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APPENDIX A

GEOPHYSICAL EXPLORATION

The purpose of the winter geophysical program in the river chanrnel at
the Watana damsite was to provide overburden and bedrock foundatiecn
information in the area between the upstream and downstream cofferdams.
The data obtained from this program will be used for rapid determina-
tion of subsurface conditions, correlation between borings, and to
determine general stratigraphy at greater depths than those penetrated
by borings in the river channel and in the relict channel area. Ground
penetrating radar (GPR), seismic refraction, and borehole gamma legging
methods were employed. The radar and seismic refraction surveys were
run by a four-man field crew under the direction of a Harza-Bhasco
geophysicist., Two wmembers of the team and the equipment and instru-
ments were provided by Harding Lawson & Associates. The borehole
logging was done by a Harza-Ebasco geophysicist,

The ground penetrating radar was used as a rapid reconnaissance tool to
delineate shallow overburden depths to bedrock in the river channel,
thereby allowing the seismic refraction and drilling programs to be
used where they would be most effective., GPR was also used to deter-
mine ice thicknesses and river channel profiles to aid in the safe

movement of men and equipment over the frozen river surface.

The purposes of the seismic refraction was to provide seismic sections

delineating overall depth to bedrock in the river channel.



Borehole gamma logs were run in all open boreholes to assist in hole-
to-hole correlations. The ultimate goal of the geophysical program was
to provide a better understanding of subsurface conditions above

bedrock.

1. GROUND PENETRATING RADAR (GPR) — RIVER CHANNEL

l.1 Data Acquisition

The GPR survey was perfromed with a Geophysical Survey Systems, Incor-
porated (GSSI), SIR-7 radar system. The system cousists of a power
supply, control unit, EPC graphic display recorder, and two trang-
mitting/receiving antennas. All instrumentation was mounted in a
Nodwell FN-~20 flatbed snow vehicle and the antenna was towed behind.
Two antennas were used for this survey: one with a central frequency

of 120 MHZ and the other of 300 MHZ.

The GSSI system uses radar technology to obtain a continuocus high reso-
lution electromagnetic profile of the subsurface. The depth of pene-
tration is dependent upon the electrical properties of the subsurface
materials and the frequency of the radar antenna employed, and may
penetrate several tens of feet. The penetration depth was limited to

approximately 15 feet for this survey.

Figure A-1 shows the locations of the fourteen radar profiles obtained
between January 23, and January 26, 1983. The profiles total 8486
lineal feet of coverage. The profiles that cross the river at the up-
stream and downstream cofferdams and at the dam centerline were located
by utilizing, on the ground, general topography. Profiles at other
locations were positioned by taking bearings with a Brunton compass and

making use of the survey reference marks available along with the
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general topography. Measurements along each line were made with either

a tape measure or hip chain.
For this survey, dielectric constants of 30 for saturated material and
81 for water were assumed in order to produce the profiles presented im

Figure A-Z.

1.2 Conclusions

The primary objective of the radar survey was to locate local areas in
the channel where overburden is very shallow (less than 15 feet below

the surface).

Since the bedrock surface was im most instances greater tham 15 feet
the radar survey was primarily utilized to ascertain ice thickness and
river bottom profile information. These data were used in coustructing
a topographic map of the surface of the river alluvium. The radar data
was also used by the ice building and survey crews to check ice coundi-
tions 1in questionable areas of the river channel prior to moving equip-
ment over the ice. The information was thus utilized 1in planning the
routes to be taken by the hammer drill rig during its river channel

operation.

2. SEISMIC REFRACTION - RIVER CHANNEL

2.1 Data Acquisition

The seismic refraction survey was conducted with a Geometries ES-1210
12-channel signal enhancement seismograph and 4 hertz Mark Products
vertical geophones. The energy source was Kinestik explosives; Atlas
Staticmaster electric blasting caps were used to initiate the explo-

sions.



Ten reversed refraction lines were run totalling 8785 lineal feet of
geophone coverage as shown in Figure A-1. Each seismic line countained
from one to three spreads of 12 geophones each with an interval of 50
feet between geophones. Shorter geophone spacings were used where
necessary.

Generally, two shots were detonated at each end of each spread at dis-
tances of 10 to 25 feet and 200 to 600 feet from the end geophones.
All geophones were placed either on grounded ice or floating river ice

due to the seasonal conditions.

2.2 Data Reduction and Analysis

During the selsmic surveying the presence of a high speed ice surficial
layer acted to mask seismic arrivals from the slower welocity of the
underlying alluvial deposits, It was anticipated that the bedrock
velocity would be sufficiently faster than the ice so that it could be
detected. This was the case with the First selismic arrival times from
the ice preceding and obliterating the slower arrival times from the
underlying vriver sand and gravel deposits, therefore, the seismic
velocity of the saturated alluvium was never actually measured. How-
ever, the bedrock velocities were sufficiently faster than Iice
velocities so that with a long offset between the shot and geophone
spread, selsmic energy from the bedrock surface was detectable. Con-
sequently, refraction profiles were rum parallel or oblique to the

river channel to take advantage of the long offset method.

Compressional wave (p-wave) arrival times were determined by observing
the first break on each of the 12 horizontal wave traces recorded by
the seismograph., These arrival times were then plotted against the
horizontal distance from the shotpoint to the receiving geophones and

grouped by apparent refractors. Standard velocity/intercept time




(Dobrin, 1976), velocity/delay time {(Cummings, 1979; Hagedorn, 1959;
Scott et al, 1972), and ray tracing {Scott et al, 1972) techniques were
applied to these data to provide P-wave velocities and thicknesses for

refractors.

2.3 Interpretation

Due to the surface ice layer, velocity data were not obtained for the
saturated alluvium beneath the river bottom. In order to make depth
calculations, it was assumed that the wvelocities for this material
range between 6000 and 7000 fps velocities for the alluvium provided
the best fit. In those exceptions, 6000 to 6250 fps wvelocities were

used, which were still within the expected range.

Seismic velocities of 14,750 te 18,000 £ps. were interpreted as indica-

tive of bedrock.

2.4 Conclusions

Seismic profiles for 883-1 and S83-3 through 10 are presented in
Figures A-3 through A-12, and show the interpreted bedrock elevations
and assumed velocities in feet per second for the alluvium and bedrock.
Also shown are the shotpoint positions, time-distance data, and depths
to bedrock measured by hammer drilling, and seismic line intersections.
Time-distance data for each seismic line are shown in Tables A-!
through A-10. A summary of the velocities in the alluvium (Vy) and
bedrock (Vp), and the depth to bedrock are presented in Table A-1l.

These velocities do not include those of ice or ice-bonded soils.

There 1is generally good correlation between borehole data and the

seismic profile sections where geophone spreads actually cross the



locations of the borings. Typically the wvariation in the depth to

bedrock between these sets of data ranges from 2 to 15 feet.

The upstream end of 8583-10 does not agree with data from DH-3, which
was drilled during previous exploration. This hole shows bedrock at
78 feet below ice surface while the seismic data indicates depths 20 to
30 feet deeper in this vicinity. It is quite possible that extremely
irregular bedrock topography in this location has distorted the seismic

data.

In general, the depth to bedrock was shallow (less than 25 Ffeet) along
the north shore at the downstream cofferdam, moderately deep (60-80
feet) in the center of the channel at the upstream and downstream
cofferdams and at the main dam, and very deep {greater than 150 feet)
in localized areas between the main dam centerline and upstream coffer-—

dam. A discussion of each major seismic line follows.

2.4,1 Downstream Cofferdam Foundation

Profiles $83-1 and 583-3 are aligned along the north shore. Profiles
S83-4 and $83-10 are oriented parallel to the course of the river

channel and are near the center portion of the channel.

Profile 883-1 shows relatively shallow bedrock (2 to 27 feet) with a
selsmic velocity of 15,300 fps. The apparent dip of the bedrock sur-
face 1s to the east. An attempt to gather seismic information acrouss
the river chanmnel along refraction Line $83-2 was made, but because of
the short shore to shore distance, only direct arrivals through the

river lce were recorded.

Line S83-3 indicated a single velocity layer with an average seismic

velocity of 14,500 fps. This could be interpreted as bedrock at the

°
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surface, Borehole data, however, indicates that rock is over 20 feet
deep near this line. Since the velocity 1is between that of ice and
those noted as bedrock on other lines, it was concluded that the

alluvium under this line is frozen or partly frozen.

Profiles S$83-4 and $83-10 provide subsurface information below the cen-
ter of the river channel. The depth of bedrock averages 75 feet and
the seismic velocity ranges from 15,000 to 17,000 fps. Both profiles

indicate that the apparent dip of the bedrock surface is to the south.

2,4,2 Centerline and Upstream Dam Foundation Area

Profile $83-5 intersects the centerline of the proposed Watana Dam,
Profiles S83-6 and $83-9 are centered 900 and 1600 feet upstream (east)
of the centerline, respectively. All three profiles are oriented

parallel to the course of the river and within the river channel,

Profile $83-5 shows an undulating bedrock surface with an average depth
of 70 feet. Bedrock velocities (V) range between 14,750 and 18,000
fps. Bedrock begins to dip moderately to the east in the eastern
protion of the profile. The lateral change in bedrock velocities could

be caused by fracturing or shearing of the bedrock.

Profile $83-6 could not be handled by conventional computer modeling
techniques, probably because of severe distortion of the field data by
near-vertical displacements in the bedrock topography. A delay-time
method (Cummings, 1979; Hagedorn, 1959) was applied to the arrival
times. The, model Indicates a vertical displacement of 80 feet in the
bedrock surface and bedrock may be as much as 170 feet deep at the base

of the scarp.



Profile 883-9 shows a deep bowl-shaped bedrock surface. The maximum

depth to rock 1s 162 feet; the seismic velocity is 15,500 Eps.

2.4.3 Upstream Cofferdam Foundation

Profile 883-7 intersects the centerline of the upstream cofferdan.
Profile 883-8 is located 550 feet upstream of the centerline and

crosses the northeast portion of Profile §83-7.

Both profiles show a slightly undualting to level bedrock surface with

an average depth of 65 feet and a velocity of 16,500 fps.

3. BOREHOLE GAMMA LOGGING - RIVER CHANNEL AND RELICT CHANNEL

3.1 Data Acquisition

Natural gamma logs were run in all open boreholes drilled during the
winter program using a Mt. Sopris Model II borehole geophysical logging
system. With the exception of DH83~-4, all boreholes were logged
through 2 inch PVC; ﬁﬁ83—4 was steel cased to 60 feet and open below 50
feet. Eight of the boreholes logged were located in the relict chaannel
and 23 were in or near the river channel. The locations of the river
channel boreholes are shown in Figure A-1. Individual gamma logs are

shown on Figures A-13 through A-47.

3.2 Analysis and Interpretation

The natural-gamma logs were all run at a speed of 10 feet/min. and at a
time constant of 5 cps {(counts per second) for good definition of gamma
anomalies. Chart deflection was set at 5 ¢ps per division horizontally

and 10 feet per inch vertically.



Gamma logs of adjacent holes were analyzed by matching log intervals
having the same amplitude and similar anomaly signature. Those matches
were then checked against the borehole sample logs for geologic
identification. Individual gamma/litho wunits were then checked for

their reasonableness according to standard geofluvial processes.

3.3 Conclusions

The gamma ray profile along seismic line DMA indicates that the gamma
ray log is quite useful for extrapolation of point lithelogic samples
both vertically and horizontally. Unit E/F 1is recogaizable in this
profile and rvefinements in the boundaries are suggested from Lts
examination.

The gamma~ray profiles for the river channel demonstrate a similar
practicality in the much more complex geologic situation of rapid
vertical and horizontal facies changes. The gamma ray anomalies
recorded agree reasonably well with the point samples taken from the
boreholes. Each of the river gamma/lithologic profiles permit better

resolution of the river sections than the samples alone.
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TABLE A-1

TIME-DISTANCE DATA FOR S83-1

it

.
{ I
[

SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
1 1454 0 10
2 1453 225 10
3 1454 450 0
GEOPHONE X LOCATION (FT) ARRIVAL TIMES (MSEC)
sp1l Sp 2 Sk 3
1 10 1.0 16.0 32.0
2 25 2.0 15.2 31.0
3 50 4.0 14.0 29.4
4 100 8.0 10.8 27.0
5 150 12.0 6.5 24.0
6 200 15.5 2.5 21.0
7 250 18.5 2.5 18.0
8 300 22.0 6.2 13.0
9 350 25.0 10.5 8.5
10 400 29.5 15.0 4.0
11 425 31.5 17.7 2.0
12 440 32.5 18.5 1.0



TABLE A-~2

. TIME-DISTANCE DATA FOR S83-2

7 NOTE: S83-2 was an attempt to cbtain a seismic section perpendicular
to the river channel. River surface geometry precluded placing
shotpoints at sufficient stepouts to provide first arrivals from
- bedrock; therefore, only ice arrivals were recorded.

T
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TABLE A-3

TIME-DISTANCE DATA FOR S83-3

SHOT POINT

10

11

GEOPHONE

10
11

12

ELEVATION (FT)

X LOCATICN (FT)

1457

1456

1456

1456

1457

X LOCATICN (FT)

720
460
200

0

920

Y LOCATION (FT)

0

10

0

0

0

ARRIVAL TIMES {MSEC)

210

235

285

335

385

435

485

535

585

635

e85

710

SP 7

35.5

30.0
26.8
23.5
20.0
16.0
13.0
9.5
6.3
3.0

1.3

SP 8

16.5

11.5
8.5
5.0
2.0
2.0
5.0
8.5

12;0

15.5

17.2

SP 9

1.3

3.5

5.5
10.0
12.5
16.0
19.5
23.0
26.5
30.5
34.5

35.8

SP 10 SP 11
13.0 49.5
15.0 -
18.0 44.5
22.0 41.0
25.0 38.0
28.5 34.0
32.0 31.0
35.0 27.5
39.0 24.5
42.0 21.0
47.0 18.5
49.0 15.0
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TARLE A-4
. TIME-DISTANCE DATA FOR S83-4
3 SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
o 12 1456 1110 0
L 13 1455 540 30
- 14 1453 0 0
-~ GEOPHONE, X LOCATION (FT) ARRTVAL TIMES (MSEC)
- SP 12 SP 13 SP 14
] 1 20 83.0 47.8 3.0
3 2 50 82.0 44.4 6.0
3 100 81.0 41.2 10.5
;" 4 150 76.0 35.0 15.0
w 5 200 72.0 30.7 19.0
6 250 67.5 25.8 23.8
7 300 65.0 21.2 28.0
_ 8 350 62.0 17.0 35.0
- 9 400 55.0 12.5 39.5
B 10 450 52.0 8.2 43.0
i 11 500 48.0 4.5 47.2
12 550 45.0 - 52.3
13 550 43.8 1.5 50.0
z 14 600 41.8 5.0 52.0
3 15 650 37.0 8.5 55.0
16 700 34.0 12.5 59.0
= 17 750 31.0 16.0 62.0
{ 18 800 27.5 20.5 70.0
L 19 850 23.5 25,5 69.0
20 900 19.0 30.5 70.0
21 950 15.0 32.0 73.0
1 22 1000 10.0 36.3 77.5
23 1050 5.5 - -
24 1100 1.5 44.7 83.0




- TABLE A-5

~ TIME-DISTANCE DATA FOR S83-5

. | WEST

| SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
?_ 15 1460 1700

f 16 1458 1125

| 19 1456 _ 525

7 20 1455 25 165

- GEOPHONE X LOCATION (FT) ARRIVAL TIMES (MSEC)
oo SP 15 SP 16 SP19  SP 20
§ 1 550 92.0 47.5 2.7 49.5
- 2 600 89.0 45.0 7.0 53.5
;ﬁ 3 650 86.3 41.5 11.5 56.5
| 4 700 83.5 39.0 15.5 60.0
v 5 750 81.5 36.0 20.5 61.5
r 6 800 80.0 35.0 25.0 64.5
- 7 850 77.0 26.0 29.7 70.5
1? 8 900 74.0 22.0 34.0  75.0
;: 9 950 71.0 17.2 39.0 79.0
3 10 1000 67.0 12.5 = 42.5 81.0
r 11 1050 64.0 7.5 44.0 82.5
- 12 1100 61.0 3.0 46.0 84.0




TABLE A-5 {continued)
' TIME-DISTANCE DATA FOR S83-5
EAST
- SEOT POINT ELEVATICN (FT) X LOCATION (FT) Y LOCATION (FT)
' 15 1460 1130 0
16 1458 550 0
17 1456 0 0
M 18 1462 1660 0
w GEOPHONE X LOCATION (FT) ARRIVAL TIMES (MSEC)
W SP 15 SP 16 SP 17 SP 18
u 1 575 57.0 3.0 48.0 85.0
% 2 625 55.5 7.5 52.0 -
© 3 . 675 51.5 12.0 54.0 80.0
r 4 725 41.0 17.0 57.5 -
: 5 775 35.5 22.0 61.0 75.0
' 6 825 . 31.0 26.5 64.0 73.0
- 7 875 26.0 32.0 67.5 69.0
| 8 925 21.0 37.5 72.0 65.0
o 9 975 16.0 42.0 76.0  58.0
10 1025 12.0 46.0 80.0 53.0
11 1075 7.0 50.5 84.5 49.0
12 1125 3.0 55.0 89.0 46.0




TAELE, A-6

TIME-DISTANCE DATA FOR S83-6

SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
21 1461 450 0
: 22 1464 1050 0
23 1459 25 0
237 1459 o 0
24 1464 1585 0
25 1461 600 0
26 1462 1125 190
GECPEONE X LOCATION (FT) ARRTVAL TIMES (MSEC)

SP 21 SP 22 SP 23 SP 23A SP 24 SP 25 SP 26

1 25 3.0 51.5 84.5
2 75 6.5 48.0 83.0
3 125 11.0 43.5 79.0
4 175 15.5 39.0 77.0
5 225 20.0 34.0 75.0
6 275 25.0 29.5 73.0
7 325 30.0 25.0 70.0
8 375 34.0 20.0 66.0
9 425 39.0 15.5 63.0
10 475 2.2 46.0 43.0 44.0 93.0 11.5 61.0
11 525 6.5 40.5 47.5 48.0 9l.0 7.0 58.5
12 575 1.0 3.3 51.5 52.5 90.5 3.5 57.3
= 13 625 15.2 33.0 54.5 89.0
5 14 675 20.5 29.5 59.0 90.0
= 15 725 24.0 25.0 62.0 85.0
16 775 27.0 21.0 &7.5 78.0
17 825 32.0 17.0 72.0 75.0
18 875 36.0 12.0 78.5 58.0
19 925 39.0 2.0 75.5 52.0
3 20 975 42.0 5.8 76.5 49.0
f 21 1025 46.7 2.3 79.5 46.0
22 1025 47.0
23 1075 52.0
24 1125 60.5
25 1175 64.5
26 1225 66.0
: 27 1275 70.5
28 1325 76.0
29 1375 80.5
— 30 1425 85.0
? 31 1475 87.5
- 32 1525 91.5
33 1575 95.0



TABLE A-7

TIME-DISTANCE DATA FOR S83-7

SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
27 1465 825 o
£ 28 1469 1425 8
' 29 1463 300 0
30 1470 1700 0
P 31 l4e64 875 15
32 1463 285 0
33 : 1463 0 0
. GEOPHONE X LOCATION (FT) ARRTIVAL TIMES (MSEC)

7 SP 27 SP 28 SP 29 SP 30 Sk 31 SP 32 SP 33

1 300 85.0 48.5 3.0 27.0
. 2 350 80.0 42.5 7.0 31.0
; 3 400 76.0 39.5 11.5 35.0
e 4 450 72.5 35.8 16.0 38.5
5 500 69.5 33.0 20.0 43.0
7 6 550 67.0 29.0 24.5 47.5
3 7 600 66.0 26.5 28.0 51.0
8 650 65.0 21.4 32.0 57.0
9 700 60.0 17.0 36.0 61.0
10 . 750 56.0 12.0 41.5 63.5
11 800 55.0 7.8 43.5 67.0
. 12 850 53.5 3.5 46.0 72.5
f 13 850 2.8 53.0 47.0 76.0
i 14 900 9.0 50.0 52.0 75.0
15 950 13.5 45.0 55.0 70.0
P 16 1000 17.5 40.5 60.5 67.0
f 17 1050 22.5 36.5 64.0 66.0
18 1100 25.5 31.0 67.0 61.5
19 1150 30.0 27.5 73.0 59.0
, 20 1200 42.0 21.5 74.0 51.0
= 21 1250 44.0 16.0 75.0 46.0
22 1300 47.0 11.5 78.0 39.5
- 23 1350 50.5 7.0 8l.5 36.0
. 24 1400 53.5 3.0 84.5 30.0

s, DEPT. OF INTERIOR




TARIE A-8

- TIME-DISTANCE DATA FOR S83-8

SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
B 34 1466 0 0
& s 1470 600 0
: 36 1470 1125 0
37 1470 550 0
£ 38 1470 1150 0
- GEOPHONE X LOCATION (FT) ARRTVAL TIMES (MSEC)
SP 34 SP 35 SP 36 SP 37 SP 38
X 1 25 2.0 51.5 84.0 3.0 52.5
2 75 6.5 51.0 84.0 7.0 48.0
o 3 125 12.0 - - 12.5 46.0
4 175 16.0 - - 17.0 44.5
= 5 225 22.0 34.0 79.5 22.0 37.5
N 6 275 27.5 30.0 79.0 26.0 32.0
H 7 325 32.0 25.0 74.0 30.5 27.0
ud 8 375 36.0 20.0 69.0 36.0 22.5
9 425 38.0 16.0 62.0 41.5 18.0
£ 10 475 41.0 12.5 59.0 47.0 13.0
] 11 525 46.0 7.0 55.0 50.0 8.0
) 12 575 49.0 3.0 52.0 51.5 3.0
. 13 575 50.0
; 14 625 54.0
= 15 675 57.5
3 16 725 59.0
5 17 775 63.0
» 18 825 66.0
19 875 68.5
3 20 925 72.0
' 21 975 75.0
22 1025 78.0
L 23 1075 80.0
24 1125 84.0




TARLE A=9

TIME-DISTANCE DATA FOR S83-9

SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
39 1467 1705 0
40 1461 0 0

GECPHCONE X LOCATION (FT) ARRIVAL TIMES (MSEC)

P 39 sp 40
1 550 98.0 45.0
2 600 95.0 49.0
3 650 -~ 56.0
4 700 90.5 58.0
5 750 87.5 62.0
6 800 83.0 65.0
7 850 77.0 71.0
8 200 72.0 76.0
2 950 68.0 89.0
10 1000 65.5 89.0
11 1050 61.5 92.0
12 1100 57.0 96.0



TABLE A-10

TIME-DISTANCE DATA FOR 583-10

SHOT POINT ELEVATION (FT) X LOCATION (FT) Y LOCATION (FT)
41 1453 0 20
42 1453 600
- 43 1454 1150
; GECPHONE X LOCATION (FT) ARRIVAL TIMES (MSEC)
Sp 41 SP 42 SP 43
1 25 2.2 49.0 82.5
2 75 6.8 47.0 79.5
o 3 125 11.0 43.0 78.0
4 175 15.0 38.0 77.5
5 225 20.0 34.0 76.0
6 275 24.0 29.0 74.5
7 325 28.5 24.0 71.0
8 375 33.5 20.0 68.0
9 425 38.0 15.5 65.0
§ 10 475 42.5 11.0 60.0
: 11 525 46.5 8.0 56.0
12 575 50.0 2.5 52.0
- 13 575 48.0
x 14 625 51.5
15 675 53.8
16 725 56.0
17 775 59.5
18 825 62.5
19 875 66.0
. 20 925 69.5
: 21 975 72.5
- 22 1025 76.5
. 23 1075 80.0
z 24 1125 83.5




SUMMARY OF SEISMIC VELOCITIES AND LAYER DEPTHS

TARLE A-11

Depth Below Ice

Refraction vy Surface to Vp Va
Profile Spread (fps) (feet) (fps)
S83-1 1 7000 2 =27 15350
8583-2 1 not used - -
583-3 1 - uninterpretable 14500
(frozen soils?)
583-4 1 6750 54 - 88 15,000
2 7000 20 - 57 16500
583-5 1 7000 58 - 83 18000
2 6250 51 - 100 14750
583-6 1 - uninterpretable -
2 6750 82 - 1&8 17500
3 - uninterpretable -
583-7 1 7000 47 - 76 16500
2 7000 62 —~ 87 16500
583-8 1 6000 21 - 82 16500
2 6000 4] - 63 16500
S83-9 1 7000 105 - 164 15500
883-10 1 6750 10 - &9 17000
2 6750 67 - 110 17000
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APPENDIX B

DRILLING AND SAMPLING METHODS

The January to April 1983 Winter Exploration Program included subsur-
face drilling along the Susitna River Channel of the Watana Damsite and
in the Watama Relict Channel, Early drilling in the relict channel
area was discontinued when the river ice became thick enough to support
drilling operations and was resumed after the completion of the river

drilling program.

A Becker AP-1000 hammer rig drilled 5,239 feet of borehole, using a
percussive hammer, occasionally switching to a rotary attachment when
drilling conditions became difficult- im deeper boreholes. A
lightweight rotary coring drill rig was mobilized late in the program
for the river areas where ice conditions prohibited the use of the
heavier hammer drill rig. The long year 38 rotary drill rig accounted

for 398 feet of the total 5,637 feet drilled during the winter program.

1. HAMMER DRILL RIG

1.1 Percussive Hammer

The hammer drill rig used a diesel pile hammer to drive a double-wall
pipe while a reverse air circulation system removed the cuttings as Cthe
pipe advanced. The inner pipe of the double-wall pipe directs the
incoming air through the annulus between the inner and outer pipe to
the bottom of the pipe. The returning air with drill cuttings then
passes up through the inner pipe into an energy dissipating cyclone

that vents the air from the sample. Specially designed tooth bits are



used to penetrate the soil formations and to direct the soil into the
inner pipe. The drive pipe is withdrawn by a puller system comprising

two 50-ton hydraulic cylinders operating tapered slips that grip the

pipe.

The hammer drill rig used for the winter program was an AP 1000 (All
Purpose) manufactured by Drill Systems, - Calgary, Alberta. The basic
elements of this rig include a Link Belt 180 diesel pile drive hammer
delivering 8,100 foot-pounds per blow operating at variable speeds to a
maximum of 95 blows per minute; a Sullair Rotary Screw Compressor rated
at 750 cfm at 250 psi; am 18 gpm Beam mud pump; a hydraulic hoist, a

hydraulic pipe puller; a mast; and a cyclone.

The hammer energy is delivered to the drive pipe when the hammer
strikes the drive spout which sits atop the drive pipe. The double-
wall drive pipe is designed so that only the thicker outer pipe trans-
mits the hammer energy to the bit. The two sizes of double-wall pipe
used in this program were 5~1/2 inch 0.D. X 3-1/4-inch I.D., and 9-inch
0.D. X 6-inch I.D. The 9-inch pipe was used for approximately half of
the footage in the relict chanmel while the S—l}Z—inch was used for the
remainder of the relict channel and wmost of the river channel. A
triple-wall drive pipe system using a 7-inch pipe over the 5-1/2-inch
double-wall was unsuccessfully attempted at the beginning of the

program.

There were two basic bit designs used with the drive pipe, crowd-in or
web tooth and crowd-out. The crowd-in bit has the cutting edge dia-
meter slightly larger than the outer pipe diameter which forces all the
material within the hole up the inner pipe. The crowd-out bit, with
the cutting edge at the inner pipe, samples only the material directly
below the inner pipe and pushes the remainder aside as the pipe

advances. A 5-5/8-inch web-tooth crowd-in bit was used almost




exclusively for the project, Crowd-out bits were used occasionally

when crowd-in bits were unavailable.

1.2 Rotary Drilling

The AP 1000 had the capability of rotary drilling by replacing the
drive spout with a rotary drive head. One drive head, the Center Stem
Recovery (C.S.R.), using a high-tborque,. slow-speed gearing, advanced
the 5-1/2-inch double-wall drive pipe by rotation. The C.$.R. rotary
normally wused standard triceme or button tricome bitao. The osamc
reverse circulation system used in hammer drilling was used for the

C.S.R. rotary.

The rotation of the drill pipe helped to reduce wall skin friction.
This allowed more drilling emergy to be transferrred to the drill bit
and helped to increase penetration. Also, the C.S.R. rotary with a
tricone bit was used to penetrate boulders. Unfortunately, the
recovered sample was usually comprised of rock fragments and did not
give a representative grain size distribution. For this reason, the
percent by weight of fractured material retained on the 3/4 inch sieve
was always recorded during testing to serve as an indicator of the
crushing effect. Also, every change between C.S.R. rotary and hammer
drilling, or change of drill bits, required the removal of the entire
drill string which contributed to borehole instability and redrilling

of caved borehole sections.

The 7-inch, triple-wall system using the C.S.R. rotary and an 8-inch
tricone bit was attempted in the last hole in the relict channel.
Excessive wall skin friction limited penetratiom and forced the aband-

onment of the borehole.
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The other rotary drivehead, the Diamond Drill Rotary, had a high-speed,
low-torque gearing for N-size conventional and wirelinme core drilling

through the drive pipe after bedrock or refusal was encountered.

1.3 Additional Equipment

A down-hole hammer fitting through the "drive pipe was also used to
drill a pilot hole ahead of the drive pipe when the drive pipe encount-
ered refusal. The down-hole hammer easily penetrated boulders and bed-
rock, but did not penetrate the softer unconsolidated materials because
the resilience necessary to complete the hammer compression cycle was

reduced,

Occasionally, a 2-7/8 inch tricone bit was used with the diamond drill
rotary to penetrate very dense refusal zones where the hammer drill or

the down-hole hammer were ineffective.
To drill angle holes, two 45-degree angle blocks were placed beneath

the mast. Four 45-degrees angles holes were drilled by the hammer

drill in the river channel.

2, ROTARY DRILL RIG

A light-weight rotary core drill rig was mobilized later in the program
for the river areas where ice conditions prohibited the use of the
heavier hammer drill rig. A Longyear 38, sectionalized for helicopter
transport, performed standard diamond drilling using NX-size wireline

with NC-size casing.




3. SAMPLING

The reverse circulation system used on the hammer drill rig provided a
composite sample of the materials penetrated. A geologist/soil
engineer continuously monitored the drill cuttings dropped from the

cyclone. A sample was usually collected every five feet by first

clearing the inner pipe. Then the pipé was drivenm one to two feet
before retrieving the sample. Sometimes, when sample recovery was
reduced, the sample section was extended beyond two feet. The sample

was classified and placed in a canvas bag for transportation to the
field laboratory. Samples for moisture determination were placed in

plastic bags and sealed.

Disturbed but intact samples were recovered using a split-spoon drive
sampler. A 2-1/2-inch diameter sampler was used with 5-1/2-inch pipe,
while a 3-inch diameter sampler was used with 9~inch pipe. The first
two 5-5/8~inch bits used were reamed for the express purpose of passing

the 3-inch sampler.

Standard penetration resistance blow counts per six inches of
penetration were recorded during the driving of the split-spoon sampler
for estimating the relative densities of the materials sampled. The
material directly beneath the drive pipe is considered highly disturbed

due to the hammering action of the drive pipe.

Blow counts were also recorded during the drive of the double-wall pipe
for estimating material relative demnsities. However, the energy
‘delivered by the diesel hammer was not always constant because the
driller adjusted the fuel injection control pipe penetration rate.
Also, the resistance to penetration, due to wall skin friction,

increases with depth thereby absorbing an increasing amount of hammer
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energy that could be delivered to the drive bit. Therefore, drive pipe

blow counts will not be used to estimate finite density values.

Grain size distributions rum on those samples recovered by the hammer
drill rig are not fully representative of the insitu materials. The
hammering action of the drive pipe bit fractures the coarse gravel,
cobbles, and boulders producing a gradation skewed toward the fine
fraction. The hammer drill system also has a tendency to recover a4
larger portion of the fine particles, especially when a cobble or
boulder is pushed ahead or aside and the finer material moves into the
displaced volume. At the other extreme, a small portion of the fine
fraction was lost in the air vented from the cyclone and in water
overflowing the sample collection bucket. The air used in the reverse
circulation system has a tendency to dry the material as it was moving
up the pipe to the surface. This action increases the chance of losing

fines through the cyclone.

4. DRILLING PERFORMANCE

Early in the program the 5-1/2-inch drive pipe sheared because of
faulty welds on the threaded pipe ends. . Drilling of shallow
boreholes in the relict channel continued with the 9~inch pipe while

the substandard 3-1/2-inch pipe was being rewelded.

Excessive build~up of skin friction along the drive pipe walls limited
realistic penetration to approximately 300 feet. Deep holes required
additional air capacity and special additives for the air to prevent
the cuttings from freezing in the bottom of the drive pipe. Also, the
deep hole required several changes between hammer and C.S5.R. rotary
which generally caused caving of the hole due to the removal of the

drill string during changeover. In the two deeper holes drilled, the




borehole wall deteriorated enough to allow the circulating air to pass
along the outside of the drive pipe rather than up the inner pipe. The
drilling equipment limitatioms prevented the scheduled drilling and in-

stallation of test wells.

Occasionally, when shallow cobble and boulder zones were encountered,
the drive pipe was deflected sufficiently to require redrilling of the
hole. Deeper cobbles and boulders would bend the pipe, but the soil
along the pipe would provide enough support that the pipe sectioms at
the surface would not deflect. As a consequence, in several boreholes,
the corimg of bedrock was precluded due to the difficulty in passing
the core barrel through the bent drive pipe. Other cobble/boulders
halted the penetration of the drive pipe which also required redrill-

ing.

The hammer drill rig penetrated very well while drilling shallow holes
(less than 200 feet) and in water bearing sands and gravels. Having
the drilling and casing combined in ome operation provided a rapid,
stable borehole. 1In the river channel, particularly, the hammer drill
rig provided useful information in a limited amount of time while

penetrating difficult subsurface conditions.






APPENDIX C

BORING LOGS

1. BORING LOG NOMENCLATURE

Notes:
i L. Hammer drill blow counts are for variable energy.
P 2. Ground surface datum for river borings is for the ice surface.

3. Hammer drill sample cuttings were taken, except where split—spoon

samples are noted.

4, Disturbed samples were taken with 2" and 3" split- spoons with a

140 and 300 pound hammer falling 30" and 18" respectively.

Soils:

Grain Size: Unified Soil Classification System

Boulders > 1 foot Silt 0.0039-0.074mm

Cobbles 3 in - 1 ft. Clay < 0,0039 mm
- Gravel
r Coarse 16=64mnm
s Fine 2~16mm

Sand
. Coarse 0.5-2mm
Medium  0.25-0.5mum

Fine 0.074-0.25mm




Density:

Very Dense

Dense

Medium Dense

Loose

Very Loose

Consistency:

Moisture:

Color:

Hard

Very Stiff
Stiff
Medium
Soft

Very Soft

Saturated
Wet

Moist
Damp/Humid
Dry

N Values (Blows/Foot)
> 50
30-50
10-30
4-10
0=4

N Values (Blows/Foot)

> 30
15-30
8-15
48
2-4
0~-2
A Comments
100 voids filled with water
76=-99 visible signs of water
51-75 varying degrees of wetness
1-50
0

Munsel Color Chart (wet condition)

Particle Shape:

Angular

Subangular

Subrounded

Rounded




Gradation Graphics:

1002

%%

Gravel, cobbles

Roclk:

Fracture Spacing:

Massive

Slightly Fracktured
Moderately Fractured
Closely Fractured
Intensely Fractured

Crushed

Strength:

Very strong -

Strong -

Moderately

Strong -

Weak -

Friable -

Plastic -

Sand

Fines, silt and clay

Feet

>3.0
1.0-3.0
0.5-1.0
0.1-0.5
0.85-0.1

5 microns - 0.1

vesists breakage from hammer blows,
will yield dust and small chips
withstand a few hammer blows but will

vield large fragments

withstands a few firm hammer blows
crumbles with light hammer blows
crumbles by rubbing or breaks easily
in hands

penetrated by fingers



Hardness:

Drilling Abbreviations:

Very Hard
Hard

Moderately
Hard

Low Hardness

Friable

Soft

HAM
CSR
COR
DDH
TW
LY38

cannot be scratched with a knife -
scratched with difficulty, often

faintly visible little dust.

readily scratched with knife,
considerable dust and visible.
deeply gouged or carved with knife
easily c¢crumbled or pulverized, too o
soft to cut with knife .
plastic material (grooved by

fingernail)

Type Bits

- Hammer CI - Crowd In

- Center Stem Rotary CO = Crowd Out -
-  Rock Coring TC - Tricone J
- Down Hole Hammer PC - Pentacone

- Triple Wall HC -~ Hexacone

- Longyear 38 BB - Button Bit

OB - Open Bit
Size

5 1/2gb - 5 1/2" Diameter Drive Pipe -

> @

- 0
- g"

Diameter Drive Pipe (TW)

Diameter Drive Pipe
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Abbreviations:

Engineering

M/C -
LL -
PL -
PI -
NP -
58 -

Gg -

Properties:

Moisture Content

Liquid Limit

Plastic Limit

Plastic Index

Nonplastic

Split Spoon

Specific Gravity

Permeability

Geclogic Properties and Nomenclature

AND
DIOD
Plagio
Bio
Qtz
K~-Felds
K-feld
Hornbl.
Fe

Mag

PY
Kaolin
Chlor
CaCo3
Fract,
Frctrd
Weath

Unweath

par-—

Andesite
Diorite
Plagioclase
Biotite
Quartz

Potassium Feldspar

Hornblende

Iron

Magnesium

Pyrite

Kaolinite
Chlorite

Calcium Carbonate

Fractured

Weathered

Unweathered
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Alter, -
Unstd -
Hrd -
Mass -
Strg u
Xyln -
Mins -
Pseudo -
Reheal -
Jt -
Coat -
F. Grain -

Med. Grain—-

General Abbreviations

m -  Medium
frznm - Frozen

v - Very

dcrs - Decreases
prbly -  Probably
lmtd -~ Limited

fr - Fresh
mech ~  Mechanical
brkg ~  Breaking
inclu = Inclusions

Altered
Unstained
Hard

Massive
Strong
Crystalline
Minerals -
Pseudomorphs
Rehealed
Joiat
Coating

Fine Grained

Medium Grained

1t -
drkr -
mod -
modt -

oCccas -

sl -
max -
min -

consid-

Light
Darker

Moderate

QOccasional
Piece
Slight
Maximum
Minimum

Considerable




1.1 TUnified Seil Classification System

The unified System classified all soils as coarse or fine-grained based
on the larger amount by weight retained or passing the No. 200 sieve.
Coarse grianed soils (sand, gravel) are further classified both by the
uniformity of the gradation of the soil {(GW, GP, SW, SP) as well as the
amount and type of fines (silt, clay) filling voids in the coarse soils
(GM, GC, S$M, 8C). Fine grained soils are further classified according
to plasticity (CL, ML, CH, MH) as determined by Atterberg Limit tests.
Thus, grain size analyses and Atterberg Limit tests are used to class-
ify all non-organic soils into a group symbol which defines the texture
and plasticity of the soil. Each group symbol indicates that a soil
classified as such should exhibit a broad range of the engineering pro-
perties of strength, compressibility and permeability. This range is
further defined if a measure of the relative density of the soil and
moisture content are provided in conjunction with the group symbol.
Given the group symbol, relative density, moisture content, and obser-
vations of particle shape, it is possible to predict engineering pro-
perties and anticipated behavior within an accuracy suitable for many

engineering purposes.
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Eﬂg@@ SOIL BORING LOG Sheet__ 1 of .2
ity ‘ N sl Date..
~ 'SUSITNA JOINT VENTURE WATANA DEVELOPEMENT
Boring No EXAMPLE Angle (from Horizontal) Ground Elevation
Feature Bearing Rock Elevation
: Coordinates: N Date Started Total Depth
E Cate Completed Ground-Water Elevation
Logged by
r _p 5
c5|3z|25|28 52|80 g
2 |ms5|2c|e|32|BE| S ) e
2z ol E % Sg|z S| < ] § k] Soil Description £ Remarks
| = NIl gE|eg|l<a|ld =
- [75] m s o %]
£
B S D O N L
. o Coarse. Gravel:i Texture,. in:'efj.i:’ for! . - more than 50%
: PZ5% coarse or. 7T27“""f”1nes, d*“"s:Lty, Ey, “"{fig{%féwar Tre—- ]
b D m01sture, —color partlcle shape, par— tained; on #200
) S - - tieke-dis ributicz;‘,z orgal ahie e8¢+ ge&lég-lc e
characterlstlcg‘ § ;4; e i : ; :
- i - ‘. § i :
L 1 GM Sllt}F Sand GRAVEL medlum dense, humld R
olive: grey,: llght grey silt- and clay- B
clumps, fine to; coarse, w:.th trace'
: organlc matter' AR i ;
. T R :
- D
i : ; i D
- . L PR S ! ;. ! : . ; i 7 .
Fine Grained: *T_e_xture,__gref ix: for )25/ . _more. than. 507 — |
‘coarse,. cons:l,stency:, m01sture», color - not visible or
structure,. organlcs‘, geologic; charact- _ passing #200
eristics | f ' o sieve :
o P 12 -7 i : i R . ]
i . 3858| 26 8ilty CLAY,. 10—20/0 fine to medium sand _
o 29 - less. than 5% gravel. Frozen, olive sYH
R R ‘grey, clay Layers g th:.ck “iee Tenses 1131 P120 PTLL |
% oca5510naﬂ, cobble. : CL
IR I N O UV M/C 75% . _

Boring No. Sheet of
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SUSITNA JOINT VENTURE

Boring No __ EYAMPLE

Feature

Coordinates: N

Bearing

Date Started

GEOLOGIC LOG

WATANA DEVELOPMENT

Angle {from Horizontal)

Ground Elevation
Rock Elevation
Overburden Thickness

Sheet___ 2 of__ 2
Date

E Date Completed Ground-Water Elevation
Core Sizes Total Depth Logged by
Graphic Log =
_— Ll g =12
5 2 N
£2| 8| 5| 5o B S E|E
& % -g ‘g @9 Classification and Physical Description o o0 § E Remarks
G| | E! & |l 2| x| 2
Dl I B ) olo|lalg
- 3 . ; : P . 1
- - : 24 H -
= | |Interval, ROCK TYEE, “delor ,;-»'-‘a:?-éxture-,»i« - ;
~- (dize -and shape 9f crystals, phencerysts ?
o T feten)” perce tage of, alteration iproducts. : |
i fractur:mg, size of pleces% hardness ; 5 ) =
hardness, strength;. weathering,(,coatmg
_ - |and f:Lll:Lngs on joints,. ChICKAess ofy ™ —
— _-reughness -of- _'101nt surfaces, spec1al.’"‘ B
— * pz:ya;u&bch&ractgrks; ies : : N
i Tt :
i ' i
. | EfaT S
N SRR N EEN DR
P d i H ;
N . - - i K
- : é ;f N
L 70 ; : S S )
| 159 72.5-77.2 Diorite, grey, medium Xyln )
309 massive Plagio, hornbl, some pyrite,; <
75 50 closely-modi frac., max 1.0, min. =
~ 60 [ € 0,05  mostly O. 3—0"5"‘”Eard"“’ strongy il © - -
50 unweath, unstained, mech.. brkg. common.
b B0P 1 : LA SRS S e e _ ]
40 ' ‘
. 80 S S e . B, -
Boring No. Sheet 2 of 2
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GEOLOGIC LOG

Sheet 1 of 2

; Date 4 /12 /83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __DH83~1 (River Y) Angle {from Horizontal) 90° Ground Elevation 1,464,0
Feature __U/S Cofferdam Bearing - Rock Elevation 1,386.0
Coordinates: N _3,227,912.0 Date Started 3/3/83 Overburden Thickness 62.5
E 747,211.2 Date Complated 3/12/83 Ground-Water Elevation___—
Core Sizes HX /NX Total Depth 91.0 Logged by MSC/SEW/DAF
_ Graphic Log el el s -_5_.
£ .g = o £ 5 o g E
B | 8| 2| 29 N . - Slgj 5|8
o= | 5 [ g Classilication and Physical Description gl =i E Remarks
a2l E| & || xi 2
e el I EEE R oo | alg
i LY 38— COR, MX
5 I o S 1 N : R A . e o
i i i . Ll :
o | — |
-1 DU SR ' f i B O P
15 : 15~ SwWater ‘ S — SRS U S S
__w_w 1% q = 78 a A‘I'hnr111m SRR R _HW Casmg to 18.0
. ; T ; - i very hard drllln.ng
20 15.5-52. BOULDERS COBBLES AN'D o e
COARSE GRAVEL recovered. i , . = ,
I 'Max__O 6 mostlyﬁ(l,z___o_ o IS S o
'Heterol:l,thologlc subrounded. to
| o5 . rounded.. . f ; : ; o ° - ]
Fm.er grained 40—504 based
.on. recovered pieces., :
- "~ Fines-washed away cwttlng!s B 7
mdlcate mostly sancl. :
30 : - - — ; —
[
b — et ereme et ettt 83 12 8 18 R — S—— oo e
.35. i - R - . |
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Eg@@ GEOLOGIC LOG Sheet_2 __of 2

HARZ

@ Date __%4/12/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT o
Boring No __DH 83-1 Angle (from Horizontal) g0° Ground Elevation 1464.0
Feature .. U/S Cofferdam  Bearing - Rock Elevation 1386.0 .
Coordinates: N __3227912,0 Date Started 3/03/83 Overburden Thickness 62.5 '
E__747211.1 Date Completed 3/12/83 Ground-Water Elevation -
Core Sizes HX/NX Total Depth 91.0 Logged by MSC /SEW /DAF
Graphic Log .| .| 5 .H
T @ E & .g % -
€2 | B/ 5| 30 S| S| E|E
§'§ 2 T 83 Classification and Physicai Description G| €| 2 E Remarks
G|E| 5| < HEIRIE:
:En S ®i3s912 slo| @ E
=AY N ; R ;L,,,,‘, ,,,,Wﬂ.ﬁg,.w‘ﬁﬁ_.;. | N =
DN e e e — Running sand reportgd &
| "52-53 Recovered COBBLES AND, COARSE-| |n by deiller filling |
s 1| 7] eravEn 09032052y sand, silt dn L | (S -casing, reported |
55 oLl wash water. . Much iredr:r.llmg ..5 : ‘encountered @52
= [ Because of £1 _LJ_:Lng ofca s:Lng i o é ~ 5
: with Zsa’nﬁ'd . 1T i DT S
e o | | b o
i R N I No water return,60 ft.
60 EEAR SRERE IENIS S St & s SRS o _Tricone. il
e R I Tricone
: . - ' - o e et e i i 4 it v .
: T o T N - ;
a5, R N Botil'de'riz 0"3 S AR S o Core barrel is gettipg
5 : o g T A e e e e e e
- T ) ; T 7 blockedt - s
: Boulder With cobbles. S . o . '
T T 1 . 63 78— BOULDEKS_WCOBBLES"””COARSEW” I
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70 SR 2“(}‘*‘“11111?‘“‘"9“9—'_ - -1 |& R e I
R R Mostly 0. 1 0 2 subrounded to O S _ - =
e I .“._.y i"ﬁl_.f“d‘e ; . - — — : 5 S SO
75 S 'Bo}ﬂdpré‘! ar - L =] L ]
. o i o o Core loss. in Alluvigm .
- - . —’ B TOP—OF—‘ROCK ?8 G ; . R .V(.F,;_W._W et e e e e e R— h:
85 —é. ' 78-89.1 Diorite.  Méd -~ lt. gray !
80 g == __Med. Xyln.__?_I:_aglo. Hornblends. Bro. e I
-  Massive Fresh. ; .
N ] | Modt fract Max 1.2', Min 0.1' o
60 ﬁt © elosgely:fract 78-80" possibly mech
85|60 7/ | Hard, strong . fresh unweathered - - 1
o CaCO3 filling. . jts. some re— =
609 % i sl. more fract 86 88 :
N VAL WA R R . © e _
459 A : stweath 88=8 P - |
/ gl %Eered Daaor%te lt Py [
90 750‘?(;(,( mC.I'u_SEl—%ghe E%Lg asely Frc- % o o
X*n - 7
T.D. 91.0 ft. . . . : Core loss in Alt.Dio. _
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SUSITNA JOINT VENTURE

Boring No

DH83-2 (FF)

GEOLOGIC LOG

WATANA DEVELOPMENT

-EBASED

90°

Angle (from Horizontal)

Feature

U/S Portals

oearind 3713783

Ground Elevation
Rock Elevation

Sheet_1 of 2

Date 4 12 83

1,470.6
L,424.6

Coordinates: N _3,228,775.3 Date Started Overburden Thickness _ 41.5 Ft.
E 747 2 566.6 Date Completed 3/15/83 Ground-Water Elevation__—
Core Sizes __ HW/NX Total Depth 64.0 Logged by SEW/MSC
Graphic Lo : c
£ —— SN
£2 |18/ 5| 2o HEIEE:
§'§ % 'g °9 Classitication and Physical Description glxiz|E Remarks
- = P . 3 =1
w|=| = . A -
ol - @ 364912 slo|ad 2z
T e A e e | § i I AR
. 4 5 Tce 1 ;
o l : : : ] e b s ot oo et o 3 o o]
T g”’*"*lr‘S 46 0 A] Tuvium ' {0 Casmg No Recovery

-~ Boulders, dobbles, uebbles57¥3

“Tf.4 T recovered ﬁlnes wash away | .
. Max boulder 1:0% mostly |

O S R B pebbles and cobbles .recove.’.'_'_"'

20y 4' _Eubr_ounded = rau

50| 201

|15 R
N ’ R eets s S S PN
|25 " ST
[ N
30 - 5
35 - e
| 40 S SN F U S .
__45 o e 'TOPW oF ‘ROGK*'Z! &_:0, Tt om i —
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09 ~
o / N i Y Plagio, hornblendey” some’ bio & qtz
—
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60

46
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GEOLOGIC LOG Sheet_2__ of 2
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No PHB3-2 (FF) Angle {fram Horizontal) 90° Ground Elevation 1470.6
- Feature U/S Portals Bearing - Rock Elevation 1424 .6 '
Coordinates: N _3228775.3 Date Started 3/13/83 Overburden Thickness 41.5
E 147566, 6 Date Completed 3/15/83 Ground-Water Elevation =—====
Core Sizes HW/NX Total Depth 64.0" Logged by ~ MSC/SEW
= Graphic Log ¢l el s _§
£S5 8| 5o EEIEE
§‘§ % ‘g’ §3 Classification and Physical Description (':.3 E:f § § Remarks
m|E| 5| & €l | x| 2
50 |~ D 136812 Slo| A z
' B : Dior:Lte. as aboyver | o -
705 / : 5 ght:l.y fract_..tn_massmze_.max‘. 12 ._0: *gi- RS N R
607N | ST Minr O 2“mostiL“v——"'0 L 6=1501 i~ ; &
55 | 109= e D,sely fracti 46-47.2 bnd @ 55 - N ,
Q : Jo—
%5 g KE 'rdfstgrong...fres‘h Fe stainsi on jits A .
1§§ P si noted: oceas CaCO3 om jt. | 7 D
609 7>r TTTesnr T aTe: es._ Nb F : sf’a”i[.‘n““s ™ S R B
' Sl : low: 56' - : —
P 4 9 / ; . I R Rt A :
60 109~ K ' MR : [ O AP
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GEOLOGIC LOG sheet L _of_3
(0 Rl [ Date 4/12/83
- SUSITNA JOINT VENTURE WATANA DEVELOPMENT
(-]
""" Boring No DH83-3 Angle {from Horizontal} 20 Ground Elevation 1460.4
Feature Seismic Line Bearing -—= Rock Elevation 1367.5
Coordinates: N __3,226,820.9 Date Started 3/15/83 Overburden Thickness _ 83.3
E 745s 565.9 Date Completed 3/25/83 Ground-Water Elevation_—==——
Core Sizes Hi/NX Total Depth 126.5 Logged by SEW/MSC/MJS
a Graphic Log 4
H NP 2 =52
85| 8| z| 32 HEIELR
o > s 1 8 I Classification and Physical Description ol =] E Remarks
" ElE| & @ x| 2
19| ? |s6942 Sld| a £
U P [N SRS TR B
o LT S N
- L h0 e A - N
-5 S v S ———— : ( - R
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; : ders & ki coo 5 T
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. 7 v) T :
¥ - % ' i
' 20 R R S
- L F:l..nes, sand/ silt washed away.
- 25 — : : ) —— —
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@
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- e - S U el
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GEOLOGIC LOG Sheet 2ot 3
(M 4 /12 /83
' WATANA DEVELOPMENT Date _—f22l22—
SUSITNA JOINT VENTURE
Boring No DH83-3 Angle (from Horizontal) 90° Ground Elevation 1460.4
Feature Seismic Line Bearing —— Rock Elevation 1367.5
Coordinates: N __3226820,9  pate Started ____3/15/83 Overburden Thickness 83.3
E 745565.9 Date Completed 3/25/83 Ground-Water Elevation ===
Core Sizes HY /NYX Total Depth 126..5 Logged by SEW/MJIS
_ Graphic Log gl el s _E
3 ® F= 8| ®
s£ls(g §o JEIHE
§'§ —g ‘g 29 Classification and Physical Description ol = g Remarks
= £ = n oo
u | = | = w = 5| &
TS P |sseef o|d|a|E
50 ] e — ; -
- 7 - SRR BT ‘ T
T B : AN |
—-55 — :
— 60 . e d p————
o i B 3 ~J i
— [ R . [ i
_.......M65 .......... H ! e 7 ]
! E :
?0 : . . . o - R ~ ) —-_
‘ = 70- 88 Coarse gravel
" :cecovered max 0.2' min O, 05'
e Tiner & iore Ui ot Tacovety " T ]
than above, Het‘erollthologlc but
b 75 - mai—n - oo - —
80 - Lo _
—--35 e — S 9 - —
e
N 88~ 92 9 Cobbles, coarse gravel,
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L 90 S — — — e —
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Z. T o .
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m E'ﬂgﬁ' GEOLOGIC LOG Shest_3__ of 3
bl j Lo ] Date 4/ 12L8_3_
- SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No DHB3-3 Angle {from Horizontal) ans " Ground Elevation 1460.4
. Feature _Saigmic Line Bearing - Rock Elevation 1367.5
Coordinates: N _3226820.0 Date Started 3/15/83 Overburden Thickness 83.3
E._ 745565 9 Date Completed _3/25/83 Ground-Water Elevationm——
Core Sizes g/ N¥ Total Depth 126.5 logged by SEW/MJS
Graphic Log ol i »| 5
El =] el ¢ Slal2|3
25|81 3| 22 . . . sig|ElE
p g3 E S §_, Classilication and Physical Description clo; = g Remarks
) = - w ] oo ®xiE
E 43 “ 36859 12 o] o 8 E
100 %; ( i . |CaC03 ! Close~mod- fract R S L/ s
2—'\/ TR B 0 P mostly 0.4=0. 7, local o :
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GEOLOGIC LOG Sheet 1 of 3
A ! Date
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No DH83-4 Angle (from Horizontal} 45: Ground Elevation 1475,.2
Feature ¢ Dam Rt Bank Bearing 350 Rock Elevation 1459.56
Coordinates: N 3,226,978.0 Date Started 3/28/83 Overburden Thickness 20.0 %-
E 744 3 958.5 Date Completed 3/30/83 Ground-Water Elevaticn 1.4 ‘)'
Core Sizes NX Total Depth 116.5 Logged by S EM/MS C/MJIS
_ Graphic Log of ¢ 3 5
c 2 |a|&®
£215| 5| 22 FILE
O = S °© o s Classification and Physical Description ol 2|E Remarks
“Zl{E|E| C || 5| 2
Sl 3] P 36912 OO |m| 2
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; ©
- Igoc - B ' o|N Core recovery enhance
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—30dgqe );}(l;m;;m” ' materlaL gradeﬁmﬁweathﬁnlor&te. e e
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. ; : o =
T Core“ﬂ)ss prbly same materlal E' i n
Y: PO ;& 34 .6-36.4 Alter Diorite, v weath o L
607 i decompose,l o Ffe. sta:Ln, ].‘ow hard
- weak.; o e
N A A 36. 4—39 & D10r1te ned grey,. med é‘ _ 7]
> - Xyln,, sl bleached, close fract —
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igo Z= Fe 39.4-44.5 Alter Diorite, f grain x
- 60° 5\ c;ay--- Trgrey clay & -qtzy mormaftosy 2. =
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E.ﬂg@)@ GEOLOGIC LOG Sheet 2 of__3
AT Date
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No DH83-4 Angle {from Horizontal)_43° Ground Elevation 1475.2
Feature Bearing 350° Rock Elevation 1459,6
Coordinates: N ___ 3226978 0 Date Started 3/28/83 Overburden Thickness 20.0
E 744658 5 Date Completed __3/30/83 Ground-Water Elevation11.. &
Core Sizes NX Total Depth 116.5 Logged by __ SEM/MSC/MIS
Graphic Log ol o = 5-
_:g o) g 2 :-g-. °c 'g E
2% | 22| 29 elo| E|§
2 % < ‘g 89 Classification and Physical Description gl | 2 g Remarks
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VTR ) A @R GEOLOGIC LOG Shest__3_of 3
A e 582 (@)
MG 1512 AN Date
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No DHE3-4 Angle {from Horizontal) 45° Ground Elevation 1478 2
Feature Rt.. Bank Bearing 350° Rock Elevation 1459 6
Coordinates: N__3226978 .0 Date Started 3/28/83 Overburden Thickness 20 0
E 744958 .5 Date Completed 3/30/83 Ground-Water Elevation11 _4
Core Sizes NX Total Depth 116.5 Logged by _SEM/MSC/MIS
_ Graphic Log ol ¢l 5 3
3 @ ZElTi8l®
%;—g ? £ 3o sl 8 EIE
g2 |s| 8| 83 Classitication and Physical Description SRS Remarks
= £ - A .
wl = - u, o o« XiE
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SOIL BORING LOG sheet

WATANA DEVELOPMENT

Boring No HD83-10 (River H) Angie (from Horizontal) 90° Ground Elevation 1459.,4
Feature & Main Dam Bearing — Rock Elevation 1363.4
GCoordinates: N __3226920,3 Date Started 2/20/83 Total Depth 119.5
£ 745009.1 Date Completed 2/21/83 Ground-Water Elevation ===
Logged by WMB, RT.J, MBH, IFB/LEM DAF
. |- g
Tz -2 = n) =
A B M EE: £
sg @3 g8 %:.':‘ ©3 g’% 58 Soil Description b Remarks
gl= 1T gs 887 g|° ]
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oM to subrounded




SOIL BORING LOG

Sheet 2 of 3

NI o dR) @ Eﬂg{@ Date__3/26/83
SUSITNA JOINT VENTURE WATANA. DEVELOPMENT
Boring No HD83-10 (River H) Angle {from Horizontal) 90° Ground Elevation 1459.4
Feature ¢ Main Dam Bearing - Rock Elevation 1363.4
Coordinates: N 3226920.3 Date Started 2/20/83 Total Depth 119.5
E 745009.1 Date Completed 2/21/83 Ground-Water Elevation_—=—

Logged by WMB, RLJ, NBH, .JFR /LEM,DAF
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» s Q
| = Qw| € = o -
£8|8¢ Zgl3-1s8l2 g
§_§_ ;g é._"é ‘;uo: g% '§§ Soil Description § Remarks
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A ] m -~ 2
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-55}- CW ;.-_;«. : S !,E, i : ]
NN oM Véry dar&:grey.A.:J R R
&0 oy |Lessitham st sie, | Looie
3R IR ‘
ceg S
Lo i ?
GW [5-12% silt ] T ORI
GM i 1. : i :
i
ap Darké grey. U D Sty
o™ o o lots of water at |
75.5 ft.
GW BOULDER AND COBELE ZONE T % R ]
GM ' 80.0 to 87.0"] Hard drill:mg, 81
~Olive 'grey'. T o ft
e e e e Less water _
GP |Dark’ "g“iwé}}” T T e ]
GM :
©TQP T OF ROCK 96.0Y 7 77 - Hard drilling at |
: %6 ft.
.btarted coring L
100 at 99 fr
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{i ,@ GEOLOGIC LOG Sheet 3___ of 3
= ke ATANA DEVELOPMENT bate _+/8/83
SUSITNA JOINT VENTURE W &
Rnring No HD83-10 (River H)  Angle (from Horizontal) 90° Ground Elevation 1,459.4
Feature .Main Dam Bearing - Rock Elevation 1,363.4
Coordinates: N _3226920,3 Date Started 2/20/83 Overburden Thickness 92.5
E__745009.1 Date Completed 2/21/83 Ground-Water Elevation -
Core Sizes NX Total Depth 119.5° Logged by NBH, JFB, DAE
Graphic Lo c
= e gl=ls)$
Sl se] &, HEE
- = = i
§'§ ::g ‘g § 3 Classification and Physical Description < g_ Z § Remarks
m = - T I_ m. » Z
100 = | ? 35912 oloi 2
JU E Dlorite sMedlum “olive gray’ B SO o Mislatch, Mechanical
50° ‘ ‘Medt- len“- -massive, Plagio, Iy breakage and ?"Ilnd—_
- 60° ; ah Hombz‘tende W/ b1o, Chlori-qtz. ;R | ;,l_ng of “cote..
L A . L i —— ’ i H
105170°/ ) fresh. - : S Mat -fractiures-appeat
45° .~ 99"-’—109 51 closely fractured max. S n%r rachu o lppf
70° / .plece 0.6' min 0.05" mostly 0:1-032 o to'de mec ?nlca} d?
47 (Y99S T03, 7Y B 0T ZE0T6 (103 7= g [Seence-oL-grindingy
: 60 /7 1 '10915) Much' fzac;turlng &ue to. mech ~4 '
110 d / o SR B b‘r‘eakage‘ .Naturali; _fﬁz_c_f;u_rewagpgg_y__ ]
600 / B ,V,j, spaced @ 05" r="1% O" Hard"a'nd.‘_"_f”_;;; e f 5
60 | strong, 'Fresh.. No stains evident’ Many fractures appear
d i , to be mechanically
450 p N P T T R B i caused, related to
115} 60 109.5'-119, 5'éclose1v_modt “Fract.- ¥ ‘breakage along high
‘Max|piece 0.8%, min 0.1 mostly i = nagural Jts. No
0.2:£0,5" some: brkg< ‘mechanical, S| q |&rincing ,
7 609 “Hatd— & strong; fr’e’shmnc“st‘ains*‘on'— ol 1/3“}120 lossw@ll'i -3
709 / ~ jtsl Rough: jt.. surfaces.. : DT ‘ o
T oo T D= 119.5 ftu ; e T T

Boring No.HD83— Sheet_ 3
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SOIL BORING LOG f)l;::eetlﬁ_ -

SUSITNA JOINT VENTURE WANATA DEVELOPMENT

Boring No HD83-11 (River &) Angle {from Horizontal) 90° Ground Elevation 1459.1
Feature __ & Main Dam Bearing — Rock Elevation 1385.9
o Coordinates: N ___ 3226653 .1 Date Started 2/21/83 Total Depth 89.4
; E 745064.3 Date Completed 2/22/83 Ground-Water Elevation ———

Logged by __ WMB,RLJ NBH,JFB/LEM,DAF

=
oo [=]
. = 6, 2. o 2
; = @« o]
i c 8 g“" 2E|Z€a a=c|ls| 8 2
- e B3|22|2X|82|58 |5y . - 5 Remarks
gs 2| Eg|=® S|e3| 29 Soil Description £ ema
c2 | 2O(sE|e8 25|88 5" ]
i o “ | ns| 2 -
[ o T - i . - ; ;
H i H - : : )
P . . ] 5 . . i ,- F _= - RSP U L S
i S SO e e - A B i : :
. | ) e T A A B [ : : :
- 5.0 Tee ‘ : ; - NSRS RN Wa—

L

ol lSandy GRAVEL WITH COBBLES, 5-12% isile
A-saturated dark ollve grey, roun&ed :
‘tao subrounded~- f:.rie to coarse, occa— Pipe cocked @

: —sional—boulders " —— 1205 Fe. Moved ]

I

i 1 g : P ' hole &4 times, re-
3 15 'Boull'de'r. 1‘z__1_}7_@_:f__l’_?;’.~ 3=2.5..0 fr. ! Ardll - e —]
5 attempts at! penetrating this layver.
_ L EW. : ‘ ‘ : ! _ — -]
3 GH B AR

= ' Gravellya SAJ.\TDE 5-12% clayey silt,,

sp .saturated very dark grey,. flne to
- | P =L i ' & it e
; SM | coarse ; S 4§= | Water @ 28 o'
- 30 ) . - i - ) - _
_— — SandyGRAVEL; ~5=12% clayey silt, with ]

] COBBLES,: saturated, dark grey, rounded
__to_subrmundpd — e ]

- ] . :
s | 40) I SR SRR S . —
: : Water @ 41.0' Hard Drilling,
7 ! SN N 41.5 Fe. o
Less water.
50

Boring No. BED83— sheet __ 1 of __3
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BARZA-EBASEY SO'- BOMME FOG bt

SUSITNA JOINT VENTURE WATANA DEVELOPMENT -

. o /
Baring No HD83-11 (River A) Angle (from Horizontal) 20 Ground Elevation 1459.1
Feature % Main Dam Bearing ——= Rock Elevation 1385.9

Coardinates: N _3226653.1 Date Started 2/21/83 Total Depth 89.4 4
E_ 743064.3 Date Completed 2/22/83 Ground-Water Elevation____=—=
Logged by WMB,RL.J, NBH, JFB/LEM,DAF

Depth

§ Soil Description Remarks

Rig Blow
Count
Sample
Interval
Sample No.
and Type
Blow Count
per 0.5 ft.
Length
Recovered
Graphic
Instrumentation

_ tc'; (Elevation)

Dark olive-gréy. - . - -.-.-m’

8 GP é : T S L _ooesaedandd ) s
N GM | ot ool R TR - ;;f
55 = SIS PR SRS S P R )
ol i o | i
T 9 L T T Vater.@ 58,0 I 7
e AR T ; T T
COBBLE AND- BOULDERS ]
L RUREE P |
| 65 2 I
0| | SRR LIRS N U S R |
; . m_m“T{EGP_.@F_.RQGK_}B_?_z_WF{Pﬂ%PW% m...“m;.,_.ﬂ._._._.__ - _‘..._._ e et v e cu—
: — - i (ST S S N _ Hard Drilling @.
3 A : ; : oo -72.0 Ft.
75 . s : : i L o N
8ol | - o , _
85| | . R A R SR IR

n g
s - - —t

Boring No.HD??\" Sheet 2 of 3



BASE

SUSITNA JOINT VENTURE

GEOLOGIC LOG

WATANA DEVELOPMENT

Sheet 3 of__3
Date.. 3/26/83

Boring No _HD&3-~11 Angle (from Horizontal) 90° Ground Elevation 1459.1
Feature E Dam AX15 Bearing —— Rock Elevation 1385.9
Coordinates: N _3226653,1 Date Started 2/21/83 Overburden Thickness __§5_2
£ _745064.3 Date Completed _2/22/83 Ground-Water Elevation ===
Core Sizes Total Depth 89.4 Logged by WMB,RLJ,NBH, JFB/LEM, DA’
Graphic Log ol »| 5
g o @ g %. BQ\ "g ‘:-;;
E5 | 8| 2| 22 icat . - 5o 5|E
2z | 8 &3 Classification and Physical Description sl |z :E, Remarks
m|E| 2| « AR
el = L PR o|o| 8| ¢
R S O RS RRRE RRENS Y g Q
| 55 T R 18 NN WANS SRR RERE
IS o sy s — a0 - -
60 | R et e o " | RS B
: ! i -
65 ol : S A
FERE S i i
70. L e B IS S N
_— N S A——
|75 s | o —— 3 — - N PT—
45 / T4 T5=83.8 Diotrite med gTay,; med Xyl Stdarted coring 74.5M
60°| / . Massive plagloclese, hornblende -, L.
leoe / _ Some bia. : . P}Ilf}encg o.f grlndlng_
60° Jt spacing ¥ 0.5" w/ccns:.derable and mech. brkg.
a0 75° [ | mechanical brkg max 0.5', min '
— 71982 X K |7 <0ul most Ty 0:2=014 S - —
45°| ) : " Hard & strong, fresh, unstalned
. lase ; ) Ww_..Somnem_cmhlorj.te along_J.t surgaces.... . o ; B
30° } D 83 .8-89 4 Dicrite- Granodlorlte : -
__85 200 / . .w_.___uM,ed__gLeyM:cqlpl_nk,ﬁeld,s,p,an,wme_dv,Xyln_.. _ ]
4 : AR R f o '
45°% - Modt. - 'closely fract. max 1.1’ _
R LA Rl TR0V I some mech™ brkg““hard B -
75° / strong, fresh, unstained.
— 90 B T.D. = 89 4“’FET“—"_'"”'W'"'”mwwwm'"w"" 7
95 o R i ]
100




Y& i 5) A a0, SOIL BORING LOG Sheet___* of 3___
HaART dgg@@ 3/31/83
- Sl WATANA DEVELOPMENT Date
SUSITNA JOINT VENTURE
Boring No HD83~-12 (River B)  Angle (from Horizontal) 9Q° Ground Elevation 1459.0
Feature % Main Dam Bearing - Rock Elevation 1382.0
Coordinates: N __3226694 .4 Date Started 2/22/83 Total Depth 87.5
E 745072.0 Date Completed 2/22/83 Ground-Water Elevation —
Logged by WMB/RLJI/LEM, DAF
' P S
PR PRERL-SR
es|m 3| EE|E- 03| BE|ET Soil Description 2 Remarks
o[ 20| sx ElE YA P E
Gle nE g Elge|l 2 o ,'-:_-,
= w | lo® = B
i H i 4 i §
! i - - :
Logle _'A‘S':.EO Icg O o ! o 5 i 2 ! B
75 Wg‘p‘f ; i e e e ]
- g § s »g -
Sandy GRAVEL TAITH COBBLES 5 L2/ clayey
10 ,s:th', saturated, o,lee grey, !rounded td B
subrounded , f:Lne tQ coanse, occas:l.onal
1 _boulider— : S U S -
A : i i
15 - . f ) » ]
2 T e
|20 | RN —
KL G| I o RN L
. 3 GM - ! 3 - - i -
T
-
|23 ; 3 - ) _—
GP | Less ‘'sand. .
- 4 GM : ; ? l — - —
| 30f R | ] -
! ;
- 5 : e e e o o e ]
3. _ B ]
More sand.
= 6 D S SO SR i _
_.5*1 SIS N DU RO SN SO N -
L. , I S S,
4T S S S . |
L 8 e e o e e S -
5(’ >

Boring No.HD83— Sheet _ 1 ot



SO”_ BOR!NG LOG Sheet _2  of 3
R EBAS@@ WATANA DEVELOPMENT pate _3/31/83
SUSITNA JOINT VENTURE
Boring No HD83'_’12 (River B)  angle (from Horizontal) 90° Ground Elevation ___1459.0
Feature £ Main Dam Bearing m— Rock Elevation 1382.0
Coordinates; N ___3226694.4 Date Started 2/22/83 Total Depth 87.5
E 745072,0 Date Completed 2/22/83 Ground-Water Elevation___=="
Logged by WMB,RLI/LEM,DAF
o 5
3K —j2@| S| B 5
c8lsg|2siZ€2i 38| 2 s
gS|23 g-E 'g.': o3 2 % -§- g Soil Description é Remarks
oslze|se e8| Es|2g|S5” 5
u = d% me|"&|® -
50 - - - =
__ ' N
. e - ! ?
: . 9 - % : e
R R
_ 10 i R ‘ T ]
ol 10 P R .
65 : R f ]
Sandy GRAVEL WITH COBBLES, 5-12% clayey
11 snt,_qsaﬁturated_,_dhnk_gxe_y,__mundedwto S — I
submounded f31ne, to coarse. i
70§ *° ' L ’
— T | prom] T
cp | COBBLES AND BOULDERS. e
N 12 GM i T T e ﬁérﬁ ’ Drilling T
72.5 Ft.
| 75l _ R _
| | 65 R : . Hard Dr:l.ll:.ng
13 TOP OF ROCEK 77.0' P 777 O_Ft.
801 | R _
| 85 | _ . I ) _
| 901 | S S U OO -

Boring No.HD83" Sheet 2
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SUSITNA JOINT

GEOLOGIC LOG

WATANA DEVELOPMENT

VENTURE
Boring No HD83-12 Angle {from Horizontal) 90°
Feature in D Bearing ———
Coordinates: N __3226694 .4 Date Started 2/22/83
E _745072.0 Date Completed __ 2/22/83

Core Sizes ___ NX.

87.5

Total Depth

Sheet_.3 of 3

Date_3/31/83

Ground Elevation 1459.0
Rock Elevation 1382.0
Overburden Thickness 69.5
Ground-Water Elevation —
Logged by _ yMB,RI I/LEM, DAF

N Graphic Log el el s E
[ © =l | A E
£21 8| 5| 2o . . . 85| E| %
&> | 5| @ 3 Classification and Physical Description olx|z| 8 Remarks
Qo | 28| 3 ﬁ_“! cle| x| 2
w| == A =
T AP 3692 Slo|a|E
g el e e ! [ESS—— ) .
w sbos f[
v :;g;,, _ . N ; . SO I I A I O
é ;A VS S . § .
o ! - L
65 s T : - ]
i S — e ]
7] i ; T | { i |
_ - . -
7.5 - : — — S
TOP_OF .ROCK 77.0 Ft . :
U - A B R - : -
459 x-/jé' : o i ; Started Coring 77.5
g 45° / e R N Partial Water
ook § C T [ETT5=875 Altered Dior ite l+gray - off "Logs 78.% B
%g‘é P | : White. : 51 -rmodt: alteration.
- 459 // tfy———1——————Some-feldspar-but-mostly - - —
i .. Kaolin pseudo morphs. alter. . ol —
907 -, feldspar, chlorite, tale = Py
— 89 704 /! ,’ - crayey ST —=mod, ~fractof—- S e —
d ; . many unbroken incipient, High: - .
E}ﬁc b Bekn _ ¢ & jts. it filling: w/chlorite 100%Z Watexr Loss
. - 1. & tale,; sl hard, sl strong,,
unstained. @ - 3 /
94 e D D= BT 5 P = - —
L O J S i . _
104

Borina No. HD83- Shaat 1 of 2



s

St WATANA DEVELOP
SUSITNA JOINT VENTURE MENT

SOIL BORING LOG

Sheet 2

Date_ 2/ <€3/92 ; 6/83

Boring No HD83-13 (River G) Angle {from Horizontal) 90° Ground Elevation 1458.5
Feature £ Main Dam Bearing b Rock Elevation 1374.5
Coordinates: N 3226856.3 Date Started 2/22/83 Total Depth 89.0
E 745023.2 Date Completed 2/23/83 Ground-Water Elevation —
Logged by WMB, RLJ, NBH, JFB,T.EM
s 1= 5
| =z — ol &= ] 2
cS|sg|2s|2s| 8|82 £
&S g g% %.: S3 E’% §-§ Soil Description g Remarks
O8lZ°IBE|EE| 85|38 3
= W |m® = 5
< i BEERE IR 3 @ HAM, CI
- 4o S : '”k ]
52 SSRGS I S
6.0 {Ice i
B P P : ! ; e e e
- Q.0 H_aror o s i
- 10 ! : : :
— Gr”avelly'"SéiNDTTressTthan“S?—‘silt“,“"“s'a"t- BT —
.L6'0 urated, ol:l.ve grey,;flnes to: coarsej. .. ! i 5
' _tmmd.ed__to_msuba:ounded,__coax:se._gxavel,___ U S O
‘ 1 occa51ona1 co}:ble.. i f Do o
1) 3 . SRS ;
Lt ; ‘ | : - e
2 T R : I
_ ;, R U U I !
20 ' | | % I R B S SO
: Sandy GRAVEL 5-12A. clayey Sllt, sat-
urated, dark ol:Lve grey, rounded to
N 3 subroundec‘i"“”f e For E:‘o‘a‘rse, o‘c‘c‘a‘s‘:l.onal I —
cobble and. boulder.i
25 44 % —
93 |
GM : ; : - —
T : ! i ﬁ ]
SP |More' sand, less clay. :
o | — ; e ek e e ) . ; -
50

Baring No._HD83~gheet 1 of 2




HlANN G ™ 150N ' Date 27/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No aagzi;lg (River G) Angle (from Horizontal) 90° Ground Elevation 1282 )
Feature am Bearing — Rock Elevation 1374.5
Coordinates: N 3226856.3 Date Started 2/22/383 Total Depth 89.0
E 745023.2 Date Completed 2/23/83 Ground-Water Elevation__ 777
Logged by
=
£l = So|Eu|l = 2
s2122)23(28/35 582, :
§'§ gé Eg ‘é.'.'é :f gé 83 Soil Description g Remarks
A 1 z
T . . Sandy GRAVEL, 5-12% silt,. moist, dark |
l_68 2 greyl,. rounded. to subxrounded,. fine to
T COETSE,. occasional cobble and! boulder. o ™
.55 : R R e TR E ; : ;
. _ ; DA T i i ]
l'_ cM — R -
I " é ;
PRV i i H
____6 o ; U
o 11 Weti.j: Ll : i
. l—45 Lo (E i - g £ :
R : S
e t o :
65 ~ ‘ )
I_az- 12 T
7q SRS
_ 13 GP | Clayey silt fines. '
L 57 o7 R S IR
— } . i . H T T T ]
75 : _
COBBLES AND BOULDERS to 5.0' diameter.
|80 .. e ]
TOP OF ROCK 83,8 FT
|83 - S SRR ]
N
© recovery Hammer to 89.0,
SRSV N S S USSR Core Barrell won'i
: : fit down drive
) .. TD. =890 Ft. pipe.
]

Rarina Ma

HD83“ Shoat 2 nf 2




BASCO

SUS!TNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Boring No HD83-14 (River DD) Angle (from Horizontal) 90° Ground Elevation 1464,8
Feature U/S Cofferdam Bearing -== Rock Elevation =
Coordinates: N 3228343.0 Date Started 2/23/83 Total Depth 57.5
E 747142.4 Date Completed _2/27/83 Ground-Water Elevation -
Logged by __WMB,RLJ,RFH, JFB/LEM,DAF
[
i | k5
. 8 ) S
R PR E S H
gs (@3 g5[3-|0d| 2 zia S Soil Description g Remarks
02|20 8SE|EB|( Bl ®o) O 5
G|l |~ |55|28|-Jeia E
~ w0 m o 2

5L - HAM, CO!

]
: 1 - -
. .- i : R ——
: - 4,0 Ice-
2l 5.0 Wagay — b - o 4 o b )
- - [ P L - R
ol P : ‘—:.,')." E I
Na- samp]]e recovered. ' ? e s

10].°

. Prqbablg qcbble ‘and boulder 1ayer.,

o

T

oo
B S

" GRAVEL AND. COBBLES.;. 15-—20/ f:me to

tdarse sand less ‘than 5% silt, damp,

7 dark greya.sh brown, - subrounded ta
subangul_iar, fme to coarse.

3 !
; Cs
-

i

i

H

i

Cos e s
i

! |

Sandy GRAVEL WI'I.‘H COBBLES less than
ow | 5% s:.lt,. dampﬁ,- dark ol:.ve griey, sub- -
3 rounded.,, t:Lne. €0 coarse_. r o B 7]
S | T - ETUEEE]
4 G¥ | More sand and silt. o "
GM : ; :
Olive. , | |
b ; oo ] |
5 GW | Less silr.
. TOP. OF ROCK.44.0 FT Hard Drilling @
O S 33.0 Ft. —]
| 401 1 EEURUS B —
450 |- . __ _ B —]
50

Boring No.
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1_] QE g@ G EO LOG I C LOG Sheet_2 of_. 3
H (AN AL 162 Date_ 3/27/83
SUSITNA JOINT VENTURE WATANA DEVELOFMENT
Boring No __HD83~14 Angle (from Horizontal) 90° Ground Elevation 1464 .8
Feature _U/8 Cofferdam Bearing - Rock Elevation -
Coordinates: N ___3228343.0 Date Started 2/23/83 Overburden Thickness 29,0 7
E.. _747142.4 Date Completed _2/27/83 Ground-Water Elevation===
Core Sizes _NX Total Depth 57.5 Logged by _WMB,RL.J RFH JFR/TEM, DAl
Graphic Log = g
‘g o @ o %. = "g %
251 8| 5| 22 . . o S| g E|%
22 -25 8 8= Classification and Physical Description Qo ﬁ z g Remarks o
iy = = w L X E
E 3 w 3659 12 oo 8 E
e - 4]0 .
10 e ' — :
—15 e : : : L e e 2 s i i . e
20 ‘ - ’ i e - : : e et e o] o
25 H - R —]
TOP- OF. ROCK-—.34..0 Fr- ' ] -
~35 300 / e ‘ i S— : QOD
20°| L 35-33.5 Diorite: M gray, M Xnln. > Started Coring 35.0 -
L Agg {_ - Mass. Plagio, hornbl some! bio- qtz L _ -
) —fr unweat, some 1nclu of andesn:e . ' ' 1 :
90° n 47-53.5 Mod to closely fract max = =
401857 Y2l Sl R }i0-min—0+1-mostly-0:5-closely fr SRR —
209 K ‘ intervals at 38=39 42-42.5 along o
| 907 AIx ). hi4& jts. Hrd, strg. Fr & unweat.§l J L
90° ’ chlorite coating on some jts. Jt
145|309 1 |chlor,surfaces smooth to rough. Some
o 40° ? chlor mechanical breakage. ™
409 i
B !/ 1 . S ]
309 = mech N
50l 609 / . 1

™ot e REo unRQ-— [ o] PR [a] - tal
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-EBASCH

SUSITNA JOINT VENTURE

Boring No HD83-14

Angle {from Horizontal}

GEOLOGIC LOG

WATANA DEVELOPMENT
9Q°

Feature __U/S Cofferdam . . . . __ Bearing

Ground Elevation

Rock Elevation

Sheet 3 __ of _3__

Date _B_LZZL&'L_

1464,8

Coordinates: N _322834.0 Date Started

2/23/83

E 747142.4 Date Completed
NX Total Depth

Core Sizes

2/27/83

57.5

Overburden Thickness 29.0
Ground-Water Elevation ===

Logged by

DAF

Graphte Log c
g - gl =| 5|8
e =
218|529 58| E|s
gz15| ¢8| § 3 Classification and Physical Description ale| z| € Remarks
— = T A T s
ml=| = u. o x| X5
it = B 69 12 S| O] a 2
25°| /L ¥ RS - o
20°’W‘ R - j . = : A
ofrse Egr : 1i”53*5457*5*mT$6?pdﬁu:dfita;ntggn; o - Mechbrkg evident:™
- 88“ ), i B med—ﬂlne grained. Blagio ialtér. S|y :
= 60° ¢ ite- Kaollnx -51-Modt dltered. Modt S|~ ; =
of ~—gi - : fracti. unstalned rough~ 1t sur-» : — :
. sl =f o fract:
i e o T Do =002, '.bMFt.
60 -
SN I T
s SHESIE L Ha ; i
_— | e | R S
b ! E : e ‘ ]
[N ﬁ ; : A
AR ) ; z T :
... 75 ‘ ’. e U P P
L 80- i : . —_
| 85. o - o - _
90 — —
G5 S (R — - - - - —_
100 _




SOIL BORING LOG L
Sheet t 2
o 372/85
WATANA DEVELOPMENT ae——————
Boring Mo HD83-15 (River CC) Angle (from Horizontal) 90° Ground Elevation 1465.1
Feature _U/S Portal Cofferdam Bearing —— Rock Elevation 1435.6
Coordinates: N 3228232.7 Date Started 2/24/83 Total Depth 46.0
€ 747112.7 Date Completed 2/27/83 Ground-Water Elevation__..
Logged by _REH, JFB,JEP RLJ/LEM,DAF
- = 5.l S
E c5l3z[es]|28]25|=8e g
w— D ) "o £
§'§ 'g,g E é é: : S %’é g_g; Scil Description £ Remarks
i Wi wnZigtigeJda|a@ 2
i - & o B 0w g
SURT RN heh ERUR FPREE FERUS SR RO S5 - HAM,CI
‘_ e —@Teer e “Boulder Bt 3 £t]
. . ) s S PO SO o L..‘; : s f [ moved hole- e
. B P _ _5__..0“ Wﬂ_@r ol P R R _wdrr]__:l:,_u __,_Ow_w_.u...__
= " Gradvelly SAND WITH COBBLES, less ‘than .
5 S . 1 ;'5%’3}11:; :’satqrateq gréy,. medlum ‘to MMElRE__Cmogkedj_at_ B
. c:oaé.rse... T ; S B S 7 ft. moved hole
£ NET N HO Bl A T A S SR R | redrill. ]
L I':9 2 oW - Sandy GRAVEL, less than 5% silt; i
2 - : |
5 ~ moist, dlive, flné ta. coarse, with . ' Water return at
g ; o ___.c?cgaSJ.ona_L ccﬁble_tand b:ou.Lder. - 13.2 Ft.
L 1520C R ,
0 3 GW : :
gw i 5 ’ Sl
g: i - .
: i
£ .k
. Wet i . ; '
) GRAVEL WITH COBBLES 20 25% - flne to Orriat
7 GE —-goarse--s -12/aw~s:rlt~ m-darkwgreyw — O C .-
GM snbrounded f:Lne to coarse. =
A W -__QTG'P_meF__BgeK._ﬂzg.s__:Ft. e I o —
i a0 | ST S S
G S S S S . ]
-
é_ 50
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E‘%@. GEO LOGIC LOG Sheet_2 __of___ 2
; WGl 4 Date _3/27/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No _HD83-15 Angle (from Horizontal) 90° Ground Elevation 1465.1
Feature U/S Portal Cofferdam Bearing e Rock Elevation 1435.1
Coordinates: N _32282 7 Date Started 2/24/83 Overburden Thickness 24,5 ¥
g _747112.,7 Date Completed ___2/27/83 Ground-Water Elevation. =2z
Core Sizes —— Total Depth 46.0 Logged by REH,JFB,JEP,RLJ/LEM,DAF
Graphic Log o o S w
= -1 @ T -
HEIEIEE SEIE
§§ % § g s Classification and Physical Description glx| 2 g Remarks .
ol = E o | €| x| 2 :
13518 5600 s|d|a|Z 5
S - o § T T _: - .
_ i 3 A e P % e ! i
s _ | SRS N EESEL S
.10 ; Rl Rt o et ok : é _,_______,_“____- ]
S e el ) ; _ ; - _’ _ I
I R
1.5 - E 5 : k , ' e ]
20 - SNV 5 S NN O O
l—25- ' - - i e R — .
B T R e Sess R R R : g
30145 ‘( R R ”kj, - a%—&&“l):corzte”}fe&“gray“ Me: e :
45: 7 - ~Ryln. Massive sl porphyritic Started Corlng 29
| g g" P NI @ 36.5.s1 £me1:mgra.medm m — I _ _
50 / N o some intervals = _ N
0 R : : 7
.35{70°] / - -- b o Modt = sllghtly__frc.t::d._wilmtd_ L |
50° / * ' jcaco 3 ' closely fract intervalis max o
50 X N piece 1.8" min CO.I mostly —
U lsgel / caC0y - 04 HArd & strong, fr & un- D m
. weathered Several reheal ed
40 300/ k ts-w/Cat03-39+8—&-below-rock- - —
50° |\ 2ppia§s S{Ji b‘recclcal,ted and re- o 3
. - eale nstaine N :
i 100 ﬁ e fwéﬁ“é‘wafedw%‘"mn T TR T AT S s e g — N
4 5° { reheated 1
. 45400 I vt e v e+ Amem o m + et et 4 st oot e en f:i ]
Fello¥ =1 / faX]
! _ . pg.p, =46.0F. - -
50
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218- EBASEO

OINT VENTURE

HD83-16 (River BB)

SOIL BORING LOG

WATANA DEVELOPMENT

U/S Cofferdam Portal

Bearing

[+
Angle {from Horizontal) 90

Coordinates: N

3228135.0

Date Started

E

2/24/83

2/27/83

Date Completed

Logged by _REH ,,!EQ,JEP,RLJ{LEM, DAF

Ground Elevation
Rock Elevation

Sheet__ 1 of 2
Date 3/27/83

1465.5
1446.5

Total Depth

39.5

Ground-Water Elevation_———

[ =
. [=]
‘E = — =3 [++) E__; - =
£l |ax %g Zgl3c|s2| 2
== |=z5 o - = o foar
oS ‘;o Eg n.].; 95|12z ] Soil Description g Remarks
oo | PO|SE|ER|E5 80| 5 S
w | o “Llegi 2 a @ | O =
e L7 [+ o 7]
£
N ‘ _ ) ‘ ; ‘} ‘ 535@ — HAM, CO:
T 1 T T T
40 i Ice : o o
- R IO S S Pipe cocked at __|

i

9 Ft. moved,
redrill

0t

GW

:

Sandy. GRAVEL WITH COBBLES, Tess than 57

to codarse. -

“sitt;saturated; gHeyish brow, Sdb=
‘réunded, fine A RN

. D,ar__k; :gr:e'y

i

[
R I S

H .

!

Moist..

§
HE

s

| . .70P OF ROCK 19.0

FT,

‘Pipe cocked at |
19 Ft. moved,

i
§ H
i i
T P e
i ¢
H ; !
Qg0 S U

FedFLIL T

Boring No.HD83— sheet 1 of 2




SUSITNA JOINT VENTURE

Boring No _HD83~16
Feature U/g Cofferdam.Portal  Bearing s

Coordinates: N _3228135 0  Date Started __2 /24 /8

-EBASCO

GEOLOGIC LOG

WATANA DEVELOPMENT

Angle (from Horizontal)

90°

Sheet_2_ _of_._. 2
Date__ 3/27/83

Ground Elevation 1465.5
Rock Elevation 1446.5
Overburden Thickness _11 Q¢

E_747102 .7 Date Completed 2 /27 /8 Ground-Water Elevation_ ===
Core Sizes NX Total Depth 39 5 Logged by RFH,.JER,.JEP ,RT.I/LEM, DAF
_ Graphic Log e 2|5 5
= = —
HEHEE HEIEE
o2 | 2| B o3 Classification and Physical Description gl x| Z|E Remarks
EIEIE: EEE
13| P 35912 olo|a| g
,,,,, a IV B
—10- - -
|15 - DL S SO
.- L wap o ROCK. 19,0 FF.
—20-1207= | g(); I9.5-3975 D:Lorlte med’ gray.. Started Coring 19.5 |
) 209 > W Chlor %orn{g{end §§§-1 ocaflageas of 3 o L
B : pa.nk K-feldsPar Fresh «© T
o ) ) : : ~
L 25 Zgo 7< I Ca083 19, 5- 30 sl. modt fract max pc__m_ AN - ] ) ]
- ~ 1.6" min 0:{1 mostly ' 0.5 Hard =
10° = | ‘Chlor. gtrﬁ fresh,,unweaghered CaC03 ..
R PO ne e ; Se 2 - RS .
_40.175° / l L CaCO3 4 , : 3 .
20°|= * [Chlor.30- 39 5. sl fract max p:.ece .
N PYY e 2.0" min 0.4-mostly 0:8-1.5" JH&X ) i
o Hard strong fresh unweathered >
; (=
| 35.130° / | i Chlor. L : i ]
80° r : Chlor. CaCO3 & chlor on Jt surfaces.
| A - Unstained. . S d o
10°% .~ : . :‘\T _
00n°| | Chlor. - RN SRR
70 o }T.D, =-39 ,,5 Fﬁtu.wu s ]
|45 B O U S ) _
50

[ JN SN hagats Rl m~e ~ - -~




SOIL BORING LOG

Sheet 3
; Zit Date . =7 =°7"~- 127/%3
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __HD83-17 (River Z) Angle {from Horizontal) 90° Ground Elevation 1464 .4
Feature U/S Cofferdam Bearing — Rock Elevation 1401 .4
Coordinates: N 3227931.0 Date Started 2/24/83 Total Depth 77.5
E 747161.2 Date Completed __2/27/83 Ground-Water Elevation_———
Logged by _ REH,JFR/LEM,DAF
5
Tl 2 _ S ol € - ° -g
£318z | 85[T8135|£5| 2 £
§2(%3|E E %..: g S| 23 %§ Soil Description £ Remarks
CSlE°|AE(ES|S8|38| 5 g
~ o im® = @
o PR T B S4 - HAM,CI
5 z ST T - ,.',; C— N J’ ; : ;
ce i > SN S PR S—
- ; - - - , i
10 ? ]
- o *- . - S N A
15) o Water 15.‘0, E j ;
o SP Gra-yel_l-y; SAND,. less than 5% s:th,ﬁ
EBO.I , sathtate’d’ . dark olive grey, fine to
— 50 coarse., rouncLecL to; subrounded gravei e
20 o - with occasmnal cobble.r ? .
'] A - P i - : - |
[70. 5 %]?I Sandy GRAVEL,; 5~ 127’ clafye.y s:th,
. : saturated, dark olive grey, rounded to
subround‘ed"‘“ fime to coarse, With" - T T
: occas:wnal cobble. t
| 25 : : : : . o -
1 3 Increasing fine to coarse sand.
“At 28 Ft.,moved |
30 ’ hole, redrill
e B b e e - Rocke dm bity o
! pushing ahead
4 :
| 351 ; S _
5 % Gra?velly; SAND?,, 5-12% clayey silt,.
SRR M B —olive grey. . -]
40 i - ; : .
52 GW | Well graded GRAVEL, 10-15% coarse
6 .
49 sand, less than 5% silt, saturated,
R “Tolive, rounded €6 subrounded, fime to~ 1
45 coarse.
7 Gravelly SAND, less than 5% silt,
- - GP |- saturated; -olive greyy ‘fine to coarse, -
subrounded to: subangular, fine to
>0 coarse gravel,
Boring No.HD83— Sheet_ 1 of _. 3




124 EBASTCO

JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Boring No HD83~17 (River Z) Angle (from Horizontal) 90° Ground Elevation 1464 .4
Feature U/S Cofferdam Bearing -—== Rock Elevation 1401.4
Coordinates: N _3227931.0 Date Started 2/24/83 Total Depth 77.5
g_ 747161.2 Date Completed __2/27/83 Ground-Water Elevation_~—~
Logged by REH, JFB/LEM,DAF
=
— g = - o
£ =z - @| €. =
<] - B = 3 el Q -
£2|2E|cd|«5 8|55 . . 5
g2z a8 ES E"" 2| 5 g| & k] Sail Description g Remarks
i) = wE - £ls 8|~ e o 2
o 2
4 —_
- R
' B SRR A !Q.i.'_'gﬁ_"il.
| ow | Well graded GRAVEL, 15-20% medium to
55 8 -=coa::se-selfn&,--”‘leSS":t.han*'EZ silt, - o
‘saturated, ‘dagk grey, fine to coarse, .
9 ‘subn oundeéd' to rounded, occasional !
[ —eobler ; : T el -
60 ; - L RS
: N R - ! : Refusal at 60.5 ]
; TUFOF ROCK 63.U FL ;- V T e
. o R .
R B ! .:
; - ! » i
. I i H i
70 i ! ! : : o o ]
-
N ;
75 * i I o ]
801 L - i

Boring No.HD83~_ Sheet __ 2

of _3
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- EBASCO

SUSITNA JOINT VENTURE

Boring No _HD83-17 (River Z)

GEOLOGIC LOG

WATANA DEVELOPMENT

90°

Angie (from Horlzontal)

FeatureU/S Cofferdam

Bearing ———

Sheet 3 of 3

Date __ 3/ Z_LL7 8

1464 .4
1401 .4

Ground Elevation
Rock Elevation

Coordinates: N _3227931,0  Date Started 2/24/83 Overburden Thickness 48,0
‘ E 747161.2 Date Completed _2/27/83 Ground-Water Elevation_ ——=
Core Sizes _NX Total Depth 77.5 Logged by REH, .JFR/LEM, DAE
Graphic Log ol | B
5 o 2 2= 5|2
€218 5| 5o gl 5|8
2 % % § e8 Classification and Physical Description o x| 2 E Remarks
—_— : “ T . .
wl - -— L. o « > E
cen| = P 136912 olo| a z
= N | =
R I (S s DS i
-7—-"“5‘5" - ”iﬁ* N S - . - ''''''' —
: e e ]
a0 : B S B : 5 ]
i S . L L N T, ﬂ,g, - . - .
[ A i Boulders & Pebblns Rec‘.overed i - Start Coring 60.5
H i - e Rl SRR . ;E i § H HE.
: 3 TOP—OF_RO'JK-_&S -U : ; - ~ T P P
504 £} “med! >
65 o e
C 4 fo :
N 13: NI Modt- fract max: __Some Mech. Brkg., |
709 X - mechi piece. 1. 21" min| 0,2"! mostily ’
20 317 ;0 0.6M Freshoto v.sl weath,
- 70: { - g Hardl - V. Hardi, strong. ; T ]
20‘ 4 -~ No- staining on jt surfaces. .’
e 33 - : Surfa esmtougm—te-—sl—smeet-hu-—}mmn s - -
3 s ( CaCO & chlorite- coatings on jt
) 0T ¥ s?..- sllcker sides on JtS. L B
5 ”'; i . - , - 77 « —
457 . :
77.5 : o
' R D 77 5 Ft..

Beadice ua TITO D [} Oy 3 -z 3



SO”_ BORING LOG Sheet__ 1 of 2 _
Date 3/27/83

SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __HD83-18 (River AA)  Angle (from Horizontal) 90° Ground Elevation 1465.7
Feature U/S Cofferdam Bearing —— Rock Elevation 1435.7
Coordinates: N __3227953.7 Date Started 2/24/83 Total Depth 39.0
E__ 747110.2 Date Gomplated 2/26/83 Ground-Water Elevation ===
Logged by RLJ-.JEP /LEM
- e 5
R - — @ Ea k-] =2
LB R D
o2l CelEglaz| 23| 88 Soil Description g Remarks
83| 28|52|82|25(%5|2 :
Wy % =2 &|° 7
£
% ; JP-HAM, CI
dn ]
| TESLICE Lol o ! f
N A - WITH COBBLES i ‘
_ |2_00 1 GP _Sandy GRAVEL 5 12/
- ol clayey sillt, gwet dark. o,llve gre.y],
i subangu_l_ar fine to coarse. e T o T
10} - : : ; L . :_ S - o
- L GM ’_C'layey su.ltysandy GRAVEL WITH COBBLES
50 2 i o
' l_ saturated,’ dark grey:a.sh! brown, i
: =t CeoarsesT T T - , -
. . - “. {_‘ T R [ . :
151 . o : ( R i :
A T T T , :
E_OO- 3 SM[.. Moxre sand,. suz_bangujl'ar',. fine to
commseERRVER 1 1 || Haxd Driliing,
|20t e b i et 20,5 Tt —
iﬁO- 4 GH] _Less san_rl. SR DU R S s ' '
GM[ . R R SN :
e W Gravelly SAND' - 5-12%4 ' 7
251_50 ﬁ' sily, humid, c)ls_'\?'el brown, fme to
i L COArsE,. Weathere&“rock“fragments"—"* - “grarted coring™
' with oxidized coating. : ; @ 24.5 Ft.
a0 g ___TOP _OF ROCK 30.0 FT ]
351 | __ R O U SN U U S —
400 L e . N _
% . D ]
50

Boring No.HD83— Sheet 1 _ of __2
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SUSITNA JOINT VENTURE

Boring No

HD83-18

GEOLOGIC LOG

WATANA DEVELOPMENT

Angle (from Horizontal)._.90° .

Feature 11/S Cofferdam  Bearing

Coordinates: N _3227953..7

Date Started 2/24/83

Ground Elevation
Rock Elevation
Overburden Thickness

Sheet__ 2 of 2

Date3/27/83

1465.7
1435.7
25.5

E_747110.2 Date Completed 2 /27 /83 Ground-Water Elevation ==
Core Sizes  NX Total Depth 39.0 Logged by RLJ_,J_EP_LT..EM_,DAE—
Graphic Log ol ol o | 5
E = g g E g 2 'g
22|18 5| 29 slo|E|%
2z | s ] 9 Classification and Physical Description glE|z|¢g Remarks
m| £ E] & el €| x| E
S35 380942 S| d| @ E
- 5 |
57 | ___é;;.__ 1l ? _.:%'_.'_'-; -
R R R
i0: REERS ERERE SN
| 15 g L ]
T i : | ! ! R
20- ’r R ]
; s : A .
—a; - N : : ‘ — _"—._*, —
Mo - No Recover‘y - wash w&t’er It. bro. Started Corlng 24 .57
I Recov. -m__Eassz_bLy waa.theredw}llanltemm;miﬁm e _Possible Mislatch
. T >
30 lageld k TOP OF ROCK 30.0 FT.. | . S
i - 295 b-jQ_O‘Dlﬁflt'é"m'Ed‘grey,, medT —
30: Pva _ Xyln. Masgive, Plagio, Hormb. bio. —
L lgde X |t Modt - closely. fracturadmﬁwme%ﬁkkw = e i
0° 3< . Max piece L.0" min  0.I" mostly : < S1. grinding of corg
35 Z5° S - 0.2-0.4" Hard & strong, fresh and =
45: 7/ T unstaified exEept on JE.sikfaces o —
70%| 4~ to 33' where Fe stain common littl
. lgse) CaC0O3 on.jts.. Rough = sl rought it o -
ol ! - surfaces. S1 weather on Jts. T
- 10°] —
—zav PR I T j—
T D 39 ft. R
|45 , e N
50
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SOIL BORING LOG Sheet_L___of __3

WATANA DEVELOPMENT

SUSITNA JOINT VENTURE

Boring No HD83-19 (River X) Angle {from Horizontal) 90° Ground Elevation 1463.5
Feature U/S Cofferdam Bearing om Rock Elevation —_—
Coordinates: N __3227888.3 Date Started 2/25/83 Total Depth 98.0

E 147264 .4 Date Completed .2/26/83 Ground-Water Elevation ===

Logged by _JEP,RI.J,RFH, JFR/L.EM, DAF

Remarks

Length
Recovered

=]
i Soil Deseription

Depth
(Elevation)
Rig Blow
Count
Sample
Interval
Sample No.
and Type
Biow Count
per 0.5 ft.
Graphic
Instrumentation

I 99 HAl, CT

1. - 60 -_&E : - :
AP AP i L i I ]

Sandy GRAVEL WITH COBBLES., less than | _
w.f_iiw_:-*,:nil,t.ﬁ_sa,tuu:a.ted.,._.v.ergzncLELr.k_gJ: ' j . —
' Sl rounded. ﬁto subrounded flne >to ' ; 5 ‘

15 -1 GP coa‘rse.. ; ] 1

| Co : Hard Drllllng @
S SN L U 14,5 Ft.

|_2ojkoollll - SEREITIES MSSS INSS FUS RNRES NNSU N SO

R RN R Easier Drilling
: i : S ,"422;_._5*. Et. P

i
H
i
i

. ol 3 o [Homegravel, darkgrey. | | Fromemm
S 5 ! ' o ¥= 1.5E-03

- 3sfli3q ;_‘__m_i___m.,,;mm;m;mj S I _

S 17 5 R m _.m_._.,__.; e — e
SP | Gravelly SAND, Less than 5% silt,

' _ Very dense, saturated very . dark
C" DU f-w-grey, flneAtov coarse. . e .

'—EU'C- 7 PooLly graded SAND, less than 104
DU D s SP ~ gravel, less than 5% fines, very
dense, saturated, very dark grey,
54 fine to medium.
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SOIL BORING LOG shest_2_of >
Date_ 3/27/83

SUSITNA JOINT VENTURE WATANA DEVELOPMENT

Boring No HD83-19 (River X} Angle (from Horizontal) 90° Ground Elevation 1463.5
Feature __ U/S Cofferdam  Bearing —— Rock Elevation 1383.5
Coordinates: N __3227888,3  Date Started 2/25/83 Total Depth 98.0 ft.
E 747264.4 Date Completed 2/26/83 Ground-Water Elevation”——
Logged by _JEP,RL.J,REH,JFR/L.EM, DAF
5
AERPER IR i
FHEEHEHEEER EHEE 5
o3 o|Es|lag|l.olca| &e Soil Description g Remarks
o | Po|SE[EBIE5]80| & 3
gie ("7 gsige | g
50 £
. ] X .
I_95- 8 SP 4 ' ‘;
- | - : : B 1
5,5_ - - T . - — . : 1 _
L P ;
. N g : I
;QtaVelLy SA§TD. S_Z__S:Llh, mer%.dense — > o —]
8P | saturated,. very dark gney, flne to
SM | eoarse. i - . - - |,
B ! " . - : - - i . -
Sandy GRAVEL | less; than 5/ clayey‘ B o ST
Csilt very dénse,. saturdted,,
oW dark. Rre.v. fine t_g,__c_o,a._rse;ﬁ__ SR N -
. T I I ]
) 'COBBLE AND BOULDERS : b y
GP | | E j ; f= : '
. s ; : N o (OR, NX TZ 76 7
Ft.
o HAM,CI
;T : _ ' Hard Drilling
TOP. OF RQOCK 80.0' o ]
i s - — — kY - -
T o o Started Coring
85| . e ) —_
i ;
90 | . U A —
95 [ |- e ]
100

Baring NoHD.Sl_%-_ Sheet 2 of__3_




SUSITNA JOINT VENTURE

BASGO

GEOLOGIC LOG

WATANA DEVELOPMENT

Boring No ___HD83-~19 (River X) Angle (from Horizontai) 90°
Feature 11/8 Cofferdam Bearing ——
Coordinates: N _3227888 .3 Date Started 2/25/83

E 747264 4

Date Completed .2 /26 /83

Ground Elevation
Rock Elevation
Overburden Thickness

Ground-Water Elevation

Sheet_.3 _of _3
Date __3/27/83

1463.5
1383.5
£89. .5

Core Sizes NX Total Depth 98 0 £+ Logged by\J'_EP_,_RLJ_,_REH_,JlEB_LLED:L_AF
- Graphic Log el ol 5 E
() = -
s2| 5|2 5, HEIHE
§§ 2 § 89 Classification and Physical Description Sl z|E Remarks
mlE| 5| & AR
3| & 3560912 S| S| a E
: L; -
R N SRS . ) B : .
s e L
;.
- ; - S et
: H H
; .—' - -y si ;
i : } : ~ : - Fa ]
_ . T0P OF BACY 80 O FT e e —
2 SN I OSSO N e RS —
3rknf5795P ) =94~ Alfered Diorite, Wht to light Started Coring 82.0
- | 5P .. brownish wht, med Syln. massive, Core loss probabl
i85 e e omposedho_fwl(aolln,ﬁpseudawmorphsm — At ton of ARLY
—_ after  feldspar and’ qtz,, . some! talc op ot runm.
Brikng = ‘ :
% cra ,after mafic mins I A .
I g - Core-breaks- easily- &
75“-»- sheare.d. Modt- to sl. frct. max pc 2., 5. handling ¥
90 494 ,é sl| breccia min, 0.1 mostly 0.2-0.6 :
7 T ITisbIE E6 hd; weaK to strong ~ “Core Ioss probably—
alt’ zones of highly & modly alt, = at top of runm.
L I - V..altd zonesi clayehyhcorasurfc . _
30 rough & 1rreg due' to wshg of
clay.
[ 95.. d ¥ 9498 1tered Diorite SllghtIY;ﬁltv' R —
5 = ‘gray w#parfly; kaolinized pseudo mor-
gag / phis of plagioclase. Sl-mod fract.
- 98 wi e "max 2,5 m1n~ 0;1--mo-stly--ﬂ--.-ﬁ"—EP:S“““"" 2/2 - —
“Hard, SLLOL
T.D, = 98 Ft

Rnrine N TITV 2 3 _Qhaat 3

a3



SO”... BORING LOG Sheet_1 of_2

UG = WATANA DEVELOPMENT Date_.3/27/83
SUSITNA JOINT VENTURE
Boring No _HD83-20 (River W) Angle (from Horizontal) 90° Ground Elevation 1464.9
Feature U/S Cofferdam Bearing —— Rock Elevation 1388.4
Coordinates: N __3227868.8 Date Started 2/27/83 Total Depth 76,5 ft.
E 747316.0 Date Completed _ 2/28/83 Ground-Water Elevation ===
Logged by _JEP RLJ,REH, JEB/LEM =
. s
=8 Eggaﬂggégsﬁg g
- e | o= [} A=A
%% ‘:é 55 E.: (;o e 32 %g’ Soil Description "E’ Remarks
Cf|e°|aE|ES| 88|38 g
_ SR DRENE FEUSE SUREE PRERE FEEE 5}P-HAM,C.0.
N L R _ E_ iy S S ;
T e R S e oo J ] ]
. - - . - B PR, - - - = E ) . g H
. ] ; B T R
9.5 Water IS S .!":_i_x L ;
[ 10 . —
ERE _'Well graded GRAVEL WI’I‘H COBBLES, l’ess
l_,. “than 5% silt, 20- 25% medlum. to coarse,
1 GW sand), saturated, dark olive grey, | I
subrounde.d to rounded, flne to coarse ‘
(15 | —coa-rse—«g—r-'&ve];—and— febble&decreas:mg-m- s FUTp. pa—
Je0 with depth. . ~ |
20| i R : —
30 Dark grey. .. 1 oo ]
' GW ' S i
[ 25 | .. ‘ i e ]
L T
PR [ SE—— : ‘ } . S —— —
(30| ] I _
l_9 4
- Increas:mg fine to coarse sand = : B
35 I.ZO 5 5-12% silt.
w7 o ‘””’"""" T Hard Drilling, |
: : : : 34-37 Frt.
I ﬁ S . R . —
[ 40 W35 _ B S S ) —
- 6 SP ér;:\;eﬁ; %AND liﬁe'smswtﬁari 5% silt m 7
45 JJL10 saturated, very dark grey, fine to
T - “coarse, sub¥oundéd; coarse T T~ T T T ]
7 gravel.
L GWi . e , =
More fine gravel
50 . K= 7.4E-03
1 2
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SUSJ'TNA JOINT VENTURE

Boring No

HD-33-20 (River W)

Feature

/S Cofferdam

Coordinates: N _3227868 .8

Bearing

SOIL BORING LOG

Date Started

E_747316.0

Date Completed 2/28/83

Sheet_2 __ of _2
Date i_/?-Z/S_3.
WATANA DEVELOPMENT
Angle {from Horizontal) 9q° Ground Elevation 1464 .9
R Rock Elevation
2/27/83 Total Depth 76.5

Ground-Water Elevation_~——

Logged by _ JEP, RL.I,REH, JFR/LEM
g
K REFIRET -] =
=2|8z|L8(%an(s8|8 £
82|23 35 %_: o3| 22 %E’ Soil Description g Remarks
S IEMCEEHEHEHE :
N R .
TR AR D S N
55 221l 8 " Fink to coarse SAND lemss | - i ]
. . E SRR A - E . : . H .
: } % Do, - e
S 9 “Sandy GRAVEL WITH COBBLES and i
; boulders 1ess than 5% silt,, saturated
60 W45 GW 2 3! 4
_L ~Very U.d.fK. greys: :,R und'eg“t"O‘“subrognd“ed -
fineto coarse..,‘ﬁ",.;.;'“ /
Lss GW I Subround-edr- ’_co-i subangu'la'i: i 7]
A3 10 ' AR IR -
Sandy, s:thy GRAVEL TR COBBLES, ]
- 11 GM wet, grey, rounde.d to subrounded, b CYEE /A
"—*&_00 “"'f*IItE"’t’O"“CUaI’S‘E‘“ 3 - e e -
.J-Q—Eso GRAVET. COBBLES & BOULDERS,  Hard Drilling
‘Wet, grey, subrounded, fjg.e ]
12 to coarse. g
72 | e --Refusal; core —
. . — barrell won't go
T.D: = 76,5 f£. _down -
80 -~ ’ I i —
125, | ... S S S SR RS D —
20 1 | .. _ S R S ]
(95 | . ... e e e ]
1100
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SUSITNA JOINT VENTURE

SOIL BORING LOG

Sheetl_ of_3.,_

Date 3/27/83

Boring No __HD83-21 (River V}  Angle (from Horizontal) 90° Ground Elevation 1467.7
Feature U/S Cofferdam Bearing - Rock Elevation 1401.7
Coordinates: N __3227846,7 Date Started 2/28/83 Total Depth 86.5 Ft,
E_ 747373.1 ___  Date Completed 3/01/83 Ground-Water Elevation ==~
Logged by REH,JFB,RLJ, JEP ,WMB/LEM, DAF
f- dolE 8
= ..g.. 3 HEE = § § ﬁ £ g 2 g
as |l m mo| =
% g ':; g E E—’ ‘g'z ? S g s % g Soil Descript!on E Remarks
go|Po|(sElegg|z|a 8| B E
m| e ) - @ E Qv  J ol E]
- : SM ;Sllty fine SAND,, S’IOA,coarse T )
!—42- 1 gravel, dampn olive grey o i
| R TS S S o i i
5- - ;.. B . i - E . g ! * i ]
- 8 More,gravel,ipedium o ‘coarse :
.Il. 2 tsand. ot "Iif o
oo ERTEE EURRS R I e
10 . B : : X ) i ‘ 3 : : '- € . f . ! R
t;z 3 - Sandy GRAVEL,| 5-12% 5111: “moist,
' 22 . olxve grey, subangular.. Flne to?

SP

GP

“”c”oa?rsa”“b“c‘c&"s :L*ona'lwcobbre. T

TR R
GV | More sand, wer. | | ?
GM | T
ST : ;
GW Less saud, leiss than 5% silé,
darLc grey . T T
GW
More fine sand 5= 124 511t. _
Saturated : :

Gravelly SAND, 5-12% silt,.
v saturated, very dark grey, fine to. .
coarse, subrounded gravel.

Less than Szgsiltﬁ_ o

Boulder @ 41.5 Ft.,
_Daxk olive grey. . . . .

_ More gravel, dark grey. _ _

K= 5.0E-92 |
RGOSR |
SEESLEEY

TFine washed oult]

-Bard Drilling, —
refusal moved
hole redrlll

2.1E-G2

K=

Borine NoHD83-
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SOIL BORING LOG

Sheet 2

Date_ 3/27/83

of___.3_

SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __HD83-2]1 (River V Angle (from Horizontal) 90° Ground Elevation 1467.7
Feature /S Cofferdam Bearing e Rock Elevation 1401.7
Coordinates: N __3227846.7 Date Started 2/28/83 Total Depth 86,5
E 747373.1 Date Completed _3/01/83 Ground-Water Elevation ===
Logged by _REH,JFB,RL.J, JEP ,WMB/LEM, DAF
g
<5|Ez|2s|28|5513 e g
AE|m3|22|eX|ow|Be|Sw . . s
& = 2| Egla e{ec3| &0 Soil Description E Remarks
o2 | DO|SE|EB| 2| 80| 2~ 5
e |[P=|45|28|-2|0 -
0 7] = E
- EE TR T T I T
1 Less coarse. gravell, very dark
= 11 B e e - -
saf T ; I SR i P
N 5, ! B
12 SP - : -
1 3‘. : V
' : Sandy GRA.VEL With cobbl’es an'd
; boulde.rsf 5=12% silt,. d'am . dark | ?
13 GP ”“g‘f‘é;‘r‘,"?ﬁb’round‘“d t’a_“‘“éﬁ‘i“cangurar o fme '”'”"i”"” .
6 I_ to coarse. i =
R msnciramy . R——.———»—.———w—mm—mﬁmﬂ—nmv—wFVAwau— PN - cann — —
C'OB;BIIE—fBiﬁﬁEDE 'T‘OP O 'Rﬂ("'K 6.9 Ft+
| e -
701 : | o R
75l | e Lo —
B
80| - . L — . —
850 1 _ e . —
|90 | e -
95 | U S ]
100

Dmelome Ma TV Q70 Chnné o ~d <



GEOLOGIC LOG Sheet_3__of 3
— WATANA DEVELOPMENT Date 3/27/83
= SUS!TNA JOINT VENTURE
Boring No HD83-21 Angle (from Horizontal} qQ0° Ground Elevation 1467.7
- Feature I1/S Cofferdam Bearing il Rock Elevation 1401 .7
‘ Coordinates: N _3227846.7 Date Started 2/28/83 Overburden Thickness __ 47 0
E _747373.1 Date Completed 3/01/83 Ground-Water Elevation=——
Core Sizes _NX Total Depth A6.5 Logged by REH,J¥B ,REJ, JEP WMB/T.EM
AT
Graphic Log o el = g
€ || 8|8
SAHERE “HEHE
1 g% -g ‘g o 3 Classification and Physical Description gl x| Z E Remarks
G|E| & & IR
- a1 I P G| S| @ £
B A i - % ) N : R
. i L
__ ,_,_,_,‘_5_5_ I A cebes i : ' j : 5 IR ECI S S
60, ] . P : ' § ]
: o HIEE S RO R TOP OF ROCK 66 9 Ft. '
0° 7 : 66 18 86._5,_D1m:1_t;e_med__grap3nwmmw _.Start Coring 06,5 |
609 2§ CaCO3 'Medrmed fine Xyln. Massive . | -, ‘Law 4 Mech fract.
- ol 58 > : L ---Plaglo. Hornblende w/some. bial. ' o
U 459 7 : : i
. d — Modt—closely frctrd Max! pc i 0
B P g 1.0" 'min 0.1' Mostly 0.420.6" S
%59 ‘hard; & strong: Fresh & unstd., —
75 - ! _ . except on!few jts., some mech -
— 4504 [ T bYkg, T it surfcs rough to. sLToug T ) ]
o/ k CaC03  Commenly CaCQ ‘coated’ 20/ and!
I 88: Z. [ CaC0q.- _rehealed_w/Ca 0,, ; _ - e |
@ ’ '(::':1(:03= ! i
40° /; : S
r—
| 5% — o n
5 75°
L/ _
- - . : H H
o . T.D. = 86.5 Ft IR DS N ]
90 e § : - I L R
|95 O N R . ]
5 100
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SOIL BORING LOG Sheet_L__of 4
' A (=) Date_3/2—7/83,_
e SUSJ'TNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __HD83-22 (River U) Angle (from Horizontal) 90° Ground Elevation 1467.6
Feature U/S Cofferdam Bearing —— Rock Elevation 1380.6
? Coordinates: N __3227828.8 Date Started 3/01/83 Tatal Depth 107.3
£ E._147416.2 Date Completed __3/01/83 Ground-Water Elevation ===
Logged by __ WMB,REH,NBH, JEP/T.EM, DAF
: Tl 2 _ i8¢0 T . - =
AR M M ES IR £
as|@3tgEig-|0d 23 §- & Soil Description g Remarks
QLI PO | sEIg2[(Fjog| 8 E
- Wl |P~isx|l28- 2|0 E
- 0 o 2= 2
i H . 3 ; 5
““ .__e_;_mﬂ'_%,’pje ‘ ) DIV AU S : IR
N . GRAVEL, 20=25% fine to coa.rse. sand
1 GP | Tada fhr—ain 5% gdlE, Fi.q'mn‘ {11_15;3 s ;
e X grey, rounded to subrounded,, fma to - el P
2 CW |- coarse Wlth co‘bble o ! - ]
3 e : g
More sand. BN S B i
3 SoopTbobo ol Water @ 13.0 Ft
] E ; ; ; i o e s e e e e e e i
- ., j e 5
—“—._2_0 . . P i : . i ce P . .. ; - JWH, ]
: EIU- 4 W Sandy GRAVEL, 5- 707 Siit, Saturated, QST B
— - 2 GM li;ﬁre”brown”“rourrded“to_ subr:ound‘ed";““"' I
) ' £ i_rlfe to coarse, with occasional cobblel. _ .
B E oW SRR - |
[l et Eess—sitt;—tight—olive-brown:— ——— -~ - -
_ o : . . 1 1E~ 02
) | 30[_ NS R R S e ]
6 (-é-% Less sand more clayey sﬂ.tn
33 e ) e , ]
5 7 GW ;
I Y _ N - _
I: 8 ) | '
: Gravelly SAND, less than 5% silt,
; 9 SP | saturated, dark grey, medium,
- - rounded- to - subrounded gravel. T : : -
50
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SOI L BOR'NG LOG Sheet_2 _of _4 55
U Date 3/27/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HD83-22 (River U) Angle (from Horizontal) 90° Ground Elevation 1467.6
Feature U/S Cofferdam Bearing p— Rock Elevation 1380.6
Coordinates: N _3227828.8 Date Started 3/1/83 Total Depth 107.3 Ft.
g__747416.2 Date Completed __3/1/83 Ground-Water Elevation ===
Logged by _WiB,REH NBH,JEP /LEM,DAF ‘
I =
Tl = So|E. o 2 £
2|28 Zgl3nlsgi g g
" O | B S
g‘g ‘;é E.: C;? %é Ef’? Soil Deseription g Remarks
P et = Q0| - =
T g x| 28 2|0 E -
50 il el Ml g
- S BN | Hard Drilling @
10 rgl;'@":;:" S R 51Ft.
" -Sandy GRAVEL,E less than 54 Silt, | .
11 a - saturated, ‘dark grey, rounded to .
W = subrounded, fine to coarse, w1th
) occ.as:.orfal‘ cobb’l’e. 5 = _ S R
R
R Hard Drilling | |
I S
12 . i : et - w._._f__..,._...__ R
13 GP | Mcn.fe 'cla-aiyey 5 3.11: s grey'
" GM - o . , . j . . .o . H e - . _ _
L 70 L i S SN SN o - —
. 14 GW | Le.ss clayey s:th, EVery dark grey.
B bubrounded—subanguJ.ar&: T Tomommmm e B
75| RS R S S S S R _]
15 ! - : : ' :
80| NS RN N N R R
EB 16 : Ees;s_ Satild. R P ‘ =
R COBBLES ANDMBBUi]fERASM. I 7 N 7
85 _ I e e o
17 : SR  EErESTE
SP1 0P OF ROCK 87.0 Ft. . R 2
| i M (
0| _ [ I L S .
95 |- O S ]
100
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Ejﬂg@@ GEOLOGIC LOG Sheet 3 __ of _4
o WATANA DEVELOPMENT Date__ 3/27/83
SUSITNA JOINT VENTURE
Boring No HD83-22 Angle {from Horizontal) 90° Ground Elevation 1467.6
Feature U/S Cofferdam Bearing Rock Elevation 1380.6
Coordinates: N _3997828 a  Date Started 3/1/83 Overburden Thickness o, O
E_747416.2 Date Completed _3/1 /873 Ground-Water Elevation_e—
Core Sizes WX Totai Depth 107.3 ft+ Logged by _WMB,REH,NBH,JEP/LEM,
DAF
= Graphic Log E <l 5 é
@
s315|8| &g SR
@S % T 29 Classification and Physical Description o =z| E Remarks
AR IR
Bl I L PP Qa2
55 RSN RSN ]
o : P i )
| 65 - Po ]
70 5 5 : i j ]
I— — %. e e ]
| s 3 SR _
80 . RERE o
| 85 R R o o ]
- Top of Rock 87.0 Ft. ]
5(8)9 Méch 87.5-97.3 Diorite med gray 'Started Coring 87.5
° med. Xyln. ma551ve fresh.
____,90 . Mech me ¥ e oo T U
Closely - modt. frctrd max S e : .
19‘8: piece ©1,0" min 0.1 mostly 0. 3—. SIS hsf;zani;iéiirkg and
~ - TOuev hard & strong, fresh &ans = . BT e
60° stained. )
95 . _Low mech. brkg. . .. . ]
50°
i 45° 97.3-107.3 Diorite as above w/ 7 N
100 Xenoliths of fine gr. gray Amd.
1ThO 2 e 1A



Eﬂ@@. GEO LOG'C LOG Sheet_ 4 of . 4
Wi ) Date_ 3/27/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No _ HD83-22 Angle {from Horizontal) 90° Ground Elevation 1467.6 L
Feature U/8 Cofferdam Bearing Hock Elevation 1380.6
Coordinates: N 71828.8 Date Started 3/1/83 Overburden Thickness . 84.0 i
E 7147416.2 Date Gompleted 3/1/83 Ground-Water Elevation
Core Sizes _N X Total Depth 107.3 ¢ Logged by WMR,REH ,NRH .IEP/LEM,DAF
Graphic Log c
T @ af & E '%
£2 13| 5| 5o S S| E|z -
%g 21 8| ©s Classification and Physical Description cle|Z| e Remarks _
g || E| & €l | x| 2 :
T3] ®? a2 it Bl Ml - .
75T ? . — s B =
7,50 e Closely to sllghtly frac.turecI - .Tgp 5" of Run w/ .
-] : :
'““_““‘""'80 / max‘P o T JW.O“I"—most“ISTA_ - mecild 221;2 . L.OW T
—ohse| o N d ong, fresh - M- (| o
L 105 50| / o and u : ; ; S |~ RO L S A B
. 5| i mechanlca‘lj.* NI T M : —
450 | / ‘ EEEE BEGEE Bt BE R
e D ,'107 IFe.- : ;
T - 'Q' ." [ DUV U SECRUE i ‘ i
110 E 5 o o ] E
| = : iy
115 . ; o A P B
125 - ‘ e _
L1300 e - e e ]
L 135 . - — :
140 N R N RS S e
150




SOIL BORING LOG Sheet_1 o1 3

Date ¢

- SUSITNA JOINT VENTURE WATANA DEVELOPMENT

- Boring No __HD83-23 (River T) Angle {from Horizontal) 90° Ground Elevation 1468.0

- Feature U/S Cofferdam Bearing t e Rock Elevation 1397

Coordinates: N _ 3227810.9 Date Started 3/1/83 Total Depth 87.0
E 747469,8 Date Completed 3/2/83 Ground-Water Elevation ———

Logged by NBH,JEP REH,WMB/LEM,DAF

=]
s Soil Description Remarks

Depth
{Elevation}
Rig Blow
Count
Sample
Interval
and Type
Blow Count
per 0.5 ft.
Length
Recovered
Graphic

Sample No.
InstrumemaiionL

- 0 : Sandy GRAVEL. w1th cobbles, 5-12% |
1 u511t, damp, ollve grey,;subrounded

- fine: to- coarsa. L i:A; § ;»-;7:", ;

* Sk - HAM,CI

— R
ew |- §_ o '§“ﬁ:;;;. SR . _
o~ B DRI IR PR ANOES RN R

o SRR DR T I :
il o 56 3 % 011Ve erWn, subrounde& to ' ; . ) : . : _‘- .'- 2 .
- E— T _aubangulanwmolst. L L L S
. 15 . . . oo H N o f : 3 I S

7 : 4 Wetl. . * R

- e . . . -
; Pt o e [ . :
; H

52 BT R e

| w:.wm 5 aw I L_esg S_l__lzt_n. I : S — R
; 34 B T R A o _
v.:: 2 5 o . . .—, . e . : _ o . . i 7 ]
: [ ‘;O 7 gP Gravelly= SAND* less- than 5/ silt, o T T T

saturated, ollve fine to coarse,
e roundedj:o—“subround'ed“ccarsm"gravei“:‘"’“ S B

L — _—— e

63 8ilty, Gravelly SAND, wet, olive
= i E S —browm; fine tocoarsey subrounded: - - - o
to subangular: fine: gravel,

|40 IIII SR R S R R T , o
3 30 ' : ; ; Hard Drilling
i 9 SM o T : at 41 Ft.

45

50

Rorinn Nn HD83—Chaat 1 nt 2



-EBASCO

SUSITNA JOINT VENTURE

Boring No _HD83-23 (River T) __ Angle (from Horizontal) 9¢0°
U/S Cofferdam

SOIL BORING LOG

32278190,.9

Coordinates: N

WATANA DEVELOPMENT Daw———QLEZLgé—
Ground Elevation 1468.0
Bearing —— Rock Elevation 1397
Date Started 3/1/83 Tetal Depth 87.0

Date Completed _ 3/2/83

Sheet__ < _of _3

Ground-Water Elevation

Depth
(Elevation)
Rig Blow
Count
Sample
Interval
Sample No.
and Type
Blow Count
per 0.5 it.
Length
Recovered
Graphic
Log

{instrumentation

Remarks

P N
: Format:ipp; is less densei

AF
Soil Description
3 Sandy GRAVEL 5-12% clayey silt,. .
msa.tua:ated_,. dight olllive hriown o
_ subfounded. to| subangular Loy
" gravel. { IR R R i
H - . E P . 3 . -k i

gravel’ dside. ™

H i H i

PRV + |
H i
C -

i
i

T e B T
) OCCESionél CObblE - nl-i 1ra g rey i P
. e ;- | P * ‘

P oo - . '
Poold
o

i H

- Bilty, g‘ravel%ly SAND WITH COBBLES

Saturated, oJflve grey, f:me to coarse.

TOP OF ROCK 71.0 Ft.

: P

£

£ H

3 +
3

T H

i S e e e s e

Bfit puéhe.s

Refusal at 72.0

g2

Borina No. HDS?’- Sheet 27 of 3



GEOLOGIC LOG Sheet_ 3 of 3

_3/27/83
WATANA DEVELOPMENT Date

SUSITNA JOINT VENTURE

Boring No _HD83=23 Angle {from Horizontal) 9Q° Ground Elevation ___1468.0
Feature ..U /S Cofferdam. . Bearing == Rock Elevation 1397
© Coordinates: N _3227810.90 Date Started 4/1/83 Overburden Thickness 71.0
E _747469 8 Date Completed 3/2/83 Ground-Water Elevationmmm
Core Sizes NX Total Depth Logged by NBH, JEP ,RSH ,WMB /L.EM, DAF
- Graphic L =
- raphic :g g " E %
£2 | 8| 5| 3o s|g|E|E
2zl s “g’ 29 Classitication and Physical Description gl =z g Remarks
m|E| &) & el | 518
T2 P issene dloia £
7 -* E : T - E‘ - 4
55 el R e I S S AU
o T
50 ! y R R
1 e e
R _ SNSRI B B s i Sl : :
|65 SEIRE SYRUEES SESES NRRES RENES RRNRES RS KRS S5 ]
| EERED EEE BES SRTES REREE R B |
: ! I AUROS I !
L..70 ! | : : inl—— : ! T e
TOP QR . ROCK 71 Q FF, R L
I -1 s 972 : : ~ S
N T 7Z2=87 Diorife Med Erav Started Coring 72.0
5073 > I 'Med XyIn. massive plagioclase,,_ =
|75 ?)80 /N _Hornblende, some gtz. B g o
~ o ]
ga‘c’ ' - 72-78 closely-modt fract. Max. o
L d— B N 0.7, min- 0.2 m_ostlv?O 3=0.4 - o B _
SC 5 . ‘hard‘i' & strong, fresh CaC04 _
30 - ~
| 80 xx Brkn ‘on some jts, " Unstained.g ) = o
/%X | 7887 modtal. fract. w/i:ew . -
9050 g - c:losely fract. zones: 79-80, max ®
| 10 l S BN A mincOl mostly | O_.. BB . _
i . 20% CaCOj. coatings on jts. Hard e
85 - .and’ strong, fresh, unstained Jt
" 159 :/ B surfaces rougn. B T ’ T
i " |1.D. =87.0 Ft. o R 7]
90 S I —
100

Baete— . UTMOQ2_ A 2 _e -



s s Date 3/27/83_
WATANA DEVELOPMENT
SUSITNA JOINT VENTURE

Boring No _ HD83-24 ] Angle {from Horizontal) 90° Ground Elevation 1453.8

Feature D/S Cofferdam Bearing e Hock Elevation 1409 » 8
Coordinates: N __322 6748.3 Date Started 3/2/83 Total Depth 57.0
E 742979.2 Date Completed 3/2/83 Ground-Water Elevation —_

Logged by NBH,JEP / LEM,DAT

=4 : .
] Soil Description Remarks

Depth
{Elevation)
Rig Blow
Count
Sample
Interval
Sample No.
and Type
Blow Count
per 0.5 ft.
Length
Recovered
Graphic
Instrumentation

i P ; o I : :
P S PN R R | Sh@-HAM, CI-
i H ool - i . . H .
: — % ; et e e e ]

40 Teel o b - N

LN A % =6

" Sandy GRAVEL WITH COBBLES, less than
TSKclayey silEL.  Saturated, | 6Live -
oW | 8rey. subangular, fine to coarse.:.

P R S A -l 1

T i

% - More sand ‘and clayey sillt. | -
| R !

Cobbles and : boju_l-.;ci"e:rs'h f ; P

I TR TR N R T
IO O S <
e S SR S S S _Refusal @ 18 Ft.]

s i COR,NX - got &
o [ P Ft.,bit broke

20 ; + - T 4 e g i e e e —
T : moved hole, re-
S g ;

SEOREES RS BRE EEUNE FRNR arill

ST . i . . — . i - e HAM;CE - - o oo e

: . _ Refusal @ 27 Ft.
- [ e S et B N — - Started- Coring -

5 H i
: i i
3 0 i 1
i : ;
i :
b 1 H
i : P
H : i
H

T Ty SR P AR —

e e . TOP-OF-ROCK:-4br Oi Pl e o - . -

AT U e e e et e . : S

50
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SUSITNA JOINT VENTURE

GEOLOGIC LOG

WATANA DEVELOPMENT

Sheet_ 2. of 3 _

Date 3/27/83

Boring No _HD83-24 Angle (from Horizontal)___90° Ground Elevation 1453.8
Feature D/S Cofferdam Bearing === Rock Elevation 1409.8
Coordinates: N __3226748.3 Date Started 3/2/83 Overburden Thickness 38.5
E 142979,.2 Date Completed 3/2/83 Ground-Water Elevation ———
Core Sizes NX Total Depth 57.0 Logged by NBH,JEF/T.EM,DAF
_ Graphic Log Py 5
[ = -
sg| 5|8l 5, s g| €| E
&% :3= 3| 32 Classification and Physical Description Gl £|2|E Remarks
w = = ™ |« x| 2
158 ie0m Slo|alB
5 o : o
- f; E..,, . _ 1 — SUUUUUIPI
18 e -

. L - '__ j: N % 7? -
15 Lo AEEINS D
20 2 e ki sttt R S
L __ 25 - S - ]
T T eodl /T T 27=40"Diorite medgray; med XylnT -Started-Coring 27.04

45° N Plagio;, Hormb. bid, some Kspar
| 30 Ay & ap]ltemve.ms to. 2", massive . _ R i} ]
90°| § i fresh. : : ~
SRR _ ~
309 <7 Medt=sT fré”ctrd. max 2.0' T -
io® R min o.l, mestly 0.5-2.0", fresh:
L35 [ iofoei.. unweathered. Slight Fe stains on ] —_
309 ~ jts. Hrd & strg,. fresh & unstained
159 except on jts. Some CaC0js
B ) 459 7 T FiTTings on jts., ; o - T
{ : O o0
40109 — L _ 3 .
Core | 40 44 AlluV:Lum r~
Loss :
™ Heterol:.thoIog:Lc pebEIes & cobble -
70 recyd., 3.0 crnre Taossg
|45 Al ToP oF ROCK 44. 0 Pt — -
459 3% Birkn
d < % : : 44-47 Diorite as above w/some pin N
809~ Digrite <
» 20 7 F o | k-feldspar.. .. . e o~ N
q Closely 1ntense1y fract. 0.05-
50 %8‘ > 0.5' sl-modt weath hard, mdt strg.
- TN - o 2

e




SUSITNA JOINT VENTURE

Boring No HD83-24

GEOLOGIC LOG

WATANA DEVELOPMENT

90°

Angle (from Horizontal)

Feature _ D/S Cofferdam

Bearing —

Coordinates: N ___ 3098748 9 Date Started

E 742979, 2

3/2/83

Date Completed _3/2/83

Core Sizes NX .

Total Depth 57.0

Ground Elevation
Rock Elevation
Overburden Thickness

Ground-Water Elevation ~——
Logged by

NBH,JEP /1 FM DAF

N Graphic Log el 2l 5 §
s = | @ g = 0‘: o8
EZ | 8| 2| 22 sla| 5| &
@ %’ 21 % @9 Classification and Physical Description ol x| =z| € Remarks
“ZlE|z]| & AR
19| P (ase 12 ) 0Ol wm| 2
65° /| ! 45-57 Diorite ay above med="
50° v E fnsijeoarse X‘yln.' ‘wisome [K-feld.
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SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet 1 of 3

Date 3[ 27[83

Boring No HD83-25 Angle (from Horizontal) 90° Ground Elevation 1454 .4
Feature D/S Cofferdam Bearing — Rock Elevation 1379.4
Coordinates: N __3226970.9 Date Started 3/3/83 (D) Total Depth 95.9 Ft.
. E 743087.1 Date Completed 3/3/83 () Ground-Water Elevation ———
Logged by _WMB,REH,NBH, JEP/LEM, DAF
. G .| = 5
£ 2 — al| S o =
£8|8s(8s|% &35 1s2|2 2
g3 ";3 EE %.: o3 22 éig: SoH Dascription £ Remarks
a212°|8E|EE| 36|38 5 S
— 0 a =8 o §
SR i S4B - HAM,CI
.__R_n}- wa-teﬁ;r . PSP VIS DUV OO
10 LN LR S e
' ' Sandy GRAVEL with cobbles, 1ess than
S ailt,*aaturatadi,_ollnangey,___
D 1 gw |- rounded: to: subroun_ded_ fine to !
15 coarse. | . - 1
T T Water @ 18.0| ££.| Blow by, discharge
- - SRS D L ' hose plugged.
20 R R IR AT DR R S
lLess sand. z . . _. ]
2 - :
25| ] I -
. 3 More sand.
30] f R A S S S S —
35
— . 25. - IR ‘ P ¢ e e e —
8
| 3SR 12 S S S _
Loose, e.asilys penetrated Drive bit plug~
= " ged, 20. Ft. of™
Gravelly SAND? sample collected
T S e for #4 (7) . —|
| Formation probably a loose sand, 7]
saturated very dark grey.
SW

Boring No.BD83— Sheet 1

of _ 3




sori.enaaen  SOIL BORING LOG oot 2 o
ARZA-EBASCO oate. 3727783
SUSITNA JOINT VENTURE WATANA DEVELOFMENT
Boring No _HD83-25 Angte {from Horizontai) 90° Ground Elevation 14584 .4
Feature D/S Cofferdam Bearing === Rock Elevation 1379.4
Coordinates; N __3226970.9 Date Started 3/3/83 () Total Depth 95,9 fr.
g 743087.1 Date Completed 3/3/83 (W) Ground-Water Elevation. ———
Logged by MR, RFH , NBH, JEP/LEM DAF
=
z Sol2s| = s
=S|3z|2s|28[32 2|8 £
SE|B3EF|3-|903| 23 &g Soil Description g Remarks
o2 | PO|SE| g8 E=|adn| 2~ 3
glE |?-|ac|28| 2|6 =
i 7] m o o
oW Gravellyl S’ANDi 1éss than SA 511t,E
._loose,_daa:k.—gre;z.——Satm:atedtwﬁa:naww e e o e and
.. - to coarse.- Rbunded: tor subrounded :
| s5 6 gravel I 'Fine grave*l-‘.;- o T _
z o b _ .y i :
o O R e 'i ; |
N ‘_ S ’ : o R ) T
60 SR AR ] ]
| l46.7 IR ]
65 - % : SR S
| PR EE N
70| I N
I3 Sandy GRAVEL with cobbles, 50127 R -
B 8 claye“y ~silt, saturated, grey, fine B T T
- to coarse, rounded! to subrounded.'
75 : TOP OF ROCK 75 o Ft. _
_ Reaftisal @ 76 F{,
| 80| | : IR .. —

Barina MAHNR 3= Chaat 7 nf 1




GEO LOG'C LOG Sheet 3___of 3___
. Date__3/27/83
WATANA DEVELOPMENT
Boring No HD83-25 Angle (from Horizontal) g90° Ground Elevation 1454 .4
Feature D/8 Cofferdam Bearing —— Rock Elevation 1379.4
Coordinates: N _3226970.,9 Date Started .._.3/3/83(D) Overburden Thickness 67.0
E_743087.1 Date Completed3/3/83 (N) Ground-Water Elevation

Core Sizes ___NX

Total Depth 95.9 f+t

Logged by _WMB,REH,NBH,JER/LEM,
DAE . ... -

Graphic Log ol | 5
z o 22 2|%
£2 15|28 50 g G| Bl
s 2 1] g 2 Classification and Physical Description S|lx|z| E RAemarks
aa | 2| 2| & gl x| x| 2
“|3|® 36912 olo| A E
} i Pt b
:? E T M o . '
55 AT YOI A B ; R
- L. " i i H
i : . i ...... i j .
60 ? |
SESEEN S SRR
|65, ]
-.—-—-.vﬂv - : ' ; | i i e i R e mind
75 Top of Rock 75.0 Ft, o
: : o : Started Cor:mg 76.0 |
Ve TN 76-94 Altered Diorite Lt gray, med. ]
30: _\/ grained;; --varijab;l.y‘ altered, partiall
80 %‘8: / to' totally. - Mostly Kaolin pseudo- Low <fracts due to
— 309 e T THorpisTa aft“e”r‘“f‘e“ldspar,‘“some“’”“““‘““‘ “wech brkg. —
40° N chlorite talc and quartz. o
.. 70° / e _Closely=slightly fract. 76-86 _ . ~ R
458 \ Maxi 2.5" min 0.05", mostly 0. 3-0.8 LA
85 s 51. hard,. Sl strong, occasionally ey
- 90] T sugary & £1 iable where more altered -
45% 4 Unstained.
. o B6-94 closely fract. m“,t_o, modt. fract. ] _
607 / Max: 0.8', min'<0.05", mostly 0.3=
90 45% 0.6, no staining, some mechaulcal
P , / R ‘brkg.","‘Rough B B surface ‘““_"‘““Som —
4517 tale omn. Jts. : -
- 4sh/ R e e _
95| 457 / _94-95.9 Diorite med gray, med Xyln. <
closelv-modt fract. Hard, strong. o ]
T.D- 95 9 Ft.
100




oy

s

SOIL BORING LOG Sheet__1_of 3
N ‘ J WATANA DEVELOPMENT Date___:_”_m—/ag__
SUSITNA JOINT VENTURE
Boring No _HD83-26 (River M) Angle {from Horizontal) 90° Ground Elevation 1453.8
Feature D/S Cofferdam Bearing m— Rock Etevation 1372.8
Coordinates: N _3226895.5 Date Started 3/4/83 (N) Total Depth 96.0 Ft.

E_ 743049.9 Date Completed 3/4/83 Ground-Water Elevation_ ===
Logged by _JEP NBH/LEM,DAF
; s
.::.E ?é'E .“5’_7\1 z°§‘- gi .r:.g 2 :.E
= el e
ag|e3 EE 2Fl1eg 2z g-g’ Soil Description 2 Remarks
co|®wOo| = EB| 2@ 2 E
| nE = g oo dolo =
= 0 m® « 9
T3 - T ; - ; ;
B : : | 5@~ HAM,CI.
: T — ; — e ]
5 ',,'t,_ S P :
S ST Tce ; T
MS‘G“W.EHT ' : - - -
S i : fol g
Sandv GRAVEL 5—125/ silt.. . i _ e e ]
1 Meduum dense, saturated=,‘ ollve grey,
w.naunded_ta_snhmunde_i,_ilnemtom_ oanse. e i
Occa51onal cobble. i Ty . :
: i o = -
) QW | OedEEY
GM | é :
. e
3 i P g
4 cPp Mere gravel, Acoarse gra.vel, sub-
oM mrounded%tw*subangularﬁf‘4“ e - - -
L R
5 GP i Dark g'refy. e ‘
M ' ! : R _ Hard Drilling 31+
32.5 Ft.
6
7 SP | Gravelly SAND, 5-12% silt. M. dense. - .
. SM | Saturated, very dark grey. 40% fine Easy Drilling @ |
sand, gravel rounded to subrounded. 40.5-42.5 Ft
45| R S ]
l 8 Fine to coarse sand.
50

Boring No.HD83— sheet _1 ot _3




HD83-26 (River M)

-EBASCO

SUSITNA JOINT VENTURE

SOIL BORING LOG

D/S Cofferdam
Coordinates: N 3226895,5

N\ Sheet__~ of _3

3/27/83
WATANA DEVELOPMENT Date-—/m—/—
Angile (from Horizontal} 90° Ground Elevation 1453 .8

Bearing e Rock Elevation 1322..8

Date Started 3/4/83

TotalDepth 96 0 f¢ .\

E_743049.9 Date Completed 3/4/83 Ground-Water Elevation 7==
Logged by .. JEP , NBH/LEM,DAF

=
i | = S
=HE Se|Ex| B =
c8lox|2w|Z€a| 35|01 2 £
A |m3|E2|leX|d2|BEiSe . - 5

02| 2| E8|Bag| S| 8l &8 Soil Description £ Remarks
HERELTEFEHE :
~- " [ o E

H i

;'f.j'.f.f S
E

L3
C
: o
i

oM achy,ﬁbanay umavnu,
,saturated,“daik grey,-rnunded te sub—g

175 CIEyey 5TIT;

c?:qbbl-éf.E

;ibﬁﬁdedTmiane to—eoa:

sg_ GCC&Siﬂﬁaa

PR
i

i

GravellyiSAND,_S lZA clayey 51lt.;

SW 'Medium dense,‘saturated very dark

"gravel L -

FEEE
i

oM grey,,rounded to suhrounded

i

¢

GRAVEL WITH COBBLES less than 5%
o silt, medium. dense, saturated, dark

grey, rounded £6 subrounded fine
to coarseahf_;- -3- i o

T

GC | Sandy, 51lty GRAVEL WI‘I‘H COBBLES

‘dense, saturated, dark grey, rounded

i

‘to -subrounded. BOA dhyey~31lt.

COBBLES A.ND BOULDERS, rqunded hetero-

—11thoiogmc

S

70 5 Ft.

Bofusal

TOP~OF=ROCK=8 I=0~Ft 7

Started Coring @]
“76.0 Fr.
Water return med.
Cgrey vt T

Boring No.HD83— Sheet__ 2 _ of 3
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Boring No

GEOLOGIC LOG

WATANA DEVELOPMENT

Sheet 3 of 3
Date 3227[83

HD83-26 (River M) Angle (from Horizontalj__90° Ground Elevation ___1453.8
Feature __ D/S Cofferdam . Bearing —_— Rock Elevation 1372.8
3226895.5 Date Started 3/4/83 Overburden Thickness 73.0

Coordinates: N

E_743049.,9  Date Completed _3,/4/83

Ground-Water Elevation ==——

Core Sizes _N¥ Total Depth 96,0 ft Logged by JEP,NBH/LEM, DAF
= Graphic L:g g " g é
o
S AEIEIRE: HEILE
2z 3 ‘g" g 5 Classification and Physical Description ol =z :E: Remarks
o | £E| 2| & : AR
L1355 368912 S|o| a 2
SRR BN ]
S O i T m
- . _ ' i E T I
: P —— | _ ‘
— - : % ; ; — e ]
76 ? ‘ T ey P Staxt . Coring 76.0
I (lutgbl;es__&_B.qulder_s__R_egu.\Le::eg._..__wTw . n_n_j-_._,.__nﬁnlg- , ]
80 : L TIT e |
e TOR=OFuROCKa81.0 1
430 81-84.7 Diorite gray, med Xyln. Water return lt.
T ﬁ& Fresh w/somé mineraliZation A16Hg E8Tey I
zo°l 2 | ~jts. Modt fract. L.3-0.5", hard,
| 85{70° /f | strong, fresh, unveath, unstained. N —
L P o ~ —
RELinel B 84.7-96.0 Altered Diorite Lt gray
- 70° Lx - ol TggTwhite, med. grained. Variably - -
48° = altd, partially to totdlly strong
| __.90185° W weand _hard to soft. and friable, re— ]
50° / : " gpectively. 84.7-86 Deeply alter.
45°1 O : 86=93 sl altd. 93-=96 Altered.
P 50° ﬁ> T T CTosely=hodt s fract T Max 07, min o -
300 % : 0.1. Mostly 0.3-0.7 unstzined o~
L~ {45°| /| |- .-—clayey in highly altered.intervals. ]
95 ' :
T.D: = 96.0 Ft.




SUSITNA JOINT“ VEN TURE

Boring No __BD83-27 (River K)

SOIL BORING LOG

WATANA DEVELOPMENT

Angle {from Horizontal) 90°

Feature D/S, Cofferdam

Bearing ——

Coordinates: N 3226824.2

Date Started 3/3/83

E 743007.9

Date Completed 3/4/83

Logged by . IEP NBH,REH,WMB/LEM,DAF

Ground Elevation
Rock Elevation
Total Depth

Sheet 3
Date -/ <’/ 7= "

1453.7

1383.7

98.5

Ground-Water Elevation_———

" a g SESE R e ;
Bt Sahay'cﬁb;v'EL WITH COBBLES, _less than
10 5% s:th,, saturatedf dark grev, rounded

BOULDER to subrounded fine to'

- j c_oarse,; occasn.ona.l boulder

T
i
i T i .:
i 1o . AR !
?

E
'E_ e
;

‘I“ 'i"v

: GRAVEL WITH COBBLES 20= ZSA flne to
l_7 2 GP | coarse sand,_ 5=12%; silt, wet), olive
GM ““*grEY"' sub‘aﬁgurar‘“ tfo angular,”“f‘lne“’to
coars'e".%i ;. ‘ o
20 . i H 8
l"__43 3 : Subf::oundfied‘ ' z .
s oot e
) Increase water @ 27°'
- L’BB‘M“ - — ; S i s e
30 _..A-__ 4 Satprated ; B o
| L GP | Dark olive grey ' R
35 5 e Rounded to subrounded
6 GRAVEL. WITH: COBBLES 20 25% fine to
__49 s __coarse. sand less than 5/ 5111‘:, satur-
ated, dark grey,. rounded to subrounded
fine to coarse :

b - 7 GP pUSU—— S
451 I e
8 GP | More sand very dark grey

50

c
] ]
E E S w E..: b~ =
£S8loe|2s(Z2| 35| 8 &
s=im ap| o wmisg|lEom =
omi{m3 2= B . -
g% od Eslay :‘: 53 g3 Soil Description g Remarks
— e
i |*5|E5|58138(& 2
~ W [ «c @
£
f i i ; : : ‘
r i ' ! Sis@— HAM,CI

Boring No.HDR3= Sheet 1 of 3 __



HARZA-EE

SUSITNA JOINT VENTURE

HDB83-27 (River K)

BASCO

SOIL BORING LOG ;zte:tﬁ_z7/83

WATANA DEVELCOPMENT

Angle (from Horizontal) 900 Ground Elevation 1453.7

D/S Cofferman

Bearing - Rock Elevation 1383.7

Coordinates: N

3226824.2

Date Started 3/3/83 Total Depth 98.5

743007.9

Date Completed 3/4/83 Ground-Water Elevation ———

AF

Depth
(Elevation)
Rig Blow
Count
Sample
Interval

c
. - <]
O a (=3} b3 -_g
g |13n|sg| 2 £
ol | B2 ER . . a
B 30 Sa| a8 Soil Description £ Remarks
L
ES|58|=38|s E
@ B x @
£
R SRR SRS N ? : oAQG A TR
Less sand;,,id'az.jk grey | il @
~ 5 R
N R R i : Pl !
: IR SR S e
10 . ' RN ‘
N o
: B BT ]
_ " I S ,
11 GRAVEL 20"'25\1 fine to coarse sand,

12

5~ 12/ clayey s:th, ‘satupated, dark .
grewoun&ed”*tc— subrounde“d‘“ fine‘ (s B e e
coarse . b ? . ‘

i

Hard Drlllz.ng

- TOP 'OF ROCK @ 70.0 FT : . 69-7Q.5 Ft.

il

Boring No. HB83—- sheet 2 of _3




SUSITNA JOINT VENTURE

Boring No

HD83-27 (River K)

GEOLOGIC LOG

WATANA DEVELOPMENT

Angle (from Horizontal) 90°

Feature

D/S Cofferdam

Bearing ——

Ground Elevation
Rock Elevation

Sheet_3 of ... 3
Date__3/27/83

1453.7
1383.7

Coordinates: N __3226824.,9 Date Started 3/3/83 Overburden Thickness 2.0
E _743007.9 Date Completed _3/4 /87 Ground-Water Elevation
Core Sizes NX Total Depth 98. 5 Logged by JEP,NBH,REH ,WMB/LEM, DAF
= Graphic Log § el g -§
=8| 8| &, SEIEE
g% -g ‘g ] s Classification and Physicai Description gl x| = E Remarks
g |£| E| € AR
S35 @ 36912 6| o | & 2
: ‘ ! -
e - :“ - _M:H — e - i ; ‘ o R
) s i S SR ; ]
LR B i -
S
s S —_— e
. ~: TOP!OF ROCK 70. Ft. ‘ e
) T i =
. 1 : E _ & SRR
18: Z *|Cat03- -{"7’1'8!2'. _____H____Andesité,‘ med grey, fine Started coring 71 O
— 130, % ST gratned .LLt:Sh‘“‘MUd’“C‘l'CISE"fI'act“ et
600 X : CaCOs 71-76", max pc 0:6" min €0.1" herd
75 ;80 / Ua.-uus mostly O .AWOJL._.Glose..fractJ&-. = e . .
50°| = ~FAYY3 0 82Y, most pes 0.2-0.3", hard & S
607 { '|CaCO3 - . strong, fresh & unstained along
T ‘6*(5)0 Z.\ - B EE CaCO3 coatings. Rough jt a T T 7]
10°| < : ; surfiaces lncreasnlgly fract & —
—80 %gz T- _ngma:'l:teredw&}-x?:"" : : - i —_
60° 7‘/‘ - _ 82-94 Altered Dlorlte, whlte to
B B x5 0 C vl grey; kaolin pseudomorphs R -
1}"; g | ..., after feldspar, talc & some qtz
85 2 gA | ~varfably. altered, totally ta.. _ —
& Lor.e ' - partly friable & clayey to hard
| 2 8558s . . & strong, resp. 82-93" totally -
&rf ~alter. 93-94" partial alter.. . 7]
AL . Intense-close fract max pc (.5
— 90 gg: : “Af“-'““mxn—é(}—‘l“ rostly—0s 2-0+ F;-rough - SRR
45° jt. surfaces unstained.
o j
=" 280 \/<\ - QG875 M, grey, “med™ Xyln R - -
70° } felspar hormblende, Bio, mod ™
—g5190° Y - |- ~fract max I.5' min. 0.1" mostly _
ig: = 0.5-0.7", hard, strong, fresh
| a5t / ﬁ unstained, some sl alter of
chlor om its N
| twuyp | T.D. = 98.5 Ft.




SOIL BORING LOG

Sheet
; 727 83
‘ = WATANA DEVELOPMENT Date _— ——- = 7_3
SUSITNA JOINT VENTURE
Boring No HD83-28 (River J) Angle (from Horizontal) 90° Ground Elevation 1453.6
Feature D/8 Cofferdam Bearing —— Rock Elevation 1381.6
GCoordinates: N __3226787.3 Date Started 3/5/83 Total Depth 88.5
E 742990.2 Date Completed 3/5/83 Ground-Water ElevationT_—
Logged by _WMB,REH,NEH, JEP /T.EM, DAF
- g | = s
cl = — o &= o 2
£218¢|28|2&|30|=82 £
g™ 8 3% a-|9s E’% ég’ Soll Description g Remarks
aalDo| s ES| =@ o] 8
wle nE H g oW |d ol g
~ o |m? o™ G
T '5%@ - HAM,CI
. i
"5.‘_ U DPERRRORNY RTINS i
100 Wg,‘t‘er'ﬁ' S S AR I .
i R
B | | GRAVEL WITH COBBLES, | - | |
20—‘25/ deIUMtO CQ&J;'VE&&HS&H&.A lessm-w _Hard.. Drllllngﬁ @ _|
_thanl 5% silt; saturated, dark grey 13 Ft.
- ‘subrounded to subangular, fine to [ 4k
“coarse . . - | = o : - T
2 W | 5-12% 5_1,1.._3 BRI T
SRS SRS R i ’ -
Sandy‘ GRAVEL: wzm COBBLES AND BOULDERS RATIRIN i
Gp | . 5-12% silf, mo:t.st,, dark grey, rounded NB
3 M to. subrouncled.i :tme. £0 coarse o T Gg= 2075 T
g 1| T
4 GP OJ.J..ye grey
GM : - e
SRR X= 2.,0E-02
R T
5 GW | I
oM i e o Hard. Drilling @&
: : 34 Ft.
¥ 6 BOULDERS 34.5-44.5fc . . | oo iesi—
with fine to coarse sand - 2.7
S C Started Coring
T T T T - - - 34,5 Ft.o -
7 S S e e Fo T
44,5 Fr. ‘
Gravelly SAND less than 5% sn.lt,
8 sp | saturated, very dark grey, medmm,
“with trace fine and coarse subangular 7
gravel

Boring No. HD?E“‘ Sheet L of 3




SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet _ 2

of 3 __

Date 3/27 83

Boring No _HD83-28 (River J) Angle {from Horizontal) 90° Ground Elevation . 1453.6
Feature D/S Cofferdam Bearing - Rock Elevation 1381.6
Coordinates: N 3226787.3 Date Started 3/5/83 Total Depth 88,5
E 742990.2 Date Completed 3/5/83 Ground-Water Elevation ~~~
Logged by _WMB  REH NBH,.JEP/LEM, DAF
e E
Zl2.|og|28]52]7 5
£212E|22|27| 82 |58|2e _ g
@ > 3iEoia sleal &° Soil Dascription E Remarks
ot|POia e2|2l0ago| 8- 5
ole wE|EC|S8| 8| & 2
= @ |m2 & @
- BT N AN B : Hard Drilling
Occasiondl cobble " - % ]
S R S L i
oo 9 N T .
:55, . L R wed A b - J, § 2 L
o T I . a
fo L b ; o ]
- R34 clo.ii.L . [Increase Water
28 .- . N ”__' I8 - _ - ;E S . :
v : { H T A
s I : i
321 , . H
65 6 i - . P - . : . H . ‘ ; ] |
GP Sandy GRAVEL, 5-12% silt, saturated,
10 o - dark olivie grey, subrounded, fine to
—coarise i 5 - - T T T T
75 Occasional cobbles i
i 1 1 I Refusal at.
. IOP OF ROCK 72,0 FT 72.5 Ft.
. . . . io. . N
75 o P o ]

Boring NoHD83~  Sheet 2 of

A




Boring No

Feature ___ D/S Confferdam  Bearing

Coordinates: N

Core Sizes

HDB3-28 (River J)

-EBASCO

SUSITNA JOINT VENTURE

GEOLOGIC LOG

WATANA DEVELOPMENT

90°

Angie (from Horizontal)

3226787.3 Date Started 3/5/83
742990.2 Date Completed _3/5/8%3
Ed)d Total Depth 88.5

Ground Elevation
Rock Elevation
Overburden Thickness

Sheet_3_ of 3

Date 3[27[83

1453.6
1381 .6
A7 .0

Ground-Water Elevation ———
Logged by

_WMB, REH., NBH,JER/LEM

DAF

Graphic Log o o' .| §
— — B~, B
] 5 D Q g 'g. [m] g E
25 | 2| 2| 29 I . - slg|E|S
2z135| 8 29 Classitication and Physical Description gl x|z g Remarks
| £ 5| & AR
M EI A J|o| @l g
@ | T
N P S M _:_,__ o - - § i
| T AU I
: N o oot &
. 'T'n'n nF Rnnl{' 7? ﬂ Ft ; ? o
72.5 72.5-77.2 Diorite. gray, med Xyln Start Coring 72.5
massive Blagio, hornbl, some pyrit
73 ‘closely—mod fract, max 1.0 min N3 .
: '€0.05" mostly 0.3-0.5", hard, =
e -w—ﬂstrong—unwe&th- urrsta:med———mec — . o —
brkg commony
=80 r7‘”2_‘7‘8”5““Ert“e”r”eﬁ”ﬁrorit‘e*,““s]:" T T -
.altered, It gray, closely fract, by
I Whar¢ rehealed jts. o | ™ _ _
fan]
.78.5-88.5 Diorite as above. w/o =
— 85450 / el pyTite8l-fract-to-massive-pcs. S - ]
45 .  L.5-4.0", Hard strong, few healed i~
o ,// 'jtS-‘ ; L H R L
~ 60° ¢ [ ; R A T T
T.D. '= 88.5 Ftu
— 94 e e Ll S _

TITMO D



SUSITNA JO!NT VENTURE

Boring No

HD83-29 (River L)

SOIL BORING LOG

WATANA

Feature D/S Cofferdam

Bearing

Angie (from Herizontal)

Sheet
Date
DEVELOPMENT
90° 1453.8

Ground Elevation

Lo
~32f7Es

Rack Elevation 1374.8

Coordinates: N 3226858.9

Date Started

3/5/83 Total Depth 104.3

E 743029.2

3/5/83

Ground-Water Elevation_——=—

Date Completed

Logged by _NBH,JEP /LEM, DAF

GW
GM

i

c%
|

. More sand’

i -

GP
GM

Sandy GRAVEL,
dark grey, su

; >~12% silt, saturated,
brounded, fine to coarse,

_Slipghtly more sand, less silt

—owcastonal—cobbke——————— o -
i

=
iz So|lE . o 2
=8 ogggzgggses £
aEim3 2 | 2o 5o . .
%% ?”8 Eg o :‘9 gg ] Soil Deseription g Remarks
“gle " |#=[E5|28|38| 6 2
- 7] m> g
£
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! ! ¥ ? ; Si@ - HAM, CI
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s | “ 5.0 Teel Tt R
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- - 9.0l Hater: N
- I 4 i S T A
- Sandy GK%WE]: WITH COBBIZES 5 I2/ SlIt, T
saturated,. dark’ greylsh brown, sub-—
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GW | Oliye grey. ' . : ; ;
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AR7 A= ERA SOIL BORING LOG Sheet_2_of & _
PN A J'lJ...j . Date__3/27/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HD83-29 (River 1) Angle (from Horizontal} 9_9_0_ Ground Elevation 1453.8
Feature D/S Cofferdam Bearing Rock Elevation 1%82 8
Coordinates: N 3226858.% Date Started 3/5/83 Total Depth
E 743029.5 Date Completed 3/5/83 Ground-Water Elevation ===
Logged by NBH  JER/LEM pAF——
= [+ k= .5
55_ g‘é z§ éﬁ EE 2 :E
ggim3 2-|9<| 22|88 Soil Description £ Remarks
g2l 2o gz|z5|88| 8- £
B S|z &£° %
T 111 Increase water
| 8 53.0= 58 O ft VVVVV S B _
55 .1 - =G1_:avelly SAND ; less than'5?’ silt.. ’sat:'_ ? —]
gw [‘urated, dark olive grey, medium to -
9 ‘coatse; ,ﬁ;race‘;flne, subangular fine
- —gravel I . : T 7
o — fard Drilitng 617]
: - ' rd Dr n -
'GRAVEL WITH COBBLES AND [BOULDERS, 20- ipe. e
- 25% icoarge - sand dess tﬂan 5% swllt.,____m ]
_ .saturated, dark grey, subrounded fine
65 to coarse’ , ] i _
0 _
P Increase water
20 L ; QS.O—ZI.O'ﬁt - e
o aE R | : Alternating hard |
{ ! i and easy drilling
1 ; ; ; J - 71-76- Ft. e el
P ot Je L7 ]
75 - 11 CW : & S oy
— : T ‘Refusal at 76 FtT
: “TOP_OF ROCK 79.0 FT
80 - ISR SO SRS e —
85 T g e+ SRS ——— e e— —

Boring No.HE83- sheet_ 2 of 4
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GEOLOGIC LOG

WATANA DEVELOPMENT

SUSITNA JOINT VENTURE

Sheet_3  of &
Date 3 27 83

Boring No HD83-29 (River L)  angle (from Horizontal) [Tk Ground Elevation $453.8
Feature ___ D/g Cofferdam .. Bearing e Rock Elevation 1374.8
Coordinates: N 3226858 0 Date Started 3/5/83 Overburden Thickness 70.0
E_...743029.5  Date Completed 3/5/83 Ground-Water Elevatio
Core Sizes N Total Depth 104.3 Logged by NBH , JEP /LEM
= Graphic L:g E o E é
b ]
‘-:-_:g § S| 3o s & El§
2 g 5 ‘g’ &S Classification and Physical Description Gl x| 2 E Remarks
wiE| 5| & AR
i = L P P olo| | E
; i} a P S e el ot | i :
. —— - i H . ¢ H T
e It KARTH U ERRR EPRE ]
I S e it Sl - —
76 T; i _176-86 Mislatch, barrel stuck in. . Started coring 76.0
| L —rodsim . R LT TTITTE o
e ‘T'np af Bock 79.0 i, : :
|80 S ' L Drill Water, 1t.
grey color.
‘Loss o
- S - [ . S
g5 e SR S e - —
"~ 86-93 Altered Diorite, 1t grey,
300~ | -med grained, mod alter, Fe-Mag S
B 50° \ o ‘mins absent, Flagiopartly altet =S ) -
30° 7 : to Kaolinite, ¢lose: fract max. -
—90- 282 ﬁ - e L Q- - £ 04 05 mo' st Ly 0,300 4 1 —_
: ‘mod hard, mod ¢ 1stained
382 \ mod hard, mod strong, unstained Some mech brkg
- 60° /} e 9310403 Diorites-lt-med--greyy - : -
757 \! fine-med grained, fresh, close-
_95. §83 L_ . ..mod fract, max.0.7' min 0.1 most o . o
30°| = 0.3', hard, strong, fresh unweath S
L 1285 £ 20 jesof CaCO3 . S
of ™ '
100 2 |—
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SUSITNA JOINT VENTURE

Boring No

1D83-29 (River L) angle (from Horizontal)

GEOLOGIC LOG

WATANA DEVELOPMENT

90°

Feature __ D/S Cofferdam  Bearing
Coordinates: N _3276858.9 = Date Started

3/5/83

3/5/83

E__7430 9.5 Date Completed

Core Sizes __N& Total Depth

1043
P

Ground Elevation
Rock Elevation

Sheet_4 _of _&4 _

Date__3/27/83

1453.8
1374.8

Overburden Thickness _ 70.0
Ground-Water Elevation ==~

Logged by

H,JEP/LEM

T
Graphic Log ol o] »| 5
H e Z | 8|3
L] -—
s215§| 5o sig|E|%
&3 s | ® 25 Classification and Physical Description x| z| E Hemarks
Sl E| 2| ¢ &l | 5|2
e b 3 @
A ? 3592 09| m| g
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{ ki el i
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& 7 ,-, SOIL BORING LOG Sheet 1 of 3 __
ARZA-EBASTO pate 327783
SUS!TNA JOINT VENTURE WATANA DEVELOPMENT

Boring No HD83-30 (River N) Angle {from Horizontal) 90° Ground Elevation 1453,8

Feature D/S Cofferdam Bearing — Rock Elevation 1388.8

Coordinates: N ___5226932.3 Date Started 3/6/83 Total Depth 66.90
E 743068.2 Date Completed 3/6/83 Ground-Water Elevation ===

Logged by _WMB, REH RT.J, SEW/LEM, DAF

[
- - <
€| = |8 ol - 2
£2|2¢/28(28|35|=8| 2 2
§2(%3 E'E _qa;-: og| 22 '§§’ Soil Description g Remarks
a5 20152(EE|55(38| 8 5
- U‘g L o2 « .g
: gl v, CT
5 I RN FR ' g ]
; 6.0l Icel i :
PR (- - {
90[ Water s
~§ant y -am-x’v'EL w."'H"COBBLES‘“"I’e‘s”s*”"th“én”“ H
© 5% silt, saturated)’ dark olive grey,
__sub 'himd?d’ to subangular_,_fa.ne..to._ﬁ_“ ]
:goé?sg’f . Increase water @ 13, 0 ft
TR
GP SRS i i - -
s j T ‘ . el ?1pe cocked at 18 |
P A I A Ft . moved, redrill
S R SR I CEEOEEE
Less sand o’l;i.ve. grey P
i L ]
GW : %
aw | 5-12% clsayey 311t dark ollve grey
G | :
Gravelly: SAND, 5-127% silt, saturated, -
SW | very dark grey, fine. toi coarse, round
SM *‘to subround gravel T ' o ' .
; Difficulty with
. ; . e e sample. return, - —
formation probably
I 7 R ) Loose. |
I 30 COBBLE ZONE 40.0-45.0 ft
I 30 8 gp | More gravel, less silt
50
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-EBASCO

SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet

Date__ —7="7¢ -~ | ‘ 27]83

Boring No HD83-30 (River N) Angle (from Horizontal) 90° Ground Elevation 1453.8

Feature D/S Cofferdam Bearing ——= Rock Elevation 1388.8

Coordinates: N ___3226932.3 Date Started 3/6/83 Total Depth 66.0
E 743068.2 3/6/83 Ground-Water Elevation ="

Date Compieted

Logged by _WMR,RFH, RL.J, SEW/LEM,DAF

=]
. — a
E‘ z - — o @ ==-': - E
£2| 28| 28|2 5 3|55 g
eS| 2l Es|ag| 22l 23| 29 Sofl Description £ Remarks
og| PO 2E|ER g R 3
L= 3%\ =3 el z
£
S REEEE R NS PR PR
5510 R ! ARUEEE ORI R I ] 3 o o
ol ‘Sandy. GR@VEL WITH COBBLES;, 1ess than
- 9 5% gile, 5satuz:af:ed very dark grey,
. subroundf%d to subanguIar, f1ne to! K——6 8E-02
60 ~coapse . | SUEESUEEE N B
| -"COBBLES _AND BOULDERS |
» SIS i )
T S R N ""Hard Drilling at]
R I T SN ’ 62 and 65 Ft.
65 *TOP OF ROCK 65.0. ET S
i T o COR,NX at 66 Ft.
; ] L
. RN R T B ]
70 | T N S —
P : ‘
H o i ] : H
i 1 '
! % e _

Boring No.HD83— sheet 2 _of__3




SUSITNA JOINT VENTURE

GEOLOGIC LOG

WATANA DEVELOPMENT

Sheet_3 __of __3...
Date 27 83

Boring No HD83-30 (River N) Angle (from Horizontal} 90° Ground Elevation 1453.8
_ Feature D/S Cofferdam Bearing — Rock Elevation 1388.8
| Coordinates: N 3226932 3 Date Started 3/6/83 Overburden Thickness 56.0
B E_743068.2 Date Completed 3/6/83 Ground-Water Elevation_—_—
Core Sizes X Total Depth 66 0 Logged by WMB,REH ,RL.J..-SEW/LEM,DAF
_ Graphic Log o el s 5
< @ =l o 2 —
£S5 8 5o 5 S| E|E
3 2 % % g 29 Classification and Physical Description gl =< = E Remarks
<o = S " :
i i = - [ < €| x| =
i Rl = IR PP SO @ 2
_,w “top of \Rock 65,0 FE. 1T T e
66 2:_5’: é i | 66-76' Diorite,; 1t: greys @—'ﬂ!’-df_ grai Start coring 66.0
| 459 f i — L slTaltered ) some plagio. to Kkaold T T e e
. Egz ; T T weaki foliation), close-mod fract. A ; .
' —70| ¢q AN ; —max- 1 0 @in 0l mostly 0.3=0. 40~ | > Mech brkm-- - - e —
: OIxE ‘mod. hard, strong,. some chlor & [MS
| 80 < e i taleion-jt surfacesi, occas CaCOg Barrel wouldn't go.
607 _ K ‘many: fracts: rehealed. . down for 2nd rum
< ‘ . : o R .
_ 28‘ 7 K - - : ‘ call hole.
2el DEL N : T —
7 v LD, = /6.0 Ft..
Darina Ma HTIR e Ohans -4 2



SOIL BORING LOG sheet_L ot 3

inl Gl WATANA DEVELOPMENT Datemw’—
SUSITNA JOINT VENTUF?E
o
Boring No _ HD83-31 (River P) Angle (from Horizontal) 90 Ground Elevation 1656.2
Feature D/S Cofferdam Bearing - Rock Elevation 1396.2
Coordinates: N __3227015.2 Date Started 3/6/83 Total Depth 82.9
E 743107.3 Date Completed __3/6/83 Ground-Water Elevation___——=
Logged by _NBH, JFB/LEM.DAE —
5
=8|Ez|2s|28]52| 8| S
=% | = =3 £
HEH IR RE 22158 Soil Description g Remarks
c2|2O(SEE2| 25| S0| E- E
GiE" 9% g8 2870 .
1 T.0qee - 1 T
l101- 1 GW | Sandy GRAVEL oith. eobbles.- 5-12%
S R B GM [Ts1lt; meist; clarlc grey, subrounded, T T
N IR A _fine. to coarse,. organlcs - . : S@ - HAM, CI
5 ST o
: i'8 ~Sandy GRAVEL 'with ,do,b‘ti].e ‘less tHan
: 2 5% silt, moist, olive gr ey, sub=.
rounded to subangular, fine to I
o . Ceoarse.. . L A R S
ol - . R :.ﬁ.v. } . i : i ,g o ]
| ¥ 3 G BCEENNR
SR EEERE I FEA N SR A o i
A5 | e R S R e = e
' . 4 ‘Saturated. | . o Q _ |
T T T e e
ol - ; r ; e e ]
. : B o
;
L2s | 5 - —
GW Less sand da::k olive grey.
[ 30 _ i = = e e h e
cDbzsle.-E=
Gravelly 'SAND, less than 5% silt, loosd, Easy drilling, 33
L35 _saturated, very dark grey, fine to.. 57.5 Ft. —
coarse, noundéd to -subrounded gravel.
40 Easy pemetration 33-57.5 ft.
8
—_ B o _
[ 45| S O SO .
9 SW Less coarse gravel
30
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-EBASCO

SUSITNA JOINT VENTURE

Boring No ___HD83-31 (River P}  Angie (from Horizontal)

Feature
Coordinates: N ___3227015.2

SOIL BORING LOG

WATANA DEVELOPMENT

90°

Sheet_2 of_3

1456.2

Ground Elevation

P

Rock Elevation 13946 2

Bearing

Date Started 3/6/83

Totat Depth 6Z.9Y

E 743107.3

3/6/83

Ground-Water Elevation ———

Date Completed

Logged by NBH,JFR/LEM,DAF .

=
. - =]
= 2] . =
c8|3x|os|28|32 s8¢ 3
2% |m5|22ie IZSIEw
gs|®™3|ES|aT || P33l Soil Description o Remarks
o220 SElER|25!152] 5™ 5
Y d°%|mel 2
£
1 L : ; : -
o IR
10 - 5 ; i o
. 55} - _ - : ; . P LI . !
' oW Sandy GRAVEL,, S 12/ sttt 'saturat‘ed
. 11 o™ |- dank grey,' su‘brcunded fine 'to
. CO&ISE, occas:l.onali cobhie. . : oo - B
sl - b L TOP OF sROCK 360 o F'I,‘ 2 ; I
' . R ) ! . :
S ARRNS CRRRS RRRES RTERS INNRE RN
! : | I : i T
sl R )
) L L : : e ]
e
: : ; 5
S D .
i P : ; !
i : . B T T T
| : !
- g S S -
§ H
! ; e i i e i v
;
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Uriniaind ™ B0 WATANA DEVELOPMENT Date_3/27/83.
SUSITNA JOINT VENTURE
Boring No _HD83-31 (River P)  Angle (from Hornzontal) 90° Ground Elevation 1456.2
FeatureD [S_Cofferdam Bearing Rock Etevation 1396.2
Coordinates: N 3227015.2 Date Started 3/6/83 Overburden Thickness _59.0
£ 743107 .3 Date Completed 3/6/83 Ground-Water Elevation_———
Core Sizes NX Total Depth 32.9 Logged by _NBH,.JFR/ILEM,DAF.
Graphic Log c
T 2 2% 5%
€2 |1 8| 5| 3o AR
¢S 12/ 5| 88 Classification and Physical Description Sl E| 2| B Remarks
“ElE| 2| & < | x| 2

T 3| ? ase 2 O © || &

62.[45%% , i T
60| < P 62—69 5 Altered D:Lorz.te nghly 4 - Start corlng 62 0
653@3 "/"'/ R altd, lt. gray, med ‘grained, . ' o TFE.

[~ 9 a| ;‘”"‘““‘“"“ i ReEolin g aft”e o I S
L gég 7( ; . ) ,sugary ot
[ |80° N B ,ms_omemtwalct,__clay,_a lasely ; —
50°| <@ ax l 0", min ;0,03 mostly
70 292 P2 5 . . Modt hard, modt strong
"'_"*7 a1 . .W/;highi jts ‘occas coated W/talc o~ T T
45° ~ S : L =
o o f - b‘_i b /b D:Lorlta me.chray, med Ay.Ln T T T
38e ' closely-modt fract max 1.2', min _
|__75[90° { 0.05", mastly 0.320.7 hard.strg.fr i L _
20° = 75-82.9 Altered Diorite as above '
.. except w/less clayey alteratlon :
N e J:eJ.dspar.L ! ; . - - -
o [ Cl’osel —mod & fract Max 0. Q,mln - Lost; Water
80 33" .}( M_I:_e_si_t_n : OS“ymost_Ly 07.2=078; " T6cal fe ‘S T : ' _—
ol \ st‘i'a:i.'n_' @.79.5. Modt hard-hard, strg
82,460 : : ; ; -
T.D. = 82.0 Ft.




SUSITNA JO!NT VEN TURE

Boring No ___HD83-32 (River Q)  Angle (from Horizontal) 90° Ground Elevation
Feature D/S Diversion Portalpgearing — Rock Elevation
Coordinates: N __3227138.2 Date Started 3/6/83 Total Depth

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet_lm of 3

1454.0
1425.0

E 742798.9 Date Completed 3/7/83 Ground-Water Elevation_ ===
Logged by __ NRH, JFP WMR,RI.J/LEM,DAF
[ =4
€|z So|Eul W £
£ 8 og;ggz&gf;‘;eg 8
== | = @ I eo | =
g‘g ;g E-:- 'E.’.'é “;f gé gj’ Soil Description § Remarks
W|E" |25 a8 2817 ¢|C 2
I B 5 Sis@ — HAM,CI
'7'5" . 5“0 Icef S i i i
S . RSN I 1 ! -
65Water~- LS L I s i
- T
: {zrave.l._l.y SANU, ~less tnan DA 51.Lt, T T
’ .‘sat‘urated, ol:we, .imedlum to coarse.
0 i : i = e =
T NI BERSERCEN
NE | o i
e R
: i - wee i
15 | SN SR S B R R
GRAVEL WITH GOBBLES 15-20% medium T
2 G| 4o idoarse . sand less thHan 5% s:th,
: -saturated olilve grey, ! subrounded - T - 7
- |- ' f:me to coarse. P
20 i : — ]
. : ‘,'Sandy GRAVE}:; ‘5- lZA s:th, saturated
l 48 3 GP |- ola.ve, subrounded fine .to coarse,
GM 3 _occas:_.o_aa}_, c;qbble,- : T R i T
25| : IR L
4 GW More sand, };ess silt.
s nght olive brown‘
More silt. 1oy ap mock 29.0 FT
|30 R A - S e

Boring No. HD83-Sheet .1 of _3__



SUSITNA JOINT VENTURE

Boring No HD83—32 !angr Q) Angle {from Horizontal) an°

Feature

Coordinates: N 3227138,2

GEOLOGIC LOG

WATANA DEVELOPMENT

Bearing

Date Started 3/6/ 83

E 742798.9 .. Date Completed __3/7 /83

Sheet _ <&

2 of _3 _

Date 3 27 83

Ground Elevation _1454.0
Rock Elevation _1425.0

Overburden Thickness 22.5
Ground-Water Elevation ===

Core Sizes e Total Depth —— Logged by NBH, IFP ,WMB,RLJ/LEM,
DAE
= Graphic Log % <| 5 -§
2 Sl
£21 5|5 22 . _ o 8 5| E| %
o= 5| B oo Classification and Physical Description slE|z| E Remarks
2| E|E| & cl | x| 2
“l=F] ? 56912 ole|al 2
? - L=
' St o E i : SR
. [N SRR ST N : “‘
- : , . 1 B )
Top c;"f= Rock 29.0 Ft.'z S .
30 1459 % Fe = 30-57.8 Diorite lt. gray, med xvln Start Coring 30.0
o 30] g _ slightly altd/weath Plagio. ‘Horn- Jater return yellow-

- 100,5/\. Fe  blende, bio some Kaolin alter o ?n. ]
90 Fo  Plaglo. Massive 30-38 intensely- ome Mech. Brkg.

- 35 4597 closely fract. max-O.4=min. 0.5 S —
609 1 mostly 0.3 modt hard modt strg. Water return, lt.
90° q - Fe stain on most: jt surfaces, pre- bro

T 10° - - Fe’”““éi{i"é"tec_t & rehealed @ 32-33. R 1

= | R PR P R

__l_}O‘ 4597 Jra—mgo e T T S]‘-

409 i Fe— 38247 ¢156ely-nodt fracts max 0.8 > —
70° Fe min 0.1 mostly 0:4—0.5. Modt ha?:d o Some Mech. Brkg.

L - | 309 %ﬁ Pe---to. hard, strong.jt.surfaces. Fe_ ... S T S

_ g:.,< Fe  Stained. Sl weathered. =

45, 80“&/ e e |
609
689

I :

50 {4597
mrime KA TITMO T Chandé 1 -~ s

&
i



GEOLOGIC LOG Sheet_3 of 3
b y ELOPMENT Date 3/
SUSITNA JOINT VENTURE WATANA DEV
Boring No _HD83-32 (River Q) Angle {from Horizontal) 90° Ground Elevation 1454.0
Feature __DN/S Diversion Porta  Bearing _— Rock Elevation 1425.0
Coordinates: N __3227138.2 Date Started 3/6/83 Overburden Thickness _22.5
E 742798.9 Date Completed 3/7/83 Ground-Water Elevation ===
Core Sizes __NX Total Depth —_— Logged by NBH, JFP ,WMR LRLJ/LEM,DAT
Graphic Log [ =
E = @ e -g- ® g %
& 'ﬁ: o o _‘-',"-, o @ 8 § E
g | © e 2 Classitication and Physicai Description e Zz|E Remarks
el | 2| & gl | x| 2
‘:’ S 9 35812 ) Sl Y| a _—E
e 450 %: b i |.). Diorite as abovf’e'.j";‘""";'sl'"jwéath“"‘ T ot
. ACEE e B s 1o s SR N R R -;
459 7 I ¥ £V A modt..iract. Max 1 -ITL. S | o | i
3 308 <. .0 -} 0 0.1 mostlyf 0i4= 06 s]:‘weathered = 1S A
35| 60 y o _ 'H' cmr‘Fam:s e bta'lnpd Modt, i ot ]
d H ) s . :
“ - 45 7d | harrf-hard strong sl oi Wea.the.red
];7 A qc 3 x ..... L
g ——w e o
%. AN A b 11
& ‘ ; ; - i e i | i ¢ :
&7 I . : ’ 3 - e e e
| S E S CRCO R PEFR TR - —




aord.emaepa  SOIL BORING LOG crest Lot 2
il /—A EE%‘@@ Date_ 3/27/83
s SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HD83-33 (River G7) Angle {from Horizontal) 90° Ground Elevation 1453.2
. Feature _Diversion D/S Portal  Bearing === Rock Elevation 1432.2
Coordinates: N __3227126.4 Date Started 3/7/83 Tatal Depth 43.0
= E 742668.9 Date Gompleted __3/7/83 Ground-Water Elevation___ ———

Logged by _RIT. WMB/LEM,DAF

=
- 1. |« g
=56|3¢|25|28/52 =8¢ g
- am | = o © 0 - o | = =
2s|®3 EE a5 |%s| 2z|2¢ Soil Description £ Remarks
Ao | PG|« ES| 2| o B E
e ol & wE|lEElsa8|d8| @ =
=
i b i B :
i §
R A b Sigf - BAM, CI
: | . — e e e
) SCY KN P 501-,1'3 PR SRS S n o
; i :
7 5 !ﬂater" ? e e
-~ - ) Sandy ‘GRAVEL W:Lth cobbles, less than
10 ] - *i?_s,l_lt_,*&a_tg,nat_e.d_,_dark*o_lmtgxey A B
' .60 GW subrounded f:Lne to coarse. I
. 1 : N R : N T
15 i i ' : ]
“"“‘If)@‘ 2 : : : ; 7 - S
. : ; i :
_ 120 | L R AU R N _
- [¢):] ' TOP OF ROCK 21.0 FT
. 20 3 L) KRR NRARE RN R DA
| o5 0 L i : o _ o
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GEOLOGIC LOG

HARZA-EBASCD Sete 3721/83
i (G WATANA DEVELOPMENT Date _3/27/83
SUSITNA JOINT VENTURE
Boring No __HD83-33 (Riwvexr G7)  Angle (from Horizontal) 90° Ground Elevation 1453.2
Feature Diversion D/S Portal gearing — Rock Elevation 1432.2
Coordinates: N . 3227126.4 Date Started 3/7/83 Overburden Thickness 13’5
_ E__742668.9 Date Completed 3/7/83 Ground-Water Elevation ~——
Core Sizes ___N& Total Depth 43.0 Logged by _RJL,WMB/LEM,DAF
_ Graphic Log ol el s E
c =] ) o
£2| 8| 5 .g_ o &5 g %
E‘E | 8| 83 Classification and Physical Description G Eiz|E Remarks
| E|Z| & IR
=R S{dia £
Ti i i
. - i ; - ; _ 7 - .
; : : s o i e e ¢ SUER—
: % ¥ S Rt R o o . L
Top. of Rock 2’1.d Ft.
23 . . ¢ 23+43 Diorite. lt-med gray, med start. Coring 23,0
| 2545 < 'Ee Xylﬂ.__’ﬁlaglo__homhlende_ChlaL,__sL,m Lore loss prob @ Topl
. ggzﬁ\. ' Fz weath. to fresh massive to sl.. '
) o % "% foliated. "

-m' gg:);:{/:\, 23=37 close}.y—modt fract Max 1. 6 = Wtr return lt. ]
30| 609N min 0.1 mostly 0.4", Hard, strong, e ate ? '
909 v JtUsIrfaces T Fe stainad s.L—mod"E. m BEEY- e

6094=\ - ‘someé heavier’ weather:.ng on vert jts
e 30° e O U ~ . ]
B | =
__35(609 / -
VRN —
. 609 z , _ Tmax I l“L“"'min. 2 - -
%8: A 0.1', mostly 0.2', hard, strong, =
|40 Vx ... fresh to sl. weath 7 Ea,atams - ~ |
ig: é and weathered along jts. ' ~
[+
| 43]32d £ b ]
| T.D. = 43.0 Ft.
Davina hia ANR 3= Shaat el P




SUSITNA JOINT VENTUH‘E

Boring No

Feature _ Diversiom D/S Portal = Bearing =

3227212.5  Date Started
742633.7

Coordinates: N

HD83-34 {(Riwver S)

SOIL BORING LOG

WATANA DEVELOPMENT

Angle {from Horizontal) 90°

E

3/7/83
Date Completed _3/7/83

Total Depth

Logged by _NBH,JEB,MSC/LEM, DAE..

Ground Elevation
Rock Elevation

Ground-Water Elevation

Sheet_Ll of 2
Date 3/27/83

1454.9
1442 .8
32.4

=
—_ : - 2
c5|Ex|=%|28|5|c8|e 5
AR EH 5
o> 2|Eoia i 29 ea| &8 Soil Description E Remarks
o2 lSC|AE|EE| E5|38|5 2
w|e Tw| = A @ | O -
= » =] c 2
‘E - .« ‘ _; . i‘r f - L
B A T e P46 - HAM,CI
o DRI ;:7-. S S !
. -
Sandy GRAVEL WITH COBBLES, 5—12%5‘ .
_.Sllt.,._mQU.SJ‘_,._nghtr-Oll\le_th SR — e e ]
‘ - fine to coarse. _ :
- 100 -} E- 5' - i S N N
GP SR ERDIS R s
3 o i o ; i Deeply Weath rogk
- TOP OF' DC& 12.0°FT : i
: RGBS N
15 | s :
. ) i i H ; :
! . : ' : :
- ; g‘ j S
i ! % i i
i ! : ; I O A S
!
P

Boring No.

HDg?"'Sheet 1 of 2
LY,




Eﬁ%@. G EO LOGIC LOG Sheet__2__of 2 ;
ek NA DEVELOPMEN Date 3/27/83-
SUSITNA JOINT VENTURE WAT{l T .
Boring No HP83-34 (River S) Angle (from Horizontal) 90° Ground Elevation 1454.9
Feature Diversion D/S Partal Bearing — Rock Elevation 1442.8
Coordinates: N _3227212 .5 Date Started __3/7 /83 Overburden Thickness _7.,0 &
E_742633.7 Date Completed _3/7/83 Ground-Water Elevation__~== '
Core Sizes _NX Total Depth 3214 Logged by NBH, JFB ,MSC/LEM,DAF . i
Graphic Log ol | §
z T 2 SENEAE
£2 |8 5| 2o g S| E|E
%E % i) 29 Classification and Physical Description O = Z|E Remarks .
3 = S g <l e x| 2
THA] ? lasan oo |m| £ 5
: - o w;ﬁ; SRUURININIE R 4‘2! —i—n ‘f ' | g =
H ng ;.ﬂ R SN U S E
45 of  Rocks 12 01 PE, L R R N
13 13-32,4 Diorite ‘Med' gray; med: grain. S’tarté Coring 13.0
1z 190 ) ( sllght}.y Weath/alt:l E’ZLag:chclaser ' o ' '
- 609 & “‘H’ornbl‘eﬁdE‘W/ some: aOJ.ln:L.a ed-alts o T e e
,, 75 E Plagioclaze. N ;__ _ -
T ég Ve J.j—is ! intensely-modt. fract THax E =
20 43 f/_ Ul v i1y mint 0,05 mostly OL1-0.4, modt. Water return 18
3847 : _‘Weath“w/“heavy*—Fe—stam—orr"jts*—Baw—“ ~ w-wEI:E‘fYM B .
,i_: : crsd fracturlng w*/ﬂepth, hard, strg. ~ ' 2
. < I8.7=32- 4 cIosaTy=tode TEact: max S
60 y7 1.0" min 0.05 mostly O:1=0.6 un—
| 25 48 )( wonfhenedmexqept“ at 21, whichi is. mod:; e e 2
S W | weath and modt-deeply weath @29 and
280’ Y . modt. hard, modt strong,l mostly hard,
T E’ strong txesn. T i = T 7
608 X T Q .
30| 5% )( 01 SO S ™ SR i
P = Intensely fractured 30—30 5
32.4 Ig"— — —— = =
T...D.; = 32.4 Ft.

Rorina No. unf2_Shaat 3 nt 2



SOIL BORING LOG

R BT R - R, Sheet of 3
M i ”Eﬁg@@ Date_ 3/27/8%
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __HD83-35 (River GB)  Angle (from Horizontai) 90° Ground Elevation 1458 .4
Feature Seigmiec Line ES-~D Bearing ______ ————~— Rock Elevation 1406.9
Coordinates: N _3226804.8 Date Started 3/7/83 Total Depth 71.5
E__743456,5 Date Completed 3/8/83 Ground-Water Elevation —mw—
Logged by _NBH,JEB.,RLI,WMB /LEM, DAF '
A e :
[=3 B - o | E b 1.3
csS|sel2s!Zg35isE| 8 £
g8|%3 EE ‘g.: ‘;g 22 ?,-g Soil Description & Remarks
OR2IzC|aE[Ec| 38|38 E
~ w o |d% = 2
- 2. 5§Ice S 5 - : ' ‘
i
S 1 Sandy GRAVEL W1’I‘H COBBLES 5+ 124 s:th
S - W %inéL,__daz;k_QluLEQgJ:e_p,__rqumgieim
o GM |"subrounded, fine to coarse. |- = |-
2 GW IR R | oo
o f Less silt, ol:l.ve g:rey Lo
10 ) I ' R
25 3 : A
: . - E —E . B i T T T ™
5 SRR R RS R Waéef @14.0"
b R I I IR A - EENORSE
I— 4 GW | Less sand, ‘saturated. .
29 : T ot @18.5! “Hard Drilling
o _ S Vepem g ritling
26l L RS LS AR A o
~ W25 ; . ] ' Water
- o . 20,5 to 24,5 ]
25 | _ - . _
6 S
30 B43 ISR SN B SR - —
i 7 GW| More sand and: silt; ;
GM f a_f A .
[ l.7,2_ _.Darnlzihgl,lgew,grmtiex. \ R _
[ 351 - e _
Sllghtly 1ess 5111; very: ‘dark greylsh
8 GW
IV brown.__w e e _
50| — : _ w _
9 t
B ’ ST Hard Drilling @ |
45 47 Ft
10 GP Less sand, dark ollve grey.
50

Boring No.HD83" Sheet 1 of
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M A N ET D A SOI L BORI NG LOG Sheet 2 of 3
A‘J i @E g@ WATANA DEVELOPMENT Date 3/27/83
SUSITNA JOINT VENTURE

Boring No HD83-35 (River G8) Angle {from Horizontatj__ 90° Ground Elevation 1458.4
Feature _Seismic Line E5-D Bearing Rock Elevation 1406.9

Coordinates: N __322/8804 . 8  Date Started 3/7/83 Total Depth 71.5
E 143456.5 Date Compieted 3/8/83 Ground-Water Elevation___

Logged by __NBH. JEB RLJ;WMB/LEM; DAF

=
. Q
- S g - 2
=8 §Esa=§g=:eg . g
- | o apP| e W e | Em
. m 3 _——f 0 o] . L as =]
oS 3|Es|a clca| &9 Soil Description g Remarks
ao|l20iss Tl |l a 8-
= | = wE|Eci5s(38g 2
| = B W - o < -—
- (5] o o @
30 £
b hp arspacrisl SiET
{ . : ]
[, i - :
- s - - T % i H
ol - s L iy ? ' |
. B i N .
L ; E
A P b !
i f 1 - T e ™
70 ]
, . i i ; I
- - 3 i 5 '
- e i i i
i H ! 3
H H N T T T T
N e ;
i ‘ :
_ : 1 ! ‘ : ]
i | f - :
i : : H ! i e
g ( : ' e e
i :
! ! ] ; o T T
: H H H v
i ! : H
i P : i
: :
: ? .
; : :
- i
i 7 E e e e © e e
: : ;
: ‘
I W S ; : . e —]
; :
;
L Y ] S U U . ]

Boring No.HD§§‘ Sheet __2 ol _3.




fous.

SUSITNA JOINT VENTURE

Boring No

Hp83-35 {(River G8)

Feature Seigmiec Ting ES=D Bearing

Coordinates: N _3296904 8  Date Started
E 143456.5

Core Sizes _NX

Angte (from Horizontal)

Date Completed
Total Depth

GEOLOGIC LOG

WATANA DEVELOPMENT

90°

1/7/83

3/8/83

71.5

Ground Elevation
Rock Elevation

Sheet 3 of _3
Date__3/27/83

1458 .4
1406.9

Overburden Thickness 49,0

Ground-Water Elevation

Logged by _NBH,.JFR,RI.J,WMB/LEM
DAFE

_ Graphic Log el 2l s E
= = & 3
£ 35| 5¢ TEIEE:
2 % % "c.;’ g9 Classification and Physical Description gl |z E Remarks
A AR AN 55|82
6912 @) c
: 1 e ey e _.f_ PR 5 -
.t | TOD of Rock 51 5Ft.:; U L ;
’ ST T ; P 1. s
-32, 3457 M J B ;52. 5{—71 S““D]_O]’.Elte Itegray med. = | Start coring @ 52.5
55 %83 ?; ,ffﬁ . grained sllghtly 1y weath/dlt Core 1oss ‘prob. @Top
4 5° f ,;,,.aJ_terat:Lan o Plagia to Ka . D
802 . : ' -
60° ; Inte sel modt frac
—-—-w;,»mul}-so 4 At e - o] v o e e ! e
&Q g%f
502 }_l<_ =2 T
—
307 S o
5° i i :
| es 0| I ]
’ 0° by o ! o | Ta)
go'ﬂ 4’ : i - i . iy
152 7 : ! _ - i - oy e ]
jEH/g S | I e
' ° | f é
_70.[gge 2‘ ; N — QL ]
71 94501/ S S o ; : : - o~
“T.D.. = 70.5 FT §
: ! : : 7.'?,

Boring No. HD83—Shest _ 3 of_3




SOIL BORING LOG Sheet.Lof.gm_
Date 3/27/83

- susnmm.MMNTVENTURE WATANA DEVELOPMENT

Boring No . HD83-36 (River G-9) Angle ({from Horizontal) 90° Ground Elevation 1456.8
Feature _Seismic Line ES-C Bearing e Rock Elevation 1432.8
T Coordinates: N _3226826.6 Date Started 3/8/83 Total Depth 43.6
E 743569.8 Date Completed 3/8/83 Ground-Water Elevation——=

Logged by __ WMB,RL.J,NBH, JFB/LEM,DAF

7 [3
: T S
- [=] c = k] =
8 g"":' 2% = § S-SR £
2% |m o | 58| Eo ; .
IR R R ] Soil Description g Remarks
. aR| 2O SEIES| 355|885 5
i | i
) 2.5 Ice | e 5»5@ —-HAM .
] b 1310 \Watex. N P . P
i B R - - : - L} 4 N ! - ‘
5 ' 'Sandv GRAVEL with” éobblMsﬂ . — : N

GW ’damp, dark ‘olive SEF-‘-Ys Subrounded, to ‘ ORI e
1 GM | 'subangular, f:Lne to coarse. | - ' E : :

3 - 'lz‘:’- GP VS’]_.igght’ly :inﬁofe clayey s:th 11v e ,
o 2 G ) RORE Wa% @ %E T ;
_saturated. : ———
: 5 S S Z — e —
3 - 3 Mofé sand_ i i : o :
i 20 .w;w - RS SERER NN R RN R e ]
g i T i H : ; .
20_ 4 Less sand.. | . ! i : . _ _
I __TOP OF 'ROCK 24 0 FT Refusal
25 i . R H — 3 } ]
Co

Boring No.ﬂD&%,g, Sheet ...} of _2
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GEOLOGIC LOG

Sheet_2 __of 2

i Date__3/27/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No __ HD83- 36 (River G9) Angle {from Horizontal) 90° Ground Elevation 1456.8
Feature _____ Seigmic line ES-C  Bearing R Rock Elevation 1432 .8
Coordinates: N _3226826.6 ~~~ Date Started 3/8/83 Overburden Thickness 21.0
€ __7435A9.8 Date Completed 3/8./83 Ground-Water Elevation. ===
Core Sizes WX Total Depth 43,6 Logged by -
= Graphic Log E <l 5 é
o 213
€218 5| 22 . e beseriot HEIEE
o> | 518 89 Classification and Physical Description slx| Z| E Remarks
PElE|E| & AR
FlE P |30 oo m| 2
B 1 L B el S TES S - ; H ;
S S AR IR TR SRt i
e e { o ; T
_ é ! m— e L
Top of Rock 24, 0 Ft. : : :
24 po° 2= .. 24=34 Diorite med gray, Med Xyln. _ Start Coring 24.0 |
30°| — "Massive Plagio Hornblende, some bio
70° .-,d/é qtz. Modt=-slightly fract. w/loeal Drill water lt.
T }go Zoies ofi ¢losely fract rock, max & Terey i 7
75°| 7. - 1.5', min 0.1, mostly ,0' 5-0.8. Hard B~
|30 ° | ____strong., fresh,. unweath. exvept For =3} R 3 -
: light Fe stam Jt surfaces. : =
 lege 7 " R < )
il i
___3_5_380 Al 3 34-43 6 Diorite as above s/sl—modt. o
283 £ “altered zone 35-387, Some evidence of
0° modt-slightly fract W/ local 1ntervr— grinding.
- ~~~[80° )/Z ~ T als of closely facty ~Max i \0 s SRR
. min 0.1%, mostly Q.3-0.8. Hard =
40 4301 o .....StTONg W/modt. hardimodt strong-alt JMO o~ - —
10 ' zone. Fresh, unweatﬁ except for It. >
Fe stam on _']t surfaces. Jt ‘surface
%3.6 ) “rough. T Corem T m
' . ”TwIl,=_436Ft e e

Boring No. _HD83-Sheet _ 2 ___of _ 2
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B8

SUSITNA JOINT VENTURE

ASC0

Boring No _HD83-37 (River G2)

SOIL BORING LOG

WATANA DEVELOPMENT

Angle (from Horizontal) a0°

Feature

Seismic Line ES-F

Bearing

Coordinates: N _322698 Date Started

£ 745913.9

3/8/83
3/9/83

Date Completed

Logged by NBH, JFB, WMB, RLI/T.EM, DAF

Ground Elevation
Rock Elevation
Total Depth

Sheet

Date  3/27/83 727783

1462.5
1309.0

155.0

Ground-Water Elevation

[=
. . . 2
=5|8z]es|28|52| =8 s
=== ol £
§§ :;é EE "3: {;E :33 %fﬂr Soil Description g Remarks
EA ER R HEHE
1 0 IC e e ‘ i i - e 'f H io- ! .' : %;
-, ,L A
GW WSan y_GE XVFL WITH- COBBLES,—J-E'LSS——than——- S = AN O
1 C5%° ?1lt,*m01st .datk” olive grey,. ¢~ HAM,. :
.:ougdei to: subangular > fme to coarse. Hafr 4 drilllng at ]
T T T T T T T i -Hard-ardliing-
2 SRR D D P R ;4 Fr.
3 GP | Slightly|moreisilel - | - | it
GM . B ! - — ; . - - . 7 f ]
‘ wore gravel | |
- '__“5' R ! : E Lo
GRAVEL WI’I'H CE)BBLES 20-254 medlum ' T UESETED T
GW |. .
to coarse. sand 1ess than 5%.silt,
5 TmOLE, datk oTIve grey . sub‘l:ound'ed" T ]
'flne to. coarse. { S _
T | paEE
6 cw | Sa tu rat ed . ; POATII 45
, T J B - ]
A T L T
B R Wéterméi.O—BZt.Om o
7 - ' ; L . -
%
8 P e e B -
9 oW ———— S e - . =
e e e e e e ettt o e e e o . _ ez
Less medlum sand.
10 GW RSP PN b v e e it e e e N pu—

Boring No.HDB 3. Sheet __1 of ___ 5__
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Boring No

Feature
Coordinates: N _3226983.9

=

0\ 7
L £

%&aﬂgﬁﬁﬁﬁggﬂgﬂp

SUSITNA JOINT VENTURE

HD83-37 {(River G7)

SOIL BORING LOG

WATANA DEVELOPMENT

90°

Seismic Line ES-F

Angle (from Horizontal)
Bearing

Date Started 3/8/83

Total Depth

Ground Elevation
Rock Elevation

Sheet 2 of __5
Date 3/27/83

1462.5
1309.8

155.0 ft.

£ 745913.9 Date Completed 3/9/83 Ground-Water Elevation -
Logged by NBH, JEB, WMB, RLJI/LEM, DAF
I =
— S . - -_9_;
PR EHEHE g
- f e o ] - o
e8| 3 - |9<| 23| g8 Soil Description g Remarks
|20 EZ|B2joo| - 5
| e sea|28|-2lC £
~ (5] m « I
£
. - ;_ }x H : !
""" g : :
11 - ~ i T T
55 e — - Z - : g . 5 : ]
- . i
I — 19 e e e ]

650

13

14

15

16

17

18

19

GP
GM

GP

GM

GW

[ ;
i f
H { 3 H

i

Loese- formation -jeasily" penetrated. h

! i !
! i
; |

Water 87.0 - 88.0
'GRAVEL WITH COBBLES, 15-20% coarse
__sand. Less than 5% silt, wet, very .

dark.grey, -subrounded to subangular,
‘fine to.coarse. . : :

GW | -Olive grey.
CEN N I I | |
Slightly more clayey silt. .| |
e
3 E E i !
co4tc oL sio o ‘Water 70.0 -174,0(Ft.
Less-gravel.; - ; = | A
j : é - RU— e e e o
Moie grévei,iolivé;

Ft.

Mﬁé.‘sy' d]w:":'L'lling' at |
80 - 88 ft.

Boring No. HD83— Sheet _ 2
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L S T WATANA DEVELOPMENT
SUSITNA JOINT VENTURE

Boring No _HD83-37 (River G7) Angle (from Horizontal) 90°

SOIL BORING LOG

Feature Seismic Line ES-F Bearing

Coordinates: N __3226983,9 Date Started 3/8/83

E__745913.9 Date Gompleted ___3/9/83

Logged by NBH,-JEB,—WMB, RLJ/LEM, DAF

Ground Elevation

1,462.5

Rock Elevation 13090

Total Depth

155.0

Ground-Water Elevation

Length
Recovered

_g_: Soil Description

Depth
(Elevation)
Rig Blow
Count
Sample
Interval
Sample No.
and Type
Blow Count
per 0.5 ft.
Graphic

{Instrumentation

Remarks

150

- =T @
3 B botied Sl iR r T
- EREOT S N . )
105} - - More medium-sand. | . l0iT T
1 20 s S B ey i """ :
110 - aharh TS R RER FR LA REay
‘ - “COBBLE @ 111.0:Ftnin o ojo- i 0y
GW Rl ST A S R S P S -
- 21 | Less meditim sand, = = - E . -
115 i ] S S
- @ - : ]
120}" 22 B e R R ‘ o o
o R '!Wate_.p @ 121.0 Ft E
koo ! ' JEERE SR
125 ? Lol e e
23 R SO PO E R : ; I - =
E i B ‘_ U
P More silty clay, saturated 3 0. i
= —-Bark—~grey—~— : : S e
Gc 1
E AR N Water' @ 135.0 Ft. T
GW Slightly less: 'si'lty cj.agv and: sandi. _ |
COBBLES AND BOULDERS.
w0 ‘ Refusal
145 o . _ Started coring at |
T 143.5 ft.

Boring NoD8 3~ Sheet__3
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HARZA

SUSITNA JOINT VENTURE

Boring No __HD83-37 (G2)

GEOLOGIC LOG

WATANA DEVELOPMENT

Angle (from Horizontal) Q0 °

Feature

Seismic Line ES=F

Bearing

Coordinates: N __3226983 .9

Date Started 3/ 3 /83

E 475913.9

Date Completed __3/9/83

Core Sizes _Nw
rt

Total Depth 155 .0

Ground Elevation
Rock Elevation
Qverburden Thickness

Ground-Water Elevation

Logged by NBH, JFB, WMB, RLJ[LEM

Sheet_4_ of._—r’_

Date 3 [_2_‘7_,L8.3_

1462 .5
1309.0

Graphic Log ol o] = | &
5 o E 22| 3
[ —
S| 3] 8| 54 slg| E| 3
i % o) @9 Classification and Physical Descripticn gl Z E Remarks
[ O @ = 2 i Y I x| 3
A w - =3 [T [: 1 3 =
1 — b [ ol o 2 ]
: =4 36912 @ e
' | B R e A i
. E— : u é — .
N il B ; :
- ARy O e s e o g
‘ s o I
- . R :
) N S— p—— & B —" s
- U i : . :
,,,,,,,, _ S S R i H H
i - s — — : . :
- i : e i H H
: DN L
: i i - L
i ! i i ;
C - [ i ) i i
: : : SRS : .
i b : i H e e i ko tne s e+ A v - erene e i
: j | ; ! e
. 3 i I 4 . ‘
f; N N I P o T
§ G : ; ]
z : S é :
T EZEE R IR
: ] - LT
| EENEERE kT
i :
| :
- 140 SR bzl - ]
51&3 5 . ' e Start Core 143.5
__ e e BGUT e s, Cubblies & GFavel . . . - -
: U 1.1' @ heterolithologic. . .
| p to a 008 100% Hy0 Loss 146.5
N R e ~T55.00° 7 =
150

Boring No. _pg83.-Sheet _
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GEOLOGIC LOG Sheet _5__of.5 .
_3/27/83
WATANA DEVELOPMENT Date
Boring No _HD83=37 (G=2)  Angle (from Horizontal) 90° Ground Elevation 1462 .5
Feature __ Gaigmie Tipna EE-F . Bearing et Rock Elevation 1309.0
. Coordinates: N 3226083 9  Date Started 3/8/83 QOverburden Thickness -
w E...475913.9 Date Completed 3/9/83 Ground-Water Elevation____—=—=—
Core Sizes _N&X Total Depth 155.0 Logged by J/LEM,
fae AR
Graphic Log ol o = g
= =] @ Q| =
o | | @ e Bl a2 2
22| 8| 2| 29 e g|E|§
o g E -g § ] s Classification and Physical Description glxz| 2 g Remarks
H -— = b -
L 151 2| @ [2ssn Jlo|lal?
o . Lol L AT luvive (as a.bove..)‘:.';'t’t LTET I T
s — . i W Aoy o= ;]"nﬂ; SE R k154, :'3" do i ; ! -
qer ﬁ‘%o ﬁ.ﬁ;‘:" S ‘nr1+&fIEsh, hard stg s. closel:
s s I R IR i B _ : SRR E .
. - . s B S - . Y S H
- B S : DU A N B :
I N R T
" : . .
: :
AR ARSI R A SR RPN | N A oL
B e ‘ : i R I u; C T
R SRR ; ! B
3 i B
Joo o [ e — e e
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SOIL BORING LOG

Sheet ,...!-...__ of_2

P TR [t [5))F Date 3/27/83
WATANA DEVELOPMENT —
SUSITNA JOINT VENTURE
Boring No HD83-38 (River G1) Angle (from Harizontal) 90° Ground Elevation 1,462.7
Feature _ Seismic Line ES-F Bearing -—-= Rock Elevation 1,368.2 (Refus:
Coordinates: N _3227099.9 Date Started 3/9/83 Total Depth 94.5
E__746148.4 Date Completed 3/9/83 Ground-Water Elevation

Logged by __NBH, JFB/LEM
=1
Bl lesiZelSs| .3, g
Es|2e|=a > Q=5 E s
§§ ;é EE 'g.: :f E’% E—E’ Soil Description g Remarks
alEg°|sE| 868|385 2
= A% = B
i e b . R E— H . 1 E H = - f B B
P ; A AR 5%% - HAM,CI
2.3 Ice! 5 S S
R ) GP | .Sandy GRAVEL [with COBBLE 5 12/9,!5111:, AR R
e . GM | maist, dark olive grey; rounied__tp_su’t— [ i
LT l50. _.rounded, fine -to coarse., . ; : Hard Dzilling
| SELEEEE i L 3-12 Fe.
, COBBLES {3.0.= I2.0 Ft.| =~ | {
-10 ' i 2 S
b o o, o E . 1
: - ] i i 3 . o]
P . g H : Y0 1 !
_ . —— — + B iy
ST S TOE RS N PR R
, 4 More gravel.|. ' | =~ | |
0 | anar ! ? i R
T T
5 GW | l.esfs.fine sand, weff:.i i { ‘
| 25 N : : : - e e —
E : ; i !
6 ; ; %
30‘ ; g : : B ) ]
‘ ’ : RN
7 % More fine sand and 511t, mo:.st o
U S— M"muery._dark.gne,ylsh_hnomw B —— -
| 35] e S —
e S “ .
%0 STItY, gfavelly SAND/ Sandy
R " GRAVEL, moist, very dark greyish ]
_ l41 9 sM| brown, subrounded: coarse gravel,
s S S 1newt0-coarse*- -oeecas 1onal~ ecobble- —
| 45 T ~ I . ]
10
50

Boring No.HD83—
R
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B RIN Sheet___ <  of
Episep SO'L BORING LOG s

bate__3/27/83

SUSITNA JOINT VENTURE WATANA. DEVELOPMENT

Boring No HD83-38 (River G1) Angle (from Horizontal) 90° Ground Elevation 1,462.7
Feature . Seismic Line ES-F Bearing I Rock Elevation __1,368,2
Coordinates: N 3227099.9 Date Started 3/9/83 Total Depth 34.5
E__746148.4 Date Completed 3/9/83 Ground-Water Elevation
Logged by
5
c5|2z|es|28]52| 8| k-
- g | == [:+] o =
gg gé gE E: :f %é gg Soil Description £ Remarks
gl |@®S|g§|28|-42|0C 3
- /] m o @
_ s 11 oM Sllghtly less sand, more sile, | | : _
___da_‘r:.k,.gr_e,}nishn 'h‘r‘nn‘m > ; : - et e
i . T DR T
R - SO ;__T _— ff : m .z ’,',': i T g TRy z s
.5. . A SR R T T I T e—
L 12 . Less “sand” and| silt. - D Hard Drllllng @
36 SRR RN R l 56 Fe. |
60 : ._ ” ."' - . - I f ]
GP | Tl - oTiEoocheoh o
. 13 ol SURUR BIC AR S B

- Saturated: -

| 65] L S ey 6705 Fel,

S ; e ! S DU B

£ H B
. N _ B , - . |
. L P L . H
14 { S i : o ; .
_. - P L : )

. :
i . ; ; :
!
;

Out of water

70| . o ]
' 15 GP | GRAVEL WLTH COBBLES, 20-25% Coarse
GM .Msan_d.,_trache_ﬂine_to_medmm,_j_u/ e S S
‘ silt, saturated, olive, rounded to
1 75 ' subangul‘ar, f:l.ne‘ to coarse., : B ) i
¥ 59 Less silit, moist. =~
16 S
80 IR S NN S S . -
TR
GW | More gfakrel =c}.ark olive grey, :
85 I S _

—— — — e e e .Hard Drilling @ _|

| ! % D ' 87-89 Ft.

20 B i ] —
G More gravel ‘and silt.
GM : .

95— —— IO OF.ROCK 84,3 Rt. | | Refusal —
Core barrel
won't go below

- T T T T ‘56. Ft. “1-

100 '

Boring No. HD83-gheet 2 of 2
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" %mﬂglg@@ SOI L BORING LOG Sheet of 3
Ul N ' Date_ 3/28/83
o SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No IZIDB?—39 : (River G4)  angle (from Horizontal) 90° Ground Elevation 1462 .2
Feature _Seismic Line ES-I Bearing S Rock Elevation 1309.7
Coordinates: N 4 Date Started 3/10/83 Total Depth 168.0 Ft.
E__ 746828,3 Date Completed 3/10/83 Ground-Water Elevation —
Logged by WMB,RI.J REH JFB/LEM,NBH
[
¥ Sol|E. b -] 2
S FHEEH P HEE :
Bmi@3 2o el 5D . . @
22| 28 Eglag 22| 58|83 Soil Description £ Ramarks
ni ZY|0E E = 55 3§ & %
B R S RS EETE B RN RS RN SE
5.0/ Tee * a : ? ]
- 00 W L. — I . - [
- oo ) - " Sandy GRAVEL WITH GOBBLES, -~ | - . !
: - L 5-12%. 5111: d p_,_dark_ollveh_g:\:e,y:,_.;__ _ ‘s = 2__7_4 e ]
. N : * ;2;‘2&':2 Ezaigtzéng#lér, : ‘?. S . Hard driv:mg at §
' e 1} [-Et.,-boulder- (%)
- . §so 2 e E‘. Rt Sl Sl R R E T to 7Ft, moved
& Rl R IR RS I IRt B R hale, redrill
I : IR NI
3 GP | Subroundad to subangular i |
4 cM ; :
. i {
. 0 - * ! : e e ]
) T . - ! : )
. il so 4 o - - :
. | : R | T
S | z
: 25 : !
i 50 5 GP |-Saturated. - - : ]
eM [ ooty
= [ i S i ;
300 i : R ; e e e et —
o PR N .. B [
i >0 . I . Water'@ 33.0 Ft| .
w- 35 : . : : . . . ~ ]
1 Sandy GRAVEL WITH COBBLES, less
6 than 5% &ilt,, saturated, olive
"y "*’[3'5' T grey, subrounded. £G. subanguJ_ar, """""" - - T
L f:me to ¢oarse.. / i
i | 401 . o . e - o
_— f : L S Y
*‘g 7 GW - C S
7 i s SRt B -
45 ‘
., B - e _— —]
E ]
] 50
A




SOIL BORING LOG

Sheet__2 _of

WA DA B _
HARZA QE"@ @@ WATANA DEVELOPMENT Date_ 3/28/83
SUSITNA JOINT VENTURE
Boring No _HD83-39 (River G=4) Angle (from Horizontai) 90° Ground Elevation__ 1462, 2
Feature Seismic Line ES-T Bearing o Rock Elevation 1309
Coordinates: N 3227400.0 Date Started 3/10/83 Total Depth 168 Q0 Ft.
E 746828.3 Date Completed 3/10/83 Ground-Water Elevation ===

Logged by WMB,RLJ,REH, JEB/LEM,NBH

- :
.:E EE 2:3_; §‘§ .='§ s §
==im @ INEe| B =
g‘g ;é E.'.; ‘;f E’g 3? Soii Description g Remarks
e R "'ag o =
N E R EEE D B R :
_l95 ] P ; _; P I S
| GRAVEL WITH COBBLES, . . . |
©'20-25% wediud to .c'.oarsa sand, - |-
5 12/ silty- satura.ted dark ollve _
9 % grery—,- subroun‘ded to subiangular, 5
£ ‘nnﬂ_v-
-'uJ-LI.‘: I_U UUGL a‘._-. 5 e T - =
10 - B S [ .
, i ]
11 N : i
GP | Moze fine sand. : :
] ; i : o B
| 12 A R P |
i - i { : : R .
’ L | Hard Drilling |
| _ z o 73-75 Ft.
i : j - : o { : ) )
13 oM Silty, gravelly SAND, saturated
: olive grey, fine to coadrse, : sub-
angular £6 subrounded gravel. o T T T
14 ! i o _ T
j 15 sp | More sand, less silt. T
SM P, . — } U
16 T T ]

Boring No._HD83~Sheet __ 2 of _ 3




SUSITNA JOINT VENTURE

Boring No __HD83-39

SOIL BORING LOG

WATANA

Feature _Seismic Line ES-TI

Bearing

Coordinates: N _3227400,0

Angle (from Horizontal)

DEVELOPMENT

90°

Date Started

3/10/83

E__746828.3

Date Completed

3/10/83

Logged by WMB,RLJ, REH, JER/LEM,NBH

Sheet_3 _ of
Date 3/28/83

Ground Elevation — 1462, 2

Rock Elevation
Total Depth

1309.7

168.0 Fr..

Ground-Water Elevation "

s8 221 3%l=g| e S
== Be|E
&S ':g.f; Os| 23|58 Soil Description g Remarks
o EE|ZEsj@o| L ]
w as| 28I 2@ =
100 b £
L cp | Senidy GRAVEL, [5-12% sild, moist, s SR
L 17 T very, dark grey, rotmded ko sub~ - - o
C rounded, [Eine [to- coarse,r occasmnal , 7
cebble_‘. N A = . : - ; - B ;
- 18 - - - i ;
- e f i o
N 19 17 NS IR I ot Ml B N YRS I
B GM 'We;t. R I R SRR - 5 - ; : .
S Sl el S M R
[ 11s| : : RS SRS W —
) GP i 1 coo 1o
| 20 =l Darki grey.. SERE ‘ X
A (RS ,, ; S
1 o
21 h: : . i 3
21 MoreL gravel aud‘ cobbles, ' ’
’ damp - D T
. : ﬁ [ 7
P a !
' GW | Less sand,. ;
125 22 GM -Halst.. : : g o =
T
130 ! ' 5 . _ - i
; P !
23 T
135 Less cobbles.. : o ]
24 GP | More sand. MR
_ GM S j —— - -
| 140 _ _ — —-
. 25 Saturated. ]
| 145) . — B - ]
26 GW
- _. o |More gravel. . L -

Boring No.HD83~ sheet 3 of 2




HARZA-EBASEO

SUSITNA JOINT VENTURE

Boring No HD83"39 (G—‘l‘l-)
Feature ___Seismic Line ES-T  Bearing

SOIL BORING LOG

WATANA DEVELOPMENT

Angle {from Horizontal) 90°

Ground Elevation

4 of 2
3/28/83

Date -~ —-f "~

Sheet

1462.2

Rock Elevation

1309.6

Coordinates: N ___3227400.0 ____ Date Started

3/10/83

1/68.0 £+t

Date Completed _3/10/83

Ground-Water Elevation

Logged by WMR,RT.I, REH, IFR/LEM, NBH

Depth
o(Elevation)
Rig Blow
Count
Sample
interval
Sample No.
and Type
Blow Count
per 0.5 ft.
Length
Reacovered
Graphic

[
w

Seil Description

Instrumentation

Remarks

Very hard drill=
ing.

[P PIUN BUSH R

TV O S

o e e < e 2o PR S —

i s e s i c—

T e e el

i H
:
H :
- I
il d :
i 1
- H
- §
I i
: ;
H i
3
i H
: :
H H
b P
i ;
H i
H i
H H
! i
- ;
é H
H ‘4 i
H . i
L
- . :
i H i
i i : :
<: AR
i E I3 +
i c H i
: i H !
f -k i H
b : H :
j é i :
i i
: i ! '
i 4 i
.
i :
; H
3
H i
i
; 7
i !
: H
H j '
‘ i i
; ;
: | H
i i
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78-EBASED GEOLOGIC LOG

WATANA DEVELQPMENT

SUSJ'TNA JOINT VENTURE

Sheet - 5

of 5.

Date_3/28/83

Boring No _ HD83-39 (G4) Angle (from Horizontal) 90° Ground Elevation 1462.2
Feature _ Seijsmic JLine ES-T  Bearing - Rock Elevation 1309.6
Coordinates: N 3227400.0 Date Started 3/10/83 Overburden Thickness 147.0
E 746828 3 Date Completed _3/10/83 Ground-Water Elevation
Core Sizes _NX Total Depth 168.0 ft. Logged by _WMB _RLJ REH JFB/LEM_
BT '
= Graphic Log % e _§ ,-5_,
L -]
%_-.9.. & § 3o g & E| %
o3 % ° 9 Classification and Physical Description ol =z E Remarks
S2£] 2| £ AR
Tl E] P 36812 olo|lno| g
b T oy o Rock] 152001 Fe.l . | L - |
10: f SRR b 'f“'1155%‘“5‘[15}71“]3210131‘5‘?1 SEEgTays Tﬂ,@ﬁ ,Starﬁ Corlng 152 5
15589, ..ﬂ: et Zylme sl We&thereid_‘/:altered 3
390 < Cliosely fract Max 07 35 mln. N > “Brkg’”alongﬁrertﬁjt‘g“
) 80:2}:/ . 0 0,05 mostly 0.2 O 4%, fresh to sl. oot
I %80 f]_- i welathered, Hd. strg, unstained. _5
% 83 —~ 7 157=159,2 Altered Diomite lit gray..
16050 '( 1 " intensely=closely fract.. .0.05-0.2
- 20: — T modE” hd, modt’ strg to- Weakﬁ&ff‘r,iab‘ -
T Mueh C unstained. @ T o ! -
- B2 4z : 15502 TIERBQ Diorite as abovie y
%0 : ) close.i.y—mte.nsety f¥acE U...OS-Q 3 ~ i T
o .| 1. Hard, strg,. exce.pt where_moraw. . >
l§;5i§8: Z< Cooop oo s weath w/CaC03 & clay on jts. — ST S
o 480 R R N 1168 Diorite. Med gray,. med.. '
16850° | 2 oo KE'I Efregh tio 5t .Hgat erﬁd: Sl.‘-.. :
— R e T = TGS 0 bt. — :
) 3 | T T T
— e e TS T
Rarinn Mo HD83— Ghaat & af K



o ~ - . \ 1 1
Tim (55 ¥, '@F.‘ i PR SO!L BORING LOG Sheet___ =~ _of___~
HJ I EE’@S{@ Date _ 3/28/83_ 83_
SUSITNA JOINT VENTURE WATANA DEVELOFMENT
Boring No H]?83‘_40 (‘River G-3) Angle (from Horizontal) 90° Ground Elevation 1,470.6
Feature _ Seismic Line ES-G/H Bearing ——— Rock Elevation ——=
Coordinates: N 3228285.5 Date Started 3/11/83 Total Depth 38.0 Ft.
E_747386,5 Date Completed 3/11/83 Ground-Water Elevation————
togged by _RI.I,MPR/1.EM
e = i @ €= o b=
sS|2z|23(%22|35 =8]8 2
22|93 EE 2=103 232 'é-g’ Soil Deseription g Remarks
Q| BO(SE|EE|E{®O| 2 S
| W=lam|l 2_ -0l g -
= 7] o = @
L Froig é R S5%@ - HAM,CI
2l L e _Hit boulder at
i 2 .Ft. moved hole]
- B Sandy GRAVEL 5 12/ sllt "damp al redr:.ll (
1 pr ive g1 gy, vEry dense subrounded_-....._ : ]
toi ‘subangular)’ fing to{ coarse, Pipe cecked at
: ‘.occasa.onal cobble.m_ b 8iand 38 Ft
Pl R R S moved back three
; i f Sy g ‘ t:Lme redrlll
GW ; - :
2 vyt ! ! j ! :
GM ; ] 5 TR --Cobble -to--boukdet
8 ' b ' ~surface layer at
: P ; Water @ 15 0 Fil _2<3 Ft. on_gravel
Sandy. GRAVEL| WITH, COBBLES, ‘less than bar.
3 5% dense, saturated -dark grey, - B
: subrounded to subangular -fine-to ]
-coarse.. - g _ ; g §
i i ! : : — - —
SN ) O S CE
4 __Yery_d_ense. ' 5 : e n
) ]
GW Dense. S
5 - i ? o -
30| SR S e _
i f Py i m 1
|140 6 oW ; i X :E: ) ‘n 2 mf.
TN 5 = 12% ‘s:th very dense.

35--'-]'--‘11 S v - Pipe cocked agadsm
@ 38.0 Ft. Bit
| o e _ broken, casing
T.D. = 38.0 Ft. bent.
| 40| |- o S |
| 451 ] B} S B ]
50
Boring NoHD83 Sheet 1 of 1
40



SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet__ 1 of 4 ~
Date 3 [28/83

-]
Boring No __HD83-41 Angle (from Horizonial) 45 Ground Elevation 1,471.9
Feature I11/S Cofferdam Bearing 098° Rock Elevation 1,413.2
Coordinates: N _3227786.1 = == Date Started 3/12/83 Total Depth 104.5 Ft.
E__747464.0 Date Completed ___3/12/83 Ground-Water Elevation === =,
Logged by _RLJ,MPB,REH, JFR/LEM,NBH'
=
cblBz|os(28| 35|80 g
aEims|(22|e2|ow|BEl S . N 3
a2l g|E8|l=a -3 Soil Description g Remarks
o2/ 20(8E|eB| 2|80 g S
g1E T g a8 & g
_. . ES . 4L Ll - 3 - - 5 "H.AM CI
2.0 Tpp -t - SRS R f-HaM,
- - Silty, g avelly SAND witrh' COBBLES), - -
[ meist; olive. arown, 304 el sandl T
llttle,medlum to: coarse sand}- sub— -
-;roundedﬂtoﬂsubangulap_coarsemgraueL“- e e e - ]

sM

§
- ' i . i i
i ; 1 .

N R

N R R
. H !

i
i
i
- ;... -
T
|
i
a

[ P
JUSSUERSRIN MU, -
L

GP
GM

SP
SM

GP
GM

SM

Sandy GRAVEL WITH COBBLES .5+ 12/ silt,
lfvery dense, damp, dark. greylsh brown,

subrounded- to,subangular, fine to
- 3
rcoarse, occa51onal boulder..; I

Z A B ;

i

Grave.lly SAND 5-—12% s:th very dense,
moist, ollve grey; | fine to coarse;

msu»bfound edwwc oar seigrave% ;-occasional-
cobble aud boulder. i i

e Sa.ltyﬁ——f 1ne——SAND~layer~-3 15 =34~ “0-"Ft*

H,Moxe‘gra\tel'_wf T o —

“Legggravel.
- 3 i -

+

More silt.

Boring No. AD83. Sheet __1




SUSITNA JOINT VENTURE

m
L&%
&)
&
®

SOIL BORING LOG

WATANA DEVELOPMENT

=]
Boring No HD83-41 Angle {from Horizontal) 45 Ground Elevation
Feature __U/S Cofferdam Bearing Rock Elevation

Coordinates: N _2227786.1 . Date Started _3/11/83

E 1474640

Total Depth

Date Completed _3/12/83

Logged by _.BL.J‘_,MRB_,RER,_.IEBILEM,NBH

Sheet

Date -7 =-7-~ _ " 28’ 83

1471.9

1413.2

104,5 Ft.

Ground-Water Elevation

=
;| = i)
£8i3¢ 28/5¢|:8|e g
§21%3 g: (;0' g3 g-§' Soil Description 2 Remarks
“g|E° CHESIRR K 2
= o o « g
30 £
Sandy GRAVEL WITH COBBLES, 5-12%. Sllt,
10 very denge, damp: dark olive. grey, fine _ o
€4 coarse, rounded to sgbround"f"d } T T
- occas:.onal boulder R ‘o P
11 GM ;, - — . H x i . o = -
R ol ! T
12 _% : Boulder 62“ - 631.0’ Fe.o | |
Grayellyi SAND], 5-I2% silt, dense,
SW | damp,. olive,. f:Lne to. coarse, occag_n.gnﬁg]_ S |
SM | -cobble: and boulder.
. % .
- . ; : : o
14 GM | Slightly!more! gravel and silt, olive Gg.= 2.68 -
: " brown, rounded to- subrounded! gravel.
- : - ; SR - —
15 ""S;aturateéii". S _— - -~
REEEE ?
e A P O ROCK AT O P ~
B85 - e e —
| 901 [ . I 3 S e ]
] S e _—
100
Boring NoEDE?" Sheet 2 of 4
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QE.@S@@ GEOLOGIC LOG Sheet 3__ of _4&
LIRS g /28/83
WATANA DEVELOPMENT Date_3/28/8
SUSITNA JOINT VENTURE
Boring No _HD83-41 Angle {from Horizontal) 45° Ground Elevation 14719
Feature Bearing Qg8°® Rock Elevation 1413.2
Coordinates: N __3227786..] Date Started 3/11/83 Overburden Thickness 57.3 (vert)
E 147464, 0 Date Completed __3/12 /83 Ground-Water Elevation_~"_
Core Sizes __NX Total Depth 104.5 £+ Logged by B,REH,JFB/LEM, NE
- Graphic Log 2l 2| 5 é
sSiz| 2| §, gl 8 HE:
- =1 - -
§'§ 2 3| 83 Classification and Physical Description GlE| 2 E Remarks
LS| 5| & x| x| E
TS| P ez Slo|d £
S f ; . S A M
R - - : * S NPV - A i
I . T .
B SR CREN BRRNE AR 3 e s o
..... _ e ; {
4| LT
e f i
NEEE
Y _ g i ; . % : ¢ : '
T _Top: af- Rock 8.0 Fr .. _
' 9 - — g ‘Coring 84.5 —
ggc-—" i ; 84 ,5-88" Altered Diorite lt gray, med Start Coring 3
gg - §-¢ . grained, §l-modt altered, modt fract
70‘/ CECyy Hax IT0; EIE 0 3 Ha T SEEE, TUnst, S -
zg:? Py fr’esh’ sl Weath Ca003 _';t flll:r.ng& 1 r~
90| ¥Rd /bl N
- 1 5 =
B0 O'Z; CaCQy 88— 96 2 D;Lor:l.te Med gray, ned Xyln. o
%8: Y Fe " Plagio, Hornb BlO w/some qtz, frsh.
- - s s — -
601 Z Modt. fract. Max 1. 6, min '0.05 =
95 98 - " mostly 0.4-0.8 except closely fract.
um =" < W Fe 9T 3=9275 Hard strgy frshw/ It =T o - i —
%8 - Ta modt Fe stains on jts W/,s.ome,CaCO3 ~
L L/ S U S S ——— = -
753 % Fe 96.2-104. 5 Altered Diorite Modt. 2
100 2§< i Lt gray, med grained. sl weathered,
Borina No.BD83~ gheer 13 of 4




GEOLOGIC LOG Sheet_4 _ of 4
g e ‘ o
WATANA DEVELOPMENT Date _3/28/83
SUSITNA JOINT VENTURE o
Baring No HD83-41 Angle {from Horizontal) 45¢ Ground Elevation 1471 .9
Feature __ U/S Cofferdam  Bearing 098° Rock Elevation 14132
Coordinates: N _._.3227786.1 Date Started 3/11/83 Overburden Thickness __57 3 (waxe)
E 747464 .0) Date Completed __3/12/83 Ground-Water Elevation__———
Core Sizes __NX Total Depth 104.5 £t+. Logged by RLJ,MPB,REH, JFB/LEM, NBH
_ Graphic Log el 2l s E 2
g = @ 2 'E. [} 2 E =
‘-E_: 2| 5| 2o slg| %
& % 5 ‘g 29 Classitication and Physical Description Ol £z g Remarks
— = ™ = . .
mr=z| % HEAEIE
AR EEEE: slo|ali
LU - H S . H _ : ;
100 0 L L Lo [Be Modt—closely fragt s . i §
2%0 78 | imax O, 8. ..0.05 mosﬁly 0. a : i : .
- be 1 to-modt— e—stain on jte- — e . -
i YT I N 5=T10 Hi ghlv Alttéred,) s = NI L
) o4 ANEEE B fl;iable c:locely :ﬁraj.Ct‘u're'd.é_' = i
o TG 5™ FCo Tl R
S .
B L i ‘ SR S ; (
e | o :
. R S .t i 3 o
—— ; T T T e
M R i 4 e e

Borina NOHR,§3 Sheet & of 4



SOIL BORING LOG

Sheet__ L 3/ %f/gl&_
. f 2 3
AR WATANA DEVELOPMENT Date _=f=2(=-
SUSITNA JOINT VENTURE
Boring No ED83"42 (River D) Angle (from Horizontal) 90° Ground Elevation 1,462.1
Feature Main Dam Bearing —_— Rock Elevation 1,392.1
Coordinates: N _3226779 .4 Date Started —_— Total Depth 127.8
E__745042.1. Date Completed _ mum Ground-Water Elevation .~
Logged by _RJL,MPB, REH, JFB/LEM, DAF
=
Tz -} ol E - -] 'g
£2|2E|48(353alE5 |2 : 2
25|23le5|s- 9| 25|88 Soil Description 2 Remarks
ag|2C|2E|EB|Ejds| S
i | o= B |Gl 229 |a 2
- 7] m x @
FIEE ' 5@ - HAM, CI
Y ST 8 S S el et I o
M - : : : j
: e ‘ . . ;
- - 1,1_ O Wa_ﬁer O S g.. T - Log.
25 - “Gravelly. SAND, WITH OCC.ASIONAL :
2 ~ COBBLES Tess. tham 5% silt.[ Medium- - o
- 0 1 : ~dense to- dense, saturated ollve,ﬁ ;
L15 Rao med o eokrae S
. —medium-to- w’ﬁ'”Sc-_ 4 : o -
| 2025 R ? :
SP Fine'toicoarse. ! L |
3 2 N P § ! ; : .
— 0 T | ’ e
R o e = .
3 CW'| sandy GRAVEL, WITH OCCASIONAL Do 0P O
&0 COBBLES less than 5% flnes, dense,‘ :
85 saturatec'[ olive: brown, subrounded - T i
fine- to coarse, med:Lum to coarse; sand.
|30 { 1 : : B IR
4 163 =55’--i'- 127’ clayey s:L}_t, ol:Lve.,E. M
GM b :
e M.UGG . 5 i s i e - -
0 SW | Gravelly SAND, WITH COBBLES, less T
5 3 et e ;
00 than: 5%: fines, dense, saturated,
T “olive grey, rounded o) subangular,“‘“’”' T -
'flne to: coarse. | : -
| A0 75 N ‘ [ » |
40 6 Me&ium—- dense; grey. . .
L. B 25 . : ; i e . R -
| 4sfso S [ N _ |
50 SH SIITY SAND witir 204 travel—mediom
3 7 dense, saturated,; grey fine' to coarsel
S— 35 — ——— e i e o ; : mimmis s e — ~ - T e
50 50

m
o
=
3
@
<
Q
g
™Moo
~
1
n
=
]
o
2
o
=4
~




% 57 \ , g@' SOIL BORING LOG ' Sheet_2 __of .4
AL R lo) WATANA DEVELOPMENT Date_3/28/83
SUSITNA JOINT VENTURE

Boring No DHB3-42 (River D)  Angle (from Horizontal) 90° Ground Elevation 1462.1

Feature £ _Main Dam Bearing — Rock Elevation 1392.1

Coordinates: N _3226778. 4 Date Started 3/13/83 Total Depth 127.8 7

E__ 745042.1  Date Completed __ 3/14/83 Ground-Water Elevation S

Logged bR.JL ,MPE ,REH , JFB/LEM, DAF -

. T :
= @ €. b= =
@ > By ;2 £d as Soil Description £ Remarks
88 HEEHE 2
20 ° - - E .
bl vl SR S SO I oo .
<p G'I."a:ivelly SAND w1th occasionaﬂ. cobbles_,
- Tess than 5% lsilt, L 48 g'ravel,u sillt is R )
) saturated da:ck grey, subrounded gravel, s : "
_-—flme to coars;e, : f - :; : ; N Gy = 2075
GW | Sandy GRAVEL,| 6% ¢ clayey siltl, with - RTEER
GM | occasionall Eobbles, verly. "dénse, sat~ L :
- urated, very dark -grey, rounded to- -
- s.'uEroind;bd-,; fine to coarse. R - : '
. . S—
SC Gravelly! clayey SAND dense‘, satiir- il
ated very dﬁ Tk __raveli rounded ‘LL26 PL18 P18 | ¢
§° 3 Gﬁmm": And: gﬁfzgc’m"g' E
N ETOP OF ROCK 70.0- ?t. ]
15| | S RS R IR . i _
: i = g ‘;

- e e
80 I RS RO SRS N S B S -l
85 | ‘: o R R B o

|
90 } - R C e - U B
| 95| | I - . ) ]

100 3
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GEOLOGIC LOG

Ej‘@@@ Sheet__3__of _4__
BRI WATANA DEVELOPMENT Date_3/28/83
SUSITNA JOINT VENTURE
Boring No _HD83-42 Angle (from Horizontal) 90° Ground Elevation 1462.1
Feature _ Main Dam Bearing — Rock Etevation 1392.1
Coordinates: N _3226779.4 Date Started 3/13/83 Overburden Thickness 59.0
E 745042.1 Date Completed 3/14/83 Ground-Water Elevation___ "™
Core Sizes __NX Total Depth 127.8 Logged by _RJL MPB REH,.JFR/LEM,D!
= Graphic Log E els —é
g2 |58 S IR
as | o) 2 £ N . - Sigd| 5| s
o> | 35 © -t Classification and Physical Description gilelz| g Remarks
8212| 2] & MEIRIE
Tl E P |aes e Sjo| @2
e SR RS S RRE RN R T R el
_ : " ; R i TE i
- : i ,,ﬁ:;,w
- - E I ~ [ :
0l | L “"";a'gga;;a;ao o SN
430 Pad f - 70-71.4 Altered Diorite. modt, lt _Started coring 70.0
- gra:y med Xyln;_. hard strong:,, modt=cl I ‘
— Fact, 0 S o T s e
707 // : L NE Dlor‘te/Qtz ‘Diord d :
75 : : ;-gray to’m . T l f
— Tle0d X idvariable T T e e g
909 I [ - »
609 /7 — - et e e et < o
| Lo ~
— H — :
80, ar;d;,w e
609 / )
] 80° / : coat:.ngs, of CaCD3 - T - -
: : T84, 4-88.2 clos g l’g'lract 0z 05'—0 3
85, 70°X/x : ard,. strong, R
909 xfx ~88..2-99. 2 modE., fractured. max 1.5’“ ) 7
609%, - mim O i mostly 0.5-1.0" V.. hard
75%\’; ~ strong,, fresh & 1 unatainei,__rough” t .
909 o
__90{457/. R
] 30° I L -
705 ( I
|95 o ]
L | $34= S - -
609 /x
100] 45\

Parinm Kl

HD83- chars 1
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GEOLOG!C LOG Sheet__ & of &
ek ; DEVELOPMENT pate3/28/83
SUSITNA JOINT VENTURE WATANA ME
Boring No __HD83-42 Angle {from Horizontal) a0° Ground Eievation 1462.1
Feature Dam Axis Bearing ——— Rock Elevation 1392.1
Coordinates: N 322671798.4 Date Started 3/13/83 Cverburden Thickness 59.0
E 745042 .1 Dale Completed 3/14/83 Ground-Water Elevation.___—"™
Core Sizes NX Tatal Depth 127.8 Logged by _RJL ,MPR,REH, JFR/LEM,DAF
= Graphic l.r.;g % o E _g
£2 18| §| 3o s S| E|E
g‘% 2 "g 89 Classification and Physical Description YT | Z|E Remarks
al £l 2| & HAEAE
1 (% =1 P ls6912 dlo| @ E
e =mm 99.2-101.4 clogely £ 67
30°|” - B cXosely ractMa}LO A I
N 2 m{n-0.057,. hrd, strg. 51 alt& i Pan:tia.]_ I«Iat.er;
8 FT R IUG.S-J.GI abofibenind r "; ”.“""""‘“‘
198 § i vootl I e i e e ea B ‘Loss 103, 0
105 38: ,;v — R ‘ R % . : % : i T . . ; : R : ]
30° — ¥ ©10L.4=107 .7 Modt fract. max'l. 2'§ S !
. i S . m1n<0 I mostly 0.5%-0. 7Y Somé | — |
° : .me.ch brkg Hard, sstrong £ esh o T
T gg" § ! some CaGQ3 orLJLsurface;. :]E Cligélpéete water loss
110 ]gqo[*/. , ! , j bt S
o X" N
80, /f ........¥0.7g....7_—?13-15-;-11 Closel{y fractured Maié,” 2 '
Zgo % % - 03" min 0005 w/evidence of MecH S L]
602K X, ! brkg and grinding, espil13=115. | o
ey 88° P | Hard & strong, fresl and dfiweatlare
L 20°| — unstained, rough -modt rough JE =d S
surfaceg.- - - o Scd
— > 115.1=127.8 Mgcitwﬁrac_t,__Max__l’_..S_Li - et it —
. Cmin  0.17, mostly 0.3~ 0.8, hard &
170 60°(,~ " 'strong, frésh & unweath unsta:x.ned.
40°| /7 _ .Its healed W/CaCO3, rough Jt surfc - o ]
| boel= R S _ : _ o e - _ 1
o . : . [~
20% | ; S|
| 125) 0| bl ‘ = i S
| |aoc) ol ] L
TT.DL L2758 Ft.. ;
130 SRR ST e
133 e S |
140 SRR S S SNSRI RS E .
145 S e S ]
150

Boring NoHD83~-
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Sheet __ 4 of &




SOIL BORING LOG sheet_L__of 4 _

Falil | 15,18 - \&ly Date 3/28/83
SUSITNA JOINT YENTURE WATANA DEVELOPMENT
Boring No HD83-43 (River C) Angle (from Horizontal) 90° Ground Elevation 1,461.1
Feature _ & Main Dam Bearing e Rock Elevation 1,385.7
Coordinates: N _3226736.8 Date Started 3/14/83 Total Depth -
E__745055.6 Date Gompleted _3/14/83 Ground-Water Elevation_~=~=
Logged by RLJ,MPB,REH,JFB/LEM,NBH
~ 5 | = g
AR EHPUE E
- | = o - @l -
23 g,g EE a5 Os| 23 %g Soil Description B Remarks
o |2o| S E Enldg| o S
Ll nE = g ool ~d ol ]
= w o |m®* = I
T i - 5%@ — HAM, €I
L ' . o S :
I R O R e (R ;
; N . .
lOOngr""""fr‘ . SN I :
© Gravelly SAND/Sandy GRAVEL, Iess than
1 Sp WB/ silt, saturated, *déu'.%k ol:l.ve gne}r,
-fire-to coarse‘,is}l]:!rqu'nd‘wd to ‘sub-
T:at_l'gu]“.-ar gravel,- acca51onal cobble.
ap - 'Slifg‘hf]jv*more "graviel'.“ ‘ : R
: il EEREN S : N
. T R
? e o e
— | N
& : ; ; I
aw | R - ; : No water return
N S I |
i Sandy GKAVEL,; S 12/ clayey silt, h m%7
| 5 saturated Qllve., suhraunded to sub- J STANDARD PROCTOR
angula.r. b:.rre to coarse. : o { = 143,55 ]
oo s | ? M/cs/
Gravelly SAND,. 1ess tha.n 5% sﬂ.t,]
6 SF saturated., Cl.LlVe, quIlE‘. 5 CoarsEs
MGRAVEIT—QG?*med"iu‘nI‘tO‘t‘oarse sand“—‘“""‘ PO
s T [
7 5= LZ/ s:th. :
W ‘ _ o
GM Subrounded to subangular, fine to No water return
coarse,. Eoccasmnal cobble. 42 43 feet
8 o e ) |

Boring‘No.HD%.%; Sheet__ 1 of & _



Mﬁ ; 70 ”ES@@ SOIL BORING LOG Sheet__2 _of 4
L il IO WATANA DEVELOPMENT Date_ 3/28/83
SUSITNA JOINT VENTURE
Boring No HD83-43 (River C) Angle {from Horizontal) 90° Ground Elevation 1461 1
Feature b Main Dam Bearing —— Rock Elevation 1385 7
Coordinates: N Date Started 3/14/83 Total Depth —_—
E 745055.6 Date Completed 3714783 Ground-Water Elevation -
Logged by RLJ MPB REH JFB/IEM,NBH
g
HES $2 82| 3o g
EIEE 223258 5e 5
2> 8 E..B R gl s ] Soil Description £ Remarks
= % i s 5|8 dl=aio .a..
0 W m o« 2
[ :
— 9 e S B P -
e S:I.lity, lairjey;ij_g;ravelly‘ SAND,* ] LL ZZ ELMIEB P 4
—'TS‘S‘ g—; B s'a‘t"f“féu Ared, dark o_L Ve gf:‘ey, _ﬁln.e ; D
10 .f‘toe._'coarse. ST R : %
. 60 L ! g - 1
' . - Glayey, 51lty, sandy GR.AVEL“ S
: 11 oM | ,Saturated very. dark grey,. subrounded v ;
. ‘ J:J.ne. il coarse, oc;:asa.onaL cobb.Le;. 'Hard“n"f‘jfl‘]jﬁig"” 1
65l ; COBBLES AND. BOULDERS' @ 63.0 Ft. f and water @_ 63ft.
| 12 sw| 10 1 P
. . ] - -
i i :; Statt cering At
S0l o ! i 67.0 Ft.
0 i ! ‘ A I
| T
R
IE] -—-—m——mT-rrn*-n*Fm'Rnﬁk Wéw‘fﬁt : ? —n s —_
80 : IR RS ST S R N _
IS S P
85! _ S S U N SR ]
| 90| | .. N N LA AN A —
95 _ | I S SO SO ]
100
Boring No. HD83~ Sheet 2 ot _4
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HD83— sheet
43

GEOLOGIC LOG Sheet_3 _of & _
| LGS Date__3/28/83
SUSITNA JOINT VENTURE WATANA. DEVELOPMENT
~ Boring No BD83-43 Angle {from Horizontal) 9Q° Ground Eievation 1461.1
Feature Bearing o Rock Elevation 1385.7
Coordinates: N 3225735 8 Date Started 3/14/83 Overburden Thickness 65.
E 745055.6 Date Completed 3/14/83 Ground-Water Elevation__—
Core Sizes NX __ Total Depth 107.7 Logged by _RJL,MPR REH, JFB/LEM,
NBH
_ Graphic Log ol el s §
(= = -] -—
R SEIEE
sS|s|8| &3 Classification and Physical Description G €| z|€ Remarks
z|£]| 5| & el x| 2
Tl 3P lase OO | o 2
T
S _t — :7 ;
0 N ]
o e ma i i
F— - - T — . e
- . [ B — ___:., : i
_iRounded .,,het,e_roli.thologic Cobbles; ;- . Start Cor:.ng 67
o ! N Ebﬁldé’fé’.”&T‘g’i:;wéL,,,Rec,o,v,ered 70% i 2 i : -
: T} sreater thai. 4! MU S S o ]
i L S . .;’. .4 - __.__’_v m R o
] . E ' . : - . .
S P — o T00% water Toss @793
75 o “ L . et ]
30T R B -
75° '/__ N ¢ 75.4~89. 4 Diorlte/Monzanlt&Med. , Z '
1,88 — e R graly, med: comsmmpar ~ . No water return
RO~ ‘ ‘Hornblde, pink * : L
80 %g** jool B Massive,; fresh.™ a
T / TTIST4=85 Closely = modt = T T ]
? C1v4"min - 0, mo.stﬂ.’y% Q. ‘ N =
I \ _.__M_Han:d,wstrg,._,._fxesb.,._unweathn,,_rough-—. SE— -
- : . fract. surfaces some CaCO3 J‘t.
85 = . Coatings. . ! ;
= E 85-89.4 : Closely—.lnte_nsely fract.:
847 . prkn. Max 0,25 min 0:05"mostly 0.1-.
- 0 o L *"” 0720 Hyd;™ strg,‘ fresi to sTightl’ T ome. ;ﬁwi{Ab .
° )( Weathered, some. CaC03 in jt surfcs. ac * g.
901507 89,4-94.%4 Altered Diorite med grnd. Jllo | o e ' -
rkny - ~
- " lt.. grays, some: alter of Plagilo tog. Q |«
60° /x Kaolinite., 7 "
T 450 } T ftense.ly—closely fract max. 0 25 T "
o - min: 0.05 mostly 0.1-0.2, hard,
|95, 62 = —-—-modt. strong. ,wfresh.msl_nwea.ther«CaCQ} = ]
0 . { on fract. surfacesi e
45° = 94,4-104.4 Diorite/Monzanite (as : Ling
- [6Q° )( 7 Tabove) modérately-closely fractd " S o T A
45°1 s 94--100 Modt. —
1.00. 145
Boring No. 3 ot _4&
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A-EBASEO

SUSITNA JOINT VENTURE

GEOLOGIC LOG

WATANA DEVELOPMENT

Boring No
Feature
Coordinates: N

HD83-43

3226736.8

Sheet .4 of.

b

Date__3/28/8% |

Ground Elevation

1461

1

Angle {from Horizontal)
Bearing g

90°

Rock Elevation

Date Started 3/14/83

1385.7

Overburden Thickness

65.4

E

7450558.6

Date Completed ___3/14/83

Ground-Water Elevation ——

Core Sizes NX

107.7

Total Depth

Logged by RIL.,MPB REH JFB/TEM,
NBH

_ Graphic Log ol ol = .E
AN HNE- I
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SOIL BORING LOG Sheet 4
WATANA DEVELOPMENT
SUSITNA JOINT VENTUHE
Boring No HD83-44 (River E) Angle (from Horizontal) 90° Ground Elevation 1,459.9
Feature __ & Main Dam Bearing ——— Rock Elevation 1,392.4
js Coordinates: N ___3226818.9 Date Started 3/15/83 Total Depth 118.0
Ea E 745032.9 Date Compieted 3/16/83 Ground-Water Elevation__ -
Logged by _ RL.I,MPR RFH,.IEP/LEM,NBH
.:...g. H E|2E = é éﬁ £ .g o g
-l | == oS
83|52 55 aF Sc|g3 s Soil Description g Remarks
i Sl |g°|AE|Ec 88|38 3
i -~ ©» b “g
T 46, Ha, c1
el dE ool SEIE) R e gy
1 ool b _ 4 ;
| : ]
' an BT i - ! : a
. - G’r.awrell)ar SAND; less thdn 5% si‘lt;,?, o
1 _satiurated; da,rk olive grey,. fime to
e SW '—CO'ajf"“ e, sub"fﬁﬁifd’e’@"’f"suban giTar e
gravel. SN T A
CEavelly SAND 1855 than 5771 s:.lt, T T
SP '7saturated, o]‘.:we ‘Brown, fJ.ne to- !
i - 1
eoarse—— T ; RO —
3 : o R S S | é
e - ,?,,=§, R . ¢ i o e
1 Gmtelly,SAbID s mlesswthanjé. siled .
Saturated dark ol:l_ve grey,; '
3P |- fine to' coarse, subrounded to I
4 ‘suBangular gravel, D
L ,ocgasiorital cq.b.ble,._ Do e
Y PR R oo é ) o]
_ TR  STANDARD |
- 6 j i ; ; : PROCTOR
R ¥ Max = 1358BCF
o 7 sp I'.esrs grE}vel. ]
; Gravelly SAND, 5-12%, clay-silt, NS e
: SW| saturated, dark olive grey, med:Lum LL25 PL20 PIS5
e 8 SC /S g5~ ‘€oarsE T T T A CCL-ME T ]
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SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Bearing

Boring No _HD83-44 (River E)
Feature Main Dam
Coordinates: N 2226818.9

Angle (from Horizontal)

90°

Date Started

E 145032.9

3/15/83

Total Depth

Logged by RLJ,MPB, REH JEP/LEM, NBH

Date Completed

3/16/83

Ground Elevation
Rock Elevation

Sheet

of _4

2
Date _3/28/83

Ground-Water Elevation

[
: - £
c5|3x|es|28]52 28] 3
el = o [T =
2323 EE i-|S3| 22 E-g’ Soil Description g Remarks
a2 2O FEIES|E5|38]6™ 3
50 G7 =% = z
Sandy GRAVEL 5-12% clayey s:th
9 GW saturated very ‘dark’ grey, - subrounded
T GM|TEo subangular, _f:Lne toicoarse, mediam T T T T T
- - ~t9 coarse—sand, -0¢ cas::.onal f R :
| 59 -cobble . i ; | -
10 e
owl” 'GO]}BLEStAND BOUL ERS b
- . IR R
GM i i b : USSR SRS
H S EE
! ; Ly . :
% ; ! {
: -: 1 ; - e
oo i 5
TOP OF ROCK 67 5 - F ‘ Refusal at 67.5 _|
70 % : : e ]
P E i
RN ;
75 . SN S T I DR ]
"5 3 :
80| : ‘ g ; ? L i ]
851 | i
901 |- USSR PS —
| 93] . I R -]
100
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GEOLOGIC LOG

WATANA DEVELOPMENT

SUSITNA JOINT VENTURE

Sheet 3 __of & _
Date  3/28/83

Boring No HD83-44 (River E) Angle (from Horizontal)__90° Ground Elevation 14599
Feature ———E—Mﬂ—l—&—B&a&——————‘—— Bearing i Rock Elevation 1392 4
Coordinates: N 3226818.9 Date Started 3/15/83 Overburden Thickness 57.5
E 745032.9 Date Completed __3/16/83 Ground-Water Elevation ===
Core Sizes NX Total Depth 118.0 Logged by RLJ,MPB REH JEP/LEM,
H
Graphic Lo =
s ToT e NEE
£2 | 8| 5| 5o s|g|E| %
§'§ % § 25 Classitication and Physical Description gl x| =z 5 Remarks
G| E|E2| ¢ A
Sl =0 RN PR S| S| & 2
o ES B R e B R : -+ - i
§ | . | : TR ;'“:_"::: ,7” b
30 § ' 3} OFW %Kw !
: Z{ ; , 6’9 %. 7% _1_)3.0_1‘3.&9_ red grey medmw Btart Corimg 67.5 Ft.
70 45° 2 0 XylnTFresh.il tl it : R
o] £ : ‘ —
383 - ___Modt—closely fract max T 0 min T T
Z5° ){ 0305 mostly '0.2=0.5" Hard, |strong;
450 L= Tresh unstatned. S SO T < i o
751 0%~ Sl altered Zdne @ 73. _ : e ]
45° : j |
. po . o T R _
9" - B 5 907 Diorite/Monzan:Lte grey med
80 2gg £ | - coarse xyln. w/pi_'l? K=Feld sl alter
80, 7/' . "Wmnew@ 3 B e S e e o
45el < | Bed il b
.. ..]50° »j,;- Closely—modt fract maﬁg 1.2, min o _
45° /.. 7 0.05 mostly 0.3=0.6' some 'mech’
85.]45° )/(2‘ " . brkg. Hard, strong, fresh, unweath
g8° < . unstained. Some JtS w/CaCOg c:oat-
45° - :mgs. o L o I B
S f P ; " No Recovery - No
. ; : , : Ch e i ; Tube 1.11 Core Barrel
___90. 02 ﬂ X Sl ]
§° X : -~ 90-118 Dlora.te ollve gray-gray. o~
gAL . Med-coaTse grained 15- 20% maf:l.cs,
= 12000 o7 . Plagioclase Freésh.. T -
45%s5p7-
70° \[ 90~103 closely to 1oca11y 1ntensely
__95 30: 4 - fract. max Q.5' min_,m[]_vﬂs_ mcstl“y_ﬁww o . ]
gg" j_ 0.2-0.3 Hrd, strg, fr, unstained
%80 / some CaC03 on jt surfaces. Many
L ° S R B Sminisa) AN § . _
:&9’0 0% Many mechanical 1ow§'- breaks.
100 BY" § ' '
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GEOLOG]C LOG Sheet_ &4  of &

WATANA DEVELOPMENT Date_ 3/28/83

SUSITNA JOINT VENTURE

Boring No HD83-44 (River E) Angle (from Horizontal) ap® Ground Elevation 14590
Feature m _ Bearing Rock Elevation 1392 4 o

Coordinates: N 3228818, 9~ Date Started 3 ,[] /813 Overburden Thickness _S§7 5 :
E 745032.9  Date Completed _3/16/83  Ground-Water Elevation =

Core Sizes Total Depth 118 0 Logged by —BLJ MPB REH JEP/ LEM_
NRH

Graphic Log

Classification and Physical Description Remarks
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{Elevation)

C.R.-Graphic

80/24} CR/RQD %
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“ H, ”Eg@@ SOI L BO RI N G LOG ?}r;f:t_ﬂ_ f

WATANA DEVELOPMENT
SUSITNA JOINT VENTURE

Boring No __HD83-45 Angle (from Horizontal) 45° Ground Efevation ___ L»%63.5

Feature _& Dam, Right Abutment Bearing _328° Right Abutment Rock Elevation 1,423.9

Goordinates: N _3226933.2 Date Started 3/16/83 Total Depth 80.0 Ft.
E__745003.6 Date Completed _3/17/83 Ground-Water Elevation -

Logged by _ NBH ,MPR, JEP, REH/LEM, DAF

T <
‘. _— 3 = . .2
= .:..g. EE -g_g §§ §= .:g L =
-— [ o l,q - | = [~4
§’§ ‘:g E% E’.; :f gs E'_:g Soil Description g Remarks
gjlx |#=|55|08|-48|& =
- (%] m [+ =
[ el =] - _% -
ORI BRI R R TR R S 5% - HAM,CI
3 ) - Sandyi GRAVEL! WITH| COBBLES, 5 127" i ]
3 ~ silt,’ humid, [dark; olive: grey,- N Hard D];:_.illng
¢w |- ~rounded| to. ‘cibrounded) fino| to! cparsej ;
o 9 G | oceasiohal boulder.. - ] i
o e s 3
1 : — Bt ! : ]
3 . R
= e : | i
U Bt e b
4 GW 1 - Damp,. subrounded,; = 1 (. i..
SR 1 - Water @ 17.5r P e
i ] P
N -h : .
. ! | ? . e
» 6 eM Wet; fiore sitte— = . T TNR T
” Su{broun@ed 1:-0 subangular | ! Poor return 28-
_ e s o et B e < 100 2
< 30 | BOULDER. i : . S B
7 7 sW| Gravelly SaND, '512% sile, wet, (-
1 I N SMi___dark clive_grev. f1ne to _coarse, o i
- subrounded to subangular gravel. Hard Drilling
- 39 _ f - i _ G 33,5~ 34 5 Ft.
- 3 swlo
_.,W,l.l.s SM , i ,M I P
X | 4d SN N e ]
9 ’ e © : Alter. hard & easy
R : ; by . . ' Dr:.lllng, 42 47
| : : ! AV — CEes -
425 |
3 10 GP|  Sandy GRAVEL, 5-12% silt, wet, -
S na GM - —olive, subrounded, fine to coarse, .Water return @ _
ocecasional cobble. 47 Ft.
prame 5 -
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SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No ¢ -HD83-45 Angle {from Horizontal) 45° Ground Elevation 1463.5
Feature __L Dam~ Right Abutment Bearing 328 Rock Elevation 14239
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SOIL BORING LOG
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GEOLOGIC LOG
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SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT
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SOIL BORING LOG

WATANA DEVELOPMENT
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Boring No __HD83-47 Angle {from Horizontal) 450 Ground Elevation 1459.6
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SOIL BORING LOG Sheat _L__of 4
§ J Date __ 4/ ll[ﬁ:i —
SUS!TNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HD83-48 (River G6) Angle (from Horizontal) 90° Ground Elevation 1,455.6
Feature —wm Bearing - Rock Elevation —
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SUSITNA JOINT VENTURE

Boring No

-EBASCO

HD83-48 (River GG)
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Coordinates: N 3226951
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E 742833 4

SOIL BORING LOG
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4/11/83
WATANA DEVELOPMENT Date __fasi==—
Angle {from Horizontal} 90° Ground Elevation 1, 455.6

Bearing — Rock Elevation ———
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G EO LOG I C LOG Sheet_ 3 of _&4__
fro s WATANA DEVELOPMENT Date 4/11/83
SUSITNA JOINT VENTURE
- Boring No HD83-48 Angle (from Horizontal 90° Ground Elevation 1455.6
Feature = Bearing —— Rock Elevation R
: Coordinates: N __._3226951 3  Date Started 3/19/83 Overburden Thickness 80.0
E 7428334 Date Completed __3/19/83 Ground-Water Elevation ———
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GEOLOG'C LOG Sheet & __of & __

WATANA DEVELOPMENT Date_4/11/83 = .

SUSITNA JOINT VENTURE

Boring No _ HD83-48 Angle (from Horizontal) 90° Ground Elevation 1455.6

Feature —_— Bearing —— Rock Elevation -

Coordinates: N __ 3226951.3 Date Started 3/19/83 Overburden Thickness 80.0 b
E 742833.4 Date Completed _ 3/19/83 Ground-Water Elevation _—e=
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= HARIA-EBASEO SOIL BORING LOG Sneet_L_of 5.
Ami ] | 2
- rdiGin - Ll WATANA DEVELOPMENT Date—r === —
SUSITNA JOINT VENTURE
] Boring No _Water Well Angle (from Horizontal) 90° Ground Elevation _2267 0 _(Approx.)
- Feature Watapa Base Camp  Bearing ——— Rock Elevation
' Coordinates: N __—m= Date Started 1/28/83 Total Depth 214,5
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SOIL BORING LOG Sheet_2 _ of 5

WATANA DEVELOPMENT Date 1/29/83

SUSITNA JOINT VENTURE

Boring No Water Well Angle {(from Horizontal) 90° Ground Elevatlon

Feature _Watana Base Camp Bearing i Rock Elevation _2@5_@___5_4%?*9}(,_)
Coordinates: N __——— Date Started 1/29/83 Total Depth 214

Date Completed 1/31/83 Ground-Water Elevation_ ===

m
]
I
[

g
[+]
[fw]
7=}
[+
<%
o
-]

3 - g
=5|Ezlog|28|52 80 5
-] = o = w| = ‘= =
g3 ‘:,3 EE %.".; ';'5 ?% '§§' Soil Description 2 Remarks
HEREHEHEREHE :
- w"m - 2
11 M ?:S:thy ISAND, 115-20/ gfsii’e:l;;;? A N R N B 7
*nghfw’?:il:we grayw Fine_ to-goarse Hard Dnilling.
z...to_é‘nguj_at gra“ : maved _Hole | T
S ; \LS&Q:HAH; CIige= I
al e bbjle/ F#TT— Kard [dril
BN ek 15 TLTy 110=15% Fine to|coarse S I
o Rl il Tig yisty veryidark gray - -~ = - il Sl Bl
Bt il Sl :i‘I'e‘ﬁhﬁationsw [SEak ReRSR LRI SENeT i) Sl NG RN R
S e 16 ML | Fiore -£ine -to lmedium -sand; gray- 10 - TR
—r— . - varved: silt/elayiclumps; — - o - S S
s 2 Sl Bl R bs Rl Bulh St Failebh EETNES S EBaR. i
oo F75 o SEDE Sl Sttt S ol R R RN R
- | R - i : B SR AR P RO IS H
o L SM | " iorer fidel to [coarsersand; fine ol
o i I . ~gravel;iolive gray, ~ 1o it 1o T
R RES 18 SH} " Clayey, | silty: SAND; less; than: 54| - -
-1 % DGR - gravel’, very dark ‘grayish browny: =
SR SOV e T fine! ta coarae, occasional“ cobble..‘i N
o Bt s Ry - - : Sl p
— ; J _f
AP R H 19 _ Gravelly silfy ?—SAHDi very: dark oo .
190) - 3 - gravishikragn, fihe Folcoarke, = i = - :

Boring Nowater Shest__ 2 of _5
Well




SOIL BORING LOG Sheet_3 __of 3

WATANA DEVELOPMENT

o
- Boring No __ Water Well Angle (from Horizontal) 90 Ground Elevation _2267.,0 (Approx.)
Feature _Watana Base Camp Bearing —— Rock Elevation 2060 A -

L Coordinates: N m== Date Started 1/28/83 Total Depth 214.5
E e Date Completed 1/31/83 Ground-Water Elevation___

5 Logged by _JEPR 1B LEM

Soil Description Remarks

3
Depth
({Elevation}
Sample
Interval
Sample No.
and Type
Blow Count
per 0.5 ft.
Length
Recovered

. Graphic
Log
‘linstrumentation

T coars
d) sl ic
N IR N
gravel,
Al 00

a/Boslaers

e EE .
139 F -
- —— - __

N HEE B “LLA3 PL23 PI20.
: JUT 0 e _ e
- ; A— - ,,_ , M_ 5 l“ i
150 I JSANS Y N DU D a: DAY SRR AR S SRS S I

- Water 3 of 5

Boring No. Sheet

rro11



SOIL BORING LOG Sheet 4 of -2 . 5
Date_ 1/30/83

WATANA DEVELOPMENT

SUSITNA JOINT VENTURE

Boring No ___Water Well _________ Angle (from Horizontal) 30° Ground Elevation __ 2267.,0 (Approx.)

_ Feature _Water Base Camp  Bearing —_— Rock Elevation ____.2060.5 (Approx.)
Coordinates: N ___—m—= Date Started 1/28/83 Total Depth 214.5

E__——— Date Completed 1/31/83 Ground-Water Elevation_===—

Logged by JJEP WMR/L.FM -

= H
o o 3 :
- -] . = i
IR R e E
A IR EHEHES §
gzl a8 Es|lay :°| 3| &9 Soil Dascription £ Remarks
glz |#E[E5| 88|48 E
= @ @ < @
- £ i
y.,T_ subangu 3
o7 g . tﬁi R
Very hard Driill“iﬂ -
goi toi water. in-
Jettion; |
_i PR -
JS S RS
I i R : -1 - gwé; %
- ~Sandy, GRieWEL WILTH CO,BfBL S - NE ' -
T Subrounded tg suban"gﬁl‘a{r T N ; :
T (Most- Tines washed away -in Water-| - - - :
:_'Z:Z”f:;ét'urn .,f ) :;: : :* - w I DR ﬁ H = . - . - ~
—Rou ae:u_ta subr:aunded. gram@e]. e » i
iy ;‘Q?C::T:d;a,ti' n- coatin& oni gravel’ o : -
bu_m“rm'ndpd' grav:e_L,,,H: [N SR P S P [
. | p
Z -
- - N
- I -
200 41— . : - - : K - - i N_. L o - % o e




L
SO“_ BOR'NG LOG Sheet%of_.S_
] ], ¢ 1/31/83
: WATANA DEVELOPMENT Date
SUSITNA JOINT VENTURE :

- Boring No __ Water Well Angle {from Horizontal) 90° Ground Elevation 2267.0 (Approx.
rr Feature _Watana Base Camp Bearing - Rock Elevation _____2060.5 (Approx.
: Coordinates: N _ ==~ Date Started 1/28/83 Total Depth 214,5

B E _=——= Date Completed 1/31/83 Ground-Water Etevation ™™™
o Logged by _JEP WMB/1.EM
L ci 2 - ol S o =
c8iog|2s|(Zal2F | s8] 8 2
b ] [ o wmluac|E =
- ge|®B3|E E 2 |%as| 22|88 Soil Description g Remarks
7 a@|20o|a EB8i2nlag| -
4 m|lE |#E[55(038|u8|a 2
o 5%|a8|"2 3
4 Drill-Tod broke;
. bandon holes - -
5 B S T O
L ~efe - T i
[
: Water Sheet __5 of . 53"
11



%ABMJEB@S@@ SO ‘WI;TA?A(?DEBTLEPEENII‘_ oG Z:: tww%ng/ 8;

m SUSITNA JOINT VENTURE
- Boring No _HD83~1 Angle {from Horizontal) 90° Ground Elevation __2,246,2
Feature _ Reldict Channel =~ Bearing . Rock Elevation -
Coordinates: N _3231536.1 Date Started 2/4/83 _ Total Depth 328.0
b E_ 746996.6 Date Completed _2/18/83 Ground-Water Elevation__—===
Logged by _WMR,EJK,REH,JEP, NBH/LEM
= c5|5zles|28/82|3 0 s
an|lmS|2ejedion |8 £ . - G
@ > ajEs|la S|l c3ige Soil Description g Remarks
- o3| 20| SE]gRi 2 (0o} 24 5
8 ol n E ®si o 2l2oiQ =
- 0w [ o @
Silty, gravelly SAND, moist, olive 5%@ - HAM,CI
brown, fine to coarse, subangular -
3 1 SM to subrounded gravel.
258 {24 o
2 %? Damp, dense. MC 9% |
: a
2 <]
- Clayey, silty SAND, 15-20% fine §
3 SM gravel. Damp, dark gray, sub- o ]
rounded, fine to coarse, occasicnal :
cobbles. 3
1)
by
- T'U -
4 More coarse gravel. g & 7
- 100/2.5"|gy o '
585 &
_ Very dense.
6 |SM More silty clay, less gravel. DT s 7
N 5C LL18 PL13 PIS
£ | 35 ML-CL —
N - . COBBLE/BOULDER TO 38.5 FT.
s n/g.s"
855 10 3
40 —
. Striations on gravel,
. | .45 I387- 9 More sand, cobbles. ]
Striations.
50

Boring No.HD83=ighea 1 of _7



SUSITNA JOINT VENTURE

Angle (from Horizontal)

Coordinates: N

SOIL BORING LOG

WATANA DEVELOPMENT

90°

Ground Elevation

Sheet 2 of

Date__3/25/83

l

e
2,246.2

Rock Elevation

328.0

Ground-Water Elevation_———

Depth
> {Efevation)

=

Instrumentation

Remarks

8earing ———
3231536.1 Date Started 2/4/83 Total Depth
Date Completed __2/8/83
EM
z Q= :.9:3 E-"‘-: g 2]
SEIES SionlE5| 2
r;g gE %.: S 3 g’% '§§, Soil Description
SC|AE|ES|38|38|5
n"|la® «
M Less sand and gravel, moist.
SM Clayey SAND, 15-20% gravel. Gray,
SC fine to medium.
Subrounded to subangular gravel,
striations on gravel.
SM Moist, more gravel.
5C
13 sC Damp.
LR
25
5% Very dense.
5C
SM Silty SAND, 20-25% gravel
Humid, dark gray.
Fine to coarse.
Subangular gravel, striated,
— SM occaslonal cobble,
358 17
L I- Dry, more gravel.
SM | Less gravel.
Very dense.
SM
Less sgilt, more gravel,
noticeable mica.
SM

BRI,

LL24 PL14 PT10
CL

LL42 PL18 PI24
CL M/C 12%

Boring No. HD83~1gheet __2 of




SOIL BORING LOG

Sheeii of 7

waBTA-EBASEE e
i/ i fah & e iy b Sy W) 2/25/83
hjﬂm Eﬁg U@ WATANA DEVELOPMENT Date = o—r==
SUSITNA JOINT VENTLIRE
Boring No __HD83-1 Angle {from Harizontal) 90° Ground Elevation 2,246.2
Feature Relict Channel Bearing - Rock Elevation o
Coordinates: N _3231536.1 Date Started 2/4/83 Total Depth 328.0
g 746996.6 Date Completed 2/18/83 Ground-Water Elevation ==
Logged by WMB,EJK,RFH, JEP, NBH/LEM
=
T S| B . ° £
z — = %
€225/ 88 |e5| 8215850 .
o > 8lEala S|le3l ®e Soil Description £ Remarks
agi PO E2iZw{@wqal - s
mjz [#E|§5/o8| 8| =
106" 77} o -4 _2
—@- 21 SM | Silty gravelly SAND,
Damp. -
COBBLE/BOULDER
105 / e
B 23 SM | Less gravel, striationms.
L ]
6 More gravel.
115 370- ooy ]
kBZ 23 s | Dry Dafective pipe
leabandoned-holew(@d
B 117.0 n
5%p - CSR,BB
120 Redrill twice —
L. g | Less grave CHEEY
L 3 LLi7 PL15 PIZ 7
ML oy
125 M/C 4% |
BN 7 i _
130 —
8M | Clayey, silty SAND, 5-10% fine
= 26 3C | gravel, moist, dark grey PIS
ML-CL
135 fine to coarse, M/CY5%
~— eccasional cobble. ]
W
- 5C LL20 PL1& PI6 —
ML-CL i
140 M/C 6% —]
. S5M |Slightly less clay. B %
L 28 LL18 PL16 P12 1
ML
145 M/C 3% —
29 :
L . SM |More gravel. NP -
M/C 5%
L50

Boring No.

HDS?’"} Sheet __3

of 7




. 4 7
proon moooo o SOIL BORING LOG Sheet ot
M_@RM = EB.@S@‘@ Date M:}_

SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HDp83-1 Angle (from Horizontal) 90° Ground Elevation 2,246,2
Feature Relict Channel Bearing - Rock Elevation -
Coardinates: N _3231536.1 Date Started 2/4/83 Total Depth 328.0
E 746996.6 Date Completed 2/18/83 Ground-Water Elevation ===
Logged by EM
5 5
c5|E=les|28 52|23 E
ER|lm3ig|es|ow | s . .. g
§§ PY:; uESE Bg 3; gé g3 Soil Description § Remarks
o= giad| & ® %
L50 2
135 —
COBBLE/BOULDER 158.0 — 164.0 FT. 7
160 —
‘ More gravel, subangular to subrounded s
| 31 SM - |
Laminated silt clumps. M/C 3%
165 WATER LEVEL  _ |
@ 165.0 Fr.
' 32 Less gravel. 2/16/83
B M/C 3% -1
20 COBBLE/BOULDER .
CORRLE/BOIIENER
5
ll 33 Dr‘y_ =
M/C 1%
g . 34 oM Silty SAND, 10-15% fine gravel. Dry,
0 - .
L8 olive gray, fine to coarse. M/C 1% —_
. 15 gM | More gravel, moist, subrounded
185 NP _
M/C 2%
Silty, gravelly SAND.
190 . 36 SM| More gravel, subrounded.
WET 191-194.0 FT. T
195 37 SM Less gravel, more fine to coarse ]
sand
L Laminated silt clumps? ]
200

Boring No. HD83-lsheet 4 of _ 7




SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet 5 of 7

oate 3725/83

olive gray, fine to medium, trace
coarse rounded to subrounded gravel
striations and polished.

HD83-1 Angle (fram Herizontal) 90° Ground Elevation 2,246.2
Relict Chanmel Bearing ———— Rock Elevation ——
Coordinates: N _3231536.1 Date Started 2/4/83 Total Depth 328.0
746996.6 Date Completed 2/18/83 Ground-Water Elevation ———
Logged by _WMB EJK,REH,JER,NBH/LEM
€| 2 Sg|E. = é
HHIE B E
£2|2 o e
g n; 3 Eg E.; :d 23 %_g: Soil Description £ Remarks
Sz |%E|5515848| 6 E
200 S i z
a8 - N ST
Silty SAND, 15-20% fine gravel, sat- LL18 PL16 PIZ2 |
urated, very dark gray, fine to / ML y
coarse, subrounded to rounded gravel. M/C 13%
SH ]
SM Well graded SAND, 20-25% fine to
39 coarse gravel. 5-12% clayey silt.
Saturated, olive gray. No recovery, — —
material coming
Fine to coarse. up returg pipe
when adding sec-
tion. Plugged.
Tried: ]
CSR,0B: HAM,CL
PNEUMATIC ]
PIEZOMETER
@ 225.0 Fr.  _ ]
40 oM Silty SAND, 10-15% coarse gravel, :
saturated, olive gray, fine to _
medium. At 225 Ft.,very
easy drilling, jus
by weight of rods
41 oM Clayey, silty SAND 5 ;
TT 20-25% fine to coarse gravel, wet, LL20 PL16 PT4 |

ML-CL
2% ORGANICS

Boring No.

HD8 3"']‘Sheet 3 of ¥i




N - 7 N LOG Sheet 6 of /
ﬁlﬂj@m “ E@@S @@ S0 lIkaTAiODERVEILOPEENT Date _3/25/83

SUSITNA JOINT VENTURE

Boring No HD83-1 Angle (from Horizontal) 90° Ground Elevation 2,246.2
Feature Relict Channel Bearing = Rock Elevation — .
Goordinates: N __3231536.1 Date Started 2/4/83 Total Depth 328.0
£ 746996.6 Date Completed 2/18/83 Ground-Water Elevation 77"~ =
Logged by _WMB.,EJK,REH JEP NBH/LEM
z F
- i = £ '
s8|Zzles|28 528 3 |
& C3lES %.: 95|23 %g Soil Description 2 Remarks
Sg|EC|AE|EE|38|38lo 2
250 S R £
255 — _
CL CLAY, 10-15% fine gravel, 20-25% SRR At
42
fine to coarse sand. Damp, olive LL26 PLi8 PI8 ]
B gray, trace organic. -
260 —
3 43 SC Clayey SAND, 20-25% gravel, damp, "
dark gray, fine to coarse, Angular LL31 PL}Y PIl4
B to subangular gravel.
2 - )
I‘LS - 5C Varved silt clumps, trace organics. R l/Org.
265 M/C 18%
Less gravel, more clay.
2._. 4 ) %
ng 45 CL CLAY, less than 5% gravel. fz 2207 :
5-10% fine to medium sand, M/C 23% 4
~ Moist, olive gray. B
Medium stiff.
275 —
.46 CL | Less than 5% sand, dark grav. L
- ML Laminated silt clumps. LL25 PL20 PI5 T
CL-ML
280 M/C 21% N
i -47 CL Varved silt clumps? ng,; P}'_:;‘.Z'z P‘IQ “
285 CL — -
M/C 247 i
290 I
-48 CL Laminated silt clumps. ; '
LL29 PL22 PI7
- CL o
" BOULDER. M/C 22%
2_95 o3 I
-49 GM Silty, sandy, GRAVEL WSEEY, o
N Dry, olive gray. Hard Drilling - .
oM Subrounded to fine to coarse,
300 HSO oxidation on surface of gravel. SRR,

Boring No. HD83—'18heet 6 of 7 i



magza-geageg  SO'- BORING LOG trom L o1 L

SUSITNA JOINT VENTURE WATANA DEVELOPMENT

Boring No HD83-1 Angle (from Horizontal) 90° Ground Elevation 2,246,2
Feature Relict Channel Bearing - Rock Elevation -
Coordinates: N _3231536.1 Date Started __ 2/4 /83 Total Depth 328.0
i . E 746996.6 Date Completed 2/8/83 Ground-Water Elevation ~~~
B Logged by WMR, E.IK,REH,.JEP,NBH/LEM
— . -— g
csldx 23 281528 e s
a=l o ] nl e | = c
. § % a:,é Es - (; © % S %_? Soil Description 2 Remarks
gl |#E|E5138|38|6& s
300 i e E
. s CSR, -TC w/ foam
| 305 - oy | Sandy GRAVEL, 5-12% silt. Olive gray, injection
52 fine to coarse with COBBLES, sub-
g CP rounded gravel.
B 33 | Less sand, fine to medium, olive brown|. —
o 310 54 cp
5i | More sand, subrounded to subangular —
GM gravel.
1.3 55 GP { Less silt, -
rounded to subrounded gravel.
1 315 56 GW | More sand. |
% 57 SW | More sand.
| 320 ]
» - 58 GP Less sand, subrounded fine gravel. B0 Y i
No recovery of
L 325 cuttings ]
T.D. = 328Ft.
. 330
- 335
z | 340 _
345
: 350
i Boring NoBD83—=1 sheet 7  of 7




SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet 1 of 2
bate . 3/25/83

Boring No HD83-2 (F) Angle (from Horizontal) 90° Ground Elevation 2,147.1
Feature Relict Channel Bearing —_— Rock Elevation 2069.6
GCoordinates: N _3229506.2 Date Started 2/7/83 Total Dapth 87.0
E_746104.4 Date Completed 2/7/83 Ground-Water Elevation_——=—
Logged by __LMB RAW/T.FEM
A 5
= = _ L= T = 0 =
=2|8E|58|583a|55 |2, 2
g% ;é g_d_é E% :3 gg g3 Soi! Description § Remarks
wie |9=8s| 287 2|° 5
=
CRGANIC MATERTAL 9¢ - HAM,CI
Silty, gravelly SAND, wet. -
5 1 SM 0live brown, fine to coarse, |
subangular to subrounded gravel. Pipe cocked at
10.5 ¥Ft., moved
o E hole, redrill
1 Medium dense, grayish brown. R
10 2 |14 st ’ M/C 132  —
10
— Water @ 11:0:Ft LL20 PL17 PI3
3 GM Silty sandy GRAVEL, medlum dense wet, 3 ?
—46 grayish brown, subrounded, fine to
15 ’
A GP| coarse, occasional cobbles,
GM| less sand and silt.
0 > |100 COBBLE. l
20 45 6 GM| Dark grayish brown.
7 87 Silty SAND, less tham 5% gravel, M/C 17%
50 moist, olive brown, fine to coarse
B weathered rock grains, sub- 7
4 angular gravel.
| 251 45 .g SM _
46
M/C 11%
™~ 9 30 Very weathered, N
M/C 12%
30 | 48 ]
| 43
|45
72 S0 SM| Few dark gray silt clumps. SR
| 35| 98 i M/C 8% ]
11 SW Slightly less silt, light olive brown S
B 5M M/C 6% =
12 | 100 M/C 6%
| 40 —]
| 53 13 5C Some dark gray clay clumps, olive i i
brown, damp. LL 34 PL23 PIIll
| 45 L4 SM| Less clay, light olive gray. —
76 15 sM| Olive brown.
SW Olive gray.
50 1202 16 =1




HARZA-EBASCO

SUSITNA JOINT VENTURE

Boring No __HD83-2 (F)

Feature Relict Channel

Coordinates: N _5229506,2

g 746104.4

Logged by _WMB, RAW/T.EM

SOIL BORING LOG

WATANA DEVELOPMENT

o
Angle {from Horizontai) 90
Bearing -
Date Started 2/7/83

Date Gompleted ___2/7/83

_.. Total Depth

Sheet 2 of 2

Date __3/25/83

Ground Elevation 2,147.1
Rock Etevation 2069,6
87.0

Ground-Water Elevation ~_—

c
. — 2
12 _|o=122 8= T =
£2185| 288|271 (58|20 N 5
o> | ool E8|leg|.F|E8| &8 Soil Description g Remarks
aeg|i 20| 8E| E Zuw| &g EH S
mlE |P=|s5|28 7 2|0 £
50 2] m o E
ED
- : 0- 17 SM | Occasional gray clay/silt laminations m
Olive brown.
| 55 —
53- 18 SW | Olive gray.
SM
n 3 -
191100
60 - 20 SW | More large gravel, occasional cobble. T
SM | Yellowish brown.
| 65 -
I3_82- 21 sy | Less gravel, olive yellow.
M/C 3%
70 —
Jii3 .
- 22 SW | More coarse gravel, olive gray. ]
| SM M/C 6% =
Becoming coarser and drier.
7-5 P PNEUMATIC ]
PIEZOMETER @
K TOP OF ROCK  77.5 75.5 Fr. i
No recovery HAM, DDH
.80 —]
| 85 ]
- T.D. = 87.0 Ft. -
90 ]
| 95 —
100

Boring No. BD83-Zneet 2 of 2




SOIL BORING LOG

Sheet 1 of 2

HARZA-EBASCO e, 3725/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HD8:?_3 (L) Angle {from Horizontal} 90° Ground Elevation 2,220.0
Feature Relict Channel Bearing ——— Rock Elevation —
Coordinates: N _3231246.7 Date Started 2/7/83 Total Depth 82.5"
g_ 7458553,1 Date Completed 2/8/83 Ground-Water Elevation, .~
Logged by _REH,WMB,RAW, EJK ,DAF/LEM
. g |= 8
=] = - w| E o =
£S|5E|25|2&|3,|s8! 8 £
a2{™3 EE 2F (93 232 i Soil Description ] Remarks
az|2OolsE|cE|25[(8a g g
gi= |PTlgs|8e " & ® %
£
9¢ - HAM,CI
—.S s
i . L Silty SAND, 20-25% gravel. Moist, N
olive brown.
10 —
[ 8 .
15 h_ 2 SM| Silcy SAND, 10-15% gravel. i3 77/
3 Very dark gray, fine to coarse. LL21 PLi4 P16
Rounded to subrounded gravel. M/CCL-'ML' 157
- 15 Occasional cobble, frozen. * T
3ss| 281 20 LL15 PL14 PI1
20 35 ML .
50 M/C 12%
- - 4 I, Slightly more clayey Silt, sub- Hmm a
rounded to subangular
gravel. LL19 PL15 PI4
25 ML-CL —
M/C 15%
B 5588| 50| su 7
it Ice lenses.
| 30 _
| BE SM| Slightly less clayey silt, dark gray, 3 g
rounded to subrounded gravel, LL20 PL14 PI6
B polished and striated. CL-ML
M/C 11%
|35 ]
7 M/C 14%
i 854 %g 24 ;
| 40 T 3% SH LL18 PL13 P15 _ |
Boulders/cobbles to 58.5 Ft. ML-CL
B M/C 11%
45 ]
. M/C 6%
i HAM,DDH at 49.75\“
50 | Ft. |

Boring No. _1ID83—sheet 1 of ._2
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HARZA-EBASED  SC'L BORING LOG 1113

SUSITNA JOINT VENTURE

Boring No HD 83-3 (L) Angle (from Horizontal) 90° Ground Elevation 2,220.0
Feature _Relict Channel Bearing —— Rock Elevation ===
Coordinates: N 3231246.7 Date Started 2/7/83 Total Depth 82.5
E 745855.1 Date Compieted . 2/8/83 Ground-Watar Elevation ===
Logged by _ RFH,WMB,RAW, EJK,DAF/LEM
[ =
Tlz_lo=|22|52|.30 g
c8|2EIg8|5 83552 £
%g n;, 3 gé 'g; (; S| 2 E '§.§’ Soil Description g Remarks
“g|E°|o=[55|3838|S k=
50 s E
|35 —
BAM,CI @ 58.5
- Ft. —
— 055 52 M/C 12%
60 20}
.0 3" _—
LS L Moist. M/C 4%
| 65 ’ .
Lol .2 M/C 6%
70 COBBLES /BOULDERS . —
1252-13 oM ;1]..1:37, sandy GRAVEL, WITH COBBLES.
| 75 oist, dark gray,
subrounded to subangular, M/C 5% ]
fine to coarse. °
L —, Refusal at 77
Et_-________* /
80 HAM, DDH at 77.
— Ft. ]
T.D. = 82.5'
| 85 ]
| 90 .
|95 _
100

Boring No. HD83- sheet 2 of 2
3




HARZA-EBASCO

Boring No
Feature

SUSITNA JOINT VENTURE

HD 83-4 (0)

Relict Channel

Coordinates: N _3233160.2

SOIL BORING LOG shest_L _of 2
Date 26/83
WATANA DEVELOPMENT T
Angte {from Horizontal) 20 Ground Elevation 2,246.7
Bearing —_— Aock Elevation N/A
Date Started 2/9/83 Total Depth 94.0

g 747719.7 Date Completed 2/9/83 Ground-Water Elevation=—
Logged by _IEP,BAMW LEM . . . .
|z @ g @ ‘g.; ° é
£2 28|28 |T 8230152 £
g2 C;g g}_: %: O3 22 §§ Soil Description g Remarks
S2|E°|aE|E: 25128 & 3
i n m* x E
9¢ HAM, CI
B Peat (7) o
Easy Drilling to
= 20.0 Ft.
.TS'S 4 SW | silty SAND, 10-15% gravel. Frozen,
| 10 2|8 .y SM | grayish brown fine to coarse. ]
1L 12 Subrounded to subangular gravel brown- NP
11 ish gray. GContains 6" of peat in ’
B upper portion of spoon. Occasgional ]
15 cobble. b
i 385 g o M/C 1‘54 i
. I/
17 SMT [ 0Iive brown, medium dense, 10-204 fine o
20 37 to coarse gravel subrounded, wet, dark | N.P. —
grayish brown | Hard Drilling at
=
21.0 Ft.
- < —
 ; SM | More gravel, moist g EEE
| 25 _ 3 ]
Boulder @ 27ft. o
e "Q —
0
o]
oy
| 30 - _
Iél - 6 ML | Sandy SILT, 1ess than 5% gravel, dark = : ;
: - S| EE
N gray, varied silt clumps é)LL GG 5
ML M/C 17%
35 Water @ 35.0f¢t, _ ]
2 - 7 SW | Gravelly SAND, 5-12% silt dark gray )
SM | fine to coarse, saturated, angular to N.P
B subangular gravel, occasional cobble. .
40 striations H
45 Loose Sand.
2
L !SSS 4 More sand. .
13
50 29
HD8

Boring No.

3: Sheet L oot 2
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SUSITNA JOINT VENTURE

SOIL BORING LOG Sheet 2__of 2__

Date 3 / 26/83
WATANA DEVELOPMENT

l280

o B

L2

13
14

CL

sC
SM

Boring No _HD 83-4 (0} Angle (from Horizontal)___90 Ground Elevation __2,246.7
Feature _Reli] Bearing e Rock Elevation ___ —————
Coordinates: M Date Started __2/9/83 Total Depth g4 Q1
747719.7 Date Completed2/9/813 Ground-Water Elevationr=—===
ngged by JEP,RAW/LEM
c
= SolEBu| = S
=6{3=les|28| 22|28 5
ZeiBE5|22|ef|oe|BE| S : - g
o> alEd|l= sl 3| &0 Soil Description E Remarks
o] ol mc 'E g -g T w| @G = =1
mjle |("=lscs(2f| 3|0 Z
= w o |m* = 2
50 £
No water @ 51ft _
More gravel/cobbles Hard Drilling at
53-55 Ft.
ljs 9 SM N
10 SM {Silty Sand, 15-20% fine to coarse gravel

dark gray, fine to coarse, subangular LL17 PL14 PI3 -
to subrounded gravel ML-CL
Varied clumps M/C 15%

Clay, 10-15% fine to coarse sand. Varied

silt/clay clumps dark gray B3 —
LL 28 PL 19 PI 9
CL ]
M/C 15%
Clayey, gravelly sand, damp brownish pd £i

ray, fire to coarse subangular to T
g ¥ g o ( _

subrounded gravel :
LL 19 PL 14 PT 5

ML-CL —
Hard Drilling at
91.5 Ft. —
REFUSAL

Less clay, grayish brown.

T.D. = 94,0 ft. —

Bering NO.HDSE:_ Sheet 2 of 2




SOIL BORING LOG

WATANA DEVELOPMENT

Sheet 1 of 3
Date 3/26/83

SUSITNA JOINT VENTURE

Boring No ED '83'5 (Q) Angle (from Horizontal) 90 Ground Elevation 2,283.7
Zeature _Relict Channel Bearing e Rock Elevation __—5—
Soordinates: N 3234350.6 Date Started _ 2/10/83 Total Depth 138.0

E 748873.3 Date Complsted 2/10/83 Ground-Water Elevatiom——
Logged by EJK,DAF RAW JEP/LEM —
g
Tl = SolE. 9 =
FIEEEEHFEIEMNENHE 2
§§ ﬂ;,g §§ %,.: :% %% E-E, Soil Description g Remarks
s|gC|#E5|E5188|58| 5 2
~ 1] m T 0
9¢ - HAM, CI
5
— 51 1 SM Silty SAND, less than 5% gravel, frozen -
10. - olive browm, fine.
Sandy clayey SILT, less than 5% gravel,
15 - 2 % dark gray, frozen laminations, ice o m‘m -
lenses. = LL22 PL].G PIS
o CL-ML
B ®1 M/c 47% 7]
3
2022
SIIty CLAY, T0-ZU% fine to medium sand,| Q& i
less than 5% gravel. TFrozen, olive 2
CL 3 L] J 7
- 2l gray, clay layers 6" thick, Ice lenses| ™ ez ~
Occasional cobble. o LL31 PL20 PI1l
25 B CL
T | M/C 75% 1
Gravel/Cobble layer =
- LL46 PL28 PIL8
1 35.4 sg 28 £ |Park gxay CL/ML
|30 5|15 M/C 417
M/C 45%
|35 —
» G = 2.75 -
ightly laminated
I ¢ i |Slightly laminate 1133 PL31 PI22
40 MH
— ¢ . oL M/C 30% ]
Lo 7727
45 51- 8 GW [Sandy GRAVEL, less thand 5% Silt, MOIST
B olive gray, rounded to subrounded, fine ]
to coarse, occasional cobble
55 9 GW
o I__ Wet. _
50 i M/C 6%

Boring No. HDB?"Sheet 1 of



SUSITNA JOINT YENTURE

SOIL BORING LOG

SUMMARY LOG
WATANA DEVELOPMENT

Sheet 2 of _3
Date 3/26/83

Boring No _HD 83-5 (Q) Angle (from Horizontal)___90 Ground Elevation __25283.7
Feature Relict Channel Bearing ——— Rock Elevation i
Coordinates: N _3234350.6 Date Started __2/10/83 Total Depth 138.0
£ __748873.3 Date Completed ..2/10/83 Ground-Water Elevation_ ==~
togged by EJK,DAF,RAW JEB/LEM .
- S | = 8
- =
=2|8z)3%|28(35 88 £
g n; 3|ES a5 Csi @z %g’ Soil Description £ Remarks
o2 PO | SE{gE| i 2 5
u | oo N=igsll g = a|© =
50~ wm®|m o H
l_48- 10 SP |Medium to coarse sand layer with gravel S
u ' M/C 8%
55 water @ 54.0ft ]
to 86.0 ft
.60 —
L Flowing fine to medium sand Easy Drilling,
61-66 Fr. lots
65 of water
70 P Poneunatic .
Piezometer @
B 70 Ft. |
At 74 Ft. water
|25 flow reduced
L - 11 More gravel and cobbles, coarse sand. |
80
55 - 12 50% Fractured
| 85 Out of water @ __|
- T3 SHTGravelly, STITYSAND S damp;dark oltve] 8 S
L fine to coarse, subangular to subround- L11B PL16 PIZ _
ed gravel, occasional cobble ML
 ap M/C 9% N
74 - 14 SM | More silt, dark olive gray
95 Water 94-95.0ft —
to 108.5ft Hard Drilling,
_ Cobble/boulder 96.5 to 98.5 ft 86.5-98.5 Ft.
100

of 3

Boring No. HDS?* Sheet 2




wam7n-ppasep  SQILBORING LOG Shost 3_or 3
] HARZA-EBASCO SUMMARY 1OG Date 3/26/83
3 SUSITNA JOINT VENTURE WATANA DEVELOPMENT .
Boring No HD 83"‘5(Q) Angle (from Horizontal) 90° Ground Elevation 2,283.7
7 Feature Relict Channel Bearing —_—— Reock Elevation -
; Coordinates: N 3234350.6 Date Started 2/10/83 Total Depth 138.0
£ 748873.3 Date Completed 2/10/83 Ground-Water Elevation ———
- Logged by .EJK,DAF,RAW JEP/LEM
: - — -
[ =2
HEEH R EHEHE g
_ g3|1T3 E3|Byg :O' 23 %é‘: Soil Description g Remarks
Sgl2°|az|28| 25|55 8 :
X L0 A g
- 15 GM [Silty sandy GRAVEL, saturated, olive
= | gray, subangular to subrounded, fine to |
] coarse, with cobbles. Oxidized coating
105 of gravel cobble/boulder 104.0 to 109.0ft
Hard Drilling
fd 5 End Water 108.5 ft 104-109 Ft. -
GRAVEL WITH COBBLES, 20-25% medium to
110 [64 - 16 o |coarse sand; less-than 5% silt, moist —
clive gray, rounded to subrounded, fine -
L to coarse. Hard Drilling, |
111.5 Ft. more
115 Less cobbles (?) water return |
s Drilling easier
i @ 115.0
, 1120 —
0 B - 17 SM |Silty SAND less than 5% gravel, wet, N
125 olive gray, fine.
Less moisture @ 126ft
) 130 Joo sl 18 GRAVEL WITH COBBLES, 20-25% silt and sand 507 Frace) |
wet, olive green. Oxidized gravel Hard Drilling,
; @ 132f¢t. 131.5
Easy Drilling,
- 135 133-134 Fe.  _ |
R108 19
= 20 Yellowish brown sand and rock fragments
140 T.D. = 138.0 Ft.
-~ 145
150
s Boring No. HD83~ Sheet .3  of 3
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SUSITNA JOINT VENTURE

SOIL BORING LOG

WATANA DEVELOPMENT

Sheet 1 of 3

Date _3/26/83

Boring No __HD 83-6 (J) Angle (from Horizontal)_._20° Ground Elevation 2,211,2
Feature _Reli Ch Bearing A Rock Elevation —
Coordinates; N _3230265,7  Date Started _2/11/83 Totai Depth 126.5
E_744788.6 Date Completed __2/12/83 Ground-Water Elevation ...
Logged by _DAFE RAH_,_LEP_,MLLEM_
.l s
|z Cwi & o o) =
c8|aglds|58i3niss|2 =
as@3 gE|2- |03 22 i Soil Description £ Remarks
ool 2olaE|EB|E5 80| 8 )
w = §% e 2|° z
Sh-HAM,CI
B Drive pipe ]
5 Frozen to 11.0 ft. no samples taken blocked
i0 —
SM |Silty SAND 15-20% gravel, damp, dark :
- M6 1 grayish brown, fine to coarse, subround- M/C 11% ]
Is ed gravel, striated and polished Gg= 2.69
= K —
P Pipe cocked, move
- < |hole, redrill -
20 2 SM |More gravel, less sand and silt, sub- —
N angular to subrounded gravel, damp, oliye 2 ]
gray @
- L vt
0
&
25 3 SM [Clayey, silty SAND, 15-20% gravel, damp| _, <5 7/
I_56 olive gray, fine to coarse, rounded to g LL17 PL14 PI3
subrounded gravel, striated and polished| 1§ ML
~ Silt clumps contain coorse sand and = I
fine gravel
| 30 —
- [ CL Ve
e < - . — LL29 PL20C PI9
Z ¥aTved 5ILT/CLAY 5 Mo ist; dark gray oL
— G = 2.7 —
s
|40 _
: N
» - 5 CL |[Dark gray clay/light gray silt, less than NN -
is ML \10% fine sand LL44 PL27 PIL7
— CL/ML ]
- - 6 CL |Less sand, olive gray AN —
1LL32 PL23 P19
50 CL
Boring No. HDSB#Sheet L of 3



SOIL BORING LOG

T W i 2} @ Sheet_2_ __ofi 3
LT]J_@LE\&B_JJZ/AIE JE@A‘UK@ Date _3/26/83
SUSITNA JOINT VENTURE WATANA DEVELOPMENT
Boring No HD 83-6 (J} Angle (from Horizontal) 90° Ground Elevation 2,211.2
Feature Relict Channel Bearing —_—— Rock Elevation ——
Coordinates: N 3230265.7 Date Started 2/11/83 Total Depth 126.5
E 744788.6 Date Completed __2/12/83 Ground-Water Elevation ===
Logged by DAF,RAW,.JTEP MPB/T.EM ..
=
Tl = S gl E o b 2
HEREHH- EHEE z
§% ‘;E Eg TE:.: :E gé gg’ Soil Description g Remarks
i} = wE[EE| B Sl 18]G £
00 7 Gravelly, sandy-SILT, dry, olive gray Rk
R Fine to coarse, subrounded to subangular Hard Drilling
pravel R R
| 55 8 SM More sand and gravel, brownish gray
L 9 GP [Sandy GRAVEL, 5-12% silt damp, grayish
GM jbrown, subrounded fine to coarse
.60 More sand, saturated WATER @ 60.0ft to
86.0 ft
| 65
70 B0 10 SW |0live brown
SM
75
— 74
0 11 More gravel subangular to subrounded,
jO slight oxidation
18 L] 0 r
85 I§.6 12 cp Sa