-6.

The performance of this pump test and analyses of the re-

sults has:

established the geohydrologic conditions at the
test gcite for use in regional model calibration

and local seepage studies,

demonstrated the feasibility of altering the po-
tentiometric surface by well pumping,

demonstrated the availability of a sustained yield
of up to 950 gpm (0.060 cubic meters per second)
of water from the test well, and a maximum yield
of 3000 gpm (0.189 cubic meters per second),

provided a monitoring system in one potential
disposal area near the mine site.

The method of performance of the tests, and the extensive
instrumentation of the groundwater system allow a high de-

gree of confidence in the results.

Golder Associates
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A. ENGLISH UNITS
PARAMETERS
GCEQOLOGY THICKNESS T
n k' Ss Ng
P . (1) (f1 Jseg) 4 /sec ) ) (%)
TiL i3 A30/VE NATURAL GROUNDWATER LEVEL
- !
- !jl
Tl 50 3.3 (10-¢ 3 31.078 461078 1 54
1 3 3
z COARSE GRAINED an e -5 -8
STRATIFIED DRIET o 4.3 x!0 f 4.3x10 4 6x 10 ; 70
TILL 70 3.3x10"° 3.0x10° 4.6210°° 5.4
SHONNNSNY
BEDROCK FUNCTIONALLY IMPERMEABLE
B SYSTEM INTERNATIONAL
PARAMETERS
GEQLOGY THICKNESS .” — S —
& > ¥ ¥ () s A fm*sil "ofgl
TiLL 25 ABCVE ATURAL G|ROUNDWATER LEMEL
i i |
TILL 25 28xic” " § 5 4x1077 15 x0T 5.4
CCARSE GRAINED 2 . . .
| 10~ 3 A i0- ;
STRATIFIED DRIFT 2210 P30 1 520 ? T.e
TILL 20 I 28 «0"¢ 3. 41107 rsx1gT8 5.4
~
SANNNNNNY ,
BEDROCK FUNCTIONALLY IMPERMEABLE
\
LZGEND
(1) kh= norizontal nydraulic conductivity
kv= vertical hydraulic conductivity
SS= specific stcrag
n,g= drainable pcrosity (specific yield)
(2) Tnshzded Values: Results cbtained directly Zrom pump test
=d values: Tmferred or estimated from the pump test results
BEHAVIORAL PARAMETERS AND HYDROGEOLOGIC MODEL FIGURE S-6
Scale__NO SCALE . Drown S K.B.
Dote . 2-17-8I Golder Associates Checked __GHC
Job No.__ 7860858 Reviewed _CGHC
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