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INTRODUCTION

This is the report on the geological investigation performed for the Feasibility Study on
Warsamson Hydroelectric Power Development Project in the Republic of Indonesia. This
report presents the results of the investigation, the interpretation of the ground and the
enginecring analysis. The present investigation was financed by Japan Government through
Japan International Cooperation Agency (JICA) and P.T. Pondasi Kisocon Raya per-
formed the investigation under the instruction from Pacific Consultants International, the
representative of JICA.

The project site is located at the "bird head” of Irian Jaya at about 31 km to the east of
Sorong city toward Makbon village. Figure 0-1 shows the location map of the site.

The objective of the presént investigation is to obtain geological information of the ground
at the site and the availability of borrow materials. The information will be used by the
client to select the appropriate dam site and to design the proposed structures.

According to the Contract Document from the client, the scopes of the works in the present
investigation cover the following items:

(1) To perform exploratory drilling.

(2) To execute standard penetration tests.

(3) To carry out field permeability tests.

(4) To conduct field density tests (Sand cone tests):

(5) To carry out seismic refraction survey.

(6) To perform laboratory tests on rock core samples, disturbed soil samples and con-
crete aggregate samples. -

(7) To submit a factual and interpretation report on the results of the investigation.

This report consists of four chapters and six appendices. Chapter 1 outlines the detail of
the field ground investigation and Chapter 2 describes the laboratory tests. The interpreta-
tion of the ground condition is given in Chapter 3 and the results of engineering analysis is
summarized in Chapter 4. The appendices provide the methods of the field ground investi-
~ gation, the borehole logs, the detailed results of field and laboratory tests and the photo-
graphs of the field activities including core samples. '
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CHAPTER 1
FIELD GROUND INVESTIGATION

1.1 Access to the Site

The_'dam sites and power house area are located at the down Stream'part of Warsamson
river about 2 km south from the estuary. The saddle dam area is situated along the road
heading toward Makbon village between 31 km and 34 km milestones from Sorong. Figures
1-1 and 1-2 show the locations of the two sites. |

'The project sites were accessible by car and followed by walking. From Sorong, land trans-
port was required to travel along the road toward Makbon village and alight at the mile-
stone of 31 km. Four wheel drive cars were generally necessary to travel the unpaved road
at the last few kilometers, especially after heavy rains. From the 31 km milestone, the dam

sites and the power house area can be reached on foot following a foot path inside the

tropical rain forest with hilly terrain. The foot path is approximately 1.5 km but it requires 1
to 1.5 hours to travel due to heavy terrain. The saddle dam sites are situated close to the
south side of the road and readily accessible by car.

1.2 Mobilization

Four rotary type drilling rigs and other equipments were mobilized from Bandung to Jakar-
ta by land transport and then to Sorong by sea transport. With low frequency of sea trans-
port and the heavy terrain of the sites which required manual transport of the equipment,
approximately one month (November 10 to December 7, 1994) was required to mobilize all
the equipments to the drilling sites. ' | |

1.3 Execution and Quantity of Field Work

The drilling at the first borehole was started on December 8, 1994 and all the field works
were completed on January 22, 1995, The field works executed in the present investigation
are listed below: '

(1) Performed exploratory drilling at 12 locations with a total length of 355m.

(2) Executed standard penetration tests with a total number of 36.

(3) Carried out Lugeon tests at Sm interval with a total number of 44,

(4) - Performed constant head and falling head permeability test at 5Sm interval with a total
" number of 21. ' |

(5) Conducted field density tests at 5 locations.
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(6) Carried out seismic refraction survey along 24 lines with a total length of 2.7 km.

Table 1-1 summarizes the quantity of the field works and Appcndlx E shows the photo-
graphs of the field work activities.

1.4 Positioning Survey

The locations of the boreholes and the seismic lines were positioned based on the existing
polygon points which were identified from the contour maps (scale 1 : 500) produced by
P.T. Aerokarto Indonesia. Table 1-2 lists the coordinates and the ground elevations of the
borehole locations. Figures 1-1 and 1-2 show the locations of the boreholes and seismic
lines.

1.5 Exploratory Drilling

Twelve boreholes were sunk in the present geological investigation. Four boreholes (BH-1
to BH-4) are located at dam site alternative D and three boreholes (BH-5, BH-6 and BH-
8) are at dam site alternative A. Two other boreholes (BH-10 and BH-13) are located at
power house area and the last three boreholes (BH-11, BH-12 and BH-14) are at saddle
dam area.

Coring method was used to sink the borehole with the procedure as described in Appendix
A.1. The retrieved core samples were kept in core boxes for identification. Casing pipes
were used to prevent the borehole wall from collapsing.

‘Two boreholes BH-7 and BH-9 which were originally planned to be sunk at dam site alter-
native A and power house, respectively, were canceled by the client dufing the course of
the drilling. Additional boreholes BH-13 and BH-14 were sunk at the upper portion of the
~ power house and at the saddle dam area. The total drilling depth in the present investiga-
tion is 355m which consists of:

. Borehole Area Drilling Depth
BH-1 dam site alternative D - 70m
BH-2 dam site alternative D 15m
BH-3 dam site alternative D 15m
BH-4 dam site alternative D 15m
BH-5 ‘dam site alternative A ‘ 70m
BH-6 dam site alternative A 20m
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" Table 1-2 Coordinates and Ground Elevations of Borehole Locations

Area Borehole Coordinates (m) Elevation (m)
No. Easting - Northing | Z

BH-1 766,927,250 9,911,590.615 30.020
- Damssite BH-2 766,876.343 9,911,654.722 35.920
alternative D BH-3 766,937.500 9,911,646.150 40.000
BH-4 766,953.076 9,911,642.219 60.610
Dam site BH-5 767,016.541. 9,911,881.019 18.060
alternative A BH-6 766,948.819 9,911,894.507 35.780
' BH-8 767,025.184 9,911,824.059 59.910
Power House - BH-10 767,185.090 9,911,943.730 4.220
BH-13 767,108.844 9,911,875.200 70.000
Saddle Dam BH-11 768,320.084 . 9,910,725.011 44.600
BH-12 769,700.133 9,911,208.343 48.780
BH--14 770,975.500 9,911,650.411 48.580




BH-8 dam site alternative A 1Sm

- BH-10 power house 7 20m
BH-11 saddle dam 40m
BH-12 saddle dam 30m
BH-13 upper power house 20m
BH-14 saddle dam | 25m

All the boreholes were sunk vertically, except boreholes BH-1 and BH-5 which were sunk
with inclination of 30 degrees and 40 degrees, respectively, to the vertical for the purpose
of investigating the ground condition across the river bed. Appendix B presents the drilling
logs and Appendix F shows the photograph of the soil core samples.

1.6 Standard Penetration Test

The purpose of the standard penetration test (SPT) is to determine relative density or
consistency of the ground and to obtain disturbed soil samples for identification.

In the present investigation, the SPTs were mainly performed in the completely weathered
rock in BH-14 at 1m interval. SPTs were also conducted in the weak and highly weathered
rock in other boreholes. A total of 37 SPTs was executed with detailed quantity at each
borehole as summarized in Table 1-1. Appendix B presents the results of the SPTs in the
drilling logs.

The SPT hammer used in the present investigation was a free-fall type with a hammer
weight of 63.5 kg and a falling height of 760mm. The method of the test is described in
Appendix A.2, :

1.7 Field Permeability Test

To determine the permeability of the rock formations, Lugeon tests, constant head and
falling head permeability tests were carried out in the present investigation. The Lugeon
tests were performed in the intact rock formation with low permeability while the falling
head and the constant head permeability tests were performed in the highly weathered rock
formations. The method of the tests are described in Appendix A.3.

A total of 44 Lugeon tests, 17 constant head and 9 falling head permeability tests was
conducted in all the boreholes at Sm interval. Table 1-1 presents the quantity of the tests
performed in each borehole, Table 1-3 summarizes the results of the Lugeon tests and
Table 1-4 summarizes the results of the falling head and constant head tests. The results of



Table 1-3  Results of Lugeon Tests

No| Borehole Ground Testing Test Lugeon
No Elevation Depth - Elevation Value

(m) (m) (m) (Lugeon)

1] . BH-1 30.02 1.0 to 5.0 29.02 to  25.02 1.70
2 50 to 10.0 25.02 to  20.02 2.20
3 10.0 to 150 20.02 to  15.02 3.80
4 150 to  20.0 15.02 to  10.02 4.40
5 20.0 to  25.0 1002 to  5.02 1.60
6 25.0 to 30.0 502 to  0.02 2.20
7 30.0 to 35.0 0.02 to —4.98 1.80
8| 35.0 to 40.0 —4.98 to -—9.98 1.30
9 40.0 to 45.0 -998 to —14.98 1,70
10 45.0 to 50.0 —14.98 to —19.98 2.40
11 500 to  55.0 —19.98 to —24.98 2.60
12 55.0 to  60.0 —24.98 to —29.98 2.40
13 60.0 to 65.0 —29.98 to —34.98 1.20
14 65.0 to 70.0 —34.98 to —39.98 2.30
15| BH-2 55,92 5.0 to 10.0 50.92 to 45.92 0.20
16 10.0 to 15.0 45.92 to  40.92 0.32
17| BH-3 40.00 6.0 to 10.0 34.00 to  30.00 0.27
18 ' : 10.0 to -15.0 30.00 to 25.00 0.12
19| . BH-4 60.61 5.0 to 100 55.61 to 50.61 0.70
20 - 10.0 to 15.0 5061 to 45.61 0.45
21| BH-5 18.06 20 to 5.0 16.06 to  13.06 280
22 5.0 to 10.0 13.06 to  8.06 1.40 -
23 10.0 to 15.0 806 to  3.06 2.80
24 15.0 to  20.0 306 to —-1.94 7.00
25 20.0 to 25.0 —-1.94 to -6.94 | 230.00
26 25.0 to 300 —6.94 to —~11.94 2.20
27 30.0 to 35.0 —-11.94 to —16.94 20.00
28 35.0 to  40.0 —1694 to —21.94 7.20
29 40.0 to 45.0 -21.94 to —26.94 10.70
30 45.0 to 50.0 —-26.94 to —31.94 12.00
31 50.0 to 55.0 —31.94 to —36.94 8.40
32 © 550 to 600 -| —36.94 to —41.94 2.10
33 60.0 to 65.0 —41.94 to —46.94 1.70
34 65.0 to  70.0 —46.94 to —51.94 2.30
35| BH-6 35.78 - 5.0 to 10.0 30.78 to 2578 1.20
36 10.0 to 150 25.78 to  20.78 0.90
37| - 15,0 to 20.0 20.78 to 15.78 3.90
38| BH-8 59.91 10.0 to 150 49.91 to 44.91 4.40
39| BH-10 4.22 ~ 5.0 to 100 -0.78 to -5.78 2.60
40 10.0 to 15.0 =35.78 to —10.78 5.20
41 150 to 20.0 —10.78 to -15.78 2.60
42| BH-12 48.78 50 to 10.0 43.78 to  38.78 0.20
43 ' 10,0 to  15.0 38.78 to 33.78 0.35
44| BH-13 70.00 16.5 to  20.0 53.50 to  50.00 4.00

“1C




250 to

Table 1—-4 Results of Constant Head and Falling Head Pcr:ﬁéability Tests
Borehole Ground Test " Test Permeability
No. No.. Elevation ‘Depth Elevation k
' (m) (m) (m) (cmsec)
1 BH--8 59.91 45 to 5.0 5541 to 54.91 5.23E-05
2 9.0 to 10.0 5091 to 4991 9.29E-04
3 BH-11 44.60 3.5 to 4.0 41,10 to 40.60 1.51E—04
4 9.5 to 10.0 3510 to 34.60 2.20E-03
5 145 to 15.0 30.10 to  29.60 7.85E-04
6 195 to 20.0 2510 to 24.60 5.25E~-04
7 200 to 25.0 2460 to 19.60 1.30E-04
8 30.0 to 300 1460 to 14.60 2.42E-04
9 30.0 to 35.0 14.60 to  9.60 2.57E-06
10 30.0 to 40.0 1460 to 4.60 1.36E-06
11 BH-12 48.78 150 to 20.0 3378 to 2878 - 7.84E-06
12 150 to 25.0 33.78 to 23.78 2.16E-06
13 150 to 30.0 33.78 to 18.78 1.75E-06
14 BH-13 70.00 45 to 5.0 65.50 to 65.00 8.94E~05
15 9.5 to 10.0 60.50 to 60.00 4.22E-04
16 145 to 15.0 55.50 to 55.00 8.86E—04
17 BH-14 48.58 50 to 5.0 43,58 to 43.58 1.95E-04
18 100 to 10.0 3858 to 3858 9.93E-07
19 150 to 150 33.58 to 33.58 2.08E-05
20 20.0 to 200 2858 to 28.58 2.67E-05
21 25.0 23.58 to 23.58 6.83E-04

11




the tests are also indicated in the drilling logs in Appendix B. Appcndlx C.1 presents the
“detailed results of the field permeability tests.

1.8 Field Density Test

The sand cone tests were performed to determine the density of the soil in its natural state
at the proposed borrow pit areas. Appendix A.4 describes the test method. A total of 5 tests
was carried out, i.e., oné test each close to the boreholes BH-11, BH-12 and BH-13 and two
tests at the location of BH-14. Table 1-1 shows the quantity of the tests performed in each
borehole location. The tests results are presented in Table 2-3 in Chapter 2. Appendix C.2
presents the detailed results of the sand cone tests.

19 Sampling for Laboratory Test

Rock core samples, disturbed soil sampies and concrete aggregate were collected from the
sites for laboratory tests. Table 1-5 lists the samples retrieved for laboratory tests. Some of
the sampling locations which are close to the drilling locations are indicated in Figures 1-1
and 1-2.

Rock Core Sample

The following 15 rock core samples were obtained from the core boxes for the laboratory
tests to determine index and mechanical properties:

Borehole Area ' Sample Depth

BH-1 dam site alternative D 3.08- 3.33m
: . 17.00 - 17.25m
BH-2 - dam site alternative D 4.60- 490m

| 12.65 - 12.95m
BH-4 dam site alternative D 235- 252m’
7.70 - 7.95m

BH-5 dam site alternative A 2,75 - 3.00m
18.08 - 18.38m

BH-6 dam site alternative A 4.00 - 4.25m
6.70 - 6.90m

BH-8 dam site alternative A 9.70 - 9.90m
BH-10 power house 4,77 - 5.00m
5.00- 5.25m

BH-12 saddle dam 3.00- 3.30m
BH-13 upper power house 16.86 - 17.00m

12
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Distur il Sampl
A total of five disturbed soil samples was collected from all the sand cone test locations,
i.e., one sample each close to the boreholes BH-11, BH-12 and BH-13 and two samples at
the location of BH-14. The disturbed soil samples were tested in the laboratory to deter-
mine the suitability of the soil for fill material.

Concrete Aggregate Samples : |

Seven concrete aggregate samples were collected and were sent to laboratory to investigate
the suitability for concrete material. Three fine aggregate samples were taken from the
- beach of Makbon village and one fine aggregate sample from the estuary of Warsamson
river. Three coarse aggregate samples were retrieved at the location near BH-6, at the
Warsamson estuary and at the bank of the Warsamson river about 1 km from the estuary.

1.10 Seismic Refraction Survey

The purpose of the seismic refraction survey is to determine the stratification of the ground
based on the difference of the wave propagation properties. The method of the test is
described in Appendix A.S. A total survey length of 2,700m (24 lines) was conducted with
details as below: | |

site D left bank SA 277 degrees 115m
SB 277 degrees 115m -
SC 277 degrees 115m
D 0 degrees 115m
: E S degrees 115m
site D right bank SA 97 degrees 115m
SB 97 degrees 115m
SC 97 degrees 115m
SD 180 degrees 115m
site A left bank SB 310 degrees 115m
| SC 310 degrees 115m
D 46 degrees 115m
site A right bank SB 129 degrees ~ 115m
SC 129 degrees 115m
SD 48 degrees 115m
power house S 228 degrees 115m .
A 110 degrees 115m

14



P 95 degrees 55m

saddle dam (BH-11) S (2lines) 46 degrees 2x115m
saddle dam (BH-12) A 226 degrees 115m

S 46 degrees 115m
saddle dam (BH-14) SA 317 degrees 115m

S 137 degrees 115m

Figures 1-1 and 1-2 present the survey lines plotted on the topographic maps. The calcula-
tion sheets and the T-X graphs are given in Appendix C.3.

1.11 Geological Mapping

During the investigation period, a geological mapping was conducted to identify the rock
types and the extent of the rock. The survey covers the following areas: (a) along the
Warsamson river between km 31 milestone and the estuary, (b) along the road heading to
Makbon between the Warsamson bridge and the borehole BH-14 and (¢) from W-02 bench
mark at approximately N 9,913,000m and E 769,000m to the south until the road at the
saddle dam area. The results of the mapping are presented in Figure 3-3 and are discussed
further in Chapter 3.

15



CHAPTER 2
LABORATORY TESTS

According to the Contract Document and subsequent instructions from the client, the soil
and rock samples were subjected to the following laboratory tests:

(1) Rock core samples:
- Specific gravity and absorption  (ISRM Doc. No. 2)
- Ultrasonic velocity test (ISRM Doc. No. 4)
- Unconfined compression test ~ (ISRM Doc. No. 7)

- Indirect tensile strength test (ISRM Doc. No. 8)

(2)  Soil samples:

- Specific gravity (ASTM D 854)

- Grain size analysis (ASTM D 422)

- Atterberg limits (LL and PL)  (ASTM D 423 and 424)
- Compaction test (ASTM D 678 and 1557)
- Permeability test (ASTM D 2434)

(3)  Fine aggregate samples:

- Specific gravity and absorption  (ASTM C 127)

- Grain size analysis (ASTM C 136)
- Alkali Reactivity test ~ (ASTM C289)
- Sulphate soundness test (ASTM C 88)
- Crushing test (ASTM C417)
- Organic impurities (ASTM C40)
- Mud and clay content (JIS A 1137)

- Chloride content (ST. CHEM 203A)
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(4) Coarse aggregate samples:

- Specific gravity and absorption  (ASTM C 127)

- Grain size analysis (ASTM C 136)

- LA abrasion test (ASTM C 131)

- Alkali Reactivity test (ASTM C 289)

- Sulphate soundness test (ASTM C 88)

- Chloride content (ST. CHEM 203A)

Table 2-1 summarizes the total quantities of the laboratory tests performed in the present
geological investigation. Tables 2-2 to 2-5 present the test results. Appendix D provides the
~ detailed results of the laboratory tests.
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Table 24 Results of Laboratory Tests on Fine Concrete Aggregate Samples = -

Test Makbon Warsamson | Requirement
Description SP—-1| SP-2 | SP~3 SP — 4
Bulk Specific Gravity 235 | 234 | 207 254
Bulk Specific Gravity 2.44 2.44 2.40 2.60 Not less than
(Saturated—Surface Dry) 2.5
Apparent Specific Gravity | 2.6 2.6 308 | 270
Absorption, % © 4,11 4.40 15.71 2.21 Not more than
' : 3%
Fraction passing sieve, % :
9.6 mm 100 97. 100 100 100
4.8 mm 100 86 100 100 90-100
2.4 mm 100 78 100 99 80—-100 -
1.2 mm 99 57 100 93 50-90
0.6 mm - 90 33 100 58 25-65
0.3 mm 55 28 99 14 10-35
- 015mm 13 18 96 1 2-10
Alkali Reactivity -
Rc, mmol/1 170 187 277 170 Sc <Rc
Sc, mmol/i 84 66 63 102 ;
Soundness, % 6.33 8.60 . - 9.99 Not more than
‘ 10 %
Organic Impurities Brighter | Brighter | Brighter Brighter Brighth than
: tandard colour
No 3
Silt & Clay, % 4.1 4.2 37.8 13 Less than
5%
Hardness Index 2.18 2.78 - 1.16
0.05 0.18 ~ 0.01

Chloride Content, %

0.06
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CHAPTER 3
INTERPRETATION OF GROUND CONDITIONS

" 3.1 General Topography

The Warsamson River basin, including its surrounding area, can be classified to two typical
topographies which are (1) intermontane valleys and (2) rugged hills. Figure 3-1 indicates
their distributions.

(1) Intermontane Valley

The most upstream part of the Warsamson River is near the foot of Tamrau Range, locat-
ed some 100km east of Sorong town. After that, the stream meanders toward west in a
wide and gentle intermontane valley, called "Warsamson Valley". The elevation of the
groﬁnd near the river is in a range of 50m to 100m and the slopes of the bank are generally
gentle. This intermontane valley area is bounded by mountain range at its north and south.
Further north of the mountain range is the Dore Hum valley running parallel with the
Warsamson river. The proposed saddle dam is located in this Dore Hum Valley. A large
portion of this intermontane valley will serve as a reservoir pond for the proposed dam.

(2) Rugged Hills

'The Warsamson River, meandering in the intermontane valley abruptly changes its direc-
tion at about 15km east of Sorong town and cuts through rugged hills into a deep gorge en
route to the Pacific Ocean to the north. Cascades and waterfalls have developed at several
places in the lower part of the gorge. The rugged hills constitute a part of mountains -
surrounding the intermontane valleys. The slope angle of the bank is 30° to 60° at the
dam site alternatives in the gorge.

32 Geological Background

On the basis of the "Geology of the Sorong Sheet area, Irian Jaya" published by the Geo-
logical Research and Development Center (1990), the Warsamson River basin and its
surrounding area can be divided into three geological formations, i.e., Tamrau Block,
Sorong Fault System and Kemum Block, as shown in Figure 3-2.

The proposed dam site will be located in the Tamrau Block while most parts of the reser-

voir area in the upper stream will be situated within the Sorong Fault System with minor
part within the Kemum Block.
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Figure 3-1 Warsamson River Casin and Topography
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Legends Discription S Age
Kemum Block Siluro—~Devonian
(Blok Kemum) - to Holocene
Tamrau Block . Miocene
(Blok Tamrau) |
Sorong Fault System Late Miocene
(Sistem Sesar Sorong)  to Quaternary

Figure 3—2 Warsamson River Basin and Geologica] Formation
(Reproduced from "Geology of the Sorong Sheet Area, Irian Jaya",
published by the Geological Research and Development Center, 1990)
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In the Tamrau Block, the major formation encountered at the site is Miocene Dore volca-
no (Tmdo) consisting of andesitic to basaltic volcanic, volcanoclastic rocks. Other than
these, carbonate rock was also confirmed near the estuary and is probably a member of
Koof Formation (Tmko) or Segawin Limestone (Tmsa) deposited in the Miocene epoch. '

The Sorong Fault System is a melange zone comprising fragments of clastic sedimentary
rocks, carbonate, granite and ultramafic and volcanic rock ranging in size from pebbles to
blocks of several kilometers long. The fragments owe their present relative configurations
to the movement of the Sorong Fault System between the Late Miocene and Quaternary.
The type of rocks outcropped at the site are shale, tuff, conglomerate and siltstone. To be
noted is that such rocks contain fragment of limestone, considerably varying in size and
quantity depending on the location. |

The Kemum Block comprises clastic sedimentary rocks, metamorphic rocks, intrusive
rocks, carbonates and surficial deposits ranging in age from Siluro-Devonian to Holocene.
This formation was not confirmed in the present investigation.

33 | Stratification

Figure 3-3 presents the results of our geological reconnaissance survey performed mainly
along the river and road. As can be seen in the figure, we divided the river basin into five
geological zones for geotechnical study purpose from the north to south as below :

(1) Zone of Estuary Conglomerate

(2) Zone of Cliff Limestone

(3) . - Zone of Lava Breccia

(4) Zone of Weathered Shale .

(5)  Zone of Miscellaneous Sedimentary Rocks

(1)  Zone of Estuary Conglomerate _
Relatively well cemented conglomerate is cropped out at the estuary of the Warsamson
River in the north coast of the rugged hills. We believe that it belongs to the Tamrau
Formation (Tmdo) in the Miocene. Gravels contained in the conglomerate are of volcanic
origin rocks such as andesite, basalt and diabase with diameters of 10 to S0mm. The matrix
is fine grained, tuffaceous material. |
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(2)  Zone of CIiff Limestone

“There are vertical cliffs of limestone at the right and left banks of the river in the south of
the estuary conglomerate zone. The height of the cliff is 20 to 30m. The limestone is white
or black and moderately crystallized with a lot of close spaced silica veins and, although not
so weak as a fragment, is heavily weathered with many open joints, fissures and some cavi-
ties.

We believe that this limestone is a member of the Koof Formation (Tmko) or the Segawin
limestone (Tmsa) which was found in the Dore Volcanic Formation near the project site
with limited distribution at small and isolated area.

(3) Zone of Lava Breccia

Lava breccia is distributed at the south of the cliff limestone zone, forming the rugged hills
with steep and narrow gorges that Warsamson River running through, The steepest and
narrowest gorge is considered suitable to construct a concrete dam. Large andesite boul-
ders (probably derived from this lava breccia) with diameter of greater than 3m were found
at the upper portion of the mountain range at both sides of the Dore Hum Valley.

The lava breccia is dark grey with subangular fragments of basalt, andesite and diabase,
containing medium spaced white silica veins with maximum thickness of 3mm. Occasional-

ly, the fissures are open along the vein.

The lava breccia can be divided to the following 3 portions based on the results of the
seismic refraction survey and the drilling logs.

Seismic Wave Velocities ROD

- Residual Soils < 0.5 km/sec 0%
- Moderately Weathered Portion - 0.5 - 2 km/sec 0-100%
- Slightly Weathered to Fresh Portion > 3 km/sec 75-100%

The residual soils mainly contain materials of D class based on the classification proposed
by the Central Research Institute of Electric Power Industry (CRIEPI) as indicated in
Appendex G. The moderately weathered portion contains CL to CM materials while the
slightly weathered to fresh portion contain CH materials with minor of CM materials.

Residual soils

Figures 3-4 and 3-5 indicate the geological sections along the dam sites D and A respective-
ly. Asshown in the figures, the top portion of lava breccia is completely weathered and has -
been changed into residual soils in places. The residual soils are clayey silt, sandy silt, silty
sand and gravelly soils. The thickness of the residual soils confirmed at the borchole loca-
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tions is summarized as below ;

Bgrehole Ele?a;ion {m) | Thickness of
| idual Soils (m

BH-1 +30.0 -
Dam Site BH-2 +55.9 5
Alternative D BH-3 +40.0 4
) BH-4 +60.6 -
Dam Site BH-5 +18.1 ‘ -
Alternative A BH-6 +358 . 3
BH-8 +59.0 ' 7

Power House BH-10 +4.2 ‘ 6.5

Surge Tank BH-13 +70.0 16.5

The thickness of the residual soil varies significantly from one location to another. Howev-
er, there is a tendency that the thickness is larger at the boreholes at higher elevations.

There is no residual soil at BH-1 and BH-5 near the river side at lower portion of the hill
while residual soils with thickness of 17m were revealed at BH-13 which is located at the
middle flank of the hill at 70m above the mean sea level. '

rately Weathered Portion

Moderately weathered portion of lava breccia is sandwiched by the top residual soils and
fresh lava breccia underneath, Figure 3-6 indicates the total thickness of the residual soils
and the moderately weathered portion of lava breccia. As can be seen in the figure, there
is a tendency that the total thickness also increases at higher elevation. The thickness of
-this moderately weathered portion varies significantly from a minimum thickness of Imto a
maximum of 25m. It is noted that this moderately weathered portion is not homogeneous
with a single seismic velocity. On the contrary, it consists of various materials with differ-
ent degrees of weathering, fissures and weak zones. The seismic velocity obtained in this
portion is an average velocity of waves which passes through many materials. Therefore,
the weathering state of the rock defined by the RQD observed in the borehole at the
respective seismic section does not necessarily agree with the weathering state defined by
the seismic wave velocity. '
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Slightly Weathered to Fresh Portion

The slightly weathered and fresh lava breccia is the most stable and sound layer which is
suitable as foundation bearing layer for the proposed dam type. It is cropped out at the
lower ridge of the mountain range and covered by thick top soils and moderately weath-
ered portion at higher ridge of the mountain range. The RQD is excellent in a range of
75% to 100%.

(C))] Zone of Weathered Shale

The highly weathered shale is the basic formation around the saddle dam area at Dore
Hum Valley. The maximum thickness of the shale confirmed was 40m at the location of
BH-11. The Pre-Feasibility study also confirmed the presence of the highly weathered
shale at PB-1, 2, 3 and 4 which are located about 2km up stream from the dam site alterna-
tive D. The locations of the boreholes in the Pre-Feasibility Study are also indicated in
Figure 3-7.

The shale is black to dark grey with many fissures, slicken sides and cleavages. The frag-
ments are very weak and crushable with finger pressures or a light blow of hammer. SPT
N-value is generally greater than S50 blows except at very top portion. Iron oxide stains the
faces of fissures at the shallow portion within 10m from the ground surface.

It is noted that the shale in this Weathered Shale Zone often contains various sizes of lime-
stone boulders. Some of the limestone boulders are outcropped on the slope of hills and
on the beds of small drains and others are encountered in the boreholes. The limestone
boulder encountered in BH-12 is 14m in size with excellent RQD of 80 to 100%, while they
are highly weathered and fractured in the boreholes PB-1 to 4. These boulders were de-
rived from Tamrau and Kemum Blocks, ages of which are from Late Cretaceous to Middle |
Miocene, although the shale itself of this melange zone was formed in Late Miocene to
Quaternary. |

(5)  Zone of Miscellaneous Sedimentary Rocks

The zone of miscellaneous sedimentary rocks is located at the south of the Weathered
Shale Zone and covers the most area of reservoir portion of the Warsamson River, This
zone, together with the Weathered Shale Zone, is included in the Sorong Fault System
which is a melange zone assembling various types of rocks, deriving from the adjacent
Zones.

The rocks confirmed along the river include conglomerate, tuff, mudstone, siltstone, sand-

stone and, sometimes, carbonate rocks. Mostly, they are highly weathered and a light blow
of hammer is able to crush them into pieces. The predominant rock type in this zone is
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tuffaceous or calcareous mudstone.

Outcrops of limestone are often noticed as boulders with random dips, strikes, shape and
size. Usually the outcrop is isolated and is too small to map. '

34 Engineering Properties

This section discusses the engineering properties of the ground based on the results of the
present and previous (Pre Feasibility Study) investigations. Table 3-1 summarizes the
engineering properties of the materials encountered in the investigation.

(1)  Rock Quality Designation (RQD)

In general, the RQD of the lava breccia at the alternative dam sites is fair to excellent
while it is poor to very poor at the perimeter area adjacent to other geological zones as
shown in Figure 3-8. Location of this section is shown in Figure 3-9,

The lava breccia has a good to excellent RQD, ranging mostly from 75% to 100% at BH-1
to BH-4 at the dam site alternative D and at PB-6 to PB-8 at approximately 500m south
from site D. At the dam site alternative A, the RQDs are rather low, ranglng from 50 to
100% at BH-5 and BH-6 and 10% to 50% at BH-8.

At the perimeter area, RQDs are poor and ranging from 0 to 50% at BH-10, PB-5 and PB-
9. The RQD:s of the shale are generally very poor. However, excellent RQD is observed at
the limestone boulders which are frequently embedded in the shale at BH-12.

) Index Properties

The unit weight varies from 2.5 to 2.8 g/crn3 for the fresh to slightly weathered portion of

lava breccia and 2.4 to 2.7 g/m3 for the moderately weathered portions. The porosity is 2
" to 8% for the fresh to slightly weathered portion and 4 to 13% for the moderately weath-
ered portion.

()] Dynamic Properties
The dynamic properties of the lava breccia were obtained from the laboratory ultra sonic
wave velocity measurements. The compressive wave velocity of the rock core extracted

from the fresh to slightly weathered portion is almost the same as the insitu compressive
wave velocity measured at the site by the seismic survey.
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(4) Static Properties

The unconfined compression strength of the lava breccia is 200 to 1000 kg/ cm? which is
within the reasonable range estimated from compressive wave velocity, The brittleness
ratio of the lava breccia, which is defined as the unconfined compressive strength over the
tensile strength, is 7 to 27 that is also in a common range for this type of rock. The cohe-
sion of rocks decreases with the higher ratio of brittleness. For the comparison, the brittle-
ness ratio of steel with large cohesion is 1.

As always the case for other types of rocks, no correlation could be established between
RQD and the engineering properties obtained from laboratory tests.

(5) Seismic Wave Velocity

Figure 3-10 presents the seismic wave velocity of the base rocks around the site. As shown
in the figure, the insitu seismic wave velocities of the fresh to slightly weathered lava brec-
cia are in the same order with the ones obtained at the laboratory through the rock core
specimens. This indicates that the rock mass is in the same condition as the rock core
specimens without discontinuities. The excellent RQD supports this interpretation. For
this reason, the presence of faults is unlikely in the fresh to slightly weathered portion
although the wave velocities are sometimes ups and downs in the time distance curves that
can be interpreted as faults. We took the average velocity instead of taking high velocity
plus weak zone. ' ' '

We notice from the T-X graph in saddle dam area close to the borehole BH-14 in Appen-
dix 4.2.6 that there is a zone with relatively lower velocity than the surrounding zones. The
propagation of the wave may probably be affected by the nature of highly wheathered and
completely fractured of the weathered shale.

(6) Permeability

ne of Brecci _
Figures 3-11 and 3-12 show the Lugeon profiles at the dam sites alternative D and A re-
spectively. The coefficients of permeability converted from the Lugeon values are summa-
rized below: '
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CoefTicient of Permeability, cm/sec

Moderately - Fresh to
Weathered Slightly Weathered
Area ' Residual Soils Portion Portion

dam site : '
alternative D - - 10'4 - 10'6
dam site : _ '
alternative A 103. 107 102 - 1073 103 .10
Power House - - 10'4 - 10'5
Surge Tank - 103-10% -

The Lugeon values of 0.1 to 0.7 at BH-2, 3 and 4 on the slopes of the bank are equivalent
to coefficient of permeability of 10°5 to 106 cm/sec, while on the river side, the Lugeon
values at BH-1 are 1 to 5 or equivalent to 10 to 107 cm/sec.

From the above test results, the permeability of lava breccia at the dam site alternative D
can be classified as low to very low. The permeability of the residual soils, although there
was no permeability test performed, is expected to be high since the fines content such as
silt and clay is very less in those soils at site D.

At the dam site alternative A, the permeability of the lava breccia is in the same order as
that at the dam site alternative D according to the Lugeon values obtained. However,
there are several numbers of high Lugeon values noted at BH-5 below the river bed.
Among those high Lugeon values, a Lugeon value as high as 230, or equivalent to 102 to
1073 cm/sec in term of coefficient of permeability, was recorded at the elevation of mean
sea level. '

f Weathered Shale
The zone of weathered shale can be subdivided into two areas which are (1) saddle dam
area and (2) river side area. The saddle dam area refers to the area in which BH-11, 12
and 14 were sunk while the river side area includes PB-1 to 4 along the Warsamson river.

At the saddle dam area, the shale does not contain many limestone boulders as that at the
river side area. The coefficient of permeability obtained in the saddle dam area is 10 3 to
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100 cm/sec which is classified as low to very low permeability. The permeability obtained
within the limestone boulder encountered at BH-14 was 10~ cm/sec, indicating very low

permeability.

At the river side area, the coefficient of permeability of the shale with a lot of embedded
limestone fragments ranges from 103 to 107 m/sec. Thus, the presence of limestone
within shale does not affect the low permeability of the shale itself.
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CHAPTER 4
ENGINEERING ANALYSIS

. This chapter discusses the engineering analysis on the following issues:

(1) Bearing Capacity

(2) Leakage of Water Reservoir
(3) Construction Materials

(4) Seismicity

(1)  Bearing Capacity

To obtain competent bearing layer with sufficient bearing capacity for the proposed con-
crete dam at the dam site alternatives A and D, it is necessary to remove the top residual
soils. The moderately weathered lava breccia may need to be removed to certain extent
also by stripping the weak portions from the fresh lava breccia. Figure 3-6 indicates the
estimated removal depth to reach to the competent bearing layer as predetermined by the
seismic survey.

Although there are several weak zones interpreted along the seismic lines, there is no criti-
cal or definite fault at the dam site alternatives, power house and surge tank area. The
inclined boreholes sunk at both the alternative sites and crossing the river to the opposite
bank also did not confirm the presence of fault. At the power house, there is a topographic
lineament of steep gorge crossing BH-10 from south to north until it joins the river. The
result of one borehole sunk at the pbwer house and the seismic survey along two lines do
not detect the presence of fault.

Some faults are suspected to be present around the area of PB-5, 6, 7 and 8 since the
seismic velocity of the base rock is very Iow.

At the saddle dam area, there is a wide and very clear weak zone at the north of BH-14
running along the hill foot toward Makbon village. The weak zone may be the fault related
to the movement of the Sorong Fault System. However, it does not much affect the instal-
lation of earth fill saddle dam there. | - '
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(2) - Leakage of Water Reservoir

The fresh to slightly weathered portion of the lava breccia at the dam site alternative D is
practically impermeable. The removal of the residual soils is considered sufficient to
- prevent the potential of leakage.

For the dam site alternative A, although the permeability of the fresh to slightly‘ weathered
portion of the lava breccia is low, care should be taken that medium permeable zones were
detected at several depths below the river bed. |

Leakage of reservoir water is considered not serious for the zone of weathered shale in
spite of the fact that the boring results confirmed many limestone fragments frequently en-
trapped in the ground and some of them were seen as outcrops. It is believed that all the
limestone fragments are isolated and surrounded by the impervious weathered shale.

For the zone of miscellaneous sedimentary rocks, we expect that the possibility of water
leakage through limestones is low since the limestones encountered in the investigation are
not the basic formation, instead they are present as boulders which are isolated and sur-
rounded by other low permeable formation such as mudstone in similar condition as those
" in the zone of weathered shale. However, at least one limestone cliff was found during the

reconnaissance survey at the zone of miscellaneous sedimentary rocks with a height of 5m
- and a width of 10m. There is a possibility that water may leak from this limestone cliff.

()] Construction Materials
The construction materials under the present investigation are as below:
* general earth fill materials

* fine aggregates for concrete
* coarse aggregates for concrete

Gerieral Earth Fill Material

The samples for the general fill material were collected from the zones of weathered shale
and miscellaneous sedimentary rocks, and also from the top of the hills at the zone of lava
breccia. Table 2-3 summarizes the results of the laboratory tests perfornied on those fill
samples. As shown in the table, the fines content for the samples is generally high and,
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depending on the purpose, coarse material such as gravels or sand should be added.

Fine Aggregate

Table 2-4 shows the results of the laboratory tests performed on the sand samples collected
near the site. As indicated in the table, all the sand samples from Makbon are considered
not suitable for the fine concrete aggregates due to the high absorption that exceed the
standard proposed by the Japanese Civil Engineering Society. The quality of other sample
from the estuary of the Warsamson river is rather critical in respect to the soundness.
Based on the field observation, the sand from Sorong city can not be directly used as con-
crete fine aggregates because the fines content is very high by visual observation.

Coarse Aggregate

According to the results of laboratory tests for the coarse aggregate samples in Table 2-5,
only the estuary conglomerate is considered not suitable for coarse aggregates because the
abrasion loss is close to the maximum allowable limit. However, trial mix of concrete is
recommended to further confirm the suitability of these materials as concrete aggregates.

(4)  Seismicity

We studied the design seismic factors by: (1) employing recurrence analysis on data of
earthquakes occurred around Sorong from the year of 1923 to 1994 and (2) using a seismic
risk map issued by the Research Institute for the Development of Water Resources
(DPMA).

The peak ground acceleration obtained in the recurrence analysis by Kawasumi and Plot-
ting Position Methods for a return period of 100 years is 130-150 gals or equivalent to a
seismic coefficient of 0._13-0.15 g. The seismic risk map indicates a ground acceleration of
200 gals or equivalent to 0.2 g seismic coefficient for the same return period. Therefore, for
the safety side, we recommend to use 200 gals for the ground acceleration or 0.2 g for the
seismic coefficient for 100 years return period. Figures 4-1 and 4-2 show the seismic risk
map for a return period of 100 and 500 years respectively and Appendix H gives the earth-
quake data and calculations in the recurrence analysis.
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APPENDIX A.1
EXPLORATORY DRILLING

The boreholes were drilled using rotary type drilling machine. Figure A.1.1 shows the
general set up of a rotary drilling rig. The diameter of the boreholes in the present study
was 76mm.

Core drilling method was employed in the present investigation. Two types of core barrels
were used in the present investigation: (a) a triple tube core barrel with diamond bit for
drilling in fresh rock formation and (b) a single core barrel with steel bit for advancing the
borehole in completely weathered rock formation.

To maintain the stability of the borehole in rock layer having high potential of collapsing,
casing pipes with diameter of 89mm were installed immediately following the advance of
the borehole to about 0.5m above the bottom of the borehole. In stable rock formation,
casing pipes were only installed at the top 1 to 2m of the borehole to stabilize the borehole
- mouth. |

In the drilling operation the core barrel is lowered to the bottom of the borehole by drill
rods. The borehole is advanced by rotating the core barrel with gentle thrust actions. Clean
water is fed to the bottom of the borehole through the triple tube core barrel to flush out
the cuttings and to cool the diamond bit. When the core barrel is full with rock or soil
cores, the core barrel is withdrawn from the borehole. With the help of water pressure
pumped to the upper end of the core barrel, the soil or rock core is pushed out from the
core barrel. The retrieved core sample is then stored in the core boxes in depth order.
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APPENDIX A2
STANDARD PENETRATION TEST (SPT)

The purpose of performing the test is to determine relative density or consistency of
completely weathered rocks and to obtain rock samples for identification. A split barrel
sampler of 50mm outer diameter as shown in Figure A.2.1 is lowered to the bottom of the
borehole by drill rods. The sampler is then driven 450mm into the soil by a 63.5 kg free
fallmg hammer over a height of 760mm. The 760mm free fall height is controlled by a
hook shown in Figure A.2.2, The first 150mm penetration is regarded as the seating drive,
hence the number of blows to achieve this penetration is not included in the SPT N-value.
. The total cumulative numbers of the blow counts required for each 100mm of the last
300mm penetration is recorded as the N-value. The recovered samples are kept in plastic
jars and plastic bags for soil identification. '
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(2 at 3/8 in,
diameter.)

0 to 2.0 in. (25 to 50 mm)

10 0.0 in. (0,457 to 0.762 m)

1+ 0.005 in. (34.93 + 0.13 mm)

.05 - 0,00 in, {381 £ 1.3 - 0.0 mm)
102 in. (254 + 0.25 mm)
oa-—ouom (50.8 13-oomm)
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SmMED O

Figure A2.1 Standard Penetration Split Barrel Sampler
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APPENDIX A3
FIELD PERMEABILITY TEST

To determine in situ permeability of the ground, the following field tests can be applied in
aborehole:

(a)  variable head permeability test (falling head or rising head) for soils
(b)  constant head permeability test for soils
(¢)  Lugeon test (packer test) for rocks

(a) Variable Head Permeability Test

The variable head permeability test involves the application of a hydraulic pressure in the
borehole different from that in the ground and the flow due to the difference is measured
to estimate the permeability of the ground.

There are two types of tests, i.e., "falling head" and "rising head" test. In the "falling head"
or "in flow" test, the hydraulic pressure in the borehole is increased by introducing water
into it and the rate of the water level to fall in the borehole is measured. In the "rising
head" or "outflow" test, the hydraulic pressure is decreased by pumping water out from the
borehole to lower the water level in the borehole and the rate of the water level to rise is
measured.

To conduct the test, the borehole is sunk to the required testing depth and then is cleaned
from the cutting debris. The borehole wall is protected by casing pipes and the test portion
of the ground is uncased. The test portion can be right at the bottom of the casing pipes or
protruded further down from the casing pipes. The uncased part may be supported by
suitable filter material with a permeability much greater than that of the ground being
tested.

The water level in the borehole is then raised by pouring water into the borehole or is
lowered by pumping out water depending on the type of the test (falling head or rising
head). The rate of the water level to sink or to rise is then measured by recording the
water levels in the borehole at several time intervals. |
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The permeability of the ground is estimated by the following formulas :

A H
k = - log o =
F (tz - tl) H2

where:
k is the permeability of soil
F is the intake factor
Hj is the variable head measured at time t4 after commencement of test
H, is the variable head measured at time t after commencement of test
A is the cross-sectional area of borehole casing or standpipe as appropriate

Depending on the condition of the ground and the uncased part of the borehole, the intake
factor (F) are given in Figure A.3.1 after British Standard BS5930:1981.

(b)  Constant Head Permeability Test

The constant head permeability test involves the application of a hydraulic pressure that is
‘maintained constant in the borehole. To conduct the test, the borehole is sunk to the
required testing depth and then is cleaned from the cutting debris. The borehole wall is
protected by casing pipes and the test portion of the ground is uncased. The test portion
can be right at the bottom of the casing pipes or protruded further down from the casing
pipes. The uncased part may be supported by suitable filter material with a permeability
much greater than that of the ground bemg tested.

Water is then poured into the borehole to create a difference of hydraulic pressure from
the original water table in the ground. The water level is then maintained constant by
adjusting the supply of water in balance condition with the water seeping through the
uncased portion of the borehole. The simplest way is to raise the water level to the top of
the casing pipe and the supply of water is adjusted in such a way so that the water level will
be right at the top of casing pipe without pouring out from the casing. When the balance
condition is achieved, the rate of steady flow is measured by recording volume of water in a
~ specific time interval. '
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Figure A.3.1 Values of Intake Factor, F, in Boreholé Permeability Tests
(After British Standard, BS5930 : 1981) ‘
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The permeability of the ground is estimated using the following formula :

1
K = —memmem
FH,
where :
q is the rate of flow
F is the intake factor
H,, is the constant head above the original groundwater table

Depending on the condition of the ground and the uncased part of the borehole, the intake
factor (F) are given in Figure A.3.1 after British Standard BS5930:1981.

() Lugeon Test (Packer Test)

The packer test is usually conducted to measure the permeability in rocks. The test was
originally mtroduced by Lugeon (1933) to provide an acceptable standard for the perme-
ability of dam foundations. The principle of the test is to measure the volume of water that
can escape from an uncased section of the borehole in a given time under a given pressure.
" The flow is confined between two packers in the double packer test, ‘or between one packer
and the bottom of the borehole in the single packer test. Figure A.3.2 illustrates the ar-
rangement of a packer test.

The function of the packer is to confine the outflowing water to the specified testing section
in the borehole. There are several types of packers, such as the mechanical tail type, the
manual mechanical expanding packer and the hydraulic self-expanding packer. In loose
condition, the packers can freely move in the borehole. After expanding to the borehole
wall, the packer serves as a seal to prevent the pressurized water to flow beyond the tested
section. Therefore, it is important that the expanded diameter of the packer should be
sufficient to provide an efficient seal. The expanding pressure should be sufficient to
expand the packer against the head of water in the borehole, but not causing heaving of the
ground surface or fracturing of the rock.

To conduct the single packer test, the borehole is sunk to the required test depth and the
packer is lowered down to a certain distance (usually Sm) above the bottom of the bore-
hole. After the packer is expanded against the borehole wall, a flow of water is introduced-
to the section in between the packer and the bottom of the borehole through the drill rods.
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The discharged rates corresponding to the various given pressures are then recorded. To
‘conduct the test at the following depths, the packer has to be withdrawn and the borehole
is drilled further to the next testing depth. The testing procedure as discussed above is
repeated in the next test.

In the double packer test, the test is conducted in a completed borehole, Two packers
arranged in a certain spacing (usually 5m) are lowered down to the required testing depth.
After the packers are expanded against the borehole wall, a flow of water is introduced to
the section in between the two packers through the drill rods. The discharged rates corre-
sponding to the various given pressures are then recorded. To conduct the test at the next
depth, the packers are loosen from the borehole wall and then lowered down or raised up
to the next testing depth. The same testing procedure is then repeated.
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APPENDIX A4
FIELD DENSITY TEST

The purpose of the test is to determine the in-place density of natural soil deposit. The
sand cone test method was carried out for this purpose. Figure A.4.1 shows the sand cone
test apparatus. ‘

After removing the plantatioﬁ and levelling the ground surface, the base plate with a round
hole in the middle as shown in Figure A.4.1 is placed on the ground surface. A cylindrical
hole is dug at the centre of the plate until the volume is approximately 1000 ¢m3 for soils
finer than 4.7Smm and 1500 to 3000cm3 for coarser materials. The weight of the excavated
soil is measured and the moisture content is determined. Sand with known density from the
apparatus is poured into the hole. The weight of the sand required to fill up the hole is
determined and the volume of the hole is calculated.

The density of the natural soil is computed using the ‘following formulas:

weight of excavated soil

wet density =
volume of replacement sand

wet density

dry density =
1 4+ moisture content
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APPENDIX A.S
SEISMIC REFRACTION SURVEY

The purpose of performing the survey is to determine the thicknesses of different rock
layers below the ground surface. The results of the survey were correlated with borehole
logs to obtain the physical property of each layer, The instruments used are TR-7 type
seismic instrument from OYO which consists of one field graph, 24 channel amplifier, 28
geophones and one blaster, ' |

The seismic refraction survey is carried out in spreads of 24 geophones. The geophones are
stuck into the ground surface in one line at Sm interval forming one spread of 115m long.
Shock waves are generated with firecrackers at four shot points within the spread and at
two shot points outside the spread. The inner shot points are positioned between two
geophones and distributed equally along the spréad. The outside shots are located S5m
from each end of the spread. The times required by the shock wave to travel from each
shot point to each geophone location are recorded by the instrument through the geo-
phones.

The presence of different rock layers below the spread and the thickness of each layer are
interpreted from the recorded travel times and the corresponding distances between the
shot points and the geophones. The different wave velocity of each layer determines the
different rock layers. '
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BORING No. : BH-3
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14 - po weathered lava breccia, brown and -
_5'5 \ e grey colour, dense, angular, dia. '
; 2 40 ] f-4em max dia 20cm ]
H IS -3 o0 R - g .
Y e 8
E _J 00 e :
a hal I L % Clayey silt, reddish brown to | ® a
| [ 5] (100 5 yellowish, stiff to very slift & g 13 815, 618, 715
|, || 8 100 g high palstic. With angular gravels 2= "
S \of mox. dis, Zem =
w0 "haa =
*] 7 o AP A -
b 7 ] Yy t
> 1 100
3- 6 — QAAAﬁ Lava breccia, greeni:‘h grey, slightly g 5.8 -1
o k s | 2 {100]90 Frh a A weathered, strong. With suban— =
&l 7 4 4 gular fragments of red basalt i
] QAAQAJ (dia, 1-3em} and grey diorite Dip 30-60 03
g (0] [too S (dia. 2~15cm, many olivine). With |
50 9 100 AN | white szilica veins, no fissures m
1 '5_0' [ o ™ 100 &AAAA‘ along the veins E
8- ' — b A A sl 4-4.3m, gravels of lava . -
o
. aa{f breccia, dia. 2-7em. o
101 o |100]100 A -
10 A A /m 7
4 NN =
o ud 1] 120 A - i
s 1| lioo Yoy E
[— o] [l00
B 124 — Y E -
2 ] b A A ' o1
13- 12101100/ 2 S 1%, %, .
4 Y
0 100 A A
14 1 WY B
. 1] o0 Y
" 50 14{ O |100(100 & ad
. ' L : End of Drilling
18 H -
174 H J
184 3 .
19+ H -
20+ H ...
21~ H -
22— H .
23 H -
241 H -
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SUBSURFACE EXPLORATION LOG

BORING No. : BH-4

SHEET 1 of1

TOTAL DEPTH : 15.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : December 18, 1994
LOCATION : SCRONG, IRIAN JAYA DATE COMPLETED : December 21, 1994
FEATURE : DAM SITE (ALTERNATIVE D) ANGLE . VERTICAL
AREA DESIGNATION : RIGHT ABUTMENT DRILLER : Uli Sadeli
GROUND ELEVATION . 60.610m SUPERVISOR : Teddy
COORDINATES : X="766,853.076m Y=8,811,642.219m LOGGED ¢ A lrianto
GROUND WATER LEVEL : GL —-4.4m DRILLING MACHINE : KOKEN QE-2L .
1] 2 3 14({5186 7 8 9 10 11§12(131 14 15 16
. Details of Core @ E Permeability | pe marks
— g 2 G Test
E _|E g 8
) E & 2 . . ‘é ap 5 ? .
=|Elels £ Soil Description E| =8| 5 ICorms
g (21l e o & or Rock |Z|Z|S| &2
e : .
] = o A . Str elo|El g|® =l
= 2121218 |3l | @ = Rock Lithology ucture | &5 E| 51 S 2| & m SPT
g = |= — 2| 8l % ] Cle|® S8 E g1 F
— | 8 | ® 2 g B[] e - < st 0 % ] 2 =
5|3 |38\2|2(2|8a & 3 |o AN R
sl 21 22|25 s|8|€|] B & (=% RlEEl e |BES| &
Sl 8| & |3 a8|l8|&|Elwelad| & X |u|= elalgln|sa 3
= FAYEa)
= 1| 1s0 & a
a8 2|5 [80]80 haa
1 1 - MNaa -
| lb & AJ
2 - 314(80|7 -QAAAA -
= ] | [a a4 o
- has g
o 3 Ha a4 7 .
- hoa s
5l 4 | 3 [100]50 2.0 -
4 L & & & .
] A LAVA BRECCIA, slightly weathered, | At 2.5-27m, | =
5 Lo 511 li00|es Liaa grey, strong. joint, filled with joint dip 20 |2 4
— ) Sl A A A silica. Fragment consist of basalt, . g
15 a4 diabase and large fregment of =%
P hoaa > i = o
& o ) andesite (50cm), mean dia. A
1 6 | 2 1100}85 haa 0.5-10cm. E
S v & A ; .
g hoaa
g 1 aall i : 0.7 4
gl ° 7| 1 100|985 Y E .
1 ha & e ]
9 A A Y 48] .
noA A [=
] 1.0 8 | 1 |106[100 A A = ]
- il ha A o
10+ 4.4 & A © .
E Baa E p
11 AAAAA E 1
| 8 | 2 |100]100 N = ]
#| 12 = 2
. A5 A S e
& ] : b oaa = 0.5
o 10] 3 (100 8D A D
& 139 Moaa -
| llaa
14 ‘ haa
| 11 | 1 100]90 W28 T
" 8.0 12| 0 |100|100 aa
] L ~ End of Drilling
16— H -
17 H .
18 - = —
19— 4 -
20 H .
214 H .
22 o ]
23 H -
24 H -
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BORING No. : BH-5

Ie SUBSURFACE EXPLORATION LOG SHEET 1 OF 3

TOTAL DEFTH : 70.00m

PROJECT .+ WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : January 6, 1995
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : lanuary 15, 1995
FEATURE : DAM SITE (ALTERNATIVE A) ANGLE 1 40 deg.
AREA DESIGNATION : RIGHT ABUTMENT DRILLER : Uus Koswara
GROUND ELEVATION : 18.060m SUPERVISOR : Teddy
COORDINATES : X=767,018.541m Y=9,911881.019m LOGGED : Sultan
GROUND WATER LEVEL : GL ~2.0m : DRILLING MACHINE : YBM-3E
1] 2| 31415486 7 8 9 10 11112]13] 14 15
i 3 — | Permeabili
. Details of Core =@ = eability
— 5 2 S Test
gl |E = b
—_ E ] ] . o B wo a“ ‘E"
= [2]&]8 , 4 Soil Description BElFI2|
g |4 g g P g or Rock & E S| B8
] | o ] St - @«
; ructure | #|—|E| 8| F »
—_ E%gé’ ™~ od z Rock Lithology AR IR R
E a [* - al o] = =] (=3 I §] = = § &
- | © clg|BlZ|28] © -l g g
S lo|w g5l al= - = ] ~| 4 g 2| e
g g5 51=|Zi2|8le] 2] £ |& ] =|&2E| 8§
s| 212 |21512 55 15ls| B B |22 TR BE
Al &|&|5|&(8 ENndu S || = hEEmc§£ 3
! s o 4 LAVA BRECCIA, highly weatbered, g
1 80| 0 p&alo dark grey, medium weak, =3
15 HBAAAA‘ L completely fractured. Maximum size ®
2 2_‘ 2 aolis | A A 4 size of fragments is Scm. H,—‘;;;
<l & a4 LAVA BRECCIA, slightly weathered, 20
o | 7| 70 pas dark grey, strong to very sirong,
2| 21 3 160 ;AAA.Q‘ with subanguiar fragments of 28
Tl |8 XX red basalt, diabase and endesite. -
4~ — Hy & A With medium spaced while silice
|14 49 veins of maximum thickness of
[18] 4 |3 100|680 DAAAA‘ Omm. Occasionally fisured along
mBa 21 ha A the veins.
- XX
. 1] ool 2,
A A d
7 haa
- 3| 1 ]160|100 a A 4
] A A 14
- s .Lmo 100 &AAAA‘ E =
8 | & 190 54 4 =
2 | [ 1] Noo QAAAAA =]
E 8- [ haa o
o aal =
& 7 | 1 (100|100 bas =
] 10 18 a4 a
B AA
1 1 ﬁo_o a 3
b A &
] J-
| 8 | 2 [1990100 h o o ]
124 1 Haad =
r Lh & A &) 28
4 90 Y'Y &=
134 = FHa A A ot
] | {a a 4]
16 o | 8 loo| 70 i - &
] 14 2 2| & ad LAVA BRECCIA, highly fractured =
1 ' -QAAAA‘ slong sitica veins Lo sizes o
15 1015 J100{ 40 Lh s & of mostly 2 lo 10cm. Grey 2]
1 11 100 1|a ad E to dark grey, medium weak lo E
® ) 21 | 140 BAAAA medium strong.
N S 4
] [121 |00 haa =
13 | 13 |200] 50 4 A 4 =
- —os g
1 o 100 A LAVA BRECCIA, slightly weathered 7.0
2| 184 | A A to fresh, dark grey, strong
" ) 14 100 L to very strong Moderately
i 1t [ 100 NNA weathered at 19.7m.
8| 1 - N ¥aler loss at 20m.
boA &
i 15 | 2 |100]100 A
20 b A A‘
I-Y-%
21 [ 1] |l XNk
4
1 19| L 100) 00 haa
a5 4
22 Bl baa :
1 2 ” & A4 230
h AL
| 23 11.3] 17 100 'y
] - hoA A
1'.3 1 ,_ 100 A A
24- —1 haa
. A4 d
" 18| 3 j100(100 b A

=

B.7



BORING No. : BH-5

lk SUBSURFACE EXPLORATION LOG ShiET 2 0r 3
: TOTAL DEPTH : 70.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY ) DATE COMMENCED : January 6, 1995

LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : January 15, 1985

FEATURE : DAM SITE (ALTERNATIVE A) ANGLE "1 40 deg.

AREA DESIGNATION : RIGHT ABUTMENT DRILLER : Uus Koswara

GROUND ELEVATION : 18.060m SUPERVISOR : Teddy

COORDINATES : X=767,016.541m Y¥=9,911,881.019m LOGGED : Sultan

.| GROUND WATER LEVEL : GL -2.0m DRILLING MACHINE : YBM-3E

1] 2 3714|518 7 8 9 10 1niwli3

—_
-

15 18

Permeability Remarks
Test

Details of Core

Soil Description
or
Rock lithology

Rock
Structure

{em/sec)

Type of Core Barrel and Bit
Diameter of Casing

Blow / 30cm Casing

SPT N-Value (Blows/30cm)

Ground Water Level (m)
Drilling Rate / 10cm
Depth of Water Loss (m)

Elevation {m-}SL)
Graph of RQ.D.
Method of Sampling
Permeability

Lugeon Value
—

Date

Fractures / m
RQD (%)
Coefficient of

J A A 4 LAVA BRECCIA, slightly weathered
a to fresh

=]
-
-
g
©
@
™
b

20 1 LAVA BRECCIA. highly fractured to
20— 15 A ad 3 = l0em, grey lo dark grey,

21 medium weak to medium airong. : ]
1 [ 4 ad Fissured surfaces are often ' ‘ 22 )

12 40 Q.A‘A stained with iron oxide. .

=
S
T
14
4
|24
CM

Jan 9, 85

"
T
n

7 70 a4 & 4 LAYA BRECCIA, slightly weathered,
grey to dark grey, strong to
hA A medium strong. With some silica 1
=i g0 = = 2] 0 00j160 I Y- voins and occasionally fissured -
along the veins.

o
-3

x
>4
b
>

©
=]
T
-]
-4

24| 2 |100f100 A D

Jen 10, ‘85
-3
-

28] 6 [100{ 80 Y

3 |100] 80 hAA

3 80 Y-y

8
1
EMIEREIE
|
g
»
>
-3

1 100 B AaA
1.2 4

Jan 13, '95

38+ — r

39+ — .y

3
41 == vy
190100 4 a4

«w
-3
[3
b
TRIPLE TUBE CORE BARREL —NMLC- DIAMOND BIT

az-
4 aa ‘ 10.7

43~ — A A 4 -

4 A
44 32| 1 100|100 WA

1 a3l 4 50 p & & LAVA BRECCIA, moderately fractured 1
45 4 4 4 especially along silica veins. ‘ .
Grey to dark green, medium weak '
46 ’ | 5] |80 haa to medium strong. Sometimes with

100 .- fine sericite on fissured surface. 7

Jan 12, ‘95

47

EME
[a
2
-3
>
-

3| [en hoaa :
48 ] vy .

8 80 A A 4
49 1100 M aa . i

50 0.0 8 [100] 80 bAoA

gz
l
>
b

B.8
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SUBSURFACE EXPLORATION LOG

BORING No. : BH-5

SHEET : 3 OF 2

TOTAL DEPTH : 70.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED _: January 6, 1895
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : January 15, 1995
FEATURE : DAM SITE (ALTERNATIVE A) ANGLE : 40 deg.
AREA DESIGNATION : RIGHT ABUTMENT DRILLER : Uus Koswara
GROUND ELEVATION : 18.060m SUPERVISOR : Teddy
COORDINATES : X=767,018.541m Y¥=9,911881.019m LOGGED : Sultan
GROUND WATER LEVEL : GL =-2.0m DRILLING MACHINE : YBM-3E
1] 2 314|546 ki 8 9 10 1]12{13] 14 15 18
—| Details of Core & o | Permeability |p o orks
5 5 3 é Test
St -]
|8 up . - >
A HE g & Soil Description E| & g g ICorlng
21312, a & Rock |[& § S| B
AFREEN o 3 or Structure | glo|e] 5 |5 | 8
== |Zl3™ | o - Rock Lithology Sl®l1E| 2 |=g%| & H SPT
g 5 l5l55| sl Bl 2| = . MEINEAEERA
. o L] ] ot
5|22 [3|5|2)55|2|5 2] § (2|2 2 Eelc1SEEE|]
a N —
gl 2 |E|E|&E El &1 ¥ [S|3 ggéﬁé& 3
a4
1 06 | LK LAVA BRECCIA, moderately fractured.
51 as| 8 |100| 70 baa
] ha s LAVA BRECCIA, predominantly fresh,
54 38 1 [100{100 A Ay grey o dark grey, strong to
51 52 b as very slrong
< 4 a4 ¥ith white sillca veins and 8.4
a| g3 a 100 AAAAA‘ occasionally fissured along tha velns
g 0] o0 as
AA
54 L] e b a o)
] A oA
| 5] 0.0 at| 2 |100| 00 °A“A‘*‘
L4 AAA E:
b oA
. o[ e A &
A A | E
1 h A A
57 L 100 4 4 4 g
h A & 5
1 42| ool o 'Y a 21
56 _,L'_ h AL )
- E
oA A
1 100 A A
89+ ] NN -
43| 2 |100| 90 Y- 5
60 IYYI=
1 A4 =
a1 1] |ueo Y =
A A A
. F'Y-Y B2
2 100 haa =
o ] s jioo 4 8 4 3]
A pims 15y z
3 63 — haa E
] A A Y
(] 100 haa !
84 ] A A ™
] haa o
45| 1 |100}100 'Yy &
85 nAA
A A4
naad
€6 - — 0 aa
] h A A
0 100 A A4
87 —v1 h & &
_ 48 [ ioo Yy v
2 80 p o o '
88 - A A4
B AA
T a A
69 | 1] |0 s & sl
| A A4
o 0.9 47| 1 {100]100 Pa2
] 1 End of Drilling
71
72—
73
74

B.9




Ie SUBSURFACE EXPLORATION LOG

BORING No.

: BH-6

SHEET

:1 OF 1

TOTAL DEPTH : 20.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : January 8, 1995
LOCATION : SORONG, I[RIAN JAYA | DATE COMPLETED : January 11, 1995
FEATURE : DAM SITE (ALTERNATIVE A} ANGLE : VERTICAL
AREA DESIGNATION : LEFT ABUTMENT DRILLER : Uli Sadeli
GROUND ELEVATION : 35.780m ) SUPERVISOR : Teddy
COORDINATES : X=766,948.819m Y¥=9,911,894.507m LOGGED : Sultan
GROUND WATER LEVEL : GL -12.2m DRILLING MACHINE : KOKEN OE-Z2L
11 2 3 |4]5]8 7 8 9 10 1wl12]13] 14 15 18
. P | P bilit
_ | Details of Core - g er",;“ " | Remarks
) g - = o est
E 2 =l 2
= E @ = B owl & E .
=|El=18 5 Soil Description |3 G| 8 ICOMS
ANNERE o 2 or Rock |&|3|&| &
< 5 . tructure [ 2|l E] 2 |5 = g
Aﬁﬁgﬁ ~el | 2 Rock Lithology Str §°v£..-;:—a%12]51’7
E] o | = — w | = o |8 SlExE o=
Bl g Sl sl &l 2[5l & | Ty
AEIEEHEEH R TINEERIE
s 2 |2ElEz\E %5 B | & |5) AR
Sl 816 |s|al&8|&|we|x| S| I |u|= elalm| @ | S A 3
8l 1 o TOP SOIL with organic matter
o| 14 (7] [55] i
T SANDY GRAVEL with silt, e
E h 3 ._g_g_‘ light brown, derived from = E
- 2 — I Y completely weathered lava breceia, | % -
i 10 Meximum size of gravels is Sem 5l .
] 95 &
2 i ey = .
7 7 9% GRAVEL, grey, highly weathered
4 = % lava Breceia stained with —1 N
p iron oxide. N _G
w BO .
B s- [0 | oo .
& 4 [ 8] |83 LAVA BRECCIA, grey, moderately
2l & 16| 45 to slightly weathered i
- With subanguler fregmenis of red
1 1] 9 100] 40 'p&a& basslt, diabase and andesite,
T H AAAA Somelimes wilh siliea veins of e
E Hloa a 3mm in thickness. Occasionally [ ] 12 4
8- 11| 5 100180 lh & & with fissures along the veins. ] n
AA
1 L5 12| & |100] 8o I :‘AAAA Highly fraclured to gravel size g
—— e 4% = at 5.0 to 5.3m. 2 y
4 Mlaagd@ a
10— _1_3__2___10_0. %0 L &4 Moderately fractured and stained | n
] | LAAAA ' with iron oxide on the fissure
i 3 80 A A A surface from 13.8 to 35.3m. =1
8 i 14 [100 NN %
. 15[ |70 oA A
8| 124 = A A g & -
e J haa 0.9
= 15| @ |iooj100 a4 4 E
134 - 13X . -
aa
i 18815 190 6o 'haa &
14 1 — Haa o E
4 % Lh A A =]
55 7| 15705 [as ||| | & & @
— 15+ 2.2 M & & E =
] - 1|aa
8 70 hoa 8 pu|
18 - — Maa e N
_ 18[00 [Was &
AL
8| 4 141 |8 Lk s A .
= § s 39
ol o 19 | 0 j300{100 row b ]
o ] oA A
19— 20 le 100 3AAAA A
—1 [ | A A
" 12, 21| a 100100 e
J s L End ot Drilling
21 H .
22 M u
23 - H -
24 H N
25 I
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BORING No.

: BH-8 -
e SUBSURFACE EXPLORATION LOG SHEET : 1 OF 1
TOTAL DEPTH : 15.00m
FROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : December 30, 1994
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : January 1, 1995
FEATURE : DAM SITE (ALTERNATIVE A) ANGLE . VERTICAL
AREA DESIGNATION : RIGHT ABUTMENT DRILLER ; Asep D.
GROUND ELEVATION : 59.910m SUPERVISOR : Teddy
COORDINATES : X=767,025.184m Y=9,911,8624.059m LOGGED ¢ A Irianto
GROUND WATER LEVEL : lower than GL -15.0m DRILLING MACHINE : YS0-0t
112 34|58 i ] 9 10 1112{13] 14 15 18
. & — bilit;
|  Details of Core a 5 P"";_“ Y 1Remarks
g g o est
g =2 & é
z E 4 2 . .Y T el & ‘E :
|88 £ Soil Description AR ICOFmG
g 32 5| 1= o oy or Rock || 3|S|&
8 | & < % tructure | 2| |B| 2| % = g
N HEERNERE A Rock Lithology | °F HEEHEIM A RN R
-~ . oyl B~ -
5|%|3|2]5|22(8|a| 2| § (e 2| Z{€EE| §
b = e g o g o| @ - % K ol I =| @
gl &8 |&|s[&2]E|2] 5] & |S5|2 =|El&1&{8&87| B
i 100 S TOP SOIL, sandy clay, medium stiff.
] = ¥ilh roots and plant remains al
1+ the top moat 0.4m. -
] 5 o .
3| o . 100 CLAYEY GRAVEL, denss to very dens§, =] 50/10 /15, 50/19 -]
é. | sa Bl yellowish brown to grey. 2 ]
8| [130] =]
§ 3 w0 The gravely consist of breceia, Z] .
] [ 10 ] 1160 sandstone with maximum diemeter 7]
4 (11 | ﬂ of 7cm, angular. d E A
; 2 [ R 5.28-8
| s had 13 oo o g [FALLING HEAD) .
- 17| [1o0 @ g (4.5-8m)
] 5| (o] 2
o Py g ]
2 ] [19]  [100] GRAVELLY SAND with clay, grey, |
S 2ol  [100] derived from highly weathered 2 .
B 1 [27]  [100] lawva Breceia. 17}
2 8- 22 100 Maximum diameter is 8cm. —
1 (23]  [100]
. Higicd s :
] LAVA BRECCIA, moderately to slightl; —P 9.3E-4
— 10 ,9_9.. 28| 8 [100]45 weathered, Greenish grey with red = ‘0"(5:‘_“:;“5““" A
| - spots, medium strong lo strong. [==)
12 40 [=]
1n- 27| 1100 Fair to highly jointed, close Joint dip g b
4 — — spacing, rough joint plane, 30~ 45 =
2| 42 i dip 30 o 48 degrees. = |
': ) o8| 8 lool 20 Fragments era subangular and =1 44
&1 137 consist of andesite and basalt E -
| n| |z With andesit block ot 10.1 to a
] 29 (100 2,8, (1.5m and 127 ta 13.0m. & §
. 30} 15 [100] 15 55
L End of Drilling
186 4 H .
17 H .
1 r
184 H .
164 - n
20+ H .
21 2 ]
22+ H -}
. 1
23 H .
7 b
244 » .
25 ]

B.11



- BORING No. : BH-10 -
Ik SUBSURFACE EXPLORATION LOG SHEET 1 0F 1
TOTAL DEPTH : 20.00m
PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : December 9, 1994
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : December 15, 1994
FEATURE : POWER HOUSE ANGLE : VERTICAL
AREA DESIGNATION : DRILLER : Asep D
GROUND ELEVATION ¢ 4.220m SUPERVISOR : Teddy
COORDINATES : X=767,185.090m Y=9,911,943.730m LOGGED : A lIrianto
GROUND WATER LEVEL ' GL +0.5m DRILLING MACHINE : YSO-01
1| 2 314|518 ki 8 9 10 1]12|13} 14 15 16
—|  Details of Core & | Permeabiity |pemarks
| E g é Test
|Eis 4 . . MR :
AHEIE £ Soil Descriplion Ele|lg| & IConng
N R IS 5l e & g or : Rock |E|Z[S|&
8 | & g 3 Structure |#|<| 8| 2] % = 3
= ‘-2' é é =] & g Rock Lithology RN ;_3 m SPT
=i . ®| B = B8
| 3=z 2 5 I : ) 2 B2~ & 23535 g
S| e |8E1&51218lal B £ | Elx s EE|s
R HEEEENE A REREE SEIEEAER N E
Sla| &5 |slaldl&imlelz| o | X ls|= & | 5| S A 3
- b ; % -)D(% GRAVEL derived Irom highly fractureq g 1
# 2] [%] ba Andesite with sizes of § to l0cm. & 4
| ] 41 [ _)DQ a Subanguler, streng, slightly «©
3| . %] [ h & weathered. With eilica veins, o
T 6| [100] RO a8 ]
| tod ooy | ALG- S “ .
| a- Y. 11 fansn SILTSTONE, highly to moderately : . 25 |
] o fractured aith silica velns and
- 8 |13 100 18 [awns Fe3 particles, moderately weathered.
= 4 e Grey and brownish colours. -1
« ] L--ad 5
- 0 |12 [100)| 20 el
gl % Menes =
a i |enan £
- [ 8 |85 1 @
0.4 10 150 mmn a T
1 .1 Fog n[ |4 [ 5
7 N — Haa LAVA BRECCIA, greyish brown. = 4
-l _QAAAA‘ Moderately strong. Moderately g 26
= a- 11|13 TN weathered Consista of diabase Joint dip
= Y-y and andesite, 28-85 ! 7
o b . ‘paas Highly jointed. Joints are filled rough surface
& 8- 1219 1100] 42 —QAAAAJ with silica and Fe3, é .
=
. ) Haa
|| o 0.4 13 | 11 [100] 12 bAoAl a2 ]
o 0.4 G b=
— - 14 100 B A A -t
&l n4 g R e W Lo a & i
0.4 15[ |00 N £
a— - —_— — ] - [
0.1 10 30 h o a [~}
12 — — "I A A L] -
] Lhaa [} )
-:’ 18 | 30 1100 A A 2=} 6.2
es| 13 a2 I .
- J Lla a
2 17| 7 J100| 35 h a8 |
34 Haa | By -
. WA &
0.4 18| e |00 N
=] 15 — Mo & s -
- - 0 | b aa
2l 19 | 10 |100] 35 | poe
X i r=0] [oo] b aa
aa
£ 17 [10] |20 Lk 4 a N
I I I (2] |00 L] &2 1 2.8
0.4 1 17 e
[ ] 22 {100 b aa 7]
W T (%] a0 100} Y
=] g - lhaa
g 19 ] | 24 7100 o a 7]
" 0.4 25|12 loo LAl
4 X - End of Drilling : 1
21 H .
22~ H n
23 H .
24 | ]
25 ] ]
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B.13

BORING No. : BH-11
e SUBSURFACE EXPLORATION LOG SHEET 1 1 OF 2
TOTAL DEPTH : 40.00m
PROJECT : WARSAMSON HEFP FEASIBILITY STUDY DATE COMMENCED : December 8, 1994
LDCATION : SORONG, IRIAN JAYA DATE COMPLETED : December 29, 1994
FEATURE : SADDLE DAM ANGLE ! VERTICAL
AREA DESIGNATION : RESERVOIR / POND AREA DRILLER : Kosasih
GROUND ELEVATION : 44.600m SUPERVISOR : Teddy
COORDINATES : X=768,320.084m Y=9,810,725.011m LOGGED : Sultan
GROUND WATER LEVEL : GL - 5.4m DRILLING MACHINE : YS0-01
1] 2|3 ]4]5]8 7 8 9 10 11]12[13] 14 15 18
= Details of Core » 'g‘ p"";::f'ht’ Remerks
g |E ' gl |
= E n 80 ) . B we| & ‘E' .
= |B|S|& 5 So0il Deseription ElElg & ICO!'lng
g 312151 | - 2 o Rock |£|3|8| &
L o =] k-] ]
= *-2' § ﬁ = 1> el o < Rock Lithology Structure § s g -% .:.g o ;_3 m SPT
~i3|e|22E 5 g : ~ g B2~ z 5 ? - I
AR HEEEHE S IR AEE x5l=| e [SEE[E]]
| &) &|5|5[&]|E|E|eld| 5| 3 |3|3 S EHEEIEE N E
1 160 _;_T_;j
1 =1 [0l o Bl SILTY CLAY. light brown. soft to
> 11 LN b Ho ] medium sUff, bigh plasticity. 4
&l | Residual soil from weathered Shale, 18 8118, 8/ 918
a| [0 TR
&| *1 — | [ E25S a CLAYEY SILT with sand end gravel 25 778 N8, 14715
b 4 100 -E@}&ﬂ Brown to dark brown Stiff.
=1 9 33 — | gt High plasueity. Maximum gravel ¢ 1
J s 100 N X size is lem LI G JEAS BN, 40A3
_§_ o || L It Completely weathered Shale. TR i
- 1.4 EX;EXE {3.6-4m}
£ b F SILTY GRAVEL highly to complelely
sl 5 L 17 _ﬁ@; weathered Shale). i
o i | B Dark grey to blackish,
X 1.9 8 o8 kx4 Very dense. Yery calcareous.
ma ‘l"‘; - _— ‘?‘ x ¥ith caleits and sillca minerals, "
1 ' F 5@5 Maximum gravel size is Scm.
& o4 18] |70 1 x Stalned with fron oxide from 5.8 A
ol ] e to 7.5m
" | |eo
[} 8- i Mkl - x -
a7  Bed o
g 18 1 30 k xu =
] g4 ] L—] =] 1 5 -
S 22 2| 1so @d 2 2.2€-3
| 104 Lipgkld o | GONSTANT HEAD -
4 L x 7 (9.5-10m)
I O T O Y O Y154 -
+ 1 [*° 9 8 g
i 12 .E. .ﬁ. —.‘ Aad g -
5| 12 B, EE:
3| o 1] [20] ]
T |es 8| [0 7 B4 -
— 1 x :—? :E o % SHALE. Highly to completely 2|~
2] 144 ' e o ../ weathered and changed into fine 0 50 /20! 8, 258
é ] ] — N to medium grained gravels. w 7.0E-4 ]
" 5.2 rAdq {0 Dark grey to blackish. E G
=1 7] 6.5] M Gravels are crushable by flnger o .
-; 1 % ﬂﬁ 3 / pressure. E (14.6-15m)
&l 16+ 24 100 H ¥ith veins of calcite and o .
§ 1 —1 / limestone. [
8.9 25 100 -
ol 17 m = I 3 4
1 I R U B R A ) y
o I X I I 1 ) Y )
FII I I e 7
« ] 54 / 8384 N
& o) e | el ol |
] LY I / {19.5-20m)
21 301 |89 %/
ar| [ice % T
- 1 — [ // SHALE, highly weathered.
| 224 H Dark grey to blackish -1
b E ” o L / With many [lissures, slicken side 1384
4 CONITANT HEAD
2 224 o< | |49 1 % d and cleavage dipplng 45 degrees. (20 2500) ]
24 33] {100 I /
ox | 3.8 a4| |40 1%
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SUBSURFACE EXPLORATION

LOG

BORING No.

: BH-11

SHEET

2 OF 2

TOTAL DEPTH : 40.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : December 8, 1994
LOCATION : SORONG, [RIAN JAYA DATE COMPLETED : December 29, 1994
FEATURE : SADDLE DAM ANGLE . VERTICAL
AREA DESIGNATION : RESERVOIR / POND AREA DRILLER : Kosasih
GROUND ELEVATION : 44.600m SUPERVISOR : Teddy
COORDINATES : %="768,320.084m Y=9,910,725.011m LOGGED : Sultan
GROUND WATER LEVEL : GL - 6.4m DRILLING MACHINE : YS0-01
1] 2 3 J]4]5]6 7 8 9 10 11]12[13] 14 15 18
.| Details of Core 2 o | Permeability 1pemarks
= 3] g S Test
—— o
= g ] oo B v & sé‘ .
18|88 £ Soil Description HEI R ICGl‘mE
3 312 5 o o B or Rock |&|%|3| &
g <& 5 Structure | || Bl 2| g
~| €|z é AR od - Rock Lithology HEEE SR E] SPT
) PRL: - 2l ¥ = r=3 18 S1E2 8=
= | 8lolw®|s|El3]|E] © - SlEl| 0| & =2 o
= | = |8l2]l=|=|E| E8la] 5 = 2 = ORI Y I
3 213 % 2l gl 2le|a] & [ & ol B x E 8 8| o
| &1 = | Bl 3 z ol F W ledly Sld|lor b | 85— 2
Sl &l alslald|& seled| S d jui|= olE|(@dl e | S A A
. 5.4 |35 |80 L
-3 26 |36 |100] H / SHALE. Highly westhered 1
g J L / . Dark grey to blackish. '
" 37 80 / ¥ith many fissures, slicken side
El #77 1 [ i and cleavage dipping 45 degrees. E 7
E r [o2]
|| 2] 53] |38 |99 L © i
-4 I I b I g
| 20 39 90 - a
2| 20 291 12 L i
] i / &
300 R O I I P Y 7 # a4
| | 5.4 I / E [PALLING HEAD 7]
] ) Lol Wi e o ]
22~ 42] |85 I / e
4 i -1 m 2.8E-8
-4 43 100 © =2} QJONSTANT HEAD
9; 33 — | —] —-/ g {30-36m} 7
«© J L L%
E a4 ad L )
N 44 L = 3
25 45] 109 I e 1.45-6 ’
] E QONSTANT HEAD 1
%6 4] [1og i = f0-dom) ‘
. v 1
J VO I L) [47] 90 i i
- 5" F
3| a5 48] |100] ] /
gl i /
o o) ool I % _
ol |53 50| 100 [ %
| End of Drilling
41 H .
re H -
43 H i
44 H i
45 a J
48 H .
47— H ]
48 - H N
49— H -
50 | [
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SUBSURFACE EXPLORATION

LOG

BORING No.

: BH-12

SHEET

1 0F 2

TOTAL DEPTH : 30.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : January 2, 1995
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : lJanuary 8, 1995
FEATURE : SADDLE DAM ANGLE : VERTICAL
AREA DESIGNATION : DRILLER : Kosasih
GROUND ELEVATION : 48.780m SUPERVISOR : Teddy
COORDINATES s ¥=769,700.133m Y=9,911,208.343m LOGGED : A Irianto
GROUND WATER LEVEL : GL - 2.4m DRILLING MACHINE : YS0-01
1] 2 3 (415|868 7 8 9 10 111213 14 15 18
- .y
_1  Details of Core - g Pe"'_;ea:’"‘t’ Remarks
CIRE 5 $ =
| B|g ® : PER .
‘é‘ _§ =R =] Soil Description Fock B alg| 3 ICOnns
£ |5 ME B S 2 °r Strt?:ture f’ S : ES— B E
3 -] [77] . — 5‘_‘.
== 18|5|% Egﬁi - Rock Lithology 33?:;3;%5;‘;@5?7
~ | e |u| x|l 5|81 ° g t A e L
= = . 'S 4 .~ Moo =
5|22 |318]55|38(5] 2| ¢ |22 siac|5iEl B\
Sl &| &5 |slE|8]|&|&lhela] &6 | & |Gl= Alg|w | S & 3
1 100 = TOP SOIL clay, dark brown.
1 21 [100] Stiff. Medium plasticity. & T
1+ 1 CLAYEY SAND, yeliowi "
J s 00 Stiff v yellowish brawn. g 32 8/15, 20418, 12/18
2 . CLAY with gravel from weathered v N
% z o] [0 Limestone. Brownish white, Hard, 50/15 215, b3/
a i 5 | (100l 45 Gravels are coarse grained with o o\ 00 ainnung ]
=l 3+ diameter of 2 lo Scm, moderately| gy yopraes at =
6|5 [100|70 atrong 3 to 4m depth,
4 - LIMESTONE Slightly weatbered to 1
E fresh. Strong. Greyish white.
| | 5 25, 7] 2 [100]580 With mony calolte vein and joints. |
] 2.5 With very close to close spaced &=
8 { 3 |100|95 silica velns, Fractures dipplng| @3
6 At 9.4-9.5m with open cracks 45 degrees at o “1
J of 10mm filled by blackish shale. |54 ta 0.6m =
8| 7- 9 | 3 1100|985 depth with g E -
= i rough plane. g % 02
5| . 10| 2 [100]100 o
- 1 furd -1
- 1 1 E ‘D
1| 2 |100]es - - =
9 T r| T I o N
I P 1) 12 1 }100/100 T 5 g
1 [r= ===) = i
1T
ud 13| 1 |100l100 = & )
-1 ]T[Tl 8
4
12 14| 1 |100}100 |:[:1 & ]
| 15 | 2 [100]100 Jies = o4
.8 134 IlI_LI l':i -1
-« 4 N By
5| 147 o CT = n
1] 16 [ f100 i=es
17| 1 [100f100 -
15 LT 1 —_ -1
i 7_['] n5.0
18| 0 |10095 -
16 I m
| [ iaem s 1
|| ] '_6_7 19 10601 50 _'/' >
1 a4 - / ‘ SHALE, black complelely lo PO/25 7.8E-8 6/18, 22/16, 2017
18- 201 |109) i / highly weathered. . . . QORSTANT TEAD ]
i :22% ;g& | / With some limestone gravels. =
194 r2a] [o0f L] / 2 |
24| [100 =
20-_ % EB% -— 7 BO/28 ,.p g /8, 2040 7]
- 7 101 / = qONSTANT HEAD 7]
& 1 [za] [100] i / - & (15-25m)
w| 21 (231 [ H / o o .
.“: 1 _%(IL %g% / mn
22 7| o I / B A
1 33, 1100 i / 8 18E-6
q
2] e % g T _
4 L e
o] el % - ]
25 1 2.4 Fg%: ilﬁ‘% ] //
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SUBSURFACE EXPLORATION

LOG

BORING No. : BH-12

SHEET :20F 2

TOTAL DEPTH : 30.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : January 2, 1995

LOCATION 1 SORONG, IRIAN JAYA DATE COMPLETED : January B8, 1995

FEATURE . SADDLE DAM ANGLE : VERTICAL

AREA DESIGNATION H DRILLER : Kosasih

GROUND ELEVATION : 48.780m SUPERVISOR : Teddy

COORDINATES : X=769,700.133m Y=9,811,208.343m LOGGED : A lIrianto

GROUND WATER LEVEL : GL — 2.4m DRILLING MACHINE : YSO0-O1

1] 2 3 (14|56 7 8 9 10 1213 14 15 18
- ge

_ Details of Core - o | Permeability oo riarks

B H g 8 Test

B - o &

MER 2 . - 2l 2l ¥ .
= | El2]|S = Soil Description ElE|G| & ICorms
2155z Lol | |8 g or Rock |&/5)8(&

by o o |8l 2| 2

= S|5|2|%| [3fsl| 2 2] Rock Lithology Structure | 815/ 8| 8| S 22| £|]]
g R A LT I I HEREIEERIE
5|2 |8|5|5 5 at a g |or B == E B ¢
AR AR EE SR RREE BlEE|s|EES B
HEEEEEE MR EE SER 5| 8&7| 3
v) AT r
: 7zl ool % Shal
i 43 oo] | e, black, completely to B
2 (441 1100 highly wethered. = 1
1 __‘_f_’_ _1_99_ I / With some limestone gravels. __:
2 gl [Z8] [io0] i / & -
: [a7] [100] 2
s rae]  [iool ! / = %
o 49| [0
2| 2 55| [0 / 3 ]
- ol | 3]
26 1521  [100] H @ N
] (53]  [100] [ /
o 54| [100 /
4 End of Drilling
31 H N
a2 H i
33 L i
a4+ H -~
35 i J
w— e -
¥ i ]
4 - 4
38 H i
38 - H -
40— H =
41 H -
a2 H i
- 4
43 H .
44 1 H -
e H 4
48 H —
- i 1
48] H i
49 H N
50 1
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SUBSURFACE EXPLORATION LOG

BORING No. : BH-13

SHEET ;1 0F 1

TOTAL DEPTH : 20.00m

PROJECT ¢ WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : December 24, 1994
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : December 26, 1994
FEATURE : SURGE TANK / PENSTOCK ANGLE : VERTICAL

AREA DESIGNATION : TUNNEL DRILLER : Asep D

GROUND ELEVATION “ 1 70.000m SUPERVISOR : Teddy
COORDINATES : X=767,108.844m Y=9,811,875.200m LOGGED : A Irianto

GROUND WATER LEVEL - : GL -3.2m DRILLING MACHINE : YS0O-01
1123 14|51]6 ki 8 9 10 11112113} 14 15 18
= Y
. Details of Core - g | Permeability 1o ks
g ] e S Test
B a E = _8\
—_ b a . Lo ] -4 )
= g Soil Description AEEIR: lCO"mE
ZHR ) . & Rock Stalagl =
NEREEN o % or Structure | g| S| &l & | ® P
= . ructu S =
-1 = ﬁ I e Y o Rock Lithology s1% &l 2 |=53| 3 M SPT
2l g |==ls] | 8| Elge] = s MOEIFERIES
~| g |=l=2g]5]8l= ) : HE RS- ™
R A HIEIEI N EI R R R © = |2 ¢ g 8§
RHEHEEHEREE: 2 BE|2g(352] 8
gl s [S|8|&8|&)E sl & = SEEIRNEE: 3
1 100
1 2 | E SANDY CLAY, brown, very stiff
1 — — contains fine gravel -
] 3 o) : ]
. 27 1018, 1218, 15115
] 4 100
o 51 [100] 50,/10 18/18, 6/10 ]
8 160 N
4 | 7} [100) SANDY GRAVEL with clay, brown N
x i LAY very dense, Gravel consist of
*| 5 19| [100] fractuyre andesite, max dia. Scm. 8.98-5 ]
™ | 9] [100) derived from completely Falliag Bead
§ o 1 100 weathered lava brecela. {44=5m) A
] 12| {100 ]
- [13] 109 _
| [14] 100, g
15 100 | B
8- — ] -1
18| [t00 =8
. 17| |00 8| o
18| [100 =lal )
. I I el
] 10 122} 1197 |100] g 4284
| 3.0 207 |100] = Ponatant, Hesd T
" a1| [100 2 (6:3-10m)
22] |10 o 7
2| ] Blm 8
21 o1e F = | ]
Gl ] [24] |1e0) T
ol 13 25| [100 = 1
N Rk B bt .
& } (26} |100
- 27| [ioo
[z] oo ]
s 2.0 20| [100 8.0E~4
3.2 sa| [100] Fonstant Head N
6] a| [0 (145-15m)
] 2] 100] 124 ]
LI TR — PR
sl | LAVA BRECCIA, moderale to slightly 40 ]
§ 8] 33| 10 [100| 60 weathered, medium weak — medium Joint dip .
| strong, highly jointed, rough 30* - go*
18 40 surface and stained with iron oxide.
19 as| 1100 With red basalt fregments of dia. .
| 20 35| 5 [100]s0 2-Bem.
26
L 3 END OF DRILLING 1
21 L ]
22 H _
23+ H ]
24 - L ]
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SUBSURFACE EXPLORATION

LOG

BORING No.

. BH-14

SHEET :10F1

TOTAL DEPTH : 25.00m

PROJECT : WARSAMSON HEPP FEASIBILITY STUDY DATE COMMENCED : January 8, 1995
LOCATION : SORONG, IRIAN JAYA DATE COMPLETED : January 12, 1995
FEATURE : SADDLE DAM ANGLE . Vertical
AREA DESIGNATION : CACAO FARM DRILLER : Asep D
GROUND ELEVATION ; 48.580m . SUPERVISOR : Teddy
COORDINATES : X=770,975.500m Y=9,911,650.411m LOGGED . Sultan
GROUND WATER LEVEL : GL -0.1m DRILLING MACHINE : YS0-01
1t 2 3 (4|56 7 8 9 10 111213 14 15 16
. N ﬂ ™
| Details of Core - - g | Peres b TRemarks
E -..E— g ?f-: es
: g ] an = el on
AEEIE Z|  Soil Description | HEER: ) corie
& |81 HBE = ) or ~Rock |gl2IS|&E
| Bt o o St @ b [H)
: r | 8| g|*®
| &2 f“-i 2 e ot a Rock lithology ucture | & | gl2|2E8=]3 m SPT
Bl g |%1%]s|s| Bl E|®] 5 MBI EA R
~| &8 |=| s gElge = | .|® RN R R -
= 8| =5 Sl ¢lal = g | g = o EE| g
MEAE =1k 5| &8l & | § 3 E|l e EB 2%
A EREN: glg|%el 2| 2 |#|e LalBle|gss| 2
Sl B |5 lsiE&8[&|&|wlad]| o | I || =|ald| 8|S 3
] (L] [eof vigivi SILTY SAND, dark grey to ]
2 100 DY blackish, loose
1 el o
1 L ] SILTY CLAY, dark brown te 5 2/16, 218, 3/18
2] 24 131 |10 _‘-}T-E- greyish brown, medium stiff to B
s ‘:;_T_if " hard, low plasticity, stained a5 5/16, 15/15. 20/15
: 1 4 100 -‘:i:i_';: with iron oxide.
8 3-: M __‘--I- _E._;:. (Completely weathered Shale) ay asto. 17715, 20/
‘- |5 o -5
] vl 36 1148, I5/15, 21/15
I N S Y B 3 ) = 2084
I ‘-_} -x-_;‘: 33 |Falling Head 2/15. 14/15. 10/16
o | 71 |00 e (5m) ' ]
N B [ | b 50 13/15, ZI/8, 27 :
© 7 8 100 '/ SHALE, dark grey and weathered =
s 74 o H into silty clay. Originel struclures y
- J are remained, Occasicnally 80 3/18, 4018, 60/1
gl g | 8] |00 | with friable shale {ragments. |
ad Stained with iron oxide, 81 13715, 21/18, 4319
o 10| |10o [
| 83 /18, 1315, 50/15
I PR I 1 I B 1 (1 [ / Z 0.08-7
0.1 / 1 51 /28] Falling Head a/15. 2118, 30739
] 2| w0 | Ex {1om)
1 I H v 60/20 A8 /8
] ‘ . / ~
ao
8| 124 |34 |00l _/ Bl gl bose s0/t8 w08~
g 4 L = S ]
= 14 100 © =
£l 137 — M M g| paseo /15 20/
J E [=
14 18] |19 | S 50/10 om0 |
I IV 16)  [100] u E so/10  21%~5 sop0 |
.1 = Falling Heod
4 v {(15m)
18] 17, [100] | s/ son0 |
) 100 I
8| 118 [ 100 L] / - s /20 w515, 2075 -]
ol . 160 I
E 18 101 (o] H £0/20 4018, 20/3
. 20| [209] i % 50/10 son
S PO 2t oY L / so0/10  E7E-5 sopa |
01 Falling Head
| 22| |08 / (20m)
21— — — H 80,/20 3618, 25/ -]
3 22— 123 1o H - 50 /15 s0/5 -
gl 2 24| |00 1 50/15 sons |
24 1251|100 ] 50/5|  (aomy sass
- L o Falling Head
o8 12 28] |00 7 End of Drilling p5.0) "854
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APPENDIX C

Results of Field Tests

C.1 Field Permeability Test
C.2 Field Density Test

C.3 Seismic Refraction Survey



APPENDIX C.1

Field Permeability Test

- Lugeon Test
- Constant Head Test

- Falling Head Test

C.1



~ Lugeon Test
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. Q
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. 1 Borehole Diameter 76 com
Testing Depth : From 1 m to ) 5 m Distance of Pressure
Cround Flevation 2002 m Gauge to the Ground : 1.25 m
Ground Water Table : GL - 260 m Tested by Uus Kuswara
Date : Dec 20, '94 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm2) (1/min) (m) {(kg/em2) | (1/min/m) (em/sec)
1 1 1.00 0.0002 1.35 0.25 2.3E-05
2 2 2.00 0.0004 2.35 0.50 2.6E-05
3 3 3.50 0.0007 3.35 0.88 3.2E-05
4 5 4.50 0.0009 5.35 1.13 2.6E-05
5 3 3.50 0.0007 3.35 0.88 3.2E-05
6 2 2.50 0.0005 2.35 0.63 3.3E-05
7 1 1.25 0.0003 1.35 0.31 2.9E-05
8
10 e T S —
- ]
N !
9k i
A I
: -2 L
__ s : ] YT zam
o2 i " ]
E 7k ! k = Permeability
SN ! . Q = Flow rate
: 6 E .vj 1 H = Total pressure head
5 | ! L = Length of test section
8 5[ /’ 1 r = Radius of test section
=) s ] '
2 4f /
B F ]
[ | p
- sf— ]
b ] Lu lue = 1.7
= [ ] geon value = .
2f % .
1 / .

0

Unit Flow Rate

05 10 15 20 25 3.0 35 40 45 5.0

(1/min/m)

C.3
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. S | Borehole Diameter 7.6 cm
Testing Depth From 5 mto 10 m| Distance of Pressure :
Ground Elevation 30.02 m Gauge to the Ground : 125 m
Ground Water Table : GL - 3.65 m Tested by - Uus Kuswara
Date : Dec 21, ’94 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. " Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?2) (1/min) (m) (kg/cm2) (1/min/m) (cm/sec)
1 1 1.50 0.0008 [.44 0.30 2.7E-05
2 2 3.50 0.0020 2.44 0.70 3.7E-05
3 3 4.50 0.0025 344 0.90 3.4E-05
4 5 6.50 0.0036 5.44 1.30 3.1E-05
5 3 5.50 0.0031 3.44 1.10 4.1E-05
6 2 3.50 - 0.0020 2.44 0.70 3.7E-05
7 1 2.50 0.0014 1.44 0.50 4.5E-05
" .
[ / ]
X ; ]
9f ! ]

C A ]

i / ] _ % L
8} / { Y*zmm 7T
I / ]
< 7F ’/ . k = Permeability
__E_}_P - 4 . Q = Flow rate
o 6F ,,:’ H = Total pressure head
% [ ,f L = Length of test seclion
S 5 r = Radius of test section
[« ]
e~ / ]

Z 4 :

(=9 .

> ]

NEN _

s ] ' _

5 . ] Lugeon value = 2.2
1 3% '
Wi :

Unit Flow Rate (I/min/m) .

0 -05 10 15 20 25 30 35 40 45 5.0
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis o
. ]
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. 1 Borehole Diameter 7.6 com
Testing Depth From 10 mto 15 m| Distance of Pressure _
Ground Elevation 3002 m Gauge to the Ground : 125 m
Ground Water Table : GL - 425 m Tested by Uus Kuswara
Date : Dec 22, 94 , Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/em2) | (1/min/m) (cm/sec)
1 1 - 3.50 0.0029 1.49 0.70 6.1E-05
2 2 4.50 0.0038 2.49 0.90 4.7E-05
3 "3 7.50 0.0063 3.49 1.50 5.6E-05
4 5 11.00 0.0092 5.49 2.20 5.2E-05
5 3 7.50 0.00863 3.49 1.50 5.6E-05 -
6 2 5.50 0.0046 2.49 - 1.10 5.7E-05
7 1 4.00 0.0034 . 1.49 0.80 6.9E-05
]
10 g —
- /
L f
- !
oF 7 ]
C / ] Q L
- ; . L
__ 8} ; ] k=Z7m b7
3 | / '
< 7F 7 k = Permeability
st /’ . Q@ = Flow rate
o 6F 1 H = Total pressure head
5 | /‘ L = Length of test seclion
S s5F r = Radius of test section
B 8
=F )
= 4 ]
S g ]
2 i / ]
3 7 ]
] : ] Lugeon value = 3.8
2 ]
17 ]
0 Ll il I I N bkl bbbk il d.l el L S L L AJ_L-
0 1 2 3 4 5 6 7 8 9 10

Unit Flow Rate (1/min/m)
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis .
. [}]
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. | ' Borehole Diameter 7.6 cm
Testing Depth From 15 mto 20 m| pistance of Pressure
Ground Elevation 30.02 m Gauge to the Ground : 125 m
Ground Water Table : GL - 465 m Tested by - Uus Kuswara
Date : Dec 23, '94 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate . k
(kg/cm2) (1/min) (m) (kg/cm2) (1/min/m) (cm/sec)
1 1 4.50 0.0052 1.53 0.90 7.6E-05
2 2 7.50 0.0087 2.53 1.50 7.7E-05
3 3 9.50 0.0110 3.53 1.90 7.0E-05
4 5 13.50 0.0156 5.53 2.70 6.3E-05
5 3 9.50 0.0110 3.53 1.90 7.0E-05 -
6 2 7.00 0.0081 2.53 1.40 7.2E-05
7 1 4.00 0.0046 1.53 0.80 © 6.8E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
I3 ) o
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. 1 _ Borehole Diameter 7.6 cm
Testing Depth From 20 m to 25 m Distance of Pressure :
Ground Elevation 30,02 m Gauge to the Ground : 126 m
Ground Water Table : GL - 4.90 m Tested by Uus Kuswara
Date : Dec 24, *94 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?2) (I/min) {m) (kg/cm?2) (1/min/m) (em/sec)
1 1 2.50 0.0040 1.55 0.50 4.2E-05
2 2 4.50 0.0072 2.55 0.90 4.6E-05
3 3 6.50 0.0105 3.55 1.30 4.7E-05
4 5 7.00 10.0113 5.55 1.40 3.3E-05
5 3 6.00 0.0097 3.55 1.20 4.4E-05
6 2 4.50 0.0072 2.55 0.90 4.6E-05
7 1 3.00 0.0048 1.55 0.60 5.0E-05
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LUGEON TEST

Project = : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site {Alternative D) to Vertical 30
Borehole No. 1 Borehole Diameter : 76 cm
Testing Depth From 25 mte 30 m| Distance of Pressure .
Ground Elevation 3002 m Gauge to the Ground : 125 m
Ground Water Table : GL - 4.90 m Tested by Uus Kuswara
Date : Dec 24, 94 _ ‘ Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
{kg/cm?2) {1/min) (m) (kg/cm2) (1/min/m) {cm/sec)
1 1 : 3.50 0.0071 1.55 0.70 5.9E-05
2 2 5.00 0.0102 2.53 - 1.00 5.1E-05
3 3 6.50 0.0132 3.55 1.30 4.7E-05
4 5 8.00 0.0162 - 5.55 1.60 3.7E-05
5 3 6.50 0.0132 3.55 1.30 4.7E-05
6 2 5.50 0.0112 2.55 1.10 - 5.6E-05
7 1 4.50 0.0091 1.55 0.90 7.5E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. o
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. : 1 Borehole Diameter 7.6 cm
‘Ground Elevation 3002 m Gauge to the Ground : 125 m
Ground Water Table : GL - 540 m Tested by Uus Kuswara
Date : Dec 25, '94 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/em2) (1/min) (m) (kg/cm2) (1/min/m) (ecm/sec)
1 1 2.50 0.0059 - 1.59 0.50 4.1E-05
2 2 3.50 0.0082 2.59 - 0.70 3.5E-05
3 3 5.50 0.0129 3.59 1.10 4.0E-05
4 5 6.50 0.0152 5.59 1.30 3.0E-05
5 3 4.50 0.0106 3.59 0.%0 3.2E-05
6 2 3.50 0.0082 2.59 0.70 3.5E-05
7 1 2.50 0.0059 - 1.59 0.50 4.1E-05
8
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study

Borehole Axis

[+]

Location : Dam Site (Alternative D) to Vertical 30
Borehole No. | Borehole Diameter 7.6 cm
Testing Depth From 35 mto 40 m | Distance of Pressure
Ground Elevation 3002 m Gauge to the Ground : 1.25 m
Ground Water Table : GL - 620 m Tested by Uus Kuswara
Date : Dec 26, '94 Supervisor Teddy
Gauge Measured |- Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/cm2) (1/min/m) {cm/sec})
1 1 1.00 0.0027 1.66 0.20 1.6E-05
2 2 1.50 0.0040 2.66 0.30 1.5E-05
3 3 2.00 0.0053 3.66 0.40 1.4E-05
4 5 3.50 0.0093 5.66 0.70 1.6E-05
5 3 2.00 0.0053 3.66 040 1.4E-05
6 2 1.00 0.0027 2.60 0.20 9.7E-06
7 1 0.75 0.0020 1.66 0.15 1.2E-05
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e LUGEON TEST
Project : Warsamson HEPP Feasibility Study Borehole Axis
Y [+ ]
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. : 1 Borehole Diameter 7.6 cm
Testing Depth ¢+ From 40 m to 45 m Distance .of Pressure
Ground Elevation : 3002 m Gauge to the Ground : 125 m
Ground Water Table : GL - 6.20 m Tested by Uus Kuswara
Date : Dee 26, 94 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/cm?2) (1/min/m) (cm/sec)
1 1 2.00 0.0062 1.66 0.40 3.1E-05
2 2 3.50 0.0108 2.66 .70 3.4E-05
3 3 5.60 - 0.0169 - 3.66 1.10 J.9E-05
4 5 6.50 0.0200 5.66 1.30 3.0E-05
5 3 5.00 0.0154 3.66 1.00 3.5E-05
6 2 4.00 0.0123 2.66 - 0.80 3.9E-05
7 | 2.50 0.0077 1.66 0.50 3.9E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis ‘
. 1]
Location : Dam Site {Alternative D) to Vertical 30
Borehole No. 1 Borehole Diameter 7.6 cm
Testing Depth From 45 mto 50 m| Distance of Pressure
Ground Elevation 20.02 m Gauge to the Ground : 125 m
Ground Water Table : GL - 563 m Tested by Uus Kuswara
Date : Dec 27, *94 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/em?2) | (1/min/m) (em/sec)
1 1 2.50 0.0085 161 0.50 4.0E-05
2 2 4.00 0.0136 2.61 0.80 4.0E-05
3 3 5.50 0.0187 3.61 1.10 3.9E-05
4 5 7.50 0.0255 5.61 1.50 3.9E-05
5 3 6.50 0.0221 3.61 - 1.30 4.7E-05
6 2 5.00 0.0170 2.61 1.00 5.0E-05
7 1 2.50 0.0085 1.61 0.50 4.0E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. Q
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. 1 Borehole Diameter 76 om
Ground Elevation 3002 m Gauge to the Ground : 126 m
Ground Water Table : GL - 5.65 m Tested by Uus Kuswara
Date ¢ Dee 29, '04 Supervisor Teddy
Gauge Measured flead Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?2) (1/min) (m) (kg/em2) | (1/min/m) {em/sec)
1 1 4.00 0.0148 1.61 0.80 6.4E-05
2 2 5.50 0.0204 2.61 1.10 5.4E-05
3 3 6.50 0.0241 3.61 1.30 4.7E-05
4 5 8.50 0.0315 5.61 1.70 3.9E-05
5 3 6.50 0.0241 .61 1.30 4.7E-05
6 2 4.50 0.0167 2.61 0.90 4 5E-05
7 { 3.50 0.0130 1.61 0.70 5.6E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. Q
Location : Dam Site (Alternative D) to Vertical 30
Borehole No, 1 Borehole Diameter 7.6 om
Ground Elevation 30.02 m Gauge to the Ground : 125 m
Ground Water Table : GL - 6.25 m Tested by Uus Kuswara
Date : Dec 28, '94 Supervisor Teddy
_ Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) {m) (kg/cm2) (1/min/m} (cm/sec)
1 1 2.00 0.0081 1.67 0.40 3.1E-05
2 2 2.50 0.0102 2.67 0.50 2.4E-05
3 3 4.00 0.0162 3.66 0.80 2.8E-05
4 ) 6.50 0.0264 5.66 . 1.30 3.0E-05
5 3 4.50 0.0183 3.66 0.90 3.2E-05
6 2 3.50 0.0142 2.87 0.70 3.4E-05
7 1 2.50 0.0102 1.67 0.50 3.9E-05
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TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. ]
Location : Dam Site (Alternative D) to Vertical 30
Borehole No. ¢ 1 Borehole Diameter 76 cm
Testing Depth From 60 mto 63 m| Distance of Pressure
Ground Flevation 3002 m Gauge to the Ground : 125 m
Ground Water Table : GL - 6.25 m Tested by . Uus Kuswara
Date : Dec 28, ’94 Supervisor ¢ Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
{kg/em2) (1/min) (m) {kg/em2) (1/min/m) (em/sec)
1 1 0.75 0.0033 1.67 0.15 1.2E-05
2 2 1.50 0.0087 2.67 0.30 1.5E-05
3 3 2.50 0.0111 3.67 0.50 1.8E-05
4 5 3.50 0.0156 5.66 0.70 1.6E-05
5 3 2.50 0.0111 3.67 0.50 '1.8E-05
6 2 1.25 0.0056 2.67 0.25 1.2E-05
7 1 0.50 0.0022 1.67 0.10 7.8E-06
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LUGEON

TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis

Location : Dam Site (Alternative D) to Vertical 30
Borehole No. 1 Borehole Diameter 7.6 cm
Testing Depth From 65 mte 70 m| Distance of Pressure

Gauge to the Ground : 125 m

Ground Elevation 3002 m
Ground Water Table : GL - 5.50 m Tested by Uus Kuswara
Date : Dec 29, '94 ' Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
‘ (kg/cm?2) (1/min) (m) (kg/cm2) (1/min/m) (em/sec)
1 1 2.00 0.0097 1.60 0.40 3.2E-05
2 2 3.50 0.0170 2.60 0.70 3.5E-05
3 3 5.00 0.0243 3.60 1.00 3.6E-05
4 5 7.00 0.0341 5.60 1.40 3.2E-05
5 3 6.50 0.0316 3.60 1.30 4.7E-05
6 2 5.50 0.0268 2.60 1.10 5.5E-05
7 1 3.50 0.0170 1,60 0.70 5.7E-05
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LUGEON

Ik

TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. [+]
Location : Dam Site (Alternative D) to Vertical 0
Borehole No. 2 Borehole Diameter 7.6 cm
Testing Depth From 5 m to 10 m | Distance of Pressure o
Ground Elevation 5592 m Gauge to the Ground : 15 m
Ground Water Table : GL - 2.30 m Tested by Uli Sadeli
Date : Jan 3, '95 Supervisor Teddy
' Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/cm?2) (1/min/m) (em/sec)
| 1 0.21 0.0001 1.38 0.04 3.9E-06
2 2 0.28 0.0002 2.38 0.06 3.0E-08
3 3 0.43 0.0003 3.38 0.09 3.3E-08
4 5 1.06 0.0007 5.38 0.21 5.1E-06
5 3 0.44 0.0003 3.38 0.09 3.4E-06
6 2 0.25 0.0002 - 2.38 0.05 2.7E-06
7 1 0.15 0.0001 1.38 0.03 2.8E-08
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative D) to Vertical 0
Borehole No. 2 Borehole Diameter 76 cm
Testing Depth From 10 mto 15 m| Distance of Pressure
Ground Elevation 55.92 m Gauge to the Ground : 15 m
Ground Water Table : GL - 350 m Tested by Uli Sadeli
Date : Jan 4, '95 Supervisor Teddy
' Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?2) (1/min) (m) (kg/cm2) (1/min/m) {cm/sec)
1 1 0.28 0.0003 1.50 0.06 4.8E-06
2 2 0.40 0.0004 2.50 0.08 4.1E-06
3 3 0.57 0.0005 3.50 0.11 4.2E-06
4 5 1.12 0.0001 5.50 0.22 5.3E-06
5 3 0.47 0.0004 3.50 0.09 3.5E-06
6 2 0.33 0.0003 2.50 0.07 J4E-06
7 1 0.24 0.0002 1.50 0.05 4.1E-06
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 1]
Location : Dam Site (Alternative D) to Vertical 0
Borehole No. I Borehole Diameter 7.6 cm
Testing Depth From 6 m to 10 m Distance of Pressure
Ground Elevation 4000 m Gauge to the Ground : 13 m
Ground Water Table : GL - 5.00 m Tested by Uli Sadeli
Date : Dec 27, 'H4 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) (m) (kg/em?2} | (I/min/m) {ecm/sec)
1 1 0.16 0.0001 1.63 0.04 3.0E-06
2 2 0.29 0.0002 2.63 0.07 3.4E-06
3 3 1.07 0.0006 3.63 0.27 9.1E-08
4 5 2.14 0.0011 5.63 0.54 1.2E-05
5 3 1.08 0.0006 3.63 - 0.27 9.2E-06
6 2 0.34 0.0002 2.63 0.09 4.0E-06
7 1 0.19 0.0001 1.63 0.05 3.6E-06
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis ‘
. 0
Location : Dam Site (Alternative D) to Vertical 0
Borehole No. 3 Borehole Diameter 7.6 cm
Testing Depth From 10 m to 15 m | Distance Of Pressure
Ground Elevation 40.00 m Gauge to the Ground : 15 m
Ground Water Table : GL — 5.00 m Tested by Uli Sadeli
Dale : Dec 28, '94 Supervisor Teddy
Gauge Measured Head Loss [Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) (m) (kg/cm2) (1/min/m) {cm/sec)
1 1 0.09 0.0001 1.65 0.02 1.4E-06
2 2 0.15 0.0001 2.65 0.03 1.5E-06
3 3 0.34 0.0003 3.65 0.07 2.4E-06
4 5 1.78 0.0015 5.65 0.36 8.2E-06
5 3 0.18 0.0002 3.65 0.04 1.3E-06
6 2 0.10 (.0001 2.65 0.02 9.8E-07
7 1 0.07 0.0001 1.65 0.01 1.1E-06
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Project : Warsamson HEPP Feasibility Study Borehole Axis ‘ _
N 0
Location : Dam Site (Alternative D) to Vertical 0
Borehole No. 4 Borehole Diameter 76 cm
Testing Depth From 5 mto 10 m| pistance of Pressure
Ground Elevation 6061 m Gauge to the Ground : 2 m
Ground Water Table : GL - 4.35 m Tested by Uli Sadeli
Date : Dec 21, '94 Supervisor Teddy
Gauge Measured Head Loss |Tofal Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) {1/min) (m) (kg/cm2) {1/min/m) {cm/sec)
1 1 0.51 0.0003 1.63 0.10 8.1E-06
2 2 0.7 0.0005 2.63 0.17 8.5E-06
3 3 1.26 0.0008 3.63 0.25. 9.0E-06 .
4 5 3.43 0.0022 5.63 0.69 1.6E-05
5 3 1.43 0.0009 3.63 0.29 1.0E-05
6 2 0.94 0.0006 2.63 0.19 9.2E-06
7 1 0.56 0.0004 1.63 0.11 8.9E-06
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 1]
Location : Dam Site (Alternative D) to Vertical 0
Borehole No. ~ 4 Borehole Diameter 7.6 cm
Testing Depth From 10 m to 153 m| Dpistance of Pressure
Ground Elevation 60.61 m Gauge to the Ground : 120 m
Ground Water Table : GL - 6.00 m Tested by Uli Sadeli
Date : Dec 22, "4 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/em2) (1/min/m) (cm/sec)
1 1 0.03 0.0000 1.72 0.01 4.5E-07
2 2 0.06 0.0001 _.72 0.01 5.7E-07 .
3 3 0.63 0.0006 3.72 0.13 4.4E-06
4 5 1.14 0.0011 5.72 0.23 5.2E-06
5 3 0.61 0.0006 372 0.12 4.2E-06
6 2 0.06 0.0001 272 0.01 5.5E-07
7 1 0.04 0.0000 1.72 0.01 6.0E-07
8
10 _l LI LY L T
; p
i / ]
g J ]
9 : y
: / : - Lt
_. B 7 k= 2mm
2 | /
S 7 ” k = Permeability
= / Q = Flow rate
o BF .~ H = Total pressure head
3 | / L = Length of test section
§ 5 ) r = Radius of test section
as i ‘
2 L F /
= 4 rt ]
& /] .
5 3
5 Lugeon value =  0.45
2
1t
0 01 02 03 04 05 06 07 08 09 10

Unit Flow Rate (1/min/m)

C.22



Project : Warsamson HEPP Feasibility Study Borehole Axis
. [+]

- Location : Dam Site (Alternative A} to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Testing Depth From 2 mto 5 m| pistance of Pressure
Ground Elevation 18.06 - m Gauge to the Ground : 145 m
Ground Water Table : GL - 1.70 m Tested by Uus Kuswara
Date : Jan 6, '95 Supervisor Teddy

Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) (m) (kg/em2) {1/min/m) (em/sec)
1 1 1.00 0.0004 1.28 0.33 3.0E-05
2 2 2.50 0.0011 2.28 0.83 4.2E-05
3 3 3.50 0.0015 3.28 1.17 4,1E-05
4 5 5.00 0.0021 5.28 1.67 3.7E-05
5 3 3.50 0.0015 3.28 1.17 4.1E-05
6 2 3.00 0.0013 2.28 1.00 5.1E-05
7 1 1.75 0.0007 1.28 0.58 5.3E-05
8
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. Q
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Testing Depth From 5 m to 10 m Distance 0‘ Pressure
Ground Elevation 18.06 m Gauge to the Ground : 145 m
Ground Water Table : GL - 2.10 m Tested by Uus Kuswara
Date : Jan 7, '95 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) (m) (kg/cm?) (1/min/m) (cm/sec)
1 1 1.50 0.0009 1.31 0.30 3.0E-05
2 2 2.50 0.0015 231 0.50 2.8E-05
3 3 3.50 0.0021 331 0.70 2,7E-05
4 5 4.50 0.0027 5.31 0.90 2.2E-05
5 3 3.50 0.0021 3.3 0.70 2,7E-05
6 2 2.00 0.0012 2.31 0.40 2.2E-05
7 1 1.50 0.0009 1.31 0.30 3.0E-05
8
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. ]
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. : 5 Borehole Diameter 7.6 cm
Ground Elevation 1806 m Gauge to the Ground : 145 m
Ground Water Table : GL - 220 m Tested by Uus Kuswara
Date : Jan 8, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/em2) (1/min/m) (em/sec)
1 1 2.00 0.0019 1.31 0.40 3.9E-05
2 2 4.00 0.0038 2.31 0.80 4.5E-05
3 3 6.00 0.0057 3.31 1.20 4,7E-05
4 5 8.50 0.0080 5.31 1.70 4.1E-05
5 3 4.50 0.0043 331 (.90 3.5E-05
6 2 - 3.50 0.0033 2.31 0.70 3.9E-05
7 1 2.50 0.0024 1.31 0.50 4.9E-05
8
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. a
Location : Dam Site {Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Testing Depth From 15 mto 20 m| Distance of Pressure
Ground Elevation 18.06 m ' Gauge to the Ground : 145 m
Ground Water Table : GL - 2.20 m Tested by Uus Kuswara
Date : Jan 8, ‘05 Supervisor Teddy '
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) {1/min) (m) (kg/cm2) (1/min/m} (cm/sec)
1 1 6.00 0.0076 1.31 1.20 1.2E-04
2 2 10.00 0.0126 2.31 2.00 1.1E-04 .
3 3 16.50 10.0208 3.3 3.30 1.3E-04
4 5 22.00 0.0277 5.31 4.40 1.1E-04
5 3 - 15.50 0.0195 .31 3.10 1.2E-04
6 2 13.50 0.0170 2.31 2.70 " 1.5E-04
7 1 6.50 0.0082 1.31 1.30 1.3E-04
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LUGEON TEST

Project : Warsamson HEPP TFeasibility Study Borehole Axis
. 0
Location : Dam Site (Alternatlive A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Testing Depth From 20 m to 25 m Distance Of PresSUre
Ground Elevation 1806 m Gauge to the Ground : 145 m
Ground Water Table : GL - 220 m Tested by Uus Kuswara
Date :Jan 9, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/ecm?2) {}/min) (m) (kg/em2) (1/min/m) (em/sec)
1 0.0 36.00 0.0605 0.31 7.20 3.0E-03
2 0.0 48.00 0.0806 0.31 9.60 4.0E-03
3 0.0 47.00 0.0790 0.31 9.40 4.0E-03
4 0.0 48.00 0.0808 0.31 9.60 '4.0E-03
5 0.0 49.00 0.0823 0.31 9.80 4.1E-03
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site {Alternative A) to Vertical 40
Borehole No. S Borehole Diameter 76 cm
Testing Depth From 25 mto 30 m] Distance of Pressure
Ground Elevation 18.06 m Gauge to the Ground : 145 m
Ground Water Table : GL - 178 m Tested by Uus Kuswara
Date : Jan 10, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) {m) (kg/em2) {(1/min/m) (em/sec)
1 1 2.95 0.0059 1.28 0.59 6.0E-05
2 2 4.50 0.0090 2.28 0.90 5.1E-05
3 3 6.50 - 0.0130 3.28 1.30 5.1E-05
4 5 8.00 0.0160 2.28 1.60 3.9E-05
5 3 6.65 0.0133 3.28 1.33 5.2E-05
6 2 5.50 . 0.0£10 2.28 1.10 6.2E-05
7 1 3.50 0.0070 1.28 0.70 7.1E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Testing Depth From 30 mto 35 m Distance of Pressure
Ground Elevation 18.06 m Gauge to the Ground : 145 m
Ground Water Table : GL - 1.65 m Tested by Uus Kuswara .
Date : Jan 11, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cmz2) (1/min) (m) (kg/em2) | (1/min/m) {em/sec)
1 1 22.30 0.0515 1.27 4.48 4.6E-04
2 2 35.50 0.0820 2.27 7.10 4.1E-04
3 3 46.10 0.10635 3.26 9.22 3.7E-04
4 5 62.10 0.1435 5.26 12.42 3.1E-04
5 3 32.30 0.0746 3.27 6.46 - 2.6E-04
6 2 27.20 0.0628 2.27 5.44 3.1E-04
7 1 21.75 0.0502 1.27 4.35 . 4.4E-04
8
10— . -
- ’ -
[ ! ]
[ / ]
9 7
: / ] Q L
[ ; 1 - — Iy —
— B 7 { *¥*Zzam P
3 | /
L 7; ! k = Permeability
o | K Q = Flow rate
o BF ’,’ H = Total pressure head
3 f / L = Length of test section
& sf o r = Radius of test section
& T // ] '
Z af £ :
=9 5 4
e [
3 ] _
& [ ] Lugeon value = 20
T 7
1f ’l
0 1 1L | | Lo it Ll L b [ | Lol L.l bt Lot L Lol )
0 5 10 15 20 25 30 35 40 45 50

Unit Flow Rate ({1/min/m)

C.29



e

LUGEON TEST

Unit Flow Rate (1/min/m)

C.30

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. H-) Borehole Diameter 7.6 cm
Testing Depth From 35 mto 40 m | Distance of Pressure
Ground Elevation 18.06 m Gauge to the Ground : 145 m
Ground Water Table : GL - 1.55 m Tested by Uus Kuswara
Date : Jan 12, '95 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?) (1/min) (m) (kg/em2) | (1/min/m) {em/sec)
1 1 11.45 0.0313 1.26 2.29 2.3E-04
2 2 16.45 0.0449 2.26 3.29 1.9E-04
3 3 22.50 (.0614 3.26 4.50 1.BE-04
4 5 26.30 0.0718 5.26 5.26 1.3E-04
5 3 23.25 0.0635 3.26 4.65 1.8E-04
6 2 17.30 0.0472 - 2.26 3.46 2.0E-04
7 1 11.45 0.0313 1.26 2.29 2.3E-04
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Ground Elevation 18.06 m Gauge to the Ground : 145 m
Ground Water Table : GL - 120 m Tested by Uus Kuswara
Date : Jan 12, '95 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) {1/min) (m) (kg/em2) | (1/min/m) (cm/sec)
1 1 11.85 0.0361 1.23 2.37 2.5E-04
2 2 14.75 0.0449 2.23 2.95 1.7E-04
3 3 23.30 0.0709 3.23 4.66 1.9E-04
4 5 32.35 0.0985 5.23 6.47 1.6E-04
5 3 23.65 0.0720 3.23 4.73 1.9E-04
8 2 15.70 0.0478 2.23 3.14 1.8E-04
7 1 14.20 0.0432 1.23 2.84 3.0E-04
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Project : Warsamson HEPP Feasibility Study Borehole Axis
a [1]
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Ground Elevation 18.06 m ' Gauge to the Ground : 145 m
Ground Water Table : GL - 1.20 m Tested by Uus Kuswara
Date : Jan 12, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?2) (1/min) (m) (kg/cm?2) (1/min/m) (cm/sec)
1 1 15.95 0.0536 1.23 3.19 3.3E-04
2 2 24.80 0.0833 2.23 4.96 2.9E-04
3 3 35.15 0.1181 3.23 7.03 2.8E-04
4 5 42.45 0.1426 5.23 8.49 2.1E-04
5 3 33.80 0.11386 3.23 6.76 2.7E-04
6 2 25.40 0.0853 2.23 5.08 2.9E-04
7 1 16.15 0.0543 1.23 3.23 3.4E-04
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
: 0
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 76 c¢m
Ground Elevation 1806 m Gauge to the Ground : 1.45 m
Ground Water Table : GL - 055 m Tested by Uus Kuswara
Date : Jan 13, '95 Supervisor :  Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading |- Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) (kg/cm?2) (1/min/m) {cm/sec)
1 1 6.10 0.0231 1.19 1.22 1.3E-04
2 2 11.65 - 0.0440 2.18 2.33 1.4E-04
3 3 16.15 0.0610 3.18 3.23 1.3E-04
4 5 24.00 0.0907 5.18 4.80 1.2E-04
a 3 16.80 0.0635 3.18 3.36 1.4E-04
6 2 14.30 0.0541 2.18 2.86 1.7E-04
7 1 8.75 0.0331 1.18 1.75 1.9E-04
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 1]
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. 5 Borehole Diameter 7.6 cm
Ground Elevation 1806 m Gauge to the Ground : 145 m
Ground Water Table : GL - 1.40 m Tested by Uus Kuswara
Date : Jan 14, 95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm2) (1/min) (m) (kg/cm2) (1/min/m) (cm/sec)
1 1 2.35 0.0096 1.25 0.47 4.9E-05
2 2 3.20 0.0131 2.25 0.64 J.7E~05 .
3 3 4.20 0.0172 3.25 0.84 3.3E-05
4 5 6.80 0.0278 5.25 1.36 3.4E-05
9 3 4.10 0.0168 3.25 0.82 3.3E-05
6 2 3.25 0.0133 2.25 0.65 3.7E-05
7 1 2.30 0.0094 1.25 0.46 4.8E-05
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e LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
- . 0
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. - - Borehole Diameter : 78 cm
Testing Depth : From 60 mto 65 m| pistance of Pressure
Ground Elevation 1806 m Gauge to the Ground : 145 m
Ground Water Table : GL - 1.40 m Tested by 1 Uus Kuswara
Date : Jan 14, '95 Supervisor :  Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm?2) (1/min) (m) (kg/em2) | (1/min/m) (em/sec)
1 1 1.00 0.0044 1.25 0.20 2.1E-05
2 2 1.75 0.0077 2.25 0.35 R.0E-05-
3 3 3.50 0.0154 3.25 0.70 2.8E-05
4 5 5.00 0.0221 5.25 1.00 2.5E-05
5 3 4.00 0.0176 3.25 0.80 3.2E-05
6 2 3.00 | 0.0132 2.25 0.60 3.4E-05
7 1 1.40 0.0062 1.25 . 0.28 2.9E-05
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LUGEON TEST
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 40
Borehole No. ) Borehole Diameter 7.6 cm
Testing Depth From 65 mte 70 m| Distance of Pressure
Ground Elevation 18.06 m Gauge to the Ground : 1.2 m
Ground Water Table : GL - 1.10 m Tested by Uus Kuswara
Date : Jan 15, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?) (1/min) (m) (kg/em2) | (1/min/m) {em/sec)
1 1 2.30 0.0111 1.20 0.46 4.9E-05
2 2 2.50 0.0121 2.20 0.50 2.9E-05
3 3 5.95 0.0287 3.20 1.19 4.8E-05
4 5 - 7.60 0.0367 5.20 1.52 3.8E-05
5 3 4.50 0.0217 3.20 0.90 3.6E-05
6 2 2.80 0.0135 2.20 0.56 3.3E-05
7 1 2.40 0.0116 - 1.20 0.48 5.2E-05
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 0
Borehole No. 6 Borehole Diameter 7.6 com
Testing Depth From 5 m to 10 m Distance of Pressure . -
Ground Elevation 3578 m Gauge to the Ground : L5 m
Ground Water Table : GL - 5.00 m Tested by Uli Sadeli
Date : Jan 10, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/cm2) (1/min) (m) | (kg/em?2) (1/min/m) (em/sec)
1 1 1.05 0.0007 1.65 0.21 1.6E-05
2 2 1.27 0.0008 2.65 0.25 1.2E-05
3 3 2.02 0.0013 3.65 0.40 1.4E-05
4 5 3.30 0.0021 5.65 0.66 1.5E-05
5 3 1.92 0.0012 3.65 0.38 1.4E-05
6 2 1.07 0.0007 2.65 0.21 1.0E-05
7 1 0.99 0.0006 1.65 0.20 1.6E-05
8
10 |7 T J‘, T =
[ } ]
[ ! ]
9 a ,
[ ’f Q 1
. 8f f k=%mm T
31|/
L 7F 7 k = Permeability
2 / Q = Flow rate
o 6F 'r’ H = Total pressure head
5 /0 L = Length of test section
e sk .r = Radius of test section
a F
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 0
Borehole No. 6 Borehole Diameter 7.6 cm
Testing Depth From 10 m tO 15 m Distance of 'Pressure
Ground Elevation 3578 m Gauge to the Ground : 1.5 m
Ground Water Table : GL - 5.00 m Tested by Uli Sadeli
Date : Jan 10, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) (m) (kg/cm2) (1/min/m) (em/sec)
1 1 1.28 0.0012 1.65 0.26 2.0E-05
2 2 1.33 0.0013 2.65 0.27 1.3E-05
3 3 2.06 0.0019 3.65 0.41 1.5E-05
4 5 2.80 0.0026 3.65 0.56 1.3E-05
5 3 2.06 0.0019 3.65 0.41 1.5E-05
6 2 1.22 0.0012 2.65 0.24 {.2E-05
7 1 1.04 0.0098 1.65 0.21 1.6E-05
8 .
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3 ! ]
[ ! ]
9| 1 ]
[ j’ ] Q L
b 1 = em———— —_—
__ 8} 1 k= Z7m 5
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S 7f 1 k = Permeability
~ F ! Q = Flow rate
o 6F ! ] H = Total pressure head
5 ] L = Length of test section
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. /]
Location : Dam Site (Alternative A) to Vertical 0
Borehole No. 6 Borehole Diameter 7.6 ecm
Ground Elevation 35,78 m Gauge to the Ground : 15 m
Ground Water Table : GL - 1220 m Tested by Uli Sadeli
Date : Jan 11, '35 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm2) (1/min) (m) (kg/cm2) (1/min/m) (em/sec)
1 1 1.73 0.0012 2.37 0.35 1.9E-05
2 2 3.67 0.0013 3.37 0.73 2.8E-05
3 3 8.70 0.0019 4.37 o L74 5.2E-05
4 5 12.67 0.0026 6.37 2.93 5.1E-05
5 3 8.27 0.0019 4.37 1.65 4.9E-05
6 2 3.83 0.0012 3.37 0.77 2.9E-05
7 1 1.37 0.0098 2.37 0.27 L.5E-05
8
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E s / ]
S 7t / ] k = Permeability
vy // ] Q = Flow rate
o 6f /. H = Total pressure head
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0
Location : Dam Site (Alternative A) to Vertical 0
Borehole No. : 8 Borehole Diameter 7.6 cm
Ground Elevation 5991 m Gauge to the Ground : 15 m
Ground Water Table : GL - 12.50 m Tested by Asep D.
Date : Jan 1, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
Ne. Reading Flow Rate | Correction Pressure Flow Rate k
(kg/cm2) (1/min) {m) (kg/cm2) (1/min/m) (cm/sec)
1 1 4.50 0.0043 2.40 0.90 4.9E-05
2 2 8.40 0.0079 3.40 1.68 6.4E-05 .
3 3 ' 10.50 0.0099 4.40 2.10 6.2E-05
4 2 8.20 0.0077 3.40 1.64 6.2E-05
5 1 4.30 0.0041 2.40 0.86 4.6E-05
6
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— Bf 7 k=Zam v
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S 7 v k = Permeability
2 | A Q = Flow rate
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Unit Flow Rate (1/min/m)
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LUGEON TEST

‘Project : Warsamson HEPP Feasibility Study Borehole Axis
. [}
Location : Power House to Vertical 0
Borehole No. 10 Borehole Diameter 76 om
Testing Depth From 5 mto 10 - m Distance of Pressure
Ground Flevation 422 m Gauge to the Ground : 1.5 m
Ground Water Table : GL + 050 m Tested by Asep D.
Date : Dec 12, '04 Supervisor Teddy
Gauge Measured Head Loss |[Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
(kg/em2) (1/min) (m) (kg/cm2) (1/min/m) (em/sec)
1 1 3.30 0.0021 L.10 0.66 7.8E-05
2 3 4.40 0.0028 3.10 0.88 3.7E-05
3 7 9.70 0.0061 7.10 1.94 3.5E-05
4 3 4.60 0.0029 3.10 0.92 3.8E-05
5 1 2.70 0.0017 1.10 0.54 6.4E-05
6
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[ f‘ 1
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@ 1 ]
E 7F 1 k = Permeability
=3 f . i Q = Flow rate
v BF : H = Total pressure head
3 / : L = Length of test section
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Unit Flow Rate (1/min/m)
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"LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 0

Location : Power House to Vertical 0
Borehole No. : 10 Baorehole Diameter 7.6 cm
Testing Depth From 10 m to 15 m | Distance of Pressure
Ground Elevation 422 m Gauge to the Ground : 159 m
Ground Water Table : GL + 0.50 m Tested by Asep D.
Date : Dec 13, '94 Supervisor Teddy
N Gauge Measured Head Loss |Total Applied Unit Permeability

No. Reading Flow Rale Correction Pressure Flow Rate

(kg/cm?2) (1/min) (m) (kg/cm?2) (1/min/m) (cm/sec)

1 1 3.40 0.0032 1.10 0.68 8.0E-05

2 3 15.00 0.0142 3.10 3.00 1.3E-04 o

3 7 21.10 0.0199 7.10 4,22 7.7E-05

4 3 4.34 0.0041 3.10 0.87 3.6E~05

) 1 572 - 0.0054 1.10 1.14 1.3E-04
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B 1

° ] k = Permeability

£ ; Q = Flow rate

© ] H = Total pressure head
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Unit Flow Rate (1/min/m)
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LUGEON

TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. ]
Location : Power House to Vertical 0
Borehole No. 10 Borehole Diameter 7.6 ecm
Testing Depth From 15 m to 20 m Distance of Pressure
Ground Elevation : 422 m Gauge to the Ground : 15 m
Ground Water Table : GL + 050 m Tested by Asep D.
Date : Dec 15, '94 Supervisor Teddy
Gauge . Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm2) (1/min) (m) (kg/cm2) (1/min/m) {em/sec)
1 1 3.20 0.0040 '1.10 0.64 7.5E-05
2 2 4.30 0.0054 2.10 0.86 5.3E-05
3 3 5.30 0.0067 3.10 . 1.06 4.4E-05
4 2 4.40 0.0055 2.10 0.88 5.4E-05
5 1 3.30 0.0042 1.10 0.66 7.8E-05
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LUGEON TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis
. 4]
Location : Saddle Dam to Vertical 0
Borehole No. 12 Borehole Diameter 7.6 cm
Testing Depth : From 5 mto 10 m | Distance of Pressure
Ground Elevation 4878 m Gauge to the Ground : 125 m
Ground Water Table : GL- - 3.00 m Tested by Kosasih
Date : Jan 3, '95 Supervisor Teddy
- Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate
(kg/cm?2) (1/min) (m) (kg/em?2) (1/min/m) (em/sec)
1 1 0.20 0.0001 1.42 0.04 3.6E-06
2 2 - 0.52 0.0003 2.42 0.10 - 5.6E-06
3 3 0.68 0.0004 3.42 0.14 5.1E-06
4 5 0.76 0.0005 5.42 0.15 3.6E-08
5 3 0.50 0.0003 3.42 0.10 3.8E-06
6 2 0.30 0.0002 2.42 0.06 3.2E-06
7 1 0.10 0.0001 1.42 0.02 1.8E-06
8
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= ! . Q = Flow rate
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Unit Flow Rate (1/min/m)
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LUGEON

N

TEST

Project : Warsamson HEPP Feasibility Study Borehole Axis :
. 0
Location : Saddle Dam to Vertical 0
Borehole No. 12 Borehole Diameter 76 cm
Ground Elevation 48.78 m Gauge to the Ground : 125 m
Ground Water Table : GL - 2.50 m Tested by Kosasih
Date : Jan 4, '95 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate -k
(kg/cm?) (1/min) (m) (kg/em2) (1/min/m) (em/sec)
1 1 0.24 0.0002 1.37 0.05 4.5E-06
2 2 0.38 0.0004 2.37 0.08 4.1E-08
3 3 0.53 0.0005 - 3.37 0.11 4.1E-06
4 5 0.89 0.0008 5.37 0.18 4.3E-06
5 3 0.53 0.0005 3.37 0.11 4.1E-06
8 2 0.32 0.0003 2.37 0.06 3.5E-06
7 1 0.23 0.0002 1.37 - 0.05 4.3E-08
8
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Project : Warsamson HEPP Feasibility Study Borehole Axis
. 1]
Location : Surge Tank / Penstock -to Vertical 0
Borehole No. 13 Borehole Diameter 7.6 cm
Testing Depth From 165 m to 20 m | Distance of Pressure
Ground Elevation 7000 m Gauge to the Ground : 13 m
Ground Water Table : GL - 6.00 m Tested by Asep D.
Date : Dec 27, '94 Supervisor Teddy
Gauge Measured Head Loss |Total Applied Unit Permeability
No. Reading Flow Rate Correction Pressure Flow Rate k
{kg/cm?2) (1/min) (m) (kg/cm?2) (1/min/m) {em/sec)
1. 1 3.30 0.0045 1.75 0.94 6.5E-05
2 2 5.40 0.0074 2.7 1.54 . 6.7E-05
3 3 6.50 0.0089 3.75 1.86 5.9E-05
4 2 5.30 0.0072 2.75 1.51 6.6E-05
5 1 3.40 0.0046 1.75 0.97 6.7E-05
8
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Falling Head Test
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APPENDIX C.2

Field Density Test
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FIELD DENSITY TEST - SAND CONE lMETHOD

PROJECT : WARSAMSON HEPP

LOCATION

TESTED BY : SUDARSONO

: SORONG, IRIAN JAYA

DATE MO.,YR : JANUARY 1995

SUPERVISED BY : IR. TEDDY

ChE ERE A SR

1 |Weightofsand + Jar (gr) 7675 7680

2 |Weightresidue + Jar (gr) 4560 4585 4537 4671 4651

3 |Weight sand used (1)-(2) (gr) 3115 3095 3080 3214 3124

4 Weightaand in Cone & Plate(gr) 1476 1475 1476 1476 1475

5 |Weight ss;nd in Hole (3) - (4) (gr) 1640 1620 1605 1739 1649

6 |Density ofsand (grifcm3) 1.54 1.54 1.54 _1.54 1.54

7 |WeightofSoll  {gr) 1685 1610 1647 1795 1735

8 |[Volume of Hole (5)/(6) (cm3) 1064.94| 1051.95| 1042.21| 1129.22| 1070.78

9 |Wetdensity (7)/(8) (gricm3) 1.68 1.63 1.58 1.69 1.62
10 |Moisture Content, (%) 16.35 16.97 14.18 16.31 | 17.48
11 |Dry density ((9)}/{1+(10)} (gr) 1.37 1.31 1.38 1.37 1.38

C.58




	cover
	contents
	INTRODUCTION
	CHAPTER1 FIELD GROUND INVESTIGATION
	1.1 Access to the Site
	1.2 Mobilization
	1.3 Execution and Quantity of Field Work
	1.4 Positioning Survey
	1.5 Exploratory Drilling
	1.6 Standard Penetration Test
	1.7 Field Permeability Test
	1.8 Field Density Test
	1.9 Sampling for Laboratory Test
	1.10 Seismic Refraction Survey
	1.11 Geological Mapping

	CHAPTER2 LABORATORY TESTS
	CHAPTER3 INTERPRETATION OF GROUND CONDITIONS
	3.1 General Topography
	3.2 Geological Background
	3.3 Stratification
	3.4 Engineering Properties

	CHAPTER4 ENGINEERING ANALYSIS
	APPENDICES
	A. Description of Field Work Methods
	A.1 Exploratory Drilling
	A.2 Standard Penetration Test
	A.3 Field Permeability Test
	A.4 Field Density Test
	A.5 Seismic Refraction Survey

	B. Drilling Logs
	C. Results of Field Tests
	C.1 Field Permeability Test
	C.2 Field Density Test



