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RESULTS OF GEOLOGIC, GEOTECHNICAL, AND
HYDROLOGIC INVESTIGATIONS OF A PORTION
OF THE PROPOSED EXPLORATION RAMP, CRANDON MINE

INTRODUCTION

This report presents the results of Dames & Moore's investigation
along the axis of the exploration ramp as requested by Mr. Robert Russell,
E#xon Company, U.S.A. The scope of work is in accordance with our proposal
dated May 13, 1977 and as modified by Mr. Mel Lawson and Mr. Frank Sonderman,
Exxon Company, U.S.A. The modifications are described in our revised pro-

posals dated June 22 and July 11, 1977.
PURPCSE

The specific purposes of this investigation were as follows:

1. Perform a general geologic investigation in the glacial
drift and the bedrock along the planned axis of the
exploration ramp. Major emphasis was placed on the
surficial glacial drift with minor emphasis on identi-
fication of fracture and fault zones, and delineation
of the top of unweathered bedrock. Exxon Company,

USA assumed the lead in the evaluation of the bedrock
7 geology and therefore, this report does nct address that
aspect in great detail; '

2. Provide a conceptual design and cost appraisal of a
system to dewater the glacial drift for the construc-
tion of the exploration ramp; and

3. Provide a general recormendation for the configuration
of the excavation slope.

‘SCOPE OF WORXK

The results of this investigation were achieved through field,

office, and laboratory investigations described below:
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1. Field Investigation - Borings were drilled at nine
locations (Figure 1). All the borings (DMI-1, 2, 3,
4, 5, 7, 8, 9, and 11) were drilled into bedrock at
varying depths. Soil samples were taken in the
glacial overburden materials for geologic classification
and laberatory testing. Upon penetrating the bedrock,
rock coring technigues were employed to cobtain a con-
tinuous sample of the bedrock. The depths of the scil
samples and rock cores, geolecgic descriptions, and per-
tinent engineering data are presented on the boring logs
in Appendix A. In addition, piezometers were installed
at three locations in two borings (DMI-1 and DMI-2).
The locations and design of the piezometers are shown in
Table A-1 and on Figure A-1 in Appendix A, respectively.

2. Leboratory Investigation - The laboratory investigation
consisted of performing sieve and hydrometer analyses on
selected samples to determine the grain-size distribution
of the glacial overburden materials to aid in geologic
classification and to allow an approximation of soil per-
mezbility. The results of the grain-size analyses are
presented in Appendix B. The calculated permeabilities
are tabulated in Table 1. Direct shear tests were per-
formed on selected samples as part of the slope stability
appraisal. The results of the direct shear tests are
presented on the boring logs in Appendix A (Borings
DMI-1 and 9).

3. Office Engineering - The cffice investigation consisted
of preparing the conceptual dewatering design, performing
the stable slope analvsis, summarizing the geologic data
collected during the field drilling investigation, and
report preparation.

SITE CONDITIONS

TOPOGRAPHY

The topbgraphy in the Crandon area.is typical of glaciated
areas consisting of elongated ridges and knobby hills separated by relatively

broad

n

tream valleys which are generally occupied by wetland areas.
Maximum relief in the general vicinity of the proposed exploration ramp

is approximately 100 feet. Along the.axis of the proposed excavation
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through the glacial materials, the topography varies from approximately
1610 feet (MSL) to elevations greater than 1645 feet (MSL). The area west
of the exploration ramp is an upland area while the area east of the ramp
is a wetland area associated witﬂ the drainage system from Skunk Lake to

Little Sand Lake.
GEOLOGY

The unconsolidated deposits that overlie the volcanic bedrock
in the ramp vicinity consist of glacial materials ranging in thickness
from about 54 to 99 feet. Generally, the overbu?den can be classified as
glacial outwash deposits consisting of sand and gravel with local concentra-
tions of silt, cobbles, and boulders. The geologic materials underlying
the glacial deposits in the ramp vicinity consist of Precambrian wvolcanic
tuff which has been subjected to strong chemical weathering and has been
altered in—situ-to a saprolite>consisting of rg? silty clay. The degreé
of weathering decreases with depth and the saprolite grades rapidly to
strongly weathered volcanic tuff bedrock.

The locations of Geohydrologic Cross-sections presented in this

7/

report are shown on Figures 1 and 2. Geohydrologic Cross-sections A-A'

(Figure 3) and C-C' (Figure 5) were constructed as part of previous studies by

Dames & Moore (Reference 1, Bibliography).

'The geologic data obtained from the borings drilled during this
investigation were ﬁsed in conjunction with the laboratory permeability data
to construct Geohydrologic Cross-section B-B' wﬁich is shown on Figure 4.
The lithologies of the glacial materials on the Geohydrologic Cross-section
B-B' were simplified for clarity of presentation, and the units presented

are distinguished according to geohydrologic criteria to delineate the major

DArTES O 6400



units of interest in the glaciai overburden. Geohydrologic Zone I was
delineated as two deposifs consisting primarily of silty sand with local
concentrations of gravel,.cobbles, and boulders. The upper zone constitutes
the major surficial deposit along the ramp axis. The zone is continuous
along the entire ramp axis and ranges in thickness from 3 to 12 feet. The
lower zone is present in borings DMI-2, 4, 5, 7, and 8. This zone occurs
as the basal deposit of the glacial drift in these borings and immediately
ovéflies the Precambrian bedrock system. The permeability of this lower
zone is low relative to other zones present in the ramp area, with values
ranging from lO—3 to 10-5 cm/éec. The permeabilit§ of this zone was based
on visual inspection of the soil material and comparison with other materials
present in the subsurface along the ramp axis. It should be noted that
permeabilities were not calculated for the upper unit of Geohydrologic Zone I.
Geohydrologic Zone II underlies the upper unit of Geohyé;ologic

Zone I and consists primarily éf outwash deposits cf interbedded clean
fine to coarse and fine to medium sand with zones of gravel and cobbles
occurring locally. This zone is continuous along the entire ramp axis and
ranges in thickness from about 8 to 42 feet. The permeability of this zone
generally ranges from 1072 to 10”3 cm/sec.

 The major zone of interest from a geohydrologic standpoint is
Geohydrologic Zone III. The ground water table is present in this zone
ezpproximately 50 feet bélow ground surface; therefore, this zone will re-
guire dewatering éo allow construction of the exploration ramp. This zone
consists primearily of fine to coarse sand and fine to coarse gravel with
numerous cobbles and boulders. Geohydrologic Zcne III is continuous along

the entire ramp axis and ranges in thickness from about 14 to 65 feet. Per-

meabilities around boring DMI-8, where the zone is silty, generally average



about 10'3 cm/sec. The permeability of Geohydrologic Zone III generally .
averages 102 cm/sec along the ramp axis from boring DMI-7 to DMI-Q.

As previously mentioned, the bedrock along the ramp axis consists
primarily of Precambrian volcanié tuff. The bedrock surface along the ramp
axis is shown-on Geohydrologic Cross-section B-B' (Figure 4). Tnhe bedrock
surface was generally defined during the field investigation as the point
where the Dames & Moore soil sampler (diagram in Appendix A, Figure A-3)
could not be driven and rock coring technigues were reguired to obtain
samples of the geologic material. The bedrock surface along the ramp axis
may control the topographic high extending from boring DMI-4 to DMI-9. As
per the bedrock contour maps provided by Exxon Company, USA, the center of
the bedrock high is several hundred feet northwest of the leg of the ramp
defined by borings DMI-9 through DMI-4.

The structural features present in the volcanic bedrock along the
ramp axis were delineated and described primaré}y by Exxon Company, USA.
The major fault and fracture zones as identified by Exxon are shown on the
Gechydrologic Cross-section B-B' (Figure 4). Complete detailed logs of the
borings in the bedrock are presented in Appendix A. The information presented
odlfhese logs represents a compilation of the boring logs of the bedrock
prepared by Exxon, aﬁd the logs of the overburden prepared in the field by
the Dames & Moore engineer who supervised the boring program. In addition,
the bedrock log compiled by Exxon, as well as brief discussions of each

boring, are presented in Appendix C.

GROUND WATER HYDROLOGY

The geohydrologic setting in the vicinity of the exploration ramp

consists of an unconfined sand and gravel aguifer. The ground water table
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occurs in Geoh?drologic.Zone IIT at approximately elevation 1588 feet (MSL)
or about 49 feet below ground surface (based on July 12, 1977 water level
measurements in piezometers installed in boring DMI-2). Therefore, the
saturated thickness of the glacial dfift along the ramp axis ranges from
about 10 feet at boring DMI-9 to approximately 36 feet at boring DMI-S8.
Water level measurements made in April 1977 (Reference 1) in boring DW-2U
(Figure 2) showed the elevation slightly higher at about 1590 feet (MSL).
Therefore, the saturated thickness of the glacial drift in April was about
12 feet at boring DMI-9 to about 38 feet at boring DMI-8. The saturated
thickness of the glacial drift in the area to be excavated is shown on
Figure 6. The saturated thickness shown was derived by contouring the
difference in elevation between the top of the Precambrian system and the
ground water table elevation of 1588 ft (MSL). As shown, approximately
10 feet of saturated glacial drift will require dewatering to provide a
reasonably dry excavation. -

During previous studies by Dames & Moore (Reverence 1) in the
general vicinity of the exploration ramp, Geohydrologic Zones II and III
were mapped as a single aquifer Upper Aquifer (Figures 3 and 5). These
studies showed that this aguifer is apparently artesian east of the explor-
ation ramp. Figures 3 and 5 also show that the aquifer is not saturated
west of the exploration ramp; therefore, no ground water flow occurs in

this area.

Geohydrologic Cross-section C-C' (Figure 5) shows the aquifer
pinching out north of the exploration ramp between borings DMA-12 and DMA-31.
The;efore, the agquifer is apparently bordered on the west by a no-flow
boundary and on the north by a barrier boundary. As also shown on Figure
5, the aguifer is continuous and saturated generally south of the exploration
ramp in the cdirection of Little Sand Lake.

(& V28 &8 SEaiE O3S S w Yo o o
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AQUIFER PARAMETERS

As discussed in the preceding section, the sand and gravel aguifer
system in the general vicinity of the exploration ramp is under both water
table and artgsian conditions. As part of the previcus study (Reference 1),
pumping tests wefé conducted in Test Well 1 (TW-1) east of the exploration
ramp (Figure 2). The aqguifer in this area is artesian. The pumping test
indicated fhat the aquifer transmissivity averages abput 50,000 gallons per
day per foot of aquifer (gpd/ft) . The thickness of the aguifer around TW-1
is about 50 feet, indicating a permeability of about 1,000 gallens per day
per square foot of aguifer. The coefficient of storage was calculated to be
about 2 x 1074.

In the immediate vicinity of boring DMI-9 where the bedrock is
topographically high, the aguifer is under water table conditions and the
saturated thickness of the aquifer is about 10 feet. The transmissivity is
calculated to be about 10,000 gpd/ft, using thé-permeability of 1,000

d/ft2 deternined from the pumping test on TW-1l. As the saturated portion

3

of the aguifer increases in thickness away from DMI-9 (and away from the
bedrock high), the transmigsivity would increase in direct proportion to
the saturated thickneés, assuming a constant permeability of 1,000 gpd/ft2.
Consequently, the maximum transmissivity within the boundaries of the explor-
ztion ramp is approximately 28,000 gpd/ft. The coefficient of storage under
water table conditioﬁs is higher than that for artesian conditions and is
roughly egquivalent to the effective porosity of the aquifer material. There-
fore, the coefficient of storage is estimated to be about 0.20 in the immediate
vicinity of the exploration ramp.

As mentioned previously, particle size analyses (sieve and hydrometer

analyses) were conducted on selected samples (Appendix B). Using the results
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of the particle size analyses, coefficients of permeability were calculated
using the Hazen Approximation (Table 1). The calculated permeabilities

in Geohydrologic Zone II and III range from 120 gpd/ft2 to 1800 gpd/ftz,

and are considered to compare favorably with the permeability of 1000 gpd/ft

as determined from the pumping test on TW-1.

SURFACE WATER — GROUND WATER RELATIONSHIPS

The main surface water bodies in the exploratiﬁn ramp area
(Figure 2) are Little Sand Lgke and Skunk Lake. Little Sand Lake is located
immediately south of the site and at its northern-most point is zbout 2,000
feet from the ramp excavation. Skunk Lake is 1,200 feet northeast of the
exploration ramp.

Surface water-ground water relationships in the site vicinity are
somewhat complgx and variable. The lekes in the site vicinity appear to be
related to the overall ground-surface water regime to some degree. The
water surface elevation of Little Sand Lake was about 1,591 feet above sea
level (MSL) during May 1977. Ground water elevations northeast and north of
the lake were (&pril 1977) between 1,588 and 1,590 feet MSL at piezometers
D¥A-10 and DW-2U, respectively. The water level in piezometer. DMA-10,
located ;outh of Little Sand Lake, was about 10 or more feq$¢below lake
level. These data ind%cated that Little Sand Lake may slowly feaf the
ground water _eg%me. .round water elevations near Skunk Lzke were lower
than the lake le;el, indicating that these iakes are not directly connected
to the underlying aquifers.

It is likely that the materials underlying the lakes near the
site are low permeability deposits of silt, fine sand, and till, and the in-

terconnection between these lakes and the ground water regime is mostly by



slow movement through these confining beds.

CONCEPTUAL DEWATERING SYSTEM

The purpose of the dewatering system described herein is to
provide a reascnably dry excavaticn to allow construction of the explora-
tion ramp down to the bedrock. The preliminary configuration of the planned
e#cavation is shown on Figure 7. The configuration considers the general
exploration ramp désign provided Dames & Moore by Exxon Company, USA, the
area required for installation of an effective dewatering system, and the
slope stability requirements which will be discussed later in this report.
With respect to these factors, the resulting excavation will be about 625
feet long and have a maximum width of 339 feet. The pit is expected to
range from abouﬁ 55 feet to 60_feet in depth, depending upon the thickness

of the glacial drift overburden.

DEWATERING SYSTEM DESIGN

In order to construct the exploration ramp, it will be necessary
to/dewater the saturated glacial drift in the ramp area. The quantities of
ground water which will have to be pumped from the excavation were determined
by using standard technigues of ground water analysis, as follows:

(1) Theis non-equilibrium well formula;

(2) Theim eguation of steady flow to_a well;

(3) Direct application of Darcy's Law; and

(4) Determination of specific capacity of the excavation
using the Theis non-equilibrium well formula.

In all four methods, the excavation was assumed to be a fully

penetrating, circular well with a diameter of 300 feet. Aquifer coefficients
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were based on the data presented in Table 2 and were as follows:

Permeability {gpd/ftz) 1,000
Transmissivity (gpd/ft) 20,000 (average)
Storage Coefficient 0.05 (average)

Saturated Thickness of s
Aquifer (feet) 20

'fhe optimum pumping rates calculateg using the four listed
mefhods were 300, 350, 450, and 425 gpm (gallons per minute), respectively;
or 432,000, 504,000, 648,000 and 612,000 gpd (gallons per day), respectively.
Therefore, the required pumping rate to maintain a dry excavation is expected
to range between 300 and 450 gpm. These pumping rates will result in a
ground water flow rate to the line of well points ranging from 0.30 to 0.46
gpm/linear feet of perimeter. These values compare favorably with published
averace values (Corps of Engineers, 1971) of about 0.1 to 1 ¢rm/linear foot
of perimeter for ground water flow to a line of well points for similar soil
materials and eguivalent lowering of the grounélwater table. Based on the

Theis non-eguilibrium eguation, the optimum pumping schedule &ppears to be

400 gpm for the first 10 days of pumping and 300 ¢rm thereafter.

RECOMYENDED CONCEPTUAL DEWATERING SYSTEM

It is our opinion that the most cost effective and efficient
system for dewatering the ramp excavation consists of peripheral vertical
well points used-in conjunction with ditches and sumps. The recommended
system is shown ©n Figures 7 and 8.

The recommended system will require that a bench be constructed
aloné the excavation sler to allow installation of the well points. It is

recommended that the bench be consiructed at a level about 2 feet above
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the ground water level existing at the time of excavation. This will keep

to a minimum the suction head imposed on the dewatering system and, conse-

quently, will.provide a more efficient dewatering system. t is recommended

that a system of approximately 150 well points (Figure 7), 1% inches in

diameter, be ‘installed along the bench at intervals of about 6 feet pumping

2-3 gpm. The well points should be connected to a common header pipe (6-8

in. diameter) which is in turn connected to a pumping station which will

déliver the water to a pipeline which will transport the water to a point

of disposal. The recommended design of the well points is shown on Figure 8.
As shown on Figure 8, it is recommended that the weli points be

installed by jetting and washing a temporary casing down to the clay material

overlying the bedrock. It is possible, however, that the success of this method

may be limited in the exploration pit area due to the large number of cobbles
and boulders present in the glacial Arift. Due to their large sizes, it may
be difficult or impossible to wash the cobbles and boulders from the b;ttom

of the hole to the surface. In this event, one alternative would be to

offset the well point a few feet from the‘original location in order to bypass
the cobbles and boulders. Should the cobbles and boulders continue to prevent
reiétively easy installation, it may be necessary to drill the holes for the
well points with a rotary wash drilling rig.

Bs shown on Figure 6, the thickness of the saturated glacial drift
in the vicinity of boring DMI-9 ranges from 10 to 18 feet. The well point
system recommended above are suction lift well points and will not lower the
Qater table much in excess of 15 feet (approximately elevation 1573 £t, MSL).
Therefore, it may be necessary to install several well points or a small

sump system in the excavation beside the exploration ramp in the vicinity of

-11-
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DMI-9 to dewater this small areca.

In addition to’ the well points, it is recommended that wupon
excavating down to the clay overlying the bedrock that a bench 20 feet
wide be constructed to allow the excévation of a sump trench (Figures 7 and
8) a few feet into the clay. The purpose.of the sump trench will be to
collect the grouhd water seeping between the well points. The sump
trench should be sloped toward the northern end of the bench where a
pumping station should be located (Figure 7) for transporting the water
out of the excavation and to a point of disposal.

It is possible that the surface elevation of the clay wnit is
somewhat variable and the clay may be thin in certain areas. Consequently,
proper sloping of the sump trench may be difficult. 1In this case, clay
dikes can be utilized to form a sump trench to allow collection of seepage
flowing between the well points (Figure 8).

The estimated costs for dewatering the exploration ramp excava-—
tion are presented in Teble 3, The costs are based on a construction
schedule of approximately 12 weeks with 10 weeks of active pumping. Based
on conversations with the Wisconsin Department of Naturzl Resources, it
is hichly probable that a permit will be reguired to operate the dewatering

systen.

This section preéents various methods of disposing of the ground
water pumped from the exploration ramp excavation. Each of the methods
could be employed to dispose of all the discharge, or two or more of the
methods could be used in combination with each method being employed to

dispose of some percentage of the total discharge. The methods of disposal
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presented and discussed are as follows:
(1) Spray discharge into the wetlands south of Skunk Lake;
(2).‘Direct discharge into Skunk Lake;
(3) Inject the water back into the glacial agquifer via
the wells existing in the area, such as TW-1l, WW-1,

and WW-2; and

(4) Inject the water into the unsaturated zone of the glacial
drift (recharce area, Figure 2).

iﬁ is highly probable that all of the methq@s listed would
require a permit from the Wisconsin Department of Natural Resources. AsS
a prerequisite to obtaining the permit, it is likely that an environmental
assessment of the impacted area will have to be performed.

Spray Discharge - This method would consist of utilizing a

sprinkler system to dissipate the discharged water over a relatively large
area. Assuming a constant discharge of 300 gpm, approximately 16 acres
would be covered to a depth of 1 inch in a 24-hour pumping period. However,
thié does not take into account water losses dﬁé to direct evaporation and
some degree of transpiration. It is estimated, based on average annual
evapotranspiration rates given in Reference 1, that approximately 60 per-
cent of the discharged water would be lost to evaporation and transpiration,
leaving ground water infiltration and surface water runoff of about 180 gpm
(0.4 cubic feet per second). Thé total evapotranspiration rate will probably
be higher during the excavation dewatering because this disposal method would
be restricted to thé.summer months conseguently reducing the total infiltra-
tion and runofi even further. Although not anélyzed guantitatively, it is
believed that the drainage system in the area could easily assimilate the
discharce quantities expected.

The primary disadvantage of this system is that it would not be

-13-

[= ¥ SEEESIE A3 RAReie } 20 o



possible to spray in the winter months due to freezing'temperatures,
thus the exploration ramp construction would be restricted to the summer
months if this discharge system were emploved.

The estimated cost of this disposal method is given in Table

‘Discharge into Skunk Lake - Skunk Lzke is located northeast

of the exploration ramp at a distance of approximately 1200 feet. Direct
discharge of 300 gpm into Skunk Lake, which has a surface area of approx-
imately 12 acres, would result in a water level rise of about 1.3 inches
perrday, not accounting for losses due to outflow from the lake and evapor-
ation. Although not analyzed in detail, it is believed Skunk Lzke could
éésimilate this quantity of water.

The estimated cost of this disposal methed is given iﬁ Tabie 3.

Injection Through Existing Ground Water Wells - The wells consid-—

ered for this method of disposal were Wiw-1, WW-2, and TW-1 (Figure 2). All
three wells extend into the saturated portion of the glacial aquifer at their
respective locaticns. WW-1 and TW-1 are finished in the upper glacizl
acuifer. TW-1 is under artesian pressure and WW-1 is under water tadle
conditions. WW-2 is finished in a lower aquifer which is under artesian
pressure (Figure 3). It is estimated, based on the specific capacity of

Tw;l and WwWw-2 that approximately 50 and 150 to_175 gpm could be injected

into these wells,:respectiyely. Based on the-specific capacity of WwW-2,
it is estimated that approximately 70 gpm could be injected into this well.
However, before this disposal method is employed, it is recommended that in-—
jection tests be made in each of the wells to determine their capacity for

accepting injected water.
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The estimated cost of this disposal method is given in Table 3.

Injection Wells in the Unsaturated Zone - This method would

consist of driilinq 2 to 3 wells for injection in the recharge area designated
on Figure 2. The glacial aguifer is unsaturated in this area and would
pfobabl§ feadiiy'accept injected water: ﬁaééd oﬁ thé spécific éapécities

of wells WW-2 and TW-1, each of the wells tapping the unsaturated glacial
materials would probably accept 150-175 gpm, assuming the permeability of the
unsaturated glacial materials is similar to materials tapped by TW-1 and WwW-2.

It is rééommended, however, that injection tests be conducted on
an existing well in the vicinity of the recommendeé'recharge area, preferably
Wi-2, before emploving this method for the disposal of discharge.

The primary advantage of this method is that the wells would
probably accept & higher injection rate than the wells in the saturated
portion of the aguifer, thereby, possibly reducing the number of wells
recuired to cdispose of the discharge from the excavation. In aédition,
injecting throuch these wells would not interupt the use of the existing
wells for water supply purpcses.

The estimated cost of this method is presented in Table 3.

EXNVIRONHMENTAL CONSIDERATIONS

OF DEWATERING

EFFECTS OH USERS

The Theis non-eguilibrium well formula was used to develop
relationships between drawdown and distance from the ramp excavation, and

between drawdown and time (duration of pumping). Figure 9 presents contours
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of equal drawdown after 100 days of continuous pumping at varions distances
from the ramp excavation. As shown, the boundary conditions discussed
previously were introduced to simulate the unsaturated portion of the aqui fer
west of the exploration ramp as well.as to account for the pinching out of
the aquifer to the north. It is noted that the boundary is the same as

used in Reference 1.

As shown on Figure 9, the one-foot drawdown contour crosses the
northern end of Little Sand Lake. Consequently, those wells tapping the
glacial aquifer in ﬁhis area may experience approximately 1-1.5 feet of
drawdown. It is noted, however, that the situation depicted is conserva-
tive and actual drawdowns-in the wells alcng the::lake may be scmewhat less

than cepicted.

EFFECTS ON SURZACE WATER BODIES

Although not analyzed in detail, it di-s believed that the near-by
surface water bodies will be affected only slightly by the exploration
ramp dewatering. The drawdown contours shown on Figure 9 show the water
level in the aguifer declining about 2 feet in the vicinity of Skunk Lake.

‘.?Ievious studies (Reference 1) indicated that Skunk Lzke is not
nydrolegically connected to the glacial aquifer. The wetlands south of
Skunk Lake are underlain by lacustrine silts and clays (Figure 3) znd zare
also probably no;,hydrélogically connected to:the aquifer system. Conseguently,
dewatering of the explorat;on ramp should not have any apparent effect on
the Skunk Lake and wetlands area.

Previous studies (Reference 1) indicated that Little Sand Lake
was connected hydrologicélly to the glacial aquifer system. However, the

connection was considered poor due to the lake bottom acting as a confining
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unit (Figure 5). When the ground water levels decline -at the northern

end of Little Sand Lake, infiltration throuch the lake bottom will be in-
ducéd by the increasing head difference between the lake water surface and
the ground water potentiometric sﬁrface.

Induced infiltration was calculated to be about 330,000 gpd
(Reference 1) for the dewatering system discussed in that report. However,
the head deqline expected with dewatering the exploration ramp will not
bebas great and the area of influence will not extend-as far south under
Little Sand Lake. 'Therefore, induced infiltration should be much less

than the 330,000 gpd previously mentioned.

EFFECTS OF DISCHARGE ON DISCHARGE DISPOSAL AREAS -

This section pertains to the degree of environmental impact
upon cdisposal areas incduced by the disposal of ground water pumped from
the exploration ramp excavation. This torpic was not specifically addregsed
during this study. Therefore, only a very general evaluaticn of the possible
environmental impact is presented. In addition, the evaluation is limited
to a general statement about the possible impact on the water quality of
thé/receiving bodies. It is highly probable that a detailed evaluation
of the possible environmental impact upon the receiving bodies will be
reguired to obtain the permits for disposal. The specific areas of concern
woulé be the areas rgceiving the discharged ground water and consist of the
following: (1) Skunk Lazke, (2) the wetlands south of Skunk Lake, and (3)
the glacial acuifer system in the vicinity of inspection wells.

The gquality of the ground water in the glacial agquifer system is
of high guality in the vicinity of the exploration ramp with total dissolved

solids in the ground water generally averaging about 100 PPM (parts per
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million). The ground water satisfies drinking water qualtiy criteria
since the aguifier also serves as the primary source of doﬁestic supplies
in the areas around Little Sand Lake. Therefore, since the quality of the
ground water is high, the ground water pumped from the excavation is not
expected to significantly affect the water guality of any of the receiviﬁg
water bodies mentioned previcusly in this section. However, further work
will have to be performed to evaluate in detail the possible environmental

impact upon the disposal areas.

SLOPE STABILITY

The subsurface conditions at the proposed location of the ex-
ploration ramp were investigated by drilling nine borings. The borings
show that the subsurface soil and rock profile consists of a 3 to l2-fopt
thick layer of medium to dense silty sand and sandy scil overlying approx-
imately 40 to 80 feet of very dense granular material which ranges in
composition from poorly-graded sand to well-graded gravels. The granular
deposit is underlain by approximately 3 to 10 feet of highly plastic clay
(residual -soil) and highly weathered bedrock (saprolite). The clay and
saprolite is underlain by volcanic tuff, containing numerous fractured

and broken zones.

our reﬁommendations regarding the ;ﬁt slopes for the ramp have
been developed based on a slope stability analysis. Parameters used in

the slope stability analysis were obtained from direct shear tests on the
sand 'overburden soils and from direct shear tests onthe highly weathered

rock (saprolite) immediately below the overburden soils. The direct shear

tests on the highly weathered rock were performed to determine its residual

,
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strength (residual strength was considered to be representative of the
material in highly fractured and broken zones). The results of the strength
tests have also been correlated with the properties of similar materiai
of comparable density. The stability of the cut slopes for the explor-
ation ramp has been investigated using both conventional slope stability
analysis for cochesionless material and wedge analysis. The stability
of the cut_slopes for the granular material was evaluated for the portions
of the slopes both above and below the water table.

Based on our analysis, we recommend that the slopes in the
excavation for the exploration ramp be cut as shown on Figure 7. The
clay immediately above bedrock should be cut at a slope of 1 vertical
to 1 horizontal. At the top of the clay layer, a 20-foot bench should
be provided. This bench would serve to ccllect debris from possible
erosion of the cut slope above. From the top surface of the clay to 14

-

fest above the clay, the slope should be cut a? an inclination of 1 veréical
to 2 herizontal. At the top of this slope, a 20-foot horizontal bench
should be provided for the installation of dewatering equipment. From
this bench to the surface, the slope should be cut at 1 vertical +to 1.5

hofizontal, and provided with a 10-foot wide bench at 20-foot depth intervals

for erosion control.
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TABLE 1

RESULTS OF LABORATORY PERMEABILITY TESTS

2
' . 1 Permeability ' 3
Boring Depth Type Gallons per day Moisture Content Soil
Designation (feet) Test cm/sec per square feet (percent) Type
DMI-1 14.0 PS 4.9 x 1073 105 | 15.8 SP/SM
DMI-1  33.5 PS  2.25 x 107 ° 475 9.7 W
DMI-1 43.5 PS  3.24 x 107 685 | 6.4 SW/GW
DMI-1 54.0 PS 4.9 x 1077 105 11.0 SW/GW
DMI-2 42.0 PS 7.8 x 1072 1650 6.8 SW
DMI-4 34.0 PS 4.9 x 1073 105 6.9 SW
DMI-4 48.5 PS 3.6 x 1077 760 7.6 sW
DMI-4  58.5 PS 9.0 x 1072 1900 8.4 SW/GW
DMI~4 68.5 PS 4.9 x 107° 1.0 8.9 sM
DMI-7 64.5 PS 3.6 x 1072 760 8.1 SW
DMI-7 83.5 PS 8.1 x 1073 170 6.9 SM/SW
DMI-8 29.0 PS  2.89 x 102 610 4.8 Sp
DMI-8 58.5 PS 5.6 x 1073 120 11.2 SW
4 DMI-9 43.5 pg 6.7 x 1072 1420 7.5 SW/GW

1

S

PS - Particle Size Analysis (See Appendix B).
P 2Permeability calculated with Hazen's approximation.

o 3Sec Boring Logs (Appendix A) for detail soil description.
m



TABLE 2

GEOHYDROLOGIC DATA

IN VICINITY OF EXPLORATION RAMP

Ground water table

elevation, feet (MSL) o 1588-1590%

Saturated thickness 10-282A

of glacial drift, feet 12-302B

Average Perﬁéability

(gpd/£t2) 10003

Transmissivity

(gpd/ft) 10,000 - 28,00042
12,000 - 30,0004B

Storage Coefficient 0.2 - 0.0002

Notes: -

(1) Based on cground-water levels measured in DMI-2

(2)

(3)
(4)

(B3}

piezometer on 7-12-77, and in piezometer DW-2U .
in April, 1977 (Reference 1).

Based on difference between bedrock elevation
and water table elevations listed above.

Determined from pumping test on TW-1 (Reference 1).

Based on permeability above and saturated thick-
ness.

Estimated-

0



TABLE 3
DEWATERING SYSTEM COSTS

Rental costs for following:

() 150 well points

(b) 1 - 8-inch pump and associated equipment
1 - 6-inch pump and associated equipment
3 - 3-inch pumps and associated eguipment

(c) 1060 feet of 6 - 8-inch header pipe

NOTE: Based on 3-month rentzal
Subtotal (a-c)
(d) Jet-pump and hole puncher (1 month)

(e} Temporary casing
(f) Mobilization (a-e)

Material:

(a) Gravel packing
(b} Miscellaneous materials

Labor:
(z}) TIostall and remove well points

{b) Setting discharge lines, mount pumps,
txrucking

24-nrs/day, 7 days per week for 10 Wweeks

Excavating sump trench on construciing clay

TOTAL COSTS DEWATERING

KOTE: The above do not include cecsts for the possible necessity
of drilling the holes for the installation of well points.

$28,000
3,000

720
2,000

200
300

$18, 000

2,000

35,000

4,000

$93,920

ESTIMATED DRILLING COSTS $20,000
Disposal Costs
Option No.. 1 - Spray disposal to wetlands $ 2,700
Option No. 2 - Disposal directly to Skunk Lake £ 2,000
Option No. 3 - Injection in existing wells $ 3,500
Option Mo. 4 - Injectidn in near wells (3-total) $ 9,000
NOTES : Dewafering costs, not including drilling costs and disposal

costs can be adjusted at a rate of $6000 per week if the
actual ramp construction schedule differs from '10-weeks.'

o

O
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PUNMPING STATION

P DISCHARGE PUMPLD WATER THROUGH
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A. WELL POINT INSTALLATION

6"or 8" HEADER PIPE

Q )

TOP OF BENCH

= Y GROUND-WATER
LEVEL

l«——6"-12" 0.0. TEMPORARY
CASING

I 172" I.D. WELL POINT
(CAPAGITY ~ 50 gpm)

—#——— SAND or GRAVEL PACK
ARQUND WELL POINT

/BASE OF GLACIAL ORIFT

CLAY %
6°0.D. PUNCHER

B A AT S S ey A AT
BEOROCK

INSTALLATION PROCEDURE:

{1} TEMPORARY CASING([6"-12"0.D.) WITH A TIP PUNCHER
(6" 0 D) IS JETTED AND DRIVEN 2 FEET INTQ THE CLAY
{2) AFTER CLEANING OUT THE MOLE, THE | 1/2" WELL POINT
WITH A 24" SCREEN 15 INSERTED; SAND IS INSEATED AND
TEMPORARY CASING 1S PULLED.

B. SUMP SYSTEM

GLACIAL
ORIFT

~ TRENCH
CUT IN CLAY

BEDROCK

C. ALTERNATE SUMP SYSTEM

NOTE: !F CLAY HAS TO BE EXCAVATED,
CLAY DIKE CAN BE BUILT TO
FORM SUMP,

DETAILS OF
DEWATERING SYSTEM

FIGURE B
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APPENDIX A - BORING LOGS
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TABLE A-1

HORIZONTAL AND VERTICAL CONTROL OF BORINGS

Boring Ground Elevation Standpipe Elevationl Horizontal.Coordinates2
Designation ' feet (MSL) feet (MSL) North Last
DMI-1 1636.74 1638.29 116,746.693 2,278,815.316
DMI-2 | 1629.43 1630.77 116,608.916 2,278,750.054
DMI-3 1626.34 -= 116,504.436 2,278,692.158
DMI-4 1637.06 -= 116,374.694 2,278,621.737
DMI-5 1641.24 -- 116,392.018 2,278,473.556
DMI-7 1647.69 -- 116,412.929 2,278,275.264
DMI-8 1647.29 ) -- 116,430.248 2,278,125.170
DMI-9 1633.82 ' -— 116,908.854 ©2,278,902.931
DMI-11 - 1634.82 ‘ -~ 116,544.035 2,278,599.478
Notes:

(1) Piezometers installed in only DMI-1 and DMI-2.

(2) Wisconsin Grid System.
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ONS PRISENTED REFER T0 MZAN SEA

LT

L = I

LEVEL DATUM,
IKDICLETE ELOWS REIQUIRED TO
JRIVE A £ SEMPLIR ONE FOOT
WITH & GHMT FALLING 24
INCHES

29 B TINDICLTES DEPTH AND RECOVIRY OF DLMES &
FICRE (TYPE U) S&MPLE,

2 INDICATES DISTURELD DAMIS & MOORE SEMPLE

RICOVERY.

BLOW COUNTS
| SAMPLES
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60 1

250 B
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150

>
BORING DMI -1} '5'21':
[
SURFACE ELEVATION 1636.74 sd
oy
L]
SrMEOLS DESCRIPTIONS
U ML |erown SENDY SILT; TRACE DRGANICS AND ROOT
FRAGHMENTS; MEDIUM STIFF — /835
LIGHT EROWN FINE SILTY SAND; TRECE MEDIUM TO
COARSE SAND; LITTLE GRAVEL AND CLAY; LOOGSE
GM e
GRAVEL GRADES OUT AT 7.0 FEfT — /630
LIGHT EROWN FINE T0 VERY FINE SILTY SAND, LITTLE
FINE GRAINED MICA, LODSE; INTEREEDDED WITH TN
MIDIUM TO COARSE SEND, TRZCE FINE GRAINED MICA,
SOME BLACK SWALE FRAGMENTS, MEDIUM DENSE
— 1625
sp SILTY LAYER AT 1L_0 FEET
b3 L]
SM — [620
GRADING TO VERY DENSE
LOCALLY SOME COARSE GRAVEL BELOW 19.0 FEET
— /615
Tee TEN MEDIUM TO COARSE S&ND; SOME FINE GRAVEL AKD — /& /00
sine BLACK SHALE FRAGMENTS: TRACE MICA; TRACE
SI1LT: VERY DENSE
:n":’
oo | SW
oe 2 — /605
‘l":(
_"‘.( TEN TO REDDISH-EROWN FINE TO COLZRSE SAKD WITH
FINE 70 COKRSE GRAVEL: DCCASIONEL COEBLE: — /600
S LOCALLY SILTY; VEIRY DENSE
HEH:
0
ot SOME COEBLES FROM L0.0 TO 4.0 FZET
— 1595
;::
Lefe,
-« LOCELLY COLRSE GREVEL WITH 3"-k" COBELES
SW — /580
=2 ow
r‘f‘oo
r:"°=
el — s
E*,.0 SOME CDEBLES LT £3.0 FEET 1585
“':s.t
F o tee
=°r‘
o — 1580
- MER |LN SYSTEM
O GRLY CLAY: SOME SILT AND FINE TO COARSE
L: VIRY STIFF: HIGHLY WELTHERED SAPROLITE 1575
POCKETS OF RED CLAY &7 €£3.0 FZET
TUFF; GREEN TO GRAY: FINE GREINED:
GRLDES GREEN TO BLACKISH-GREEN FROM 65,5 FIET: —
COLASE BREIKED: SLIGHTLY WEATHEREZD; SLIGHTLY FRACTURED 1570
(FRLCTURES 309-65% EVERY 8"~ 12 WITH OCCASIONEL
CLEY FILLING FROM 67.5 TO 72.6 FELT)
FLULT IONE, CLAY GOUGE FROM 72.6 T0 73.8 FEET
— /565
INTEEMED IATE 284 TUFF, GREY TO BROWN; FINE GRAINED:

EORING CONTINUED

LOG OF BORINGS

DAMES B MOOREA

FIGURE A-4.1
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BORING DMI -1 CONTINUED

ATTERBERG
LinITS

DEPTH
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DAY DLHAITY
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BLOW COUNTS
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T
%
PLASTICITY

SruMsoLSs DESCRIPTIONS

[\ SLIGHT 70 MODERATE WEATHERING WITH INTERBEDDED GREEN
i TO GRLY CLAY FILLINGS FROM 73.0 TO 74,0 FEET; HIGHLY — /560
FRACTURED ZONE FROM 73.8 70 75.2 FEcT,

75

100 72

GRADES MOTTLED RED TO WHITISK- GN‘.Y SLIGHT IRON OXIDE

STAINING: SLIGHTLY FRACTURED, €% -100 EVERY Lv-6My

SLIGKT' 70 MCDERATE WEATHERING,

FRACTURE ZONE; STRONG IRON OX1DE STAINING; HIGH — /555
CLAY CCKRIENT FROM 77.¢ TO 79.2 FEET

GRADES GRAY: FINE ER'IP-D- SLIGHTLY WEATHERED;

SLIGHTLY FR'ETURLD MODERATE BREAKAGE ALONG NEAR

VERTICAL BEDDING PLANES

GREDES LIGHT EROWN TO GRAY AT B3.6 FZET; MODERATE

IFON OXIDE STAINING; NUMEROUS CLOSED BREAKS ALONG — /550
NEAR VERTICAL BEDDING PLAWES

80
100 [i0

85

HIGHLY FRACTURED ZIONE FROM BE8.0 TO BB.6 FEET; SOME

CLAY FILLING

GRAY; WEAK IRON OXIDE STAINING FROM 90,0 FEET

NUMERQUS FRACTURES FROM S1.0 TO 95,0 FEET — /545
WHITE CLAY INCLUSION, 1730 a1 91.¢ FEET

SLIGHTLY CDARSE GnAlN’D FROM 92,0 TO SL.0 FEET

g0

85
00|56 _
FRACTURE ZONE FROM 97.8 70 ©9.D FEET /540

100 FLULT ZONE FROM 100.%2 TO 102.5 FEET:; RED; HIGHLY

WEATHERED AND IRON DXIDE STAINED WITH VERY HIGH CLAY
CONTENT — 1535

r‘.nFIC LEPILL] TUFF: GRAY TO BLACKISH-GRAY:; COARSE
veuy SLTGHT WEATHERED TO UNWEATHERED: SLIGHTLY
FRACTUR £D,

NUMZROUS FEACTURES FROM 103.0 7D 1045 FEET
FRECTURE ZONES AT 106.0 FEZZT &ND 10B.5 FEET —_— 530

/105
100|100

/110

BORING COMPLETED AT 102.0 FEIET ON &-1L-77.

WLTER LEVIL RECORDED AT 16.4 FEIT UPON COMPLETION
WITH ALL CASING IN GROUND,

WETER LEVEL r—;co DED AT APPROXIMATELY 46.0 FEET 1 HOUR
AFTER COMPLETION,

LOG OF BORINGS

DARMER B RMOOR N

FIGURE A-4.2




DEPTH
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. " - 3
N ooy i F ) £ BORING DMI-2 D
en | =5, Cim1Te REER T S . SURFACE ELEVATION 1629.43 v
£ | 5235 T e S Ll
[ E-re Yo | Ex ] arjEol & =~ ~
R U L R U P 83 -
S E R R B X srwsoLs LESCRIPTIONS
. OL |[BLECK FIBROUS SILT WITH ORGANICS; WITH LEAVES
1l “ AND ROOTS; WITH 6" - 12“ COEBLEZS (TOPSOIL =
I 120
| !iﬁ ML 1io77LeD LigHT sromn exo ORANGISH-BROWN CLAYEY
i SILT: MEDIUM STIFF _
s o EROWN FINE TO MEDIUM SILTY SAND; SOMI COLRSE 1625
2"1,;«;‘ SKND KND FINE TO CORRSE GR&VEIL; MEDIUM DENSE
e
ol
Fd SM ;
9w f — /620
|\
¢
i
BROWN TO TAN FINE SAND; TRACE Se&D SI1ZE BLACK
SHALEZ FRAGMINTS: INTEREEDDED W1TH MEDIUM TO
COARSE SEND, LITTLE BLACK SHALE FRAGMENTS; —
52 MEDIUM DENSE /615
GRLDES VERY DENSE
" TRACE FINE TO COARSE GRAVEIL FROM 19,5 7D 20.5
100/3" & FEET £ — /610
40 R — /605
°0 & GREDE RY DE
.GRADES VERY DENSE ) — 1600
BROWN FINE TO COARSE SEND END FYRE T0 COARSE
S 3 GRAVEL; LOCALLY TRACE S1LT; VERY DENSE .
L ¢ % o
200 B feto, GREDES 70 SOME COBELES (6" - 12") AT 3L.0 FEET __ ,5gs
£
L:::;.,
oo €
ST — /580
et SW
.8 |1z eo m [
<. cc{ GW
for e — /585
L o
ce &
o fect GREDES TO TRACE GREEINISH-GRAY SILTY RESIDULL  ___
Eisd INCLUS 1ONS 1580
2L" BOULDER AT 51.0 FEET
¢ 2ed
ol ORANGISH-EROWN SILTY FINE SaND; LITTLE CLAY; SOME
FIND TO COLRSE GRAVEL o
. B PIRCAMBRIEK SYSTEM 1575
ES/3° CH |FED CLAY AND HIGHLY WEATHERED S2PROLITE FRAGMENTS:
SOME SILT: VERY HARD
FELSIC - INTERWMEDIETE LAFILLI TU GRLY; LOCALLY SOME
CXI0L SICInikG: PooiUP CrRETD : SLIGHT TO
sl s : TE SURFLCE WEATHERING; mMODISETELY FRECTURED:; — [fS570
10011 2" . 3" FRLCTURE ZONE EVERY B - 12%,
STRONG EREEKAGE EVERY .5 70 | INCH &LONG BEDDING
PLANES FROM 58,2 TO 560 FEET
RED CLEY FILLED FRECTURES {1/16") FROM 60,0 70O 60.2
FEET
STRON £ EVERY 1/L" ALONG EEDDING PLEINES — /565
100] el -FE0m 0 FEET
- |RON EC, TIGHT, VERTICAL FRACTURE FROM
£3.2 T
MIDE ICE STAINING FROM €7.3 TO 68,6 FEET;
= TRAC LCTURE ZONI FROM €7.3 TD 67.7 FE
GFAD GHTL SLIGHTLY FFLLTLRIR — [f550
FROM 6° £S EVERY 4 - 8"
100{100

— {555

EORING CONTINUED

LOG OF BORINGS

DARE xS B OO s
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L=
ATTLRBERS z g BORING DMI - 2 CONTINUED g-':
=~ cm = LIMITS e loe z <
-4 o -
SRR R 12515125 o s by
SW | 22 | wesnle. fu. |E. |E2f|BE|EE| G Y i
g¢ U T EE = B B 3 iy
= - - §-3 -
Rtz B S srwsoLs DESCRIFTIONS
75 2] LOCALLY WEAK IROR OXIDE STAINING FROM 75,0 FEET;
MODERATELY WEATHERED; SOME BREAKAGE ALONG NEAR
VERTICAL BEDDING PLANES
&0 100 |80 — 550
TRECE BRIGHT GREEN MINERAL INCLUSIONS FROM 83.0
FEET
85 INTEEMITTENT MODERATE TO STRONG YRON OXIDE STLINING — [545
. FROM BL.O FEET; MOTTLED RED, GREEN, AND WHITISH-GRAY:
10173 MODERATELY WEATHERED; MODERATELY FRACTURED
STRONG BREAKAGE Evzméa.f TO 1 INCH ALONG BEDDING
PLANES FROM 87.0 TO B8.L FEET
g0 — [540
00| g%
NUMEROUS MIRCOFRACTURES FROM S2.0 TD 96.0 FEET
85 — /535
GRADES WHITISH-GRAY TO GRAY AT S5.0 FEET; VERY FiNE
GRAINED: MODERATELY WEATHERED; SLIGHTLY FRACTURED;
00| 77 OCCASIONAL BRIGHT GREEN MINZRAL INCLUSION;
WEAK FRACTURE ZONE FROM $7.5 TO SE.5 FEET; SOME
CLAY LINED FRACTURES
100 == l530
1" CLAY FILLED FRACTURE 4T 100.& FEE
GRADES GREY; LOCALLY WEAK IRON OXIDE STAINING FROM
100 (100 101,0 FEET: SLIGHTLY WEATHIRED: SL1GHTLY FRACTURED;
CCCASIONEL IRON OXIDE STAINED, TI1GHT FRACTURE
105 — /525
100|100 )
/10 — [520
.
SH-GRLY WITH LOCALLY WE&AK IRON OXIDE
¥16 ool e M 11L.0 T0 118.5 FEET; MODERATELY — 55
. COERATELY TC MIGHLY FRZITURED; 1 - 2Z%
RECTURE ZONES AT 117.0. 117.5, AND
GRLDES GRIY; MEDIUM GRLINED; SLIGHTLY WEATHERED:
120 100| €5 SLIGHTLY FRACTURED; OCCASIGNAL GREEN MINERAL — 1510
INCLUS 10KS
60° DPEN FRECTURE &T 122.2 FEET
B0° DPEN, IROK OXIDE s-.u:zv FRAECTURE &T 123.7 FEET
70° OPEN FRACTURE FROM 12k,7 FEET
125 — /505
100} 58
MODERLTE IRON OXIDE STEINING FRO® 120.2 TO 130.7 FEZET
130 LV WELK CLAY LINED FRECTURE 20NE &7 129.7 FEET — /500
SOME FRACTURES &LONG NEAR VERTICEL BEDDING PLANES
/135 00| 79 = /495
FRACTURIKG £LONG BEDDING PLANE EVERY .5 TO 1 INCH
/40 — /490

ECRING COMPLETED AT 139,0 FEET ON €-21-77.
CASING USEZD 70 & DZPTH OF 5B.0 FEET.

LOG OF BORINGS
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P <
= 2 S
T e 1T : BORING DMI -3 Sa
s | =5, kbl P35 £ £ 3. SURFACE ELEVATION 1626.34 R
F= | 0zla L. 16 jooaizslusl 8 oW ‘ Wk
or Ter&loe |oe IS =S 12488 ¢ < -
“n |3EIe|iEF|EER| 2 [§ |FE s W
= Z = z
R g S srwsoLs DESCRIPTIONS
SP | EROWN FINE SEND; TRACE FINE TO COARSE GREVEL:
' L00SE (ROZD FILL -~ 10") -— 625
8 ML | C&RK EROWN CLEYEY SILT; SOME ORGANICS END RODTS
(T0PSOIL - 127)
R EROWN FINE TO COARSE SAND WITH FINE TO COLRSE SEND
17 1 GH g AND FINE 70 COARSE GReVEL:; LOCALLY SOHI SILT;
At MEDIUM DENSE WITH SOME 3" - Ln COEBLES FROM — /620
F SW
L L5 10 6.0 FEET
2w fint GW
i
BROWK FINE SEND; TRECE SILT; MEDIUM DENSE — /6/5
28 n GRADES WITH OCCASIONAL LAYZRS OF TAN COERSE
SAND
EROWN FINE TO MEDIUM SAND WITH INTEREEDDED FINE — [6/0
TO COARSE SEND WITH LOCAL ZONES OF FINE TO
43 1 COLRSE GRAVEL; DENSE TO VERY DENSE
SP
SW — /1605
65
FINETO COARSE GRAVEL WITH INTERBEDDED FINE TO  ——
COARSE SAND; VERY DINSE /600
160 2 31.L" COBBLES
— /585
100/0" B8 ’
— 290
250 & GW
COEELES UP 10 &"
SW
. 885
100/5" &
— /580
175/6" B 18" BOULDER FROM LS. 5 FEET
~ s ST
1L BOULDEIR FROM E2.5 FEET
Bz ¢ SYSTE
200/3" ® 1 OLIVE-GREEN £KND GRAY RESIDUEL CLAY;
: SOME CDERSE SEND £ND FINE GReV
VERY HERD; SOMI FREGMIKNTS OF HIGHLY WELT
SEPROLITE T SR L
{s6/3" g CH | creoge some wuite woTTLING
— /565
FELEIC - INTIRMIDILTED LEPILLI TUFF: MEFIC CHLORITIC
TRIGOIRTS; SUSIAGULIF; FTLSTC FREGMEINTS; COLESE
CTUFF - MIDIUM LAPILLI, GENERELLY SUBROUNDED
: — /560
HILVILY I1RON CXIDE STREINID FROM £7.3 70 £9,7 FEET;
- woolioe MAFIC FRLCMINTS LLTERID TO CHLORITE AND WELK CLAYS
00I0C FRACTURE 20NE FROM €8.C YO 70,8 FIIT
FRECTURE IONE FROM 71,5 TD 72.3 FEET 5
100]70 — 1555

EORING CONTIKUED

LOG OF BORINGS

DAMMES 2 MOORE
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=
PP T @ BORING DMI - 3 CONTINUED %n
= N & z N
B | 2o jada et A8 HE R 30 oy
W 2 | Sile MR oY ot
GW | 5E | EERT e [y [Tk qIET|ER|ERE g P
CR | 57 | SR B e k| R | |TE S
Rau i g S 8 SrmsoLs DESCRIPTIONS
75 Sl FRACTURE ZONE FROM 76.3 TO 76.7 FEET — 1650
! -]
BB 2T FRECTURE ZONE FROM 79.3 TO B2.3 FEIET
80
— /645
100120
&5 FRACTURE ZONE FROM BE.S T0 B6.8 FELT — }640
100 70
FRACTURE ZONE FROM BS2,3 TO BS.7 FEET
S0
— /635
100|100
85
— /630
FRACTURE ZONE FROM ©7.7 TO 98,0 FEET
100 100| 80 WEAK IRON OX1DE STRINED CHLORTE ALTERED MZFIC
FRAGMENTS (ORE PYECES 10 - 14 §w LENGTH) FROM — /625
89,7 TO 105.0 FEET
/105

BORING COMPLETED T 10L,0 FEET 0% 5.2L-77.
NO GROUNDWATER LEVEL RECORDED.

LOG OF BORINGS

DAMES 8 MOORME
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=
e “ P S
ATTERBERG x by BORING DMI - 4 Sx
x LINITS £ |E e 2 7 <
= €55, =5 12 |sx| 39 SURFACE ELEVATION 1637.06 Ty
e - X - -
E8 | wweel., |e. |E. [ESF|EE]EE| 2 5.5 Lt
or e ) e = Esalev, =5 |- e x ('Y
L= a3t 22F|Zer| & 4 L S %
v - o -
== 12 3 o S8 srwsoLs DESCRIPTIONS
: : ORANG ISH-BROWS AND BROWN FINE TO MELIUM SEND;
LOCALLY WITH LDARSE SAND AND FINE TO COZRSE
GREVEL; OCCESIONAL COBELE; TRACE SAND S1ZE — /635
S BLECK SHALE FRAGMINTS; MEDIUM DENSE
GRLDES DARK BROWN SILT SEaM
GREDES TEN TD LIGHT BROWN FINE §|LTY SEND; — /630
TRECE FINE TD TOARSE GRAVEL; TRACE S&ND SIZE
0K BLACK SHALE FRAGMENTS; DENSE
TEN T0 SROWN WERY FINE TO FINE SAND; TRACE SEND — 1625
S1ZE BLACK SHALE FRAGMENTS: TRACE SILT; TRACE
A | MiCa
— (620
IC | GRADES VERY DENSE
— /615
[{ol- 0N §
— [/6/0
60 1
18" EROWN SELTY LAYER FROM 32.0 FEET GRADING 6
COLSER f— 05
GRADES TO TRZTE FINE GRAVEL /
€. (122 56 K |iec TAN FINE 7O COZRSE SAND INTEREEDDED WITH EROWN
| e ¢ FINE SAND: LDIZLLLY SOME FINE TD COARSE GRAVEL:
ot'® TRACE SILT; WERY DENSE
e — /600
65w [ee '
fee
o
oe £y
— /585
o
ve ¢4
108 B [<€.° SwW
— /590
7.6 126 T00E feol
et o] GRLDES TO OUCTESTONAL COBBLE
e
— /585
or w : TEK 70 ORLNGE FINE TO COARSE SiKD END FINE TO
707 CLRSE GRAEVEL; TRACE SILT: L"-€" COEBLES:
VERY DENSE
— /580
8.4 1 Tol § GRADES GRAY
12" COEELE FRDM 60.0 FEET
GRADES NUMEIRDUS L"-€" COBELES
— /575
6" COEELE FEOM 67,0 FEIT
—— =
N REDDISH-SROWN S{LTY FINE SEND; TRACE COLRSE SAND 1570
= £.9 [131 Hos2" & LND FINE GREVEL; VERY DENSE
— /565
6" COBBLE AT 74,5 FEET

EORING CONTINUED

LOG OF BORINGS

DAMME B MO-ORMR




8837-058-07

c 3
- —— s E BORING DMI — 4 CONTINUED :E
T -3 B e
IR | =2 =2 g e [ Sw Id
=5 we <zzw = 2oelEs 58] Y Wiy
Ll = Sarthfe. lee |ou |39 |82 8| € ~ -~
gL | e N EFFY R R i P X3 W
- nz ” -3
R = g oS SrwsoLS DESCRIPTIONS
rs PRECAMER IAN SYSTEM
RED CLAY; SOME SILT &AND FINE TO COARSE SZND; HERD
CH - /550
100/3" & GRADES WITH MIGHLY WEATHERED SAPROLITE FRAGMENTS
AT 75.5 FEET
&0
81 |50 INTERMEDIRTE ASH TUFF; RED; STRONG IRON OXIDE STAINING:
HICHLY WwilTrRzrtD - LOCALLY CLAYEY FRACTURE ZONES EVERY— /£ 55
EVERY 6M-12%
g VERY HIGH CLAY CONTENT - ROCK BADLY ERCKEN END
5 WASHED AWAY
70| 28
— 1550
g0
16| 0
— /545
55
32|20
. — /540
BASE OF HIGHLY OR INTENSE WEATHERINT AT 9B.0 FEET
100 YELLOWISH-GRAY; FINE GRAINED; MODERXTE SURFACE
WEATHERING; SLIGHTLY FRACTURED EVERY 12/-1B"
10¢| 80
HIGHLY WERTHERED FRACTURE CLAY LIKED ZOME FROM — /535
102, 5 70 103.5 FEET; STRONG IRON GXIDE STAINING
F05
el |77 @ CLAY LINED FRACTURE &T 107.5 FEfy - 530
WELTHERED AND FRACTURED I1RON OXIDE STAINED ZONE
//0 FROM 10E,1 TO 108.L FEET
YELLOW CLEY FI LLED FRACTURE ZONE FRoM 110.4 TO
110.0 FEET
I00] E7 SOME NELR VERTICAL FRACTURES FROM 111.0 TO 112.5 -— 525
FEET
HIGHLY WEATRERED, FRACTURED AND 100N DX1DE STRINED
//5 112.2 70 113.0 FEET
100! 77 SLIGHTLY FRACTUREID FROM 115.0 TO 116.0 FEET
KIER HORIZONTEL EVERY Av-1pw
IRON OXIDE STLINEID FRACTURE ZONE FRO® 117.6 TO - [520
118,35 FEET
GRADES GRAY; MEDIUM TO CDARSE GREINED-FROM 118.3
120 FEET; SLIGHT TO MODERATE SURFACE WERTHER ING
100 54 CCCASIONEL IRON OXIDE STRINED VUG FRDM 116.0 TO
120,06 FEET
HIGHLY FRECTURED IDNES FROH 120.3 TD 121.3 FIET anD — /5 /5
122.C 70 122,85 FEET: wITH |RON OXIDE STRINING
NEAR VERTICAL FRECTURES FROM 124.C TD 125.0 FEET
125 SLIGHTLY OPEN FRACTURE FROM 125.0 7D 131.0 FEET
ool 75 SOME CLOSED FRACTURES: MDDIRATE IROW OXIDE STAINING
FROM 126,L 70O 12€,8 FEET: 127.2 10 127.4 FEET AND
131.5 70 131,7 FEET — 15/0
/120 VERTICAL FRACTURE FROM 130.B TO 131.3 FEET
o6 | a4 YELLOW, CLAY LINED FRACTURI ZONE FRoM 131,8 TO 132.1
FEET
— /505
MODERATLELY FRACTURED EVERY 2"-4". MDDERATE 1RON
/35 OXIDE STAIN FROM 134 & TD 136.0 FEET
END SILT LINED FRACTURE ZONE FROM 13B.2 TO 138.5— /500
4
1oc1 & 1CAL FRACTURE FROM 139.0 TO WLp.Q FEET
/40
— /495
/45 7 MODIRETELY WEATHERED &KD FRECTURED ZONE FROM 1LE6_.3
100476 T0 1L7.§ FEET; MODIRATE IRON OXIDE STAIN; SOME CLAY
FILLING — /480
FINE TO MEDIUM GRZINED FROM VLR O FEET: SLIGHTLY
FRECTURED WITH LS8 . DO FRACTURE EVERY 8“-12";

rs5e LOCLLLY MODIRATE |RON OXIDE STAINING; OCCASIONAL
’ VUGS, PIKPOINT TQ 1/2¢

BORING CONTIKNUED

LOG OF BORINGS

DAMBEDR B8 MOORMN
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s
= (™S i S
B 5 3 2 BORING DMI - 4 ‘:E
= LINITS e lE e <
B | oof | Zex. of |5 5% 3w sy
= = To|lww| o W W
L zm wisn 3 e Bl 1l hed <
C“Lu e Wen|o. ¥, “x ok R hz 8
5z .| S3lly 3 el
‘135-_ o giz|TixlZex| 2 |} z o X W
/50 o g a8 SrwsoLs DESCRIPTIONS
100 {100 — /485
IRON OXIDE STAINING GRADES OUT /
/55 = '
GRADES OCCASIONAL QUARTZ FILLED FRACTURE 1/8"
— /450
100| sz
/60
— /475
MODERATELY WEATHFRED; SLIGHTLY TO MODERATELY
FRACTURE WITH 20°0-7 FRACTURES EVERY Lv-B" WITH
65 IROK OXIDE STAINING
— /470
1o0] 7 3" WERK FRACTURE ZONE AT 165.0 FEET
/70 UKFRACTURED, HIGHLY COMPETENT AT 168.3 FEET
BASE OF MODERATE SURFACE WEATHERING &7 171.0 FEET
75° IRON OXIDE STAINED FRACTURE aT 173.7 FEET — /465
/175
— /460
100|100
/180
DCCASIONAL STAINED, TIGHT FRACTURE OR VUG FILLING
KT 1B2.0C FEET ' — /455
60° IRON OXIDE STAINED FRACTURE AT 184,3 FEET
/185
WEER VERTICAL JRON OXIDE STAINED TIGHT AND OPEN — /450
- FRLCTURES FROM 167.2 7O 189.B FEET
/80
WILK FRACTURE ZONE FROM 162.7 TD 163,k FEZT = /g5
/85 WILK FRLCTURE IONE FROM 1S5.5 TD 19€.0 FEET; SOME
RED CLAY FILLING
Q
= — 1440
3" WERK FRACTURE ZOWE AT 198.5 FEIT; SOME GRAY CLAY
FILLING
200
CRING COMPLETED &T 200.5 FEET ON 6-5-77. — /435
205

LOG OF BORINGS

DA REED B RHMO-ORE
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=
- ifiiaaike T E BORING DMI -5 E,;:
x g s
R | ee | gta LiNnITS o5 |5 |58 S SURFACE ELEVATION 164124 S
sw | =5 | SENa I N oY i
W - Tgre|o Yo |Z= |Z5 |Bi|=c] « ~ i
L | 7 | 57|55l el 2Be|"E |2T]RE *3 S
= " 25* <3| 5= = |& * o X
& R L g oo SrwsoLs DESCRIPTIONS
il BROWN SILT; TRACE FINE SAND; MEDIUM STIFF
1 IHE ML 12" CCEBLE FROM 1.0 FOOT — /640
Y
T ORANGISH-EROWN TO EROWN FINE TO MEDIUM SAND;
16 n LOCALLY WITH COZRSE SAND 2ND FIRE TO OCERSE
& GRAVEL; MEDIUM DENSE
6"-24" (COBELE AND EOULDERS) STRATA FROM 5.0
T0 11.5 FEET — /635
/10
BROWN FINE TO COARSE SEND; LOCALLY WITH FIngE o — /630
CO:RSE GRAVEL AND COBELES; TRACE SILT; DENSE
46 W k'ied
/5
) e — /625
2% o
. aze [ .
20 "= % ) GRADES WITH NUMERDUS 3"-L* COBBLES
— /620
et
F soe
25
— /615
12" COBBLE FROM 27.3 FEET
70 ot COBBLES AT 29,0 FEET
30 oo GREDES WITH INTEREZDDED BROWN FINE TO MZDIUM
oCo SAND
— /670
100/2" B fo°f SW
35 S
o2 GW — /605
‘“uret
o 100/3" B Foro CONTINUDUS 3".k" CGEBLES FROM 35.0 TO 42.0 FEET
' . kn::n
o
o2 — /600
S COLRSE GRAVEL AND COBELES GRLDE DUT FROM 42,0
i R 70 Lko FEET
150/4" 8 frc.
45 s d
B — {585
::9°
Ooﬂe
50
.:::1 — /550
.
200/2" 8 |%.e
55 S5
— /585
o
. 200/3" B ot
60 :

EORING CONTINULD

LOG OF BORINGS
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L=
P T @ BORING DMI - 5 CONTINUED S~
z =i
Sde e | b LiWiTs Sl l.e z . =8
“--t we <Pz = 383 FT - 3 t: ‘Qh’-“
Su ) I2 | owso)e. e |5l fEF|E2|EE| S o M Wl
= B s S Cu [ o o Q
BE| 57 | A5 B Ehe R |5 [E % =
60 R g = X srwsoLs DESCRIPTIONS
— /580
GRAGES WITH EROWN FINE TG HEDIUM SILTY SAND
e BT 6L.5 FEET
€5 GRADES WITH CDEBLES FROM 66.5 TO 70.0 FEET
L:q sw — 1575
Lo
70 fa) BW
o]0 — 1570
L2 d
- E":nn
75
Lo
o|o g REDDISH-BROWN TO BROWN SILTY FINE TO MEDIUM — /565
SEND; LOCALLY FINE TO COLRSE GRAVEL; VERY
DENSE
&80
100 —_—
PRECAMBRIAN SYSTEM /560
YELLOWISH-GREY CLAY; SOME S1LT; SOME HIGHLY
_ CH | WEATHERED S&PROLITE FRAGMENTS; VERY HARD
&5
€823 INTERMEDIATE ASH TUFF; INTERBEDDED RED AND YELLOWISH-
TRUWR: FTGALY WEETRERED WITH HIGH CLAY CONTENT; —la855
HIGHLY BROKEN,
S0

EORING COMPLETED AT 87.0 FEET ON €-27-77.
ND GROUNWATER LEVEL RECORDED,

LOG OF BORINGS

DA RS B FO-OCR M
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BORING DMI -7

ATTERBERG
LIMITS

DEPTH
Q (FEET)
OTHLR
TL3TY
SHEAR
STRENGTH
T/N
PSF
Liouip
LM

SURFACE ELEVATION 164T7.6€9

rigLo
ELEVATION
(FEET)

RECOVIALD
RQD

~%
PLARTIC
LiMIT
%
INDEX
%

SLOW COUNTS

SAMPLES

MOISTUREL CONMTINT
%
DAY DENTITY
rCr
PERCINT

PLASTICITY

Sre80oL s DESCRIPTIONS

T SP | BROWN FINE S&ND; LODSE (RD&D FiLL - 6")
ity BROWN SILT; TRACE FINE TO COARSE GRAVEL; MEDIUM
LML | sTiFF — /645
REDDISH-BROWN TO BROWN SILTY FINE TO MEIDIUM
SEND; SOME CORRSE SAND AND FIKE TO COARSE

o
ne ey b

3

GRAVEL; MEDIUM DENS
SM H E

wa
=

o n
SPrer

TR
i

- 1640

4C ® TAN FINE TO COARSE SAND; INTERBEDDED WITH BROWN

FINE TO MEDIUM SAND LAYERS:; LOCALLY WITH FIKE
TC COARSE GRAVEL; OCCASIONAL COEELE (L"-6");
TRACE SAND SIZE SLACK SHALE FRAGMENTS; MEDIUM

DENSE g /635

53 B GRADES VERY DENSE

GRAVEL GRADES DUT AT 16.0 FZET

— /630

€5 1 GRADES TO TAN FINE TO MEDIUM SAND; SOME BLACK .

SHALE FRAGMEINTS
GRADES LOCALLY TO SOME FINE TO COARSE GRAVEL

GRADES LOCALLY TO FINE YO COZRSE SAND WITH 625

€5/4" & FANE TO COARSE GRAVEL

— /620
GREDING TO HEDIUM TO COARSE SEND

— /615

€6 & GRADING FINE TO COARSE S&ND WITH FINE TO

COARSE GRAVEIL

FINE GRAVEL; SOME COARSE GREVEL &ND FINE TO /610

6 COLRSE SAND; VERY DENSE

TEN FINE TO CDARSE S&ND;

SCME FINE GREVEL;
LOCALLY WITH CO&RSE GRav

: VIRY DENSE — /605

o

~X

100/5" K

FINE TO COARSE GRAVE WITH EROWK FINE TO COARSE
SEND; OCCASIONAL COBELE: VIRY DENSE S
B" COBBLE FROM L7.8 FEET 1600
GRALDES FINE TO COLRSE SEND WITH FINE TO COLRSE

GRAVEL; DCCASIONAL COBLLE; VERY DENSE

— /585

LDE NTINUOUS 6"-8" CODEELES FROM 54,5 TO

a3

G s C0
€3.0 FEET

— /580

EROWN FINE TO COARSE SAND; SOME FINE . 1585
IO K e e GRAVEL; VERY DENSE; LOCRLLY TRACE SILY

SILT
i SW
— /580

B837-058-07

%0 GRADES SOME FINE TO COARSE GREVEL

‘_: BROWN FINE TO MEDIUM SILTY SiKD; TRACE
Lt FINE TO COLRSE GRAVEL; VERY DENSE /575
1O B faki|

S

BORING CONTIKUED

LOG OF BORINGS

DAMNEE B BMO-O RN
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Lz
e o BORING DMI - 7 CONTINUED Sa
£
z LIMITS s le |2 x <
B f B Luk — =8 15|58 39 ol
°~L“_, I AR P T o £3| ¢ b N
SO R e R S N P 13 -
R R e S X srwsoLs DESCRIPTIONS
75 GRADES LOCALLY WITH COARSE GRAVEL
— 570
80
GRADES REDDISH-BROWN SZND; TRACE RED — /565
. CLAY AND SILT; SOME FINE 7D COARSE -
6.8 60 & GRAVEL
85 GRAVEL GRADES OUT
— /560
50 PRECAMER AN SYSTEM
CH | RED CLEY: WITH HIGHLY WEATHERZD SAPROLITE:
SOME GREENISH-CLAY SELT POCKITS; VERY HERD — /555
95 INTERMEDIATE LAPILLI TUFF; SUBANGULAR MAFIC FRAGMENTS
(ZU%): RtuTUF GRATRCD TUFF MaTRIX (BO%).
83138
- [550
/100
100 | 72
= egs
/105 FAULT ZONE FROM 106.2 TO 110.0 FEET
€4 |s2
— /540
VERY WERK FRACTURED ZONE FROM 11L.p TD 115.0 FEET
/110
00| g2
= fHID
-]
ico| 100) — /530
120
WEAK FRECTURE ZOWE FROM 122.3 TO 123.2 FEET
§ 2 — /525
/25 00106 WEAK FRACTURE ZONE FROM 125.2 TO 126 B FEET
— /520
NUMEIRQUS FILLED FRECTURES, 1/3£" THICK FROM
/20 128,¢ 10 132.0 FEET &KD < 1/B" T0 1" THICK FROM
ool so 13L.0 TO 126,5 FEET
— 15/5
/135 INTERMEDIATE ASH TUFF: COALRSE GRZ : UNIFORM
teitony; OCCESTOWEAL CHLORITIC FRAGHMEINTS
100|100 — /5/0
/140
- — 1505
/145
109 (10C
— /500
150

EORING CONTINUED

LG OQF BORIMGS
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- x
EET— o BORING DMI - 7 CONTINUED S
= - > x
T a
x| =2 | =5 LT =3 |5 |5t Sw Iy
~ = < zTw = v e |ww| o Q‘“ bty
ol | 22 fudsel, e |5, |2¢f|zE|EE) 8 3 3=
o T =" == [y = o
&< on | Bkl iRl ZE) R (2 |RE 33 =
- x£= ° ol
/50 £ s 2 o o SrwsoLS DESCRIPTIONS
g 7] INTERMEDIATE LAPILLI TUFF; MAFIT CHLORITIC FRAGHENTS
100! 100 [~U TU 8Ux); RLUTUR GRAINED ASH MajRIX (40 TO 60%)
OCCASIONAL FILLED FRACTURE, < ¥/16" THICK FROM 150.0 1495
T0 178.0 FEET
155
— /490
100} 100
/160
— /485
/65
— /480
28| s8
/170
— /475
[ &5
VERY WEAK FRACTURE ZONES FroM 17BD 1o 178.5 Feer 1970
e4| 86 LND FROM 1B2.5 TD 1B3.0 FEET
/80
INTERMECIATE 2SH TUFF; VARIABLE TEXTURE; LOCALLY .
L iurr, [455
OCCASIONLL FILLED FRACTURED, < /1% THICK FROM
/185 182.0 70 195,0 FEET
— /460
100100
/180
— /455
/185 T INTERMIDIZTE LAPILLY TUFF: MAFIT EwGULAR CHLDRITIC
rRECMIRTS (SUR); Fz0lUM GRAINED 254 HATRIX (50%)
— /450
100} 100
200
— /445
205
100|100
— [440
INTERMEDILTE £SH TUFF; FINE GREANED, LaMINATED TEXTURED
210 : rRUP 0%, 0 10U fib.U FEET; ME
100 |100 FROM 22L,0 TO 230.0 FEET; COZRSE GRAINED, MASSIVE
FROM 230.0 TO 237.0 FEET;
OCCASIONAL FILLED FRACTURES, < 1/16" THICK FRCM T
202,0 T0 212,0 FEET 1435
SEVERLL FRACTURES EVERY 1/2" TD 1 FROM 212.0 TC
28 215,0 FEET
100|100
FRACTURE ZONE FROM 219.0 10 220.0 FEET —= {430
220
100 (100 3 5
ERDKEN ZONE FROM 222.0 TO 223.5 FEET
OCCLSIONAL FILLED FRACTURE, < 1/16" TG 1/8" THICK 1425
205 FROM 22L.5 TO 226.0 FEET

BORING CONTINUED

LOG OF BORINGS
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L=
s “ — S
_ S—— 0 2 BORING DMI — 7 CONTINUED :E
- LIWITS T ls |8 ]
N A EN 30 S
M = > SiF LY Wi
il B IR PO P N e E R o S
- =T -- o - & -
BE| 7 | =5 B el d 5 |6 33 .
258 el z o & SsrwsoLs DESCRIPTIONS
100 (100
— [420
230
100|100
OCCASIONAL FILLED FRACTURE, < 1/1&" THICK FROM — /4/5
233.0 TO 236.0 FEET
235
100/ 100 FELSIC - INTERMEDIATE LAPILLI TUFF: MAFIC CHLORITIC
INGULER TRAGRERTS (30%J); LUARSE FELSIC ASH (70%) — /410
240 DCCASIONAL FILLED FRACTURE, < 1/16" THICK FROM
241,0 T0 250.2 FEET
— /405
245 100{100
— /400
250 100 {100 STRONG FRACTURE Z0NE FROM 250.2 TO 252.8 FEET
— (385
255

EORING COMPLETED AT 252.B FEZT ON 5-29-77.

LOG OF BORINGS
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DEPTH

9o (FEET)
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=
= [ - S
A 2 2 BORING DMI -8 S
5|,
e | B LiMITs JE |2 |8 s . SURFACE ELEVATION 1647.2% 3
- (L] o - X Q
S <zzu - et I e -] G T s
EF | QusBiec |8 jEe |2ETIER(ERLE g i
N - H e E R PR R 3 =
“ ber - - -
wal R H 3% srwsoLs DESCRIPTIONS
ML | GREYISH-BROWN STLT; SOME ORGENICS; WITH LEAVES
£ND FINE ROOTS (TOPSOIL - 12%)
EROWN FINE SILTY SAND; SOME COARSE SAND; TRACE ~— /645
FINE GRAVEL; MEDIUM DENSE
5 m
GRADES EROWN FIME TO MEDIUM SILTY SAND; SOME
- COLRSE SEND EWD FINE TO CGARSE GRAVEL; SOME
3n_4" COBBLES: MED|UM DENSE
— /1640
15 &
TAN MEDIUM TO COARSE SAND; TRACE FINE SAND AND
FINE GRLVEL; LITTLE SAND SIZE BLACK SHALE — /635
FRAGMENTS; LOCALLY TRACE SYILT; MEDIUM DENSE
25 1
GREDES WITH FINE TO COARSE GRAVEL FROM 15,0
70 17.0 FEET
— /630
120 ¥ GRADES .TAK FINE TO MEDIUM S&ND; VERY DENSE
GRADES LOCALLY WITH SOME FINE TO COARSE SAND
END FINE 10 COSRSE GRAVEL BELOW 21,5 FEET: — 1625
OCCASIONAL 3%~ COBBLE
70 1
SP
— /620
1,807 76 ¥
— /6715
104 &
— [6/0
105 &
— 1605
£ COEELE FROW™ L3 .8 F
100" & [ EROWN FINZ 70 COZRSE SEKD: LITTLE FINE TO COARSE
s rt GRAVEL: OCCASEOMEL COBELE: VERY DENSE
— /600
200 [.<5c] SW . -
s FINE TO COARSE GRAVEL CONTEMT INCREASING
D — /595
100/0" & FINE TO COARSE GR2VEL WITH €v-12" CDEBLES; VERY
DENSE
ORANGISH-EROWN £%D EROWN FINE 7O CDARSE SAND; - /590
i3 g 100§ SOMI i INE GREVEL: SOMEI COARSE GRAVEL: VERY
DENSE
GRLDES 1RACE SELT POCKETS
18" BOULDER FRDM €1,5 FEET
— /585
: FEDDISH-EROWN SILTY FINE SAND:TRZEE COERSE SAND
END FINE TO COARSE GRAVEL: VERY DENSE — /580
102 1
SM | CRLDIS LOCALLY WITH CORRSE GRAVEL AND COEELES
— 1575

EORING CONTINUED

LOG OF BORINGS
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2
= " -— S
PR R 2 BORING DMI — 8 CONTINUED ':E
LIWITS = - e
R - AR 30 S
. > . -
g ) oED |wdsole. e |E. |EeF|EE|EE| € N g%
o - =T - [y -0
g'{: va §Eat E;J‘ _:_gl’ ;—j HE R %1 y
- £ 2 3 a8 SresoLs DESCRIPTIONS
75 H LT ) 5
‘EI:*‘; GREDES ORANGISH-BROWN
= X
tfl — 1570
ik GRADES WITH INTERBEDIDED GREENISH-GRAY RESIDUAL
listh SILT LAY&RS AND ROCK FRAGMENTS
g0 L4
Rt
il — 1565
200/7" W ,fgqj,
il
85 a:,y
R SM
1y 0
il — 1560
:!5%1
120 ¥ r‘ﬁﬁ- GRADES REDDISH-BROWN
g0 hihth
ot
Lfhy — /555
AL
e
L
95 TJE'[
ﬂ"rl 1550
s =
i e PRECAMBRIAN SYSTEM
ol o Fon | SAPROLITE: HIGHLY WEATHERED; APPREZRS TO BE |NTERMEDIATE
100 C ) T LIFTLLT TUFF e o
X INTIRFIDTETE LAPILLY TUFF; RED; STRONG IRON DXIDE
STEINTRG: FODZRATE 70 HIGH SURFACE WEATHERING; HIGHLY
66| 24 FRECTURED FROM 98,5 TO 111.0 FEET; WITH CLAY LINED — /545
FRECTURES: LODCALLY HIGH CLAY CONTENT
MODIRATELY FRACTURED; COMPETENT FRACTURE FROM 101.0
105 T0 1C2.7 FEET E
44|10 — /540
110 BASE OF HIGH WEATHERING AT V11,5 FEET
GRADES YELLOWISH-GRAY TO GRAY: FINE TO MEDIUM
100} 7€ GRAINED: SLIGHT SURFACE WEATHERING; SLIGHTLY — /535
FRACTU
FRACTURE IONE FROM 1128 JO 114 4 FEZT: SOME CLAY
/15 FILLING: MODERLTE IRDN OX1DE STRINING
LOCALLY MOSERAZYE TO HIGHLY FRACTUREZD FROM 116,2 FEET
— 530
120 37( 18
— (G255
125 SLIGHTLY WEATHERED; SLIGHYLY FRACTURED FROM 125.0
FEET
al| e . -
o Lo — 1520
RED: HIGHLY WIATHERED; LOCALLY VERY CLAYEY; HIGHLY
130 FRACTURID FROM 128.4 TO 13§.7 FEET
100| 17
— /5/5
138
5718
— /5/0
140 (GRLDES GRAY: MEDIUM GRAVNED; SLIGHTLY WEATHERID;
.SLIGKTLY FRACTURED
100] 87 759 CPIN FRACTURE A7 141.0 FEET
MODERATILY FRACTURED; MODERATE IRON DOXIDE STEINING — [f505
- FROM 1L2,0 TO 1L3.0 FEET; SOME CLEY FILLING, 1/8"
/145 WEEK FRLCTURE IONE FROM 145.5 TO 1L6.3 FEET; STRONG
IRCN CXIDE STAINING; TR&ACE QUARTZ FILLIKNG g
70°-VERTICAL CLOSED FRACTURES FROM 146.3 TO .0
100 €0 Feet — /500
VERTICLL FRECTURES, 1/8"; HMODERATE IRON OXIDE STAINING
Tarit FROM V4B, 0 FEET; MODERATELY WEATHERED: SOMI CLAY
150 FILLING

EORING CONTINUED

LOG OF BORINGS
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i “ - ‘%g
z R N 2 BORING DMI 8 CONTINUED :E
LIMITS % - a
ER | oEr | 2o °8 13 (55| . Suw g
Q_l‘u e wZam jod P S L e QO ] Ll
el AL o Y = = cse|eof =« ~d e
Wy - = ~d
& o | RERt ST 5|5 TE | | 2S x 2 Y]
= " gd | IFEt - | . o
/50 S < a8  SrwsoLs DESCRIPTIONS
100] 60 — [£95
SLIGHTLY WEATHERED BEDDING PLANE; FRACTURED FROM
150.0 70 155.0 FEET
/155 MODERATELY T0O HIGHLY WEATHERED FROM 155.0 TD 159.8
FEET
VERTICAL BEDDING PLANE FRACTURES: OPEN AND CLOSED;
100100 LOCALLY CLAYEY FROM 15B.8 TO 155.8 FEET — /480
/60 TRECE YELLOW STAINING ALONG INFRIQUENT FRACTURES
FROM 161,0 FEET
I0C| 8C SLIGHTLY WEATHERED FROM 1€2.5 FEET; WEAK IRON OXIDE — f<4E&5
STRINING LLONG WEAK VERTICAL FRACTURE ZONES
/65
MODERATELY FRACTURED; MUCH BREAKAGE ALONG WEAK
VERTICAL BEDDING PLANES WITH STRONG IRON OXIDE
7428 STAINING — 1480
/170 MODERATE TO COARSE GRAIMED AT 17D.D FEET
ROCK BREAKING WEAKLY ALONG BEDDING ps.mfs; SOME MICRO-
FRECTURES BEGINNING TO APPREAR, ABOUT 5/FO0T FROM
100| 76 170.0 TO 180.3 FEET - — 475
MOTTLED _GRlY END WHITISH-GRAY FRDH 174.2 FEET:;
SLIGHTLY WEATHERED
/175
10e| 2 — [470
180 RED; STRONG IRON OXIDE CONTENT; MODERATELY TO HIGHLY
WEATHERED; HIGHLY FRACTURED AND WEZTHZRED ZOMES EVERY
oq|se €-18"; OCCASIONAL QUARTZ FILLING: LDCALLY CLAYEY;
MICROFRACTURES, 10-20/FDOT FROM 150.3 T0 211.5 FEET — /465
/85
8] 4
00| 3 — /460
/180
00| 52
- FEULT ZONE FROM 163.3 TO 1S7.L FELT — /455
/185 e 2" QUERTZ INCLUSION FROM 195.0 FEET
— €50
200
60| 33 2" QUARTZ INCLUSION FROM 201.0 FEZT
— /445
205
s2|s2 — f4 40
2/0
MOTTLED RED AND GRLY FROM 211.5 TO 230.0 FEET:
100| 70 MODERZTELY WEATHERED: MODERETELY FRACTURED ELONG
VERTICLL BEDDING PLENES: MODERZTE IRDN OX1DE -— 1435
STAINING; SEVERAL MICROFRACTURES PER FODOT
215
00| 54
WELK HIGHLY FRECTURED ZONE FROM 217.4 10 21B.7 — 1430
FEET; SOME CLAY CONTENT
220 LU-6" WERK KIGHLY FRECTURED ZONES EVER 11-21
75|34
— (<425
225

EORING CONTINUED

LOG OF BORINGS
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L=
roc “ = S
TR : BORING DMI - 8 CONTINUED S
LINITS £ e a X
kg " e g |z =7 S Ng
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Ek or ;.’u:v-ﬂ» 5_3 3| EEe 3 - v x % W
~ Pt EEA S T = |8 - 2
5 el e s o X SrwsoLs DESCRIPTIONS
22, Ik |
100] 55
— /420
HIGHLY FRACTURED ZOKE FROM 22B.D TO 230.0 FEET
00| 0
- 4
230 GRAY; SLIGHTLY WEATHERED; SLIGHTLY FRACTURED FROM
220.0 70 2L0.0 FEET; SOME BREAKAGE ALONG NEAR VERTICAL
100} 54 BEDDING PLANES — /4/5
HODERATE IRON OXIDE STAINING FROM 233.5 TO 236.3
FEET
238 ’
00| g0 — /4/0
240 MOTTLED RED AND GRAY FROM 240.D YO 251.5 FEET;
LOCALLY SLIGHT TO MODERATE IRON OXIDE STAINING:
SLIGHTLY TO MODERATELY WEATHERED: MODERATELY FRACTURED,
BB | 64 SOME LIMONITE STAINING IN FRACTURES; SOME BRERKAGE — /[f4O05
LLONG WEEK BEDDING PLANES
245
100| 88 — 1200
250 COARSE GRAINED FROM 251.5 TO 2%5.0 FEET; SLIGHTLY
FRECTURED, 60°-75° OPEN FRACTURES EVERY 6"'-Bv
100| g8 — /395
255 FINE GREINED FROM 255.0 FZET: SLIGHTLY WEATHERED;
0ol 41 MODERATE TO HIGH EREAKAGE ALOWG HIGH ANGLE BEDDING
PLANES
GRAY CLAY FILLED FRACTURE,1/3&~ AT 257.5 FEET — /3850
00| 87
260 GRAY CLAY FILLED FRACTURE, 1/2* &7 260.5 FEET
100] 65 S — /385
265 EQRING COMPLETZID AT 264,00 FEET ON &-12-77.

.0 FE
WETER LEVEL RECORDED &7 €Z.5 FZILT UPON COMPLETION,

LOG OF BORINGS
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DEPTH
o (FEET)

=
- - S
T iRatel : E BORING DMI 9 o
L
<n L1MITS o |z |sS 5w SURFACE ELEVATION 1633 82 S
v L[5 |2oxlEslisi s SN ‘ S
..:-_J o Y - = ernlEa) ® ~ <
e Baaizia|EEel 2 |p ITE X3 W
“Ji“ SR S X srwsos DESCRIPTIONS
|l T EROWN STLT WITH ROOTS; MEDIUM STIFF (HODIFIED
Hi i ML LDESS)
7 u il
COLRSE GRAVEL WITH 6"-2L" COBBLES AND GOULDERS
SW | WITH INTEREEDDED REDDISH-EROWN FINE SILTY — /630
sp SAND; MEDIUM DENSE
ORENGISH-BROWN MIDIUM SAND: SOME EROWN FINE TO
o ¥ COLRSE SAEND; SOME BLACK SHALE FRAGMENTS; LOOSE
— /625
EP
GRA N; M
_— DES TAN; MEDIUM DENSE 1620
Tt TEN FINE TO COLRSE SEND; LDCALLY SOME FIKE TO
g2 ® Fioe COARSE GRAVEL; VERY DENSE — /6/5
s OCCAS IONAL 3'<4' COBBLE
b o e
. Fete
80/3" W f'r. : — /610
{:}.
et
# LX)
GRADES WIT £ :
— ES WITH OCCASIONAL LAYERS OF FINE SEND 1605
13.€[ 115 100/2" 1 — /600
EROWN FINE TO MEDIUM SEND; TRACE COERSE SAND END &
se FINE GREVEL TRACE SILT; VERY DENSE 1585
6% COBELE FROM L1.D FEET
FINE TO CDZRSE GRLVEL WITR FINE TD COLBSE SAND
WITH COEBLEIS; TRACE SILT VERY DENSE
7.5 127 200 ¥ £" COBELE FROM &4, 5 FEET — /580
200/5" B -— [585
GRADES TRACE YELLOWISH-GRAY &ND RED CLAY
200/4" B — /580
PRECEMBR I AN SYSTEM
CH |OTTLED YELLOWISH-GRAY £ND RED CLEY: SOME SILT:
WITH HIGHLY WELTHERED SAPROLITE FRAGMENTS;
VERY HARD
FILSIC ASK TUFF; GREENISH-GRAY: LOCALLY WITH BROWN — /575
g © £ GRAINED; SLIGHTLY TO HODERATELY
THERED; SLIGHTLY FRACTURED.
oo e3 SOME EFEAX2GE ALDNG WEIAK WEAR VERTICAL EEDDING PLANES
3" WEAK FRACTURE ZONE FROM 61,1 FEET
— /570
STRONG IRON OXIDE STAINED, WEAK FRACTURE 20NE FROM
3 7O £5.9 FEET
ES GREY. MEDIUM GRAINED FROM €5.9 FEEY: LOCALLY
RATE IRON OXICE STRINING
100{ 77
- INTEAMEDIELTE LAPILLI TUFF: CHLORITIC MAFIC — [S565
TXGFIRTS (30 - <Un), GIWERELLY SUBENGULAR; FELSIC
: LEPILLI TUFF (60 - 70%)
A5 NELR VERTICAL FRACTURE FROM 70.0 TO 71.0 FEET; SOME
sl eLey FILLING
- OCCASIONAL CLAY FILLED HORIZONTAL FRACTURE EVERY 2'-
6" FROM 71,7 T0 73,0 FEET — /560
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SLIGHTLY WEATHERED, UNFRACTURED FROM 73.9 FEET
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EX{ON COMPANY, USA

June 15, 1977

TO: E. R. May
FROM: R. G. Rowe

SUBJ: Dames & Moore Incline Test Hole DMI-1

The decline is located at a depth of 32.0'-42.0' in the midéle part
of the glacial overburden. The Precambrian schist begins at 61.0°',
and is mocderately weathered to the bottom of the hole at 109.0°'.

Locally, the rock may or may not hold a back.

Two bad faults with strong clay couges exist at 72.6'-73.8' znd 100.7°-—
102.4".

C=2e D

Roger G. Rowe
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EX/ON COMPANY, USA

June 27, 1977

MEMORANDUM
TO: E. R. May
FROM: R. G. Rowe .

SURJ: Dames 2nd Moore Incline Test Hole I-2

Hole I-2 is a competent hole from top to bottom. There are no fracture
zones per se, and most of the breakage of core is along bedding planes,
primarily &s the result of moderete cley weethering of the rock.

The decline cuts the cection at the cverburden-Precambrian interface. The
top of the Precambrian is moderately ccmpetent and will preobably hold a
back with rock bolting.

C e A2

Rocer G. Rowe

RGR/S £k

AT SiOn OF ExXCON CORPCHATION
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EXXON COMPANY, USA,

A

June 13, 1977

TO: . E. R. May
FROM: R. G. Rowe

SUBJ: DMI-3 Test Hole

Attached is the log for DMI-3 with the new and correct position of the decline
between 79'~89' in depth. The ground is strongly weathered in this zone.
There is a strong fracture zone of 7%.3'-82.3', which could cause a lot of
problems. Recovery was only 25 percent, which could mean that a lot of fine

material, perhaps clay rich, has been lost.

1.3' strong weathered rock in the

zt this peoint in the decline, with only 1
back will likely not stand up.

hanging well and then saprolite, the

C e DR

Roger G. Rowe

RGR/J £k

Attazchment
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EJ{ON COMPANY, US A

June 13, 1977

TO: E. R. HMHay
FROM: R. G. Rowe

SUBJ: Dames And Moore Incline Test Holes J DOnrZ - Ve

. Hole DMI-4 core began in a strong szprolite zone (79.2'-98.0") and

very abruptly went into strong weathered rock (98.0'-125.2'). The
decline will cut through this section at 106.0'-116.0' within the
strong weathered zone.

Ak streng clay frscture zone at 102.7'-102.6"' will definitely not hold
a back. Only 4.7' above that clay fracture is strong saprolite, so
there 1s nothing to sink rock bolts into. Strongly weathered znd
fractured rock continues to a depth of 125.2'. Belcw 125.2' the rock
will probebly hold a fair back, becauce we are dealing dominantly
with thin, individual cuartz, FeO fractures without any clay, repre-
senting oxidized indigenous sulfides.

CZ o me=al

Roger G. Rowe

RGR/J £k

A Tivi€ 0N OF EXXON CCRPORATION
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E{ON COMPANY, USA.

MEMORANDUM

TO: E. R. May

FROM: R. G. Rowe

Hole I-5 hit the top of the Precambrian a
Fenetrated 4 feet of Precembrian saprolit
pipe broke off and the hole wes leocst. Co
of coverburcen, but did not learn anything

cambrian itself.

RGR/3 £k

Att.

g M ot

n wn

June 28, 1977

End Moore Incline Test Hole I-5

.0 feet. The hole only
-87.0) before the

tly, we know the depth
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EX{ON COMPANY, USA

June 13, 1977

TO: E. R. May

FROM: R. G. Rowe

susJ: DMI-7 Test Hole

Attached is log DMI-7 with the new and correct position of the decline
between 180'-190' in depth. It still looks as thouch there will be

no problems.

Two minor fracture zones at 178' and 181.5' are only .5' wide and do
not contain any clay.

e AR

Roger G. Rowe
RGR/Jfk

Attachment

£ 20 SION CF EXX O CCSPCRATION
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EXON COMPANY, USA.

June 20, 1977

MEMORANDUM

TO: E. R, May

FROM: R. G. Rowe

SUBJ: Dames And Moore Test HEole DMI-8 -
Hole DMI-8 is incompetent from top to bottom as the result of being cut by,
and being under the structural influence of strong faulting. This has

resulted in a shattering-microfracturing of most of the rock in this hole.
In additicn, the rock has a strong tendency to separate zlong the bedding

- planes.

The decline cuts through the secticn at 208-218'. The hanging wall consists
of a mejor fault zone from 193.3-197.4', with a strong sphere of shattering
and intense clay alteration streaching from 180.3-211.5'., This zone will
likely be difficult to hold up, as it has been shattered znd contains perhaps
10-20 microfractures per foot.

Roger G. Rowe

RGR/3 £k

Ettachment

cc: L. D. Hayes
M. K. Lawson
Mark Koehler
Dean Gregg

A TVISON CF EXXON CCRPORATION
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E>{ON COMPANY, USA.

June 28, 1977
MEMORANDUM

TO: E. R. May
FRO™: R. G. Rowe

SUBJ: Dames zZnd Moore Incline Tect Hole I-9

Ecle 1-9 was spudded where the decline begins in the overburden. The
bedrock is competent where coring becgins &t 60.0'. There is no signif-
icant fracturing or fevlting in this hole.

C e L

Roger G. Rowe
RGR/Jfk

Att.

& T ViSiON OF EXXCH CTRPCRATION
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EXON COMPANY, USA

June 27, 1977

MEMORANDUM

TO: E. R. Mey
FROM: R. G. Rowe

SUBJ: Dames And Moore Incline Test Hole I-11

Hole I-11 was spudded at —450 and was cesigned to test for the piesence

. of a N/W trending fault zone, which is suspected to encounter the decline
at the bend near I-4. Strong faulting/fracturing was encountered at
158.0-179.0 and 221.6-236.0.

Rbove and in between these zcones the rock is rezsonably competent and
will probably hold a back. Below 236.0 the rock is very competent. This
inéicates the suspected N/W trending fault may not be represented by a
single, thin, discrete fault break, but may be expressed as & wider zone
of fractured rock. This zone could widen, narrow, or splay out in short

verticel or horizontal distances.
2 D

Roger G. Rowe

RGR/J £k

A TIVISION CF EXXON CCRPORATION
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