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APPENDIX 1 INTERVIEW SURVEY ON THE RECLAIMED WATER USE

1.a Introduction

Interview survey was executed to understand the usage and demand of reclaimed water in the southern
Bali area by visiting the person in charge of the water supply and drainage facility management in a
power plant, a harbor facility, large-scale hotels, golf courses, and shopping malls, etc., using the
guestionnaire prepared beforehand.

1.b Interview Survey Method

The reclaimed water demand changes depending on the water quality and the charge. Therefore, three
levels of reclaimed water quality shown below are set to understand the demand of each water quality
level in the interview survey. Level 1 reclaimed water was set to ask the interviewee his image on the
reclaimed water.

Level 1 reclaimed water: Reclaimed water that can be used as potable water and cooking water
directly and indirectly.

Level 2 reclaimed water:  This is not water quality (level 1) that can be used as potable water and
cooking water. Reclaimed water that can be used without problem on
water quality for other usages (shower, pool, hand wash, toilet flush,
sprinkling water for landscaping pond and garden, and others.)

Level 3 reclaimed water:  Reclaimed water that can be used for landscaping such as ponds and
sprinkling water for garden. There is a problem on the water quality for
other usages.

The charge of reclaimed water changes greatly depending on the kind and scale of the treatment process,
the scale (diameter, length and others) of the transmission facility and the scale of the pump facility. The
interview survey started at the beginning of the survey, when the construction cost and O&M cost could
not be calculated yet. The reclaimed water charge was not shown at the interview. Therefore,
willingness to pay (unit charge) for the reclaimed water of each level was questioned. Moreover, necessity
of receiving tank that is necessary when using the reclaimed water, indoor dual water supply piping
(independent pipe for clear water and reclaimed water), and others were questioned. And the maximum
installation cost can be borne is also questioned.

In the interview survey, water source, demand by each usage, scale of water service facility, drain facility,

waste water treatment plant, installation cost and O&M cost were confirmed to understand the
background of the reclaimed water demand in each facility.
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1.c Questionnaire for the Survey
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1.d Survey Target

Table 1.d.1 shows the reclaimed water demand expectations by usage for each target facility.

Table 1.d.1 Targets and Reclaimed Water Demand Expectations for Interview Survey

Target Expectation of Usage and Demand on Reclaimed Water
Airport - It can be used for sprinkling water of the green space in the airport and toilet flush water
in the terminal facility. Especially, the volume of toilet flush water is large because there
are many Users.
Power Plant - It can be used for a large amount of cooling water, sprinkling water in the site, and toilet

flush water in the administration building.

Benoa Harbor

- It can be used for a large amount of washing and cleaning water for the marine product
processing company.
- It can also be used for washing water and the ballast water of the ship.

Large-scale luxury
hotel (Four and Five
star hotels)

- As there is a huge garden, it can be used for a large amount of sprinkling water.
- As there are many guests, it can be used for a large amount of toilet flush water.
- As high groundwater tax is imposed, it can be used for an alternative of groundwater.

Golf course

- It can be used for a large amount of sprinkling water to maintain the golf course.

New resort
development
(Serangan Island)

- The resort development plan for the Serangan Island was prepared in the past. It can be
used for sprinkling water, toilet flush water and others if facilities such as hotels are
constructed, though the situation depends on the development trend of afterwards.

Large Scale
Shopping Mall

- It can be used for toilet flush water, sprinkling water and others as the counterpart
proposes.

Figure 1.d.1 shows the location of the target area and facilities of the demand survey. Legian area was
excluded from the demand survey, because it was thought that there were few large-scale and luxury
hotels expected to use sprinkling water.
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Figure 1.d.1 Location of the Target Area and Facilities of the Demand Survey

1.e Result of Interview Survey

As a result of the interview survey, the demand for level 1 reclaimed water was little by the sensuous
reason: They do not want to use the wastewater for drinking and cooking even though it is reclaimed.

Therefore, the report of the survey by the facility and area will be focused on the demand for level 2 and
3.
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(1) Power Plant (Indonesia Power)

This power plant was expected as a recipient of the reclaimed water because it was located near the
Denpasar WWTP where the construction of reclamation facility is examined. However, it turned out
that its power generating system does not need a huge amount of the cooling water. Moreover, the
treated water from the internal wastewater treatment plant is used for sprinkling water, therefore it is
considered that the demand of a level 3 reclaimed water is a little. On the other hand, the interviewee
answered that there is a possibility to buy the level 2 treated water if the charge is under Rp.228/m?, the
groundwater tax of the power plant. However, level 2 reclaimed water demand cannot be expected
under the current situation because the unit cost of current underground water is set considerably low.

(2) Ngurah Rai International Airport

This airport is using a small amount of PDAM water, relies on the groundwater from the internal deep
well. It has a plan to expand the terminal. The plan which the groundwater is scheduled to be used as
the main water source in the future is advanced now. It is at the tender stage at present, and scheduled
the facility to be completed in 2013. On the other hand, there is a plan to improve the treatment facility
to use the treated water as sprinkling water, toilet flushing water, and cooling water and others, though
currently, the generated sewage has been discharged into the sea directly from the wastewater treatment
plant after treatment. Moreover, the interviewee answered that the supply of the treated water is enough
compared with the demand for the reclaimed water after the terminal is expanded. Therefore, the
demand for level 2 and 3 reclaimed water is limited under the current situation.

However, it is thought that there is potential as a recipient for the reclaimed water if the groundwater that
is the pillar of the water supply plan becomes difficult by legal regulation, groundwater quality problem,
profitability, maintenance and others in the future. It seems possible to expect as future potential
recipient for the reclaimed water.

(3) Benoa Harbour

In the reclaimed water business prepared by Bali province government independently, Benoa Harbour is a
user of the reclaimed water. But a concrete usage of the reclaimed water is not mentioned.

It was expected that a large amount of reclaimed water could be used for ship cleaning, ballast water,
washing water for marine product processing company and others. The demand for ship cleaning and
ballast water was not made clear by the interview survey. The groundwater tax is set cheap as
Rp.1,216/m? from January 2011 though currently groundwater is used in the marine product processing
company. Therefore, it is thought to be difficult to expect the level 2 and 3 reclaimed water demand
under the current situation.

But if the water demand for ship cleaning and ballast water is expected and/or the groundwater is difficult
to use due to a regulation, the harbour would become a good recipient.

(4) Golf Course

There are two golf courses in the survey area. One is the Grand Bali Beach Golf Course in the Sanur area
(9 holes). The other is Bali Golf and Country Club in the Nusa Dua area that is in the Bali Tourism
Development Cooperation (BTDC) area where the national tourism project has been developed. Toilet
flush water, shower water at clubhouse (level 2 reclaimed water) and sprinkling water (level 3 reclaimed
water) in the course can be considered as the demand for reclaimed water but the level 2 reclaimed water
demand cannot be expected in those golf courses because dual water supply piping system is required as
well as a large amount of reclaimed water cannot be expected. Therefore, the result of the survey on
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level 3 is described below.

In the Grand Bali Beach Golf Course in Sanur area, the treated water which is collected at the adjoining
Inna Grand Bali Beach Hotel and treated at the WWTP is used for the sprinkling of the golf course.
Moreover, in the worst case, if the emergency that cannot use the treated water occurs, it is possible to use
the nearby river water temporarily. Therefore, the demand for level 3 reclaimed water is limited.
Public sewers are developed in the Sanur area under the Sewerage Project, the sewers connections are
forced by a regulation and the in-house wastewater treatment facilities are to be abandoned, then the level
3 reclaimed water demand would become high.

In the Bali Golf and Country Club of Nusa Dua area, the generated sewage is treated in the WTTP of
BTDC, then the treated water is purchased as reclaimed water (hereinafter referred to as BTDC irrigation
water) and used for sprinkling, etc.  Usually, the sprinkling water of about 500m?/d is required during the
dry season. Among them, about 100m*d is supplied from the rainwater reservoir in the golf course,
about 400m*d is supplied from the BTDC irrigation water as much as possible, and the shortfall is
supplied from groundwater.

According to the record of BTDC irrigation water supply amount to the golf course in the BTDC area in
2009 (Table 1.e.1), the amount of maximum reclaimed water supplied from the WWTP of BTDC to the
golf course was 10,200m%month (October, 2009), 329m?/d (converted into daily amount). From these
records, level 3 reclaimed water demand becomes about 70, subtracted 100m?/d (rain water) and 329m®/d
(reclaimed water of BTDC) from 500m?/d (demand for sprinkling during the dry season). The quality of
BTDC irrigation water is so bad that it is used for sprinkling after mixed the BTDC irrigation water with
groundwater from the deep well in another pond of the golf course. After 2009, the demand decreased
to only 70m®/d because the groundwater tax rose though there is demand for the reclaimed water as an
alternative water source of groundwater. Moreover, the interviewee answered that there was a
possibility of purchasing more level 3 reclaimed water if it was possible to supply it by lower charge than
Rp.6,812/m* BTDC irrigation water charge.

Considering the circumstances mentioned above, it was clarified that the demand of level 3 reclaimed
water in the golf course is limited now, but it can be expected depending on the development of sewer
connections to the public sewerage system and BTDC irrigation water supply service.

(5) Large Scale Hotel

1) Sanur Area

In the Sanur area, there seems to be approximately ten large-scale hotels (four or five star hotel) with
many guest rooms, also large garden, and high reclaimed water demand. In this survey, the interview
was done for the Bali Hyatt Hotel (five star hotel) and the Sanur Paradise Plaza Hotel (four star hotel),
etc.

Bali Hyatt Hotel has a waste water treatment plant, and the treated water is used as sprinkling water for
the garden and landscape water for the pond. There is a plan to improve the sewage treatment enough to
be used as cooling water in the future. Therefore, the demand for level 3 reclaimed water is considered
as a little. Moreover, the interviewee answered that use of the level 2 reclaimed water is not assumed
because a large scale construction is required to have dual water supply piping system in the building to
use level 2 reclaimed water for toilet flush, etc. Therefore, the demand for the level 2 reclaimed water is
depending on the establishing the dual water supply piping system.

At Sanur Paradise Plaza Hotel, the level 3 demand is limited because the garden is small and the demand
is only about 5m%d even at the dry season. The demand for the level 2 reclaimed water would be
limited when it is used for the toilet flush installation of new separate pipes are required but the
installation work is difficult, for pool water the total water consumption is small due to circulation use
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and a bad image even if the reclaimed water quality is good.

2) Nusa Dua Area

In the Nusa Dua area, there is BTDC service area developed as a national tourism project (hereinafter
referred to as BTDC area), and there are approximately ten large-scale hotels (four or five stars). The
generated sewage from these hotels is treated at the WWTP of BTDC. A part of treated water is
purchased as BTDC irrigation water, and used as sprinkling water for the garden and others.

At present, the influent is only around 5,000m%d- average, and 6,000m*/d-maximum, though the design
capacity of the WWTP of BTDC is 10,000m*d. About 2,400m?/d, 40% of this treated volume at present
is further treated (design capacity of the facility: 3,000m*d) and sold as BTDC irrigation water. BTDC
is now advancing the improvement program of sewage treatment facility and the reclaimed water
treatment facility by BOT project, and the progress should be taken care of in the future.

There are about four large-scale hotels (four or five star hotel) outside the BTDC area. Generated
sewage in the hotel is treated in the internal WWTP, and the BTDC irrigation water is not used.

Based on the above-mentioned situation, the result of the reclaimed water demand survey in large-scale
hotels in Nusa Dua area is reported.

< Large-scale hotels in BTDC area >

Among large scale hotels in the BTDC area, the interview survey was done for Club Med located near the
WWTP of BTDC, Ayodya Resort and Novotel Nusa Dua located far away from the WWTP, Melia Bali
Villas Resort located between them, etc.

It was thought that there were hotels which have the dual pipe system because the BTDC irrigation water
was supplied in the BTDC area. But it was clarified that such a hotel doesn't exist through the interview
with BTDC and hotels.

First of all, Novotel Nusa Dua and Club Med answered that they would not break the wall and install the
pipe only for the reclaimed water to supply the level 2 reclaimed water

Water is leaking frequently in Ayodya Resort Hotel because 20 years has already passed since the pipe
was installed in the hotel. It is necessary to examine remedial measures including the dual water supply
piping in the future. There was an answer that they might examine the use of the reclaimed water
depending on the level 2 reclaimed water charge. Ayodya Resort Hotel uses the groundwater of the deep
well about 200m?/d at the maximum, and it is thought that it influences largely if the reclaimed water
charge is cheaper than the groundwater tax when the use of the reclaimed water is examined.

It is scheduled that three hotels (250 rooms at Marriott Hotel, 50 rooms at the Royal Kamuela Hotel, and
50 rooms at Laguna Villa) will be constructed by the end of 2011, and 350 rooms will increase in total in
the BTDC area. In addition, the construction of three facilities (20 rooms at Villa NW-2, 200 rooms at
N-5, and 5000 seats in the convention hall) is also scheduled. As the water demand will increase further
in these facilities, but the present water supply capacity is not easily increase as stated in the previous
section. Therefore, a promotion of the level 2 reclaimed water use by introduction of the dual water
piping system in these facilities may effective use the limited water supply.

As the demand for the level 3 reclaimed water, three hotels other than Ayodya Resort Hotel answered that
they have enough amount of irrigation water from BTDC. As shown in Table 4.3.2, large amount of
BTDC irrigation water is supplied to St. Regis Bali Resort which is located farthest away from WWTP of
BTDC. New demand for the level 3 reclaimed water can hardly be expected under the present situation
that there is no complain about the BTDC irrigation water supply volume and they are satisfied with
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BTDC irrigation water service.

Ayodya Resort Hotel answered that they were using the rain water saved in the pond of the hotel about
100m®/the day for the garden during the dry season because the amount of the reclaimed water supplied
from the WWTP of BTDC was not enough. It is difficult to say that the volume of the BTDC irrigation
water only for Ayodya Resort Hotel is insufficient because the rain water saved in the pond in the hotel is
free, and Novotel Nusa Dua Hotel receives the enough reclaimed water from BTDC. Therefore, there is
high possibility of attempting the use of free rain water compared with the charged BTDC irrigation
water.

Considering the circumstances mentioned above, it is thought that the BTDC irrigation water supply
satisfies the demand for the sprinkling water in BTDC.

Table 1.e.1 Amount of BTDC Irrigation Water Supplied to Each Facility (2009)

As mentioned above, in the BTDC area, the number of accommodation facility will increase by 350
rooms by the end of 2011, then 220 rooms afterwards, and construction of the convention hall with 5000
seats is also scheduled. These facilities will be built in BTDC where the land is originally green space.
Consequently the green area will decrease and the demand of the level 3 reclaimed water in BTDC can be
thought to be in the direction of decrease in the future.

< Large-scale hotel outside BTDC area >

The interview was done for Nikko Bali Resort and Spa where the number of guest room is the largest
outside the BTDC area. This hotel uses the groundwater of the deep well. The wastewater generated
in the hotel is treated at the internal wastewater treatment facility. The treated wastewater is used as
sprinkling water of the garden, cooling water, and landscaping water to ponds etc. The water for these
usages will be sufficient in the future, and the demand for the level 3 reclaimed water is hardly expected.
In case of the level 2 reclaimed water, if all the cost for the indoor dual water supply piping work is
subsidized, interviewee answered that he may purchase the level 2 reclaimed water of 20-25m*/d as pool
water, 70-80m®/d as clothes washing water, and toilet flush water by around Rp.10,000/m?.
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The construction of three hotels (Mulia, Ritz Calton, Kedung New Wall Hotel) and one villa is scheduled
outside the BTDC in Nusa Dua area in the future. It is likely that the demand for the water supply
increases, but the water supply volume cannot be increased accordingly as explained in the previous
section. It is thought that the need of level 2 reclaimed water use becomes high.

From the above-mentioned viewpoint, the demand for the level 3 reclaimed water cannot be expected
because the treated wastewater by their own wastewater treatment facility is already used for irrigation
purposes, but the demand for the level 2 reclaimed water can be expected because the water demand itself
will be increased but the supply volume is difficult to increase under the current waterworks supply
capacity. It is thought that the level 2 reclaimed water should be used effectively to cover the gap
between the water demand and supply.

3) Benoa Area
The interview survey was done in the Benoa area for three large-scale hotels (Melia Benoa, Bali Tropic
Resort and Spa, Conrad Bali Resort and others) located near the WWTP of BTDC.

The demand for the level 2 reclaimed water may depend on the introduction of dual water supply pipe
work, the same as in the case of Nusa Dua area.

On the other hand, the demand for the level 3 reclaimed water is limited because of following reasons.
The WWTP of BTDC accepts and treats the sewage generated at three hotels (Melia Benoa, Bali Tropic
Resort and Spa, and Conrad Bali Resort) located near the WWTP but outside of BTDC area because those
hotels is close to the WWTP, and provides the BTDC irrigation water to these three hotels. In the large
scale hotels in Benoa area other than these three hotels, internal wastewater treatment facilities have been
constructed and the treated wastewater is used for gardening.

4) Jimbaran Area

There were three large-scale hotels in the Jimbaran area, and the interview survey was done for Bali
Intercontinental and Four Seasons Resort. The demand for level 3 reclaimed water is limited because
the irrigation water is already supplied from their own wastewater treatment facilities. But the demand
for level 2 reclaimed water may be expected by installation of dual water supply system to the hotels.

5) Kuta Area

In Kuta area, interview survey was done for Bali Dynasty resort, Hard Rock Hotel Bali, etc. As in the
case of the large-scale hotels in other area, the demand for level 3 reclaimed water is limited because the
irrigation water is already supplied from their own wastewater treatment facilities. But the demand for
level 2 reclaimed water may be expected by installation of dual water supply system to the hotels.

(6) Serangan Island

The development of the Serangan island started in 1994. The island is expanded from 100ha to 400ha
by reclamation. But the development has been interrupted with the collapse of Suharto administration in
1998. This development was advanced without building consensus with the resident. Therefore, the
problem of the interest with the resident is not solved. Moreover, Bali provincial government cannot
understand the trend of the Serangan island development, because the reclamation part on this island
(almost vacant lot at present) was sold to the company in Singapore. In addition, there was a bridge
construction project to connect Serangan island and Benoa peninsula. But there is information that the
construction plan has not approved by the opposition of Benoa harbor and airport.

From such a situation on the Serangan island, it is thought that it is not easy to think that the resort

development will begin in the near future, and it is not in the situation that the demand for the reclaimed
water can not be expected.
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(7) Large Scale Shopping Mall

There are five large-scale shopping centers in Denpasar City and Badung Regency that was the survey
area of the study. The interview survey was done for Mal Bali Galleria that was the biggest shopping
mall among those shopping centers. Approximately 30m*d as toilet flush water and 30m%d as
gardening water was expected as a target usage for the treated water in this facility. However, the
willingness to pay for the level 2 reclaimed water as toilet flush water was quite low about
Rp.1,000-2,000/m®.  Moreover, the water source of the gardening is free river water at present.
Therefore, the demand for the level 2 and 3 reclaimed water can hardly be expected because of the low
water demand and the low willingness to pay.

(8) Green Belt along Main Road and Park

The interview survey was done for the demand of the reclaimed water as sprinkling water for the green
belt along the trunk road and the park by Dinas DKP under the Badung Regency administration. Dinas
DKP uses the river water for free for watering. The water from the Mati River is used as gardening
water for Nusa Dua area and Kuta area. But the water is not suitable for the watering because it contains
high salinity concentration. During the dry season, the volume of the water drops, and earth and sand
enters. Therefore, if the reclaimed water is purchased cheaper than the groundwater tax in the Badung
Regency (After the price cut), the answer they could purchase about 60m®d (Each five round trips a day
by two tank tracks (6m?) was obtained. However, it is expected that the groundwater tax for the
government agency after price cut is suppressed to low about Rp.1,000/m®. Therefore, the demand for
level 3 reclaimed water may be limited due to its charge.

1
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1.f Result of Water Demand Survey
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APPENDIX 2 WATER QUALITY SURVEY
2.a Terms of Reference

Water quality survey was carried out to prepare the material to understand the characteristics of the
effluent of Denpasar WWTP which is the raw water, and to determine the treatment process which is
required for the reclaimed water treatment facility. The contents of the survey are shown below.

Outline of the Water Quality Survey
Item Contents

1. Sampling Location Influent and Effluent of Denpasar WWTP

2. Sample Number 1 sample x 4 events x 2 locations = 8
Influent: 7 parameters

pH, Water Temp, COD, BODs, SS, Total Nitrogen (T-N), )
Total Phosphorus (T-P)

3. Parameters Effluent: 16 parameters
[pH, Water Temp, COD, BODs, SS, UV,s,, Turbidity, Color, CI', ")

J

COs%, KMO,, Total Nitrogen (T-N), NH,"-N, NO,-N, NOs-N,
Total Phosphorus (T-P)

J
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Terms of Reference

Appendix A
TERM O REFERENCIY
ON
WATER QUALITY SIRVEY

1. PURPOSE
“The work called for water qualily survey (hereinaller referred 1o as the Work) will be conducted

. of

Bali Water Supply System in the Republic of [ndonesia

as a part of on the v Survey on / g in Southern

The Work results will be used by the

pars

JICA Survey Team {hereinafier reforred to as the Client) to understand the present water quality
of Influent and effluent at the Suwung Waslewaler Treatment Plan( lor preparation a

preliminary design of reclamation plant.

GENERAL REQUIREMENTS
Water samples shall be aken at sites @ specified, water quality analysis on the parumeters
specified for cach sample shall be conducted at the contractor’s laboratary and submit Reports

on the result of the analysis.

The followings arc gencral requirements in undertaking the Wark

(1) Analysis mothods shall bo according o “Standard Method for the Examination of Water and
Wastowater. 19° or 20 Edition. APHA, AWWA, WEF.” Analysis mothod other than this
may be allowed s the Survey Team judged adequate and acceptable.

(2) Water quality analysis shall be carried out with the precision as specified in the above
methods.

(3) The Contractor shall assign a specialist familiar with water quality survey and (he sampling
and analysis shall be conducted under supervision of the specialist.

(4) The Contractor shall assien sufficiont number of personnel in order to carry out sampling
smoothly.

(5) All nocessary work and oquipment for sampling including car arrangements, staff
assignment, sampling bottles shall be provided by the Contractor.

(6) All neces

v work and equipment for waler quality an:

and reporting of its result shall

be provided by the Contractor

3.

31

SCOPE OF WORK

Sampling

I'wo (2) samples shall be taken at two different locations in the Suwung WWTP, tolal § water
samples shall be taken at four different events.
around at 10 AM.

“The sampling shall be conducted ance a week

The sampling details and locations are shown in Table 1 and Figure 1,

respectively,
Table 1 Sampling Locations and Sample Numbers
Sampling Location Sampling Sample Number
1. Influent one sample x 4 events 4
2 Fiffluent one sample x 4 events 4
3. Towl two samples x 4 avents 3

The exact sampling locations shall be as designated by the Client. Samples shall be praserved

around 4 Cclsius after taken,

When the samples are taken, some photos shall be taken, and the site conditions, weather and
other ficld obscrvations shall be recorded by the Contractor,

32 Measurements at the sites

When samples are taken. the following parametors shall be measured and recordod at the site

immediately samples arc takon:

»  Wealher. date and time. and ambienl temperature

*  Water temperature and pH of cach sample

33

Water Quality Analysis

Samples shall be analyzed an parameters instructed by the following table excopt water

temperature and pH as specificd above.

Table2 Water Quality Parameters und Sumple Number

Sample Number per event “Total Sample
No. Parameter Sub- [ ovent | Number for
nfluent | Efluent
total Analysis

[BEl 1 1 4 §

2 | Water Temp, €0 ) ) 4 8

3 | conmgt. ) ) 4 3

4 | BOD. mg'L 1 1 4 8

5 | Suspended Solid, mgiL 1 1 4 8

6 0 1 1 4 4

7 | Turbidity, NTU 0 1 ! 4 +

8 | Color, [ ) i 4 4

9 [crmgt. 0 ) [ 4 4

10| CO, mgil. [ 1 1 Kl 4

1| KMO, mgiL u 1 1 4 4

12 | Total Nitrogen (T-N). mgL 1 1 2 4 3

13 | NIL-N. mg'L 0 1 1 4 +

14 | KO»X, mgiL 0o 1 ! 4 +

15 [ KON, mpl. [ ) i 4 4
16 | "Total Phosphorus (1-P), mg/l. 1 1 2 4 8

4. SUBMITTAL

Upon the completion of wator quality analysis. analysis results shall be submitted to the Client

within two weeks after the sampling date

A repont shall be prepared and submitted in Einglish (A4 size) to the Client within three weeks
aftor the final sampling date, which shall contain the followings
- A doscription of the work carried out. including sampling dato and time. and rccords

of obscrvations and findings during sampling events. including the weather of

provious day.

- Analytical methods, and equipment used il'any special equipment

- Rosults of analysis

The roport shall be comprised with anc (1) sct of hard copy and anc sct of lectronic filos with
compact disks (CD) saving the contents of the report.  The application softwarc shall be

mutually agreed

Figare 1 Sumpling Locations at the Suwung WWTP
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2.b Survey Photo

2nd sampling on 18th May

3rd sampling on 26th May

4th sampling on 1st June
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2.C Survey Result

Ny

PEMERINTAH PROVINSIBALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

Perihal :  Hasil Pemeriksaan Air Limbah Domestik KEPADA
Contoh berasal dari :  Air Limbah Inffluent IPAL Suwung YTH. HARUTOSHI UCI—IIDA
Diambil Oleh :  Petugas Lab. Kesehatan DIDENPASAR
MAKS.YG HASIL PEMERIKSAAN
NO UNSUR-UNSUR METODE SATUAN DIPERBOLEH TANGGAL PENGAMBILAN /NO LAB.
KAN 11-5-2011/927 18-5-2011/935 26-5-2011/970 1-6-2011/990
FISIKA
1 [ Suhu Pemuaian °c 38 28 29 29 29
2 Zat padat pensi (TSS) P d: mg/l 100 192 140 149 124
KIMIA
3 pH Elektrometri - 6-9 7,0 7,0 6,0 7,0
4 BOD Elektrometri mg/l 50 15,8 55,8 35,8 49,0
5 CoD Titrimetri mg/l 100 50,0 120,0 184,7 100,0
6 Total N Spektrofotomem mg/l - 11,259 12,258 11,612 11,818
7 Total P Spek i mg/l - 0.4 1,1 0,6 0,6

Per.Gubernur Bali No.8 tahun 2007

gelahti Fi; Denpasar, 13 Juni 2011
Kay T Balai L Kes Prov.Bali Pemeriksa,
y/ RSN

(/ /‘

Dra Rahmawati.B,Apt.M.Si
19640410 199403 2 008

PEMERINTAH PROVINSI BALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

Peribal 1 Hasil Pemeriksaan Air Limbah Domestik KEPADA
Contoh berasal dari :  Air Limbah Effluent IPAL Suwung YTH. HARUTOSHI UCHIDA
Diambil Oleh :  Petugas Lab. Kesehatan DIDENPASAR
MAKS.YG HASIL PEMERIKSAAN
NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH TANGGAL PENGAMBILAN /NO LAB.
KAN 11-5-2011/927 | 18-5-2011/935 26-5-2011/970 1-6-2011/990
FISIKA
1| Suhu Pemuaian °c 38 29 31 29 28
2 Zat padat tersuspensi (TSS) Pengendapan mg/l 100 50 11 17 140
KIMIA
3 pH Elektrometri - 6-9 70 7,0 7,0 7.6
4 A ia Bebas (NH-N) Nessler mg/ 1 7,30 6.8 10,3 8,7
5 Nitrat (NO3-N) Brusin mg/ 20 0,662 1,426 0,18 3,102
6 | Nitrit (ion NO2)-N Sulfanilat mg/ 1 0,039 0,040 0,058 0,420
7 BOD Elektrometri mg/l 50 12,6 24,6 26,8 16,8
8 COD Tetrimetri mg/l 100 40,0 80,0 87,48 50,0
9 Turbidity Spektrofotometri mg/l - 16,1 239 154 18,7
10 | Warna Spektrofotometri mg/l - 35,0 53,0 97,0 79,0
11 | CaCO3 Titrimetri mg/l - 297,28 319,77 336,36 301,66
12| KMnO, Titrimetri mg/l - 60,04 36,02 10,112 21,49
13 | Total N Spektrofotometri mg/l - 8,001 5,933 10,538 12,172
14 | Total P Spektrofotometri mg/l - 0,7 04 0,5 0,8
15 | Khiorida Titrimetri mg/l - 49,32 58,11 50,625 54,98
16 | UV pada 254 nm Spektrofotometri - - 0,1257 0,1142 0,2056 0,153

P,et gqhemlgtgall No.8 tahun 2007

Denpasar, 13 T
neriksa,

19640410 199403 2 008

\w)@soa 1004 g
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PEMERINTAH PROVINSIBALIX
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

PEMERINTAH PROVINSIBALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN -
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

Nomor Agenda 440.52 / 536 /KES/ LAB.KES KEPADA Nomor Agenda 440.52 / 536/KES/ LABKES KEPADA
Perihal Hasil Pemeriksaan Air Limbah YTH HARUTOSHI UCHIDA Perihal Hasil Pemeriksaan Air Limbah YTH HARUTOSHI UCHIDA
Domestik DI DENPASAR Domestik DI DENPASAR
Contoh berasal dari Inffluent Contoh berasal dari Inffluent
Diambil Oleh Petugas Lab. Keschatan Diambil Oleh Petugas Lab, Keschatan
Diambil/diterima Tgl 11 Mei 2011 Diambil/diterima Tgl 11 Mei 2011
Nomor Leboratorium 927 Nomor Laboratorium 927
MAKS.YG HASIL MAKS.YG HASIL
NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN
KAN KAN
FISIKA FISTKA
L[ Suhu Pemuaian oc 38 28 T | Subw Pemuaian 9 38 28
2| Zatpadat i(ISS) P d g/l 100 92 2| Zat padat i (155) T d mgl 100 192
KIMIA KIMIA
3 |pd Elektrometri - 6-9 7,0 3 [pH Elektrometri - 6-9 7.0
4 |BOD i mg/L 50 15,8 2__|BOD i g/ 50 158
5 COD Titrimetri mg/l 160 50,0 3 COD Titrimetri mg/] 100 50,0
6 |Total N _Spekts i mg/l = 11,259 6 [TotalN i mg/| - 11,259
7 Total P Spektrofotometri mg/l - 0.4 7 Total P Spektrofotometri mg/i - 04

Per.Gubernur Bali No.8 tahun 2007 Per.Gubermnur Bali No.8 tahun 2007

Denpasar, 19 Mei 2011 Denpasar, 19 Mei 2011

3b.Kes.Prov.Bali Pemeriksa, Pemeriksa,
>, q " N4 . .
dr. Gede!Bagiis Darmayasa. M.M.. M.Repro. Dra Rahmawati. B.AptM.Si dr. Geds"Bagus-Darmayasa, M.M., M.Repro. Dra Rahmawati.B.Apt M.8i
NIP. 19610726 198803 1 004 1€ 19640410 199403 2 008 NIP. 19610726 198803 1 004 4 19640410 199403 2 008

PEMERINTAH PROVINSI BALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/FAX (0361) 222218

PEMERINTAH PROVINSIBALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

Nomor Agenda 440.52 / 551 /KES/ LABKES KEPADA Nomor Agenda 44052 / 551 /KES / LABKES KEPADA
Perihal : Hasit Pemeriksaan Air Limbah YTH HARUTOSHI UCHIDA Perihal Hasil Pemeriksaan Air Limbah YTH HARUTOSHI UCHIDA
Domestik DI DENPASAR Domestik DIDENPASAR
Contoh berasal dari Air Limbah Inffluent IPAL Suwung Contoh berasal dari Air Limbah Effluent IPAL Suwung
Diambil Oleh Petugas Lab. Kesehatan Diambil Oleh Petugas Lab. Kesehatan
Diambil/diterima Tgl 18 Mei 2011 Diambil/diterima Tgl 18 Mei 2011
Nomor Laboratorium 935 Nomer Laboratorium.  : 935
MAKS.YG HASIL MAKS.YG HASIL
NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN
KAN KAN
FISIKA _FISIKA
1 Suhu Pemuaian °c 38 29 (L |Suhu Pemuaian °c 38 31
2 | Zat padat tersuspensi (TSS) T gl 100 140 [2__ | Zat padat tersuspensi (TSS) Pengendapan mg/l 100 11
KIMIA KIMIA
3 pH Elektrometri = 6-9 70 3 pH Elektrometri - 6-9 7.0
4 __|BOD Elekirometri mg/l 50 558 4 | Ammonia Bebas (NH3-N) Nessler mg/l 1 68
5| cop Titrimeni _mgl 100 120,0 5 | Nitrat (NO;-N) Brusin mg/ 2 1,426
6 [ TomN Spektrofotometi mgl . 2258 6___| Nitrit (ion NO2)N Sulfanilat mg/ 1 0,040
7 [TotalP Spektrofotometri mg/l = 1.1 7| BOD Elek i mg/l 50 246
Per.Gubernur Bali No.8 tahun 2007 8 |cOD Tefrimetri mgy| 100 80,0
9 | Tusbidity Spektrofotometri g B 23,9
Denpasar, 24 Mei 2011 10| Wama Spektrofotometri mg/ = 53,0
Pemeriksa, 11| CaCO3 Titrimeni mg/ 5 315,77
12 | KMnGy Titrimetri /| - 36,02
13 _ | Total N Spekirofotometri mg/l - 5,933
{ 4 / 14 | Total P Spektrofotometri g/ - 04
5 15| Khiorida Titrimetri mg/] - 58,11
16 i B .
dr. Gl Baglé-Dirmayasa, MM., M-Repro. Dra Rahmawati BAptM.Si Per.(}ul?e:]nu;:(i;sis:l:‘;‘tahun 2007 sl e

NIP. 19610726 198803 1 004 ‘g 19640410 199403 2 008
Denpasar, 24 Mei 2011

Pemeriksa,

A %

<R
dr. G0 Bus Darmayasa, MM, MRepro.

NIP. 19610726 198803 1 004 ~§

Dra Rahthawati.B.Apt.M.8i
19640410 199403 2 008

Appendix 2 - 5




PEMERINTAH PROVINSIBALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN

JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

Nomor Agenda 440.52 /578 / KES / LABKES KEPADA
Perihal Hasil Pemeriksaan Air Limbah YTH HARUTOSHI UCHIDA
Domestik DIDENPASAR

Contoh berasal dari Air Limbah Effluent IPAL Suwung

Diambil Oleh Petugas Lab. Kesehatan

Diambil/diterima Tgl 26 Mei 2011

Nomor Laboratorium 970

MAKS.YG HASIL
NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN
KAN
FISIKA
1 | Subu Pemuaian s] 38 29
2 |Zatpadat i(TSS) | d mg/l 100 17
KIMIA

3 |pH - 6-9 7.0
4| Ammonia Bebas (NH;-N) Nessler mefl 1 103
S| Nifrat (NO3-N) Brusin mg/ 20 0,18
6 | Nitrit (jlon NO2)-N Sulfanilat m; 1 0,058
7 __|BOD Elektrometri ‘mgy] 50 268
8§ |Cop Tetrimetri mg/ 100 87,48
9 | Turbidity Spektrofotometri mg/] = 54
10 | Wama i mg/l - 7.0
11_ | CaCO3 Titrimetri mg/] - 336,36
12 | KMnO, Titcimetri mg/l - 10,112
13| TotalN Spektrofotometri mg/l = 10,538
14 | Total P tri mg/l - 0,5
15__| Khiorida Titrimetri mg/l - 50,625
16| UV pada254nm tri - = 0,2056

Per.Gubernur Bali No.8 tahun 2007

dr. Gade-BY

Barmayasa, MM.. MRepro.
NIP. 19610726 198803 1 004 4,
“

Denpasar, 31 Mei 2011

Pemeriksa,

Pk

Dra Rahmawati.B,Apt.]
19640410 199403 2 008

PEMERINTAH PROVINSI BALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/FAX (0361) 222218

Nomor Agenda 440.52 /578 /KES/ LAB.KES KEPADA
Perihat Hasil Pemeriksaan Air Limbzh YTH HARUTOSHI UCHIDA
Domestik DI DENPASAR

Contoh berasal dari Air Limbah Effluent IPAL Suwung

Diambil Oleh Petugas Lab. Kesehatan

Diambil/diterima Tgl 26 Mei 2011

Nomor Laboratorium 970

MAKS.YG HASIL
NO UNSUR-UNSUR. METODE SATUAN | DIPERBOLEH | PEMERIKSAAN
KAN
FISIKA
1 Suhu Pemuaian °c 38 29
5| Zat padat tersuspensi (155) Pengendapan mg/ 100 17
KIMIA

3 pH Elektrometri - 6-9 7.0
4 Ammonia Bebas (NHy-N) Nessler mg/l 1 10,3
5 Nitrat (NOs-N) Brusin mg/ 20 0,18
6 Nitrit (jon NO2)-N Sulfanilat mg/ 1 0,058
7 BOD Elektrometri mg/l 50 268
8 COD Tetrimetri mg/l 100 8748
9 Turbidity Spektrofotometri mg/l - 54
10 | Warna Spektrofotometri mg/l = 7.0
11 CaC03 Titrimetri my - 336,36
12 |RMaOs Titrimetrt ‘mg/ 5 10,112
13 Total N mg/l - 10,538
14| TotalP pektrofotometri mg]| 5 0,5
15 _ | Khlorida Titrimetri mg/] - 50,625
16 | UV pada 254 nm Spektrofotometri - - 0,2056

Per.Gubernur Bali No.8 tahun 2007

Denpasar, 31 Mei 2011
Pemeriksa,

v

Dra Rahmawatl.B.A; t.M.Si/{;'\
19640410 195403 2 008 =

PEMERINTAH PROVINSIBALI
DINAS KESEHATAN

UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/ FAX (0361) 222218

PEMERINTAH PROVINSIBALI
DINAS KESEHATAN
UPT BALAI LABORATORIUM KESEHATAN
JALAN NUSA TENGGARA SANGLAH DENPASAR TELP/FAX (0361) 222218

Nomor Agenda 440,52 / 570/ KES / LABKES KEPADA Nomor Agenda SRR RIS R PR D
e e et ey e YTH HARUTOSHI UCHIDA Perihal Hasil Pemeriksaan Air Limbah YTH HARUTOSHI UCHIDA
Domestik DI DENPASAR ) pomesis GRS
Contoh berasal dari Air Limbah Inffluent IPAL Suwung Contoh berasal dari Alr Limbeh Effluen: [PAL Suwung
5 = jambil Oleh Petugas Lab. Kesehatan
Diambil Oleh Petugas Lab. Kesehatan iambil/diteri i
Diambil/diterima Tgl  : 1 Juni 2011 e
Nomor Laboratorium 990 omor Laborstorium*
MAKS YG HASIL
MAKS.YG HASIL NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN
NO UNSUR-UNSUR METODE SATUAN | DIPERBOLEH | PEMERIKSAAN KAN
KAN FISIKA
FISIKA 1 __[Suhu Pemuaian °c 38 28
1_ | Suhu Pemuaian °c 38 29 2| Zat padat tersuspensi (ISS) | Pengend mg/l 100 140
2| Zat padat tersuspensi (TSS) | Pengendapan mg/l 100 124 KIMIA
KIMIA 3 |pH Tlektrometri 5 6-9 76
3 [pH Elektrometri _ ) 70 4| Ammonia Bebas (NH;-N) Nessler mg/l I 8,7
7 |BOD Elektrometri gl 50 29,0 5 | Nitrat (NG7N) Brusin mg/ 20 3,102
) Titrimett gl 100 1000 6| Nitrit (ion NO2)'N Sulfanilat ‘mg/ 1 0,420
6| TotalN Spekirofotometri | _mg/l - 11,818 7_BOD ot g/ o0 168
7| TowlP Spekirofotomerri | mg/ : 06 5 _fcob_ - 0 200
Per.Gubernur Bali No.8 tain 2007 |2 | Turbidity i | mg S 18,7
10 | Warna Spekirofotometri mg/] - 79,0
Mengetahui Denpasar, 7 Juni 2011 11| CaCO3 Titsimetri m, N 301,66
KaUPTBalkj L ab Kes. Prov.Bali Pemeriksa, 12| KMrO Titrimetri me/ = 2149
X 13| TowlN Spektrofotometri | _mg/l 5 12,072
14 | Total P Spektrofotometri mg/l - 0,8
15| Khlorida Titrimetri mg/l 5 54,98
16| UV pada 254 nm i E E 0,153
< b Per.Gubernur Bali No.8 tahun 2007
: ‘
dr>Gedé Bagus Darny M.M., M Repro. Dra Rahmawati. B, Apt.M.Si M’ Mengetahui Denpasar, 7 Juri 2011
NTP. 19670726 198803 1 004 4, 19640410 199403 2 008 Ka UPTBalaiids: = rken,
N
7i %
Ry
dr. GedgBagus Darniayasa, M.M.. M.Repro. Dra Rahmawati.B.ADUM. %
NIP. 19610726 198803 1 004 4 wm 19640410 199403 2 008

Appendix 2 - 6




APPENDIX 3

TOPOGRAPHIC SURVEY



APPENDIX 3 TOPOGRAPHIC SURVEY
3.a Terms of Reference

Transmission pipe route was selected and the line survey with the following specifications was carried
out.

Total Length: about 16km with the width of about 25m
Scale of Plan: 1/500

Scale of Longitudinal Section: H=1/500, V=1/100

Scale of Cross Section: 1/100
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Terms of Reference

SECTION IIT
SPECIFICATIONS
31 PURPOSE

The work called for under this Contract (hercinafier referred to as the Work) will be conducted as a

part of the JICA Preparatory Survey on 2 of i in Southern Bali Water
Supply Systom in the Republic of Indoncsia. The survey rosults will be used by the JICA Survey
“Texan (hersinalier referred (o as “the Enginoer”, and will serve as the basis for (he preparation of

preliminary designs of major water transmission pipeline

32 GENTRAL REQUIRTEMENTS

“The Cantractor shall comply with the fallawing requirements in undertaking the Work.

(1) All measurements and results of the survey shall be in ST units.

(2) Locations of bench marks in the vicinity of the sites for the Work shall be confirmed by the
Contractor and shall be approved by the Engincer beforc the comtmencoment of the survoy works in
field.

(3) The Contractor shall provids temporary bench mark at the convenient losation of project silc.

(<) Prior to (he commencement of the Work, the Contractor shall submil an Initiation Report prepared
in English doscribing

o List of survey and invesligation equipment to be used by (he Contractor

o Methods of survey and investigation to be used by the Contractor

o Work Schodule

o Staff Assignment Schadulo

(3) The Contractor shall provide. and therefore shall include the assaciated costs in his propoesal, all

survey cquipment, personnel, transportation and ofhars requircd to complete the Work.

{6) The Contractor shall not commence the Work in ficld without recciving a written Notice to Proceed

from the lingineer.

(7) Drawings shall be prepared using AUTOCAD 2009 or later release,  Drawings and reports to be

submitted by the Contractor shall, unless otherwise specifically dirccted by the Fingineer. be sized as
Tollows :
- Alldrawings.  One (1)set of A 1 size and one (1) set of A3 size. including one set of eleatric files
with corpact disks.
- Allreports:  Tewo (2) sofs of Ad

(8) The progrss of the Work shall be described in the form of  weekly repart and submitted to the
designated address of the Ingineer by a facsimile at the end of sach week throughout the tenure of this

Contract.

(9) Accur:

doscribed everywhere in thes specifications.

v of the surv

 shall, unless otherwisc specifically dirocted by the Engincor, be as

33 SCOPE OF WORKS

Location of the Work shall be done for the route of a treated water transmis

ion pipeline.  The route
is along the main road from the Sumung WWTP Jocated at Jl. Bvpass Neurah Rai No.90. Suwung

Denpasar, to the Rescrvoir UPA Nusa Dua, located at T1. Siligita, Nusa Dua.  Total length of the route

is about 16 km.  Approximate survey route for the treated water transmission pipcline is shown in the

Tcation map of Figure 1. The linc survey alsa includes some spot surveys to measur the locations
and the levels of three paints of borchole siles al the Suwung WWTP and four comers of reservoir
structure al (he Reservoir UPA. as directed by the Engineer, The Work comprises the following

schedule:

Schedule 3.3.1: Line Survs

Schedule33.2:  Reporting

3310 LineSurvey

The Line Survey is composcd of centerline survey and profile survey along the pipeline alignment as
dirceted by the Engincer.  The centerline survey is to measurc distance at cvery station markers and
angle at cach tuming point along the pipclinc alignment.  Widih and dopth of culvert and
riversistreams if any along the route shall be measured.  Along the route of line survey. features of
land use such as houses. buildings. sidewalks, electric poles. signboards. trallic lights. ditches.
cullivated land ete.. shall be investigated and marked with their limil. The range ol cross section
survey shall be not Iess than 20 meter from the centerline at its both sides.  The profile survey is to

measure ground lovel at every station markers and points dirceted by the Engincor,

The Cantrastor shall provide a temporary bench mark at the canventional lecations under the dircction
of the Eingineer. The temporal bench mark shall be fixed into the ground with durable materials as
approved 10 avoid any movement and loss. The Line Survey shall be camied oul by the following

manner:

(1) Survey Instrument
- Measurement of Angle: Total Station
- Measurement of Distance: Steel tape or esrone tape

- Measurement of Level: Level with lmm reading

The survey instruments othor than the above may be allowed as the Engincer judged them adoquat

and aceeptable.

2) Interval of station marker: every 100 m plus every tuming peints and other necessary points as
directed.

(3) Bench Mark shall be followed from National ¥ Grade Bench Mark.

(4) Accuracy of Survey
Accuracy of cach survey shall be as follows:
- Angle Survey: measurement: Two times
Deviation: 207
- Distance Survey: 112,000

- Loveling Survey: within value of 2 cm /S

(S: onc-way distance in kilomoter)

332 Reporting

The Contractor shall propare and submil the drawings with the lollowing scales upon the sompletion

of ficld survcy.

- 14500
- itudinal Section:
[Horizontal: 17500
Vertical; 14100
- Cross Scction: 14100

As mentioned, the drawings of the plans shall prosent rango of rosd or stroct, houscs.

rivers/sircams/watercourses, factories, concrete shelters, buildings, and any featires of land use and

along the routes of trested water transmission pipeline.

The drawings shall be printed out and digital files of drawings with format of AUTOCAD 2009 or

Iuter rel ease shall be submitted. Font size of information and notes in the drawings shall be readable

when the drawings arc printed out in A3 size.

In addition to the sbove drawings, the Contractor shall subumit daily work records deseribing time,
clitmate and incidents/trouble with the land owner or people living in the vicinity ifany, all survey data

including field notes, photographs of site survey, other obtained during fidd surveys,

grer

e

Suwung WWTP

- Existing UPA
| “Reservoir (1,500m%)

Figure 1 Locations of Topographic Surveys
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3.b Survey Photo

3.c Survey Result

THE PREPARATORY SURVEY ON APPLICATION OF

WASTEWATER RECLAIMING
IN SOUTHERN BALI WATER SUPPLY SYSTEM
IN THE REPUBLIC OF INDONESIA

Office: J1. Jaya Giri | Nomor 5, Desa Dangin Puri Kelod, Denpasar Timur, Denpasar

DRAWING
FOR
TOPOGRAPHIC SURVEY

Sub-contract between
JICA Survey Team and PT. ASTA PRIMA Denpasar

DENPASAR
JULY 2011

PT ASTA PRIMA

PLANNING CONSULTANT, SUPERVISION AND ENVIRONMENTAL
Main Office: Jalan Raya Sesetan. Kompleks Pertokoan Sesetan Agung No. A-20
Phone:+62361-241178, fax:,+62361-221525 DENPASAR-BALI
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APPENDIX 4 GEOTECHNICAL SURVEY
4.a Terms of Reference

Geotechnical survey for the construction site of the reclaimed water treatment plant (located at the
Denpasar WWTP expansion site) was carried out with the following specifications.

Specifications of Geotechnical Survey

Item Specification
Number of boring 3
Maximum depth 40m
Total depth 120m

Test item and sampling number is shown below

Test Item and Sampling Number

Item Specification
1. Standard penetration test Every 1.0m interval
2. Sampling Every 10 meters interval and the bottom
3. Laboratory Test 1) Specific gravity
2) Water content
3) Particle size distribution
4) Unconfined compressive strength
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Terms of Reference

SECTION IT1

SPECIFICATIONS

3.1 PURPOSKE

The work called for Geoteehnical Investigation under this Contract (heinalier refened to as the

Work) will be conducted as a part of the JICA Proparatory Survey on Application of Wastewalor
Reclaiming in Southom Bali Wator Supply System in the Republic of Indonesia,  The survey rosults
will be used by the JICA Study Team (hervinalier referred (o as “the Engineer”. and will serve as the
basis for the preparation of preliminacy designs of a reclamation plant

32 GENERAL REQUIREMENTS

The Contractor shall comply with the following requirements in undertaking the Work.

{1) All measurements and results of the survey shall be in ST units.

{2) Locations of the sites for the Work shall be confirmed by the Contractor and shall be approved by

the Fngineer before the commencement of the survey works in field.

(3) Prior to the commencement of the Work, the Contractor shall submit an Initiation Report prepared

in Pnglish doscribing:
»  Listof cquipment to be uscd by the Contractor
»  Mthads with Standards to he used by the Contractor

+  Work Schedule

Stalf Assignment Schedule

(4) Tho Contractor shall provide. and therofore shall include the associated costs in his prop

squipments, personnel. iransportation and offiers required to complete the Work.

{3) The Contractor

all not commenee the Work in field withoul receiving a written Notics (o Procesd

from (he Lnginer,

(6) Drawings and reporls to be submitied by the Contractor shall, unless otherwise spec
ditected by the Engincer. be as follows, including one set of files of compaet disk
- Alldrawings,  One (1) sets of & 1 size and Two (2) sets of A3 size

- Allreports;  Two{(2) sets of A4

S14-

{7) The progress of the Work shall be described in the form of a woekly report and submitted to the
designated address of the Engincer by a facsimile at the end of cach week throughout the tenure of this

Contract.
(8) Accuracy of the survey and investigation shall be as dirccted by the Engincer.
33 SCOPEOF WORKS
T Work comprises the following schedules:
Schedule 3231 : Boring
Schedule 332 : Standard Penstration Test and In-situ Permeability Test
Schedule 333 : Sampling and Laboratory Test
331 Bering
Theee (3) nos. of boring in total will be conducted at the Suwung WWTE, as shown in Figure 1. And
the actual location of boreholes shall be directed and confirmed by fhe Engineer, based on information

of preliminary surveys of sites by the Contractor

The maimum depth is approximately 40 meters at the propased STP sitc and the total depth to dig is

120 m. When a boaring stratum is reached at loss than speciticd dopth. boring shall be stapped at 3

meters below the top of the stratum.
Mothad of boring shall be praposed by the Contractar for approval by the Engincor. The diamcter of
a borcholc shall bo sulficient to cnsurc thal the boring can b

that

ompleted to the schoduled depth and

mplos of the specificd diamoter can be abtained.

Generally. water shall not be uscd to assist the advanc of the borchole except in the case of dry coarse

soils. Where the borehols penetratys below the water table and disturbance of the soil is likely. a

posilive hydrostatic prossure shall be maintained in the borchole,

The Contr:

ctor shall backlill boreoles in such & manner that no subsequent dopression is formed at
the ground surfice dus 1o selloment of the backfill, In some circumstances special infilling may be
required by the Engineer.  Unless otherwise instrusted the special intilling shall be cementbentonite
(1:4) grout, Where artesian or other water conditions make normal backfilling impracticable, the

Contractor shall consult with the Engineer a procedure for sealing the borchole.

332

dard Penctration Test and In-situ Permeability Test

(1) Standard Ponctration Tost (SI'T)
Standard penctration tests (SPT) shall be carried out every 1.0 m interval in accordance with ASTNT)
all

1586-99 or cquivalont standards. “The sample (rom the split barrel sampler shall be retained as a

disturbed sample.  Where a sample i nol retained in the split barrel or when the culting shac is

replaced by a solid cone. a disturbed sample shall be taken rom the test zonc.The water lovel and

the depth of casing in the hoks at the time of the test shall be recorded.

{2) In-situ Permeability Test

In-situ permeability 1est shall be conducted al sach borshole in accordance with the ASTM D5126 or
other equivalent standards.

333  Sampling and Labaratory Test

(1) Sampling

1) Disturbed Samples

One small disturbed sample shall be taken between each two successive SPTs. Tt shall weigh not less
than 0.25 kg and shall be placed immediately in an airtight container, which it should fill. Samples
shall be protected to ensure that their temperature docs not fall below 3 °C. They shall also be

protected fram dircet heat and sunlight.

Samplcs shall be cxamined and described by a gcotechnical specialist in accordance with the

American Standards. the Clause 6.4.3 of American Socicly for Testin,

and Materfals (hercinatier
referred to as ASTM) 1420, clause 41 of British Standard (hercinafier referred o as BS) 5930 or

cquivalont standards
2) Undisturbed Samples

At cach borehole. undisturbod samples shall be (aken as shown in Tablo 1. using opon tube sampling
wquipment as described i the clause 2.2 o ASTM D1586. clause 19.4.4 of BS 5930 or equivalent
standards,  For prodominanily cohesive soils, one undisturbed sumples, by thin-walled tubs sampling

methods, shall be taken for laboratory tests in accordance with ASTM D1587 or squivalent standads.

Followings are major important points when the samples are taken:

- 16-
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Before an wndisturbed sample is lakon, the botiom af the hole shall be carcfully cleared of boime

miaterisls and where a casing i being used the sample shall be taken below the bottom of the casing

wing a break in the work exeseding one hosr, the borchole shall be advanced by 280 mm before

undistiirbed sampling is resumed

Tabde 1 Undistur bed Sam)

i Events required for cach borchole

Location | Borieg Point | Number of samples | Sampling im the barchole
Mol 4ima) every 10 meters interval and the bottom
Sumung | No2 4 {mas ) cvery 10 metars interval and the bottom
WWIF | No3 4 {mac ) cvery 10 meters interval and the bottom
- =
Where an attempt to take an undisturbed sansple is unsocecssful the bole shall be clcaned out for the

full depth to which the sampling tubs has penctratod and the rocovered soil saved o5 & disturbed

sample. A fresh aticept shall then be made from the level of the base of the snssccessful atempt.

Should this scxs

sltemative means of sasmpling

cusfis] the Comtractor shall agree with the Engincer

il attempt alo prove ussu

The samples shall b

a manner a8 o prevest the scalant from catcring any vaids in the sampl.

scalod ax soon a1 possible on the same day to proserve their natural moishae

content and in w

The depibs below grousd level at which semples arc taken shall be recondad
itained shall be reconded

The keved of the top of

the sample and the length of sansple
[e]

Laborstory Test

Undisturbed samples shall be taken 1o 3
subjected to the following tests. Unit shall be based on 51 umit

iy Lsboratory approved by the Engincor and shall be

*  Specific gravity, ASTM DE34-58 or BS test 6

*  Water (moistrc) content, ASTM D2216-71 or BS test 1A}
*  Density, ASTM D937 or 15(F)

*  Pasticle size dwtribution, ASTM D421-58 and ASTM D422
+  Unconfined compressive strength, ASTM D2166-66 or BS test 20

1 or BS test 15

BS test 7

Contr

o shall prepare a schedile of tests for approval by the Engincer

All pecparation, testing snd reporting shall be where applicable in sccondance with the relovant
Amicrican Standards, the ASTM. Where tosts are not covered by the American Standards they shall be

S18-

performed in accordance with the procedures given in the following references,
British Standard, ITead K. IL. Manual of soil laboratory testing (vols. I-IIT), Pentech, London

relevant publications by the Transport and Road Research Laboratory (TRRL), and the International
Journal of Rock Mechanics and Mining Seiences (ITRM).

Calibration of load-displacement or other measurng and testmg equipment shall be carvied out m

with the fa s Evidence of recent calibrations shall be submiited to

the Engineer.

34

Reporting

The report shall be prepared in English.  The report shall be submitted in two (2) sections, the first
being the factual report, and the second the interpretative report. Both sections of the report shall
begin with a cover page showing the name of the Contract and the names of the Bmployer and
Contractor. A draft copy of the factual report and the interpretative report shall be submitted to the

Engineer for approval before submission of the final report

The factual report shall contain the following informatin, where applicable

«  adeseription of the work carried out
«  exploratory hale logs
«  laboratory test results
«  plan with locations of exploratory holes

o site location plan

The plans shall be presented to a scale directed by the Fngineer and shall include a north point.

The exploratory hole logs shall be presented to a vertical scale in the form as appropriate. The lags

shall contain the follewing information

+  Contract tifle and site location

+  Contractor's and aperatar’s name

+  Borchole umber and location

+  Dates and time

+  Ground lovel related to the agreed datum

+  Diamoters and depths of barchale and casings referved to the agreed datum
+  Flovation of cach stratum referved to the agreed datum

* Thedopth at which any water was added

S19-

«  Records of groundwater

«  Asummary of groundwater observations

«  Description of each stratum it accordance with ASTM D420
«  Symbolic legend of strata in accordance with ASTM D420

«  Depth of samples taken for laboratory tests

The interpretative report shall contain the following information

e avwritten appraisal of the ground and water conditions

. analyses and

in particular, with respeet to the depth and the type

of the foundations for RC water retaining structures which weigh 10 to 15 tonin®

The Contractor shall supply the calculations and analyses on which his recommendations are based.

-20-
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4.b Survey Photo
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4.c Survey Result
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BORING NUMBER BH-01
PACE 1 OF 2

PT. Tigenco Graha Persada
, JI. Pahlawan Revolusi 100BJakarta Timur 14340
Telephone: (62) 21 86600710
PROJECT Wastewaler Reclaiming in Southern Bali Water Supply System

LOCATION _IPAL SUWUNG
CLIENT _NIHON SUIDOQ CONSULTANTS

BRC FENCE

Yy
vy

-

3am

V=" vy

DIRT ROAD

DATE STARTED _7/20/11 COMPLETED _7/24/11

XY Z 3025097068 K 9035534116 , 49786 m

DRILLER _Waluyo
DRILLING METHOD _Continuous Coring NQ Size - 78mm

GROUND WATER LEVELS, AVERAGE:

1.31

DATE

START

END DATE

START | END

LOGGED BY _Hanmis CHECKED BEY _Andrianto
STATION

20/07/2011

0.80 m

0.80 m | 21/07/2011

095 m|0.75m

22/07/2011

0.70m

2.80m | 23/07/2011

120m| 210m

24/07/2011

1.20m

2.20m

(my
ELEVATION SCALE

(m)

GRAPHIC

LITHOLOGY DESCRIFTION

DEPTH SCALE
LOG

0.0

LAYER
THICKNESS (M)

SAMPLE TYPE
NUMBER
SAMPLE
DEPTH (M)
BLOW
COUNTS
(NVALUE)

O FINES CONTENT (%) O

20 40 Lill] i)

PL MC LL

20 40 80 a3

® SFTN VALUE &

N

b

8.0

grades, with coarse sand

9.0

silty CLAY with little fine sand, grey, high plasticity, very soft

w Bl
=

w}u

.

(&2

SPT

el

:h}b
S
[

i

o
Y
o

P

&
'Y
o

-

=~
S
o

WFJ
A
o

fine SAND, dark grey to black, very loose

1.0
grades, coarse SAND, black

13.0
grades, fine SAND

l15.0

=4 [2@
-l 2=
;;F ESF
N e
h N

FQF
i
o

ki) 20 30 40

2-1-1020
(2)

1-1-1/20
(2)

1-1-1/20
(2)

1-1-1/20
(2)

1-1-1/20
(2}

20

GEQTECH BH PLOTS NISSUICON-DENMPASAR GPJ TIGENCO-RAILWAY. GOT 91211

ORGANIC CLAY, grey, very sofl to soft, high plasticity

1-1-1/20
(2}

F F F
[83) [%,) (5]

1-1-1/20
(2}

1-1-1720
(2}

1-1-1720
(2)

%4

~
# 6# ;# SF 3
F - - -
[&3 (43 (43 h

1-1-1/20
(2)

©
=
n

1-1-120

{Comfinued Next Page)
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BORING NUMBER BH-01 -
PAGE 2 OF 2 \‘{ V
T PT. Tigenco Graha Persada 8 \( \V
JI. Pahlawan Revolusi 100BJakarta Timur 14340 Z
Tolaphona: (62) 21 86600710 v T.’o G o
am
PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System E 25m
LOCATION _IPAL SUWUNG ¥ VoV
CLIENT _NIHON SUIDO CONSULTANTS
4 . O FINES CONTENT (%) 0
w T = L
z 2 lo e . |wE Wi 20 40 60 80
Q = %1 FUo| O =ED
2E|8E|E8 LITHOLOGY DESCRIPTION Yu| wg |BET| 524 e T
Bo|& g - 3 5182 |3 % @Bz 20 a0 " s0 @0
5 |g Iz 3 = ® SPTH VALUE ®
= 2030 ap
16 silty CLAY with little fine sand, dark grey, high plasticity, very SPT20 45 (2} ; ; :
- 7 soft {continued) 20 A0
SPT | 21 - '2
22 3 21 1452
| SPT TA-2120
xlézz?i 3
| -18 23.0 49
siity CLAY with litle coarse sand, dark grey, soft to medium SPT| 5q | 1-2-220
stiff, high plasticity 23 2345 (4}
24 24.0 45
grades, brownish to grey SPT 5-7-9/20
24 242 7 (16)
- 25.0 45 .
grades, hard SPT 25 10-14-17720)- -
25 2545 (31}
26 26.0 45
silty CLAY with coral deposils, brown to gray, medium plasticiy : SZPST o8 6*71*%/20
-22 27.0 7.5 2ash—18 4
grades, with fine sand, high plasticity SPT| o7 | 8-8-15720 |-
27 el (23)
28 28.0 45|
grades, medium plasticity SPT 08 8-8-16/20
28 ehol (24
-24 45 -
] m SPT| g [10-12-16720-
29 (28}
30 i 30.0 2945
J:;D.Sgrades. very stiff to hard SPT| oy [10-1218/20
5 31 gsiity CLAY with LIMESTONE, ight grey to white, high plasticity 30 150451394
grades, very stiff to hard SPT| 4, | &-8-11/20 |-
- 31 3145 (17}
] SPT| o, | 781220
32 sl (20 |
-28 )
i SPT| o | 671220 |-
- 33 faaygl (19
534 i 45
5 SPT 2 7-7-12/20
il 34 s
o = SPT 34'4121317;20””
> - - -
£ 0.05 M 35 =32 " (30
z| 36 | 36.0 45
o . .
rades, milky white SPT 16-20-20/20
8 ’ ¥ 3 £ T |
iy -32 ) -
2 XLi 4 [16-2023720)
e 37137 45)— 3
z X SPT| 45 [16-20-24720°
£ ™ % I3ga5— 4|
&l SPT| o [16-2125720-
=z
8 .o xl 39 [m3%el (46)
2 ] SPT| 4o [17-2127720
z Battom of borehole at 40,45 melers, 40 A gsh (48
&
T
&
I
o
5
w
o
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PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System
IPAL SUWUNG

CLIENT _NIHON SUIDO CONSULTANTS

DATE STARTED _7/25/11

DRILLER _Waluyo

DRILLING METHOD _Continuous Coring NQ Size - 76mm DATE | START | END
25072011 200m | 2.00m | 26/07/2011 1.30m| 1.70m

LOCATION

PT. Tigenco Graha Persada
JI. Pahlawan Revolusi 100BJakarta Timur 14340
Telephone: (62) 21 86800710

BORING NUMBER BH-02

PAGE 1 OF 2

—— Pafu_GLMBAy

[\
: |
W Yy v v K‘N

¥y

h/3 W ¥ ¢5n1 ‘[mwﬂﬂw
N i

N, S

MArEROVE

e~

N Y

COMPLETED _7/28/11

XYZ _302684.90 , 9030462.004 , 4.6/ m

GROUND WATER LEVELS, AVERAGE: _1.605

DATE | START | END

GEOTECH BH FLOTS WISSUICON-DENPASAR. GRJ TIGENCO-RAILYWAY. GOT 81211

LOGGED BY _Harris CHECKED BY _Andrianto
STATION 20072011 1.20m [ 1.70m [ 28072011 120m| 1.70m
4 — O FINES CONTENT (%) 0
ﬁ é %) i’ E ¢ |ws B 20 40 80 80
Q T | FW O =Ed
7E|8E % 8 LITHOLCGY DESCRIPTION j% d u g |5 E S %i e
Ny AR S5l 052 z i a8 z 20 a0 &0 B0
5 |& Z| 3 ® SFTN VALUE ®
& 0.0 40 20 30 40
/ silty CLAY with SAND, dark grey to brown, very soft, high : : : :
4 plasticity
[ ] ST
. - YHE 145
SPT
2 & 2%45
"/ .
SI;T 3
PR 3.45
SPT
g e o
- L |45
10.5 5
6 T SPT 545
SPT
24 o 545
- 5 |68
7
s F SPT 745
SPT 3
4 3
v, D 8.45
- b 3 85
9
SPT
w0 [ Y00 g |94
10.50rades, with coral deposits SPT| 45 | 34420
u 11, geoarse SAND with coral deposits 0.5 10 f1p45— &
silty CLAY with coral deposils, dark gray, very stiff, medium S1|31T 11 5-71—%120
2 b plasticiy 1145 (18
125 ? ST g | 5712 |
= 13, porades, with limestone, brownish white 12 1245 (19)
}‘ﬁ{z CORALS, white, hard ) S‘]%T 13.05
14 [ lx 4140
silty CLAY with corals, white, very sliff, low plasticity SPT 14 9-10-10/20 |
-10 . 1 14 faash 200 |
i 15.5LIMESTONE, light grey to white, very sliff, non plastic 0.5 SPT| 45 |9-10-12220/-
1Sty CLAY with fine sand, light grey mottiec light brown, very 15 Ji545 (22
stiff, high plasticity LN
grades, with limestone, light grey to white ng 15 |2 122254"20
25 16.45 (26) .
i XLi 17 [11-12-15720-
180 Y f17 45)—20)
LIMESTONE, light grey to whits, very stiff to hard, medium SPT 11-15-15/20
: 18
plastic 18 1845 (30 )
i SPT| 4q |71-14720)-
19 {1945} (25
SPT o0 89-12-14720 |

{Continued Next Page)
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BORING NUMBER BH-02 — pars G

HEA M
PAGE 2 OF 2 } |
PT. Tigenco Graha Persadia W i WY N & N
' JI. Pahlawan Revolusi 100BJakarta Timur 14340 ~ ¥ oy ¥ ¥
Telephone: (62) 21 85800710 G W W € ;#Bni Immw
PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System N Ry {fﬂ
LOCATION _IPAL SUWUNG &Pl[ﬂﬁ(w;_/_‘
CLIENT _NIHCN SUIDQ CONSULTANTS

GEOTECH BH FLOTS WISSUICON-DENPASAR. GRJ TIGENCO-RAILYWAY. GOT 81211

w . O FINES CONTENT (%10
4 & Z| ¥ -
3 2 o e £y |wE = g 20 40 60 80
— — |
2T |8E 2 8 LITHOLOGY DESCRIPTION 22| ug || o2g e T
Eols |& IR ERE % @32 200 a0 B0 w0
5 |g Iz 3 = ® SPTH VALUE ®
u 020 30 40
LIMESTONE, light grey to white, very stiff to hard, medium T2 o045 1280 J .5 h28
" plastic {coniinued) SPT T0-1414720 - - :
. 21 P )
2 7.45 45
SPT| , [10-12-13720
-18 22 7oa (5 |
] SPT| o4 [10-10-13720-
L 23 o (23 .
24 .
SPT | oy [12-744720
20 24 e 28 |
[ ji SPT [ g [12-14-16720
Baottom of borehole at 25 45 metars, 25 o (30
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BORING NUMBER BH-03

PAGE 1 OF 2 )\\

GEOTECH BH FLOTS WISSUICON-DENPASAR. GRJ TIGENCO-RAILYWAY. GOT 81211

PT. Tigenco Graha Persada Hilam a3
' JI. Pahlawan Revolusi 100BJakarta Timur 14340 H ‘
Telephone: (62) 21 85800710
PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System Yolam } - Ha
LOCATION _IPAL SUWUNG = E
CLIENT _NIHON SUIDO CONSULTANTS
DATE STARTED _7/30/11 COMPLETED _8/2/11 XY Z 302762208 | 9035677517 , 5086 m
DRILLER _Waluyo GROUND WATER LEVELS, AVERAGE: _1.875
DRILLING METHOD _Continuous Coring NQ Size - 76mm DATE | START | END DATE | START | END
LOGGED BY Haris CHECKED BY Andrianto 30072011 280 m | 2.80m [ 310742011 1.20m| 1.90m
STATION 01082011 1.50m | 1.20m [ 02082011 1.30m| 2.30m
w é sl w O FINES CONTENT (%30
z Q =R s I 20 40 &0 80
z % e w| re |ws il
Q 1T 17 o = =Ed
7E|8E % 8 LITHOLCGY DESCRIPTION j% d u g |5 E S %i e
E g & 5 é § 2 | & i RS z 2g 40 60 ag
s |4 Z| @ ® SFTN VALUE #
& 0.0 10 20 30 40
r ] silty CLAY with limestone, dark brown, mottled white, medium i : i ;
plasticity 1
| 4 1.0
coarse to fine SAND, black, loose SPT 1 2-2-3i20
s v 1 i Tas—0
. > YT , | o
. 3.0 — 245 (2
% 1 5 silty CLAY with litle fine sand, dark grey, very soft lo soft, high | p 5 1 3 1-1-1420
. plasticity SPT 345 (2
- - 3 |
CORALS, fine sand, white, dark grey dots, soft T , TSR
25| A {245
i XSPT| 5 | 11220
60 5 5450
silty CLAY with corals, grey, very soft, high plasticity SPT| ¢ 1/45
8 fga5)—C
i SPT| , | 145
3 7 745 1
SPT 3 1445
3 1
8.45
B 9.0 : UD 55
1 g.5 fine SAND with corals, very loose 05 SI%T 9 1.’;15
10,0CORALS, white, light grey spots o [ 0.45 }—(1
[ ’}ﬂ,{}{ grades, with shell, very loose SPT| 4n | 11-220
I -] 10 10.45 (3)
| 4 B &4
£ SPT 11 1-1-2120
| b L fras—8
A ) Exl 11220
At 12
#* 8 [T 1154581
| 1 8 F
Sﬁ}ﬁ{ SPT 13 1-2-2/20
14 54 13 {13453
L oo
Foalr SPT 14 1-2-2120
G V14 fgag) (4
L | 10| % 4 '
i gﬁf 155 S1P5T 15 272(;12)120
16. sty CLAY with coarse SAND, brownish grey mottled grey, 0.5 15.45
- medium plasticity SPT S11-1320
coarse SAND, brownish white, medium dense 16 16 (24}
15 16.45 .
s S1P?T 17 10-1&;}5;20-
18.0CORALS, dark gray to white 0.5 17.45
.;.::18.5coarss SAND, brownish white, medium dense 05 SPT 18 10-14-16/20
716,08ity CLAY with fine SAND mixwith cordls, white, light grey | 05 | '—o 18.45}—2
B ; dots, high plasticity SPT 339750
coarse SAND with corals, brownish grey, loose, low plasticity 15 19 1335 (6)
Jeos SPT| ,, | 53420
{Continued Next Page)
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GEOTECH BH FLOTS WISSUICON-DENPASAR. GRJ TIGENCO-RAILYWAY. GOT 81211

PAGE 2 OF 2
PT. Tigenco Graha Persadia i Hilam [
' JI. Pahlawan Revolusi 100BJakarta Timur 14340 H ‘
Telephone: (62) 21 85800710
PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System Yolam } - 3
LOCATION |IPAL SUWUNG = E
CLIENT _NIHON SUIDQ CONSULTANTS
w = O FINES CONTENT (%) 0
4 3 Z| ¥ o
Z 2 % wo| Fx |uE L2 g 20 a0 60 B0
2T |8E 2 8 LITHOLOGY DESCRIPTION 22| ug || o2g e T
Eols |& IR ERE % @32 200 a0 B0 w0
4 & T & = ® SPTN VALUE @
d [
16 % 421 gCORALS mixwith limastons, dark grey motlled whits 05 | 22 {2045 [}
i 7oipq sfine SAND, with some limestone, whits, light grey dots, very 05 X SPT| 5y | 322020
loose, low plasticity 21 54 (4}
LIMESTONE, white, light grey dots, medium plasticity ST - RN
22 f55 45— (5
i SPT| o4 | 224720
23 134581
SPT o4 7-10-12/20|
RLB YT SR )
i SPT 7-10-14720]- -
25.5 L 25
grades, white, brownish white dots 5.95 25 2545 (24)
’ SPT o8 10-12-17720
26 opash— 94
i : SPT 57 10-15-17120-
27 2745 (32}
SPT 08 12-15-21420
28 [hga5p— (38 4
i m SPT| g [12-18-25720-
29 2945 43}
SPT 30 14-20-27120)
Bottom of borehole at 30.45 melers, 30 ppash A7
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BORING NUMBER BH-04
PAGE 1 OF 2

PT. Tigenco Graha Persada
JI. Pahlawan Revolusi 100BJakarta Timur 14340
Telephone: (62) 21 86800710

-

POND
PLAN

ROADWAY PLAN

BH-4

GEOTECH BH FLOTS WISSUICON-DENPASAR. GRJ TIGENCO-RAILYWAY. GOT 81211

PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System "
am
LOCATION _IPAL SUWUNG
CLIENT _NIHON SUIDO CONSULTANTS C :) (— e ] \
DATE STARTED _8/4/11 COMPLETED _58/5/11 XYZ _302601.196 , 9035490.905 , 4.569 m
DRILLER _Waluyo GROUND WATER LEVELS, AVERAGE: _1.9
DRILLING METHOD _Continuous Coring NQ Size - 76mm START | END DATE | START | END
LOGGED BY Haris CHECKED EY Andrianto 04/08/2011) 1.70m [ 1.70m | 05082011 150 m| 2.70m
STATION
o é | w O FINES CONTENT (%301
= ] = n = I a0 40 &0 a0
< & o w| e |wE i
Q 1T 17 o = =Ed
g |8E|23 LITHOLOGY DESCRIPTION Su| wg |EX) 824 e
B 2 %J S| B3 |zn| =282 20 a0 B0 a0
5 |& Z| 3 = = ® SFTN VALUE ®
“J 0.0 10 20 30 40
R 7 sty CLAY, dark brown, hich plasticity 1 R
L 7 1.0
; silty CLAY with fine sand, dark grey, very soft to soft, medium
5 [ to high plasticity
2
L 5
4
0
8 | Wiso
“vi]l fine SAND, black, very loose
- 2
8 | 8.0
sitty CLAY, dark gray, very soft to soft, high plasticity 1445
{845 —0!
- o 85
3 g o
10 | SST 845 -
SPT 1-1-1720
¥y 10
° 10 J1p.45p—(2)
] SPT| , | 71120
1z | op {8
8 115
8 stz "o
| 1o 1245
SPT| 44 | 1-1-7720
14 [ 13 {13452
SPT 11-1720
- 14
10 XLL 1445 (2}
[ SPT| 5 | T1-1/20
16 | 16.0 15 {1545 —12
12 ¥ / silty CLAY with coarse SAND, dark grey, very soft to soft, high SPT| 45 | 11-1/20
- plasticity 18 gash (2
-] ) El R
18 | @80 177 45—
“ iy g sfine SAND, dark grey, very loose 05 X SPT| 45 | 1-1-1120
siity CLAY with fina sand, dark grey, soft, high plasticity 18 {15452
| 4 ; 1 :
195 S| 4 | 20
a0 | LIMESTONE, light grey to white, cotted whits, low medium 19.45 ;
plasticity T| Ly 0041720 L .

{Continued Next Page)

Appendix 4 - 18




GEOTECH BH FLOTS WISSUICON-DENPASAR. GRJ TIGENCO-RAILYWAY. GOT 81211

BORING NUMBER BH-04

PAGE 2 OF 2
PT. Tigenco Graha Persada
' JI. Pahlawan Revolusi 100BJakarta Timur 14340
Telephone: (62) 21 86800710

PROJECT _Wastewater Reclaiming in Southern Bali Water Supply System

LOCATION _IPAL SUWUNG
CLIENT _NIHON SUIDO CONSULTANTS

POND
PLAN

ROADWAY PLAN

S

BH-4

L
amMm

[P

w = O FINES CONTENT (%) 0
4 158 z| u -
z 2 o wo| Fx |uE L2 g 20 a0 60 B0
—_ — |
2E|6E|E8 LITHOLOGY DESCRIPTION Su| wg |ET| 824 IE Y Y
Bo|& g - 3 5182 |3 % @Bz 20 a0 " s0 @0
5 |g Iz 3 = ® SPTH VALUE ®
- 10 20 30 40
LIMESTONE, light grey to whits, dotted white, low medium 2 {2045 (3T} s ; :
| 4 plasticity {confinued) SPT| ,, |e-12-1220|
w [ 21 5nl 4
SPT 7710720
18 595 xlézz?i an_
[ ] SPT| 55 | 778020
T 23 3agh— (5
24 .
SPT 777120
- 24
20 24 524 (14)
[ ] SPT[ 5o | 59-9720
Bottom of borehols at 25,45 meters, L2 ppoyh (18
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LAB TEST RESULTS

Specific Gravity Test
Moisture Content Test
Density Test

Sieve Analysis

Hydrometer Analysis
Unconfined Compression Test
Atterberg Limits
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 28-Jul-11
Tested By Ria Irmawan Checked By M.lgbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-01 Sample Type ubs
Depth :1.50-2.00 m Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 43.36 g
Sieve Sieve Wt. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.810 1.87 1.87 98.13
8 2.380 1.170 2.70 4.57 95.43
20 0.840 2.250 5.19 9.76 90.24
40 0.420 3.300 7.61 17.37 82.63
80 0177 6.260 14.44 31.80 68.20
100 0.149 1.570 3.62 3542 64.58
200 0.074 4.000 9.23 44 65 55.35
Pan 19.36 44.65 89.30
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. 1
Specific Gravity (Gs) 2.595 Hydrometer No. A1
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 08711 Dispersant Comrection, x o4
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 24.0 22.0 138.77 22.2 0.0608 52.13
1 23.0 21.0 140.33 21.2 0.0432 49.78
2 22.0 20.0 141.89 20.2 0.0307 47.44
5 20.0 18.0 145.01 18.2 0.0197 42.75
15 17.0 15.0 149.69 15.2 0.0115 35.71
30 15.0 13.0 152.81 13.2 0.0082 31.02
60 14.0 12.0 154.37 12.2 0.0059 28.67
240 12.5 10.5 156.71 10.7 0.0029 25.16
1440 11.0 9.0 159.05 9.2 0.0012 21.64
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 28-Jul-11
Tested By Ria [rmawan Checked By M.Igbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-01 Sample Type ubs
Depth :1550-16.00 m Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 2932 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.000 0.00 0.00 100.00
8 2.380 0.000 0.00 0.00 100.00
20 0.840 0.000 0.00 0.00 100.00
40 0.420 0.380 1.30 1.30 98.70
80 0.177 0.370 1.26 2.56 97.44
100 0.149 0.080 0.27 2.83 97.17
200 0.074 0.490 1.67 4.50 95.50
Pan 1.32 4.50 9.00
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.595 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 28.0 26.0 132.53 26.2 0.0594 90.96
1 27.5 255 133.31 25.7 0.0422 89.22
2 26.0 24.0 135.65 24.2 0.0301 84.02
5 24.0 22.0 138.77 22.2 0.0192 77.09
15 21.0 19.0 143.45 19.2 0.0113 66.68
30 20.0 18.0 145.01 18.2 0.0080 63.21
60 19.0 17.0 146.57 17.2 0.0057 59.75
240 17.0 15.0 149.69 15.2 0.0029 52.81
1440 14.0 12.0 154.37 12.2 0.0012 42.41
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 28-Jul-11
Tested By Ria [rmawan Checked By M.Igbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-01 Sample Type ubs
Depth :1950-2000 m Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 3395 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.000 0.00 0.00 100.00
8 2.380 0.420 1.24 1.24 98.76
20 0.840 0.780 2.30 3.53 96.47
40 0.420 0.350 1.03 4.57 95.43
80 0.177 0.340 1.00 5.57 94.43
100 0.149 0.060 0.18 5.74 94.26
200 0.074 1.000 2.95 8.69 91.31
Pan 2.95 8.69 17.38
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.595 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 31.0 29.0 127.85 29.2 0.0584 87.54
1 30.0 28.0 129.41 28.2 0.0415 84.54
2 29.0 27.0 130.97 27.2 0.0295 81.55
5 27.0 25.0 134.09 25.2 0.0189 75.56
15 25.0 23.0 137.21 23.2 0.0110 69.57
30 23.0 21.0 140.33 21.2 0.0079 63.58
60 21.0 19.0 143.45 19.2 0.0056 57.59
240 18.0 16.0 148.13 16.2 0.0029 48.60
1440 15.0 13.0 152.81 13.2 0.0012 39.62
NOTES :
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM

Client NIHON SUIDOI CONSULTANT

Location Bali Date 2-Aug-11

Tested By  |Ria Irmawan Checked BY [M.Igbal, ST

PARTICLE SIZE DISTRIBUTION ANALYSIS

Hole No. : BH-02 Sample Type : ubDs
Depth :4.50-5.00 Sample Description silty CLAY

SIEVE ANALYSIS (ASTM D 422)

Initial weight of dry soil : 34.51 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.000 0.00 0.00 100.00
8 2.380 0.000 0.00 0.00 100.00
20 0.840 0.020 0.06 0.06 99.94
40 0420 0.040 0.12 017 99.83
80 0177 0.450 1.30 148 98.52
100 0.149 0.440 1.27 275 97.25
200 0.074 4.560 13.21 15.97 84.03
Pan 551 15.97 31.93
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil : 60.00 g Tube No. 1
Specific Gravity (Gs) 2.623 Hydrometer No. T A1
Meniscus Correction,c : -2.00 Temperature Correction, mt 101
Viscosity of water : 0.8711 Dispersant Correction, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 29.0 27.0 130.97 27.2 0.0586 79.69
1 27.0 25.0 134.09 25.2 0.0419 73.84
2 26.0 24.0 135.65 24.2 0.0298 70.91
5 25.0 23.0 137.21 23.2 0.0190 67.98
15 22.0 20.0 141.89 20.2 0.0111 59.20
30 20.0 18.0 145.01 18.2 0.0080 53.35
60 18.0 16.0 148.13 16.2 0.0057 47.50
240 16.0 14.0 151.25 14.2 0.0029 41.64
1440 13.0 11.0 155.93 11.2 0.0012 32.86

NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 2-Aug-11
Tested By Ria [rmawan Checked By M.Igbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-02 Sample Type ubs
Depth :650-7.00 m Sample Description clayey SAND
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 39.69 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.000 0.00 0.00 100.00
8 2.380 0.260 0.66 0.66 99.34
20 0.840 1.290 3.25 3.91 96.09
40 0.420 3.380 8.52 1242 87.58
80 0.177 8.480 21.37 33.79 66.21
100 0.149 2.330 5.87 39.66 60.34
200 0.074 5.950 14.99 54 .65 45.35
Pan 21.69 54.65 109.30
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 18.0 16.0 148.13 16.2 0.0617 41.01
1 17.0 15.0 149.69 15.2 0.0439 38.48
2 16.0 14.0 151.25 14.2 0.0312 35.96
5 14.0 12.0 154.37 12.2 0.0199 30.90
15 14.0 12.0 154.37 12.2 0.0115 30.90
30 13.0 11.0 155.93 11.2 0.0082 28.38
60 12.0 10.0 157.49 10.2 0.0058 25.85
240 11.0 9.0 159.05 9.2 0.0029 23.32
1440 10.0 8.0 160.61 8.2 0.0012 20.79
NOTES :
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM

Client NIHON SUIDOI CONSULTANT

Location Bali Date 2-Aug-11

Tested By Ria Irmawan Checked By|Mm Igbal, ST

PARTICLE SIZE DISTRIBUTION ANALYSIS

Hole No. : BH-02 Sample Type ubs
Depth :850-9.00 m Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 33.98 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.090 0.26 0.26 99.74
8 2.380 0.470 1.38 1.65 98.35
20 0.840 1.200 3.53 5.18 94.82
40 0.420 1.450 4.27 945 90.55
80 0.177 2.310 6.80 16.24 83.76
100 0.149 0.580 1.71 17.95 82.05
200 0.074 2.880 8.48 26.43 73.57
Pan 8.98 26.43 52.85
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 25.0 23.0 137.21 23.2 0.0594 68.57
1 24.0 22.0 138.77 22.2 0.0422 65.62
2 22.0 20.0 141.89 20.2 0.0302 59.71
5 20.0 18.0 145.01 18.2 0.0193 53.81
15 18.0 16.0 148.13 16.2 0.0113 47.90
30 17.0 15.0 149.69 15.2 0.0080 44.95
60 16.0 14.0 151.25 14.2 0.0057 42.00
240 14.0 12.0 154.37 12.2 0.0029 36.10
1440 12.0 10.0 157.49 10.2 0.0012 30.19
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 3-Aug-11
Tested By Ria [rmawan Checked By M.Igbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-03 Sample Type ubs
Depth :250-3.00 m Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 39.33 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 1.900 4.83 4.83 95.17
8 2.380 1.120 2.85 7.68 92.32
20 0.840 2.720 6.92 14.59 85.41
40 0.420 3.450 8.77 23.37 76.63
80 0.177 5.750 14.62 37.99 62.01
100 0.149 1.350 343 4142 58.58
200 0.074 3.040 7.73 49.15 50.85
Pan 19.33 49.15 98.30
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 20.0 18.0 145.01 18.2 0.0611 46.49
1 19.0 17.0 146.57 17.2 0.0434 43.94
2 18.0 16.0 148.13 16.2 0.0309 41.39
5 16.0 14.0 151.25 14.2 0.0197 36.29
15 15.0 13.0 152.81 13.2 0.0114 33.74
30 14.0 12.0 154.37 12.2 0.0081 31.19
60 13.0 11.0 155.93 11.2 0.0058 28.63
240 12.0 10.0 157.49 10.2 0.0029 26.08
1440 10.0 8.0 160.61 8.2 0.0012 20.98
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 3-Aug-11
Tested By Ria [rmawan Checked By M.Igbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-03 Sample Type ubs
Depth :850-9.00 m Sample Description silty SAND
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 40.14 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 5.060 12.61 12.61 87.39
8 2.380 4.130 10.29 22.89 77.11
20 0.840 3.920 9.77 32.66 67.34
40 0.420 3.140 7.82 4048 59.52
80 0.177 4.000 9.97 50.45 49.55
100 0.149 1.810 4.51 54 .96 45.04
200 0.074 5.080 12.66 67.61 32.39
Pan 27.14 67.61 135.23
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 13.0 11.0 155.93 11.2 0.0633 28.06
1 12.0 10.0 157.49 10.2 0.0450 25.56
2 11.0 9.0 159.05 9.2 0.0320 23.06
5 10.5 8.5 159.83 8.7 0.0203 21.81
15 10.0 8.0 160.61 8.2 0.0117 20.56
30 8.0 6.0 163.73 6.2 0.0084 15.56
60 6.0 4.0 166.85 4.2 0.0060 10.56
240 3.0 1.0 171.53 1.2 0.0030 3.07
1440 0.0 -2.0 176.21 -1.8 0.0013 -4.43
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM

Client NIHON SUIDOI CONSULTANT

Location Bali Date 11-Aug-11
Tested By Ria Irmawan Checked By|Mm Igbal, ST

PARTICLE SIZE DISTRIBUTION ANALYSIS

Hole No. : BH-04 Sample Type ubs
Depth 1 2.50-3.00 Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 43.04 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 2.040 4.74 4.74 95.26
8 2.380 0.560 1.30 6.04 93.96
20 0.840 2.110 4.90 10.94 89.06
40 0.420 3.380 7.85 18.80 81.20
80 0.177 5.600 13.01 31.81 68.19
100 0.149 1.290 3.00 34.80 65.20
200 0.074 3.560 8.27 43.08 56.92
Pan 18.54 43.08 86.15
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 24.5 225 137.99 227 0.0596 52.97
1 23.0 21.0 140.33 21.2 0.0425 49.47
2 22.0 20.0 141.89 20.2 0.0302 47.14
5 21.5 19.5 142.67 19.7 0.0192 45.98
15 19.5 17.5 145.79 17.7 0.0112 41.32
30 18.0 16.0 148.13 16.2 0.0080 37.82
60 17.0 15.0 149.69 15.2 0.0057 35.49
240 15.5 13.5 152.03 13.7 0.0029 31.99
1440 13.5 11.5 155.15 11.7 0.0012 27.33
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM

Client NIHON SUIDOI CONSULTANT

Location Bali Date 11-Aug-11
Tested By Ria Irmawan Checked By|Mm Igbal, ST

PARTICLE SIZE DISTRIBUTION ANALYSIS

Hole No. : BH-04 Sample Type ubs
Depth :4.50-5.00 Sample Description clayey SAND
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 41.60 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.130 0.31 0.31 99.69
8 2.380 0.120 0.29 0.60 99.40
20 0.840 1.180 2.84 3.44 96.56
40 0.420 3.780 9.09 1252 87.48
80 0.177 8.580 20.63 33.15 66.85
100 0.149 3.320 7.98 41.13 58.87
200 0.074 5.490 13.20 54.33 45.67
Pan 22.60 54.33 108.65
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 19.0 17.0 146.57 17.2 0.0614 41.54
1 18.5 16.5 147.35 16.7 0.0435 40.33
2 18.0 16.0 148.13 16.2 0.0309 39.13
5 17.0 15.0 149.69 15.2 0.0196 36.72
15 16.0 14.0 151.25 14.2 0.0114 34.31
30 14.5 12.5 153.59 12.7 0.0081 30.69
60 14.0 12.0 154.37 12.2 0.0058 29.48
240 12.0 10.0 157.49 10.2 0.0029 24.66
1440 10.0 8.0 160.61 8.2 0.0012 19.84
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM

Client NIHON SUIDOI CONSULTANT

Location Bali Date 11-Aug-11
Tested By Ria Irmawan Checked By|Mm Igbal, ST

PARTICLE SIZE DISTRIBUTION ANALYSIS

Hole No. : BH-04 Sample Type ubs
Depth 1 8.50-9.00 Sample Description clayey SAND
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 3845 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.670 1.74 1.74 98.26
8 2.380 1.220 3.17 4.92 95.08
20 0.840 2.240 5.83 10.74 89.26
40 0.420 7.750 2016 30.90 69.10
80 0.177 5.750 14.95 45.85 54.15
100 0.149 1.650 4.29 50.14 49.86
200 0.074 2.170 5.64 55.79 44.21
Pan 2145 55.79 111.57
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 17.0 15.0 149.69 15.2 0.0620 39.73
1 16.0 14.0 151.25 14.2 0.0441 37.12
2 16.0 14.0 151.25 14.2 0.0312 37.12
5 15.0 13.0 152.81 13.2 0.0198 34.51
15 14.0 12.0 154.37 12.2 0.0115 31.90
30 13.0 11.0 155.93 11.2 0.0082 29.29
60 12.0 10.0 157.49 10.2 0.0058 26.68
240 11.0 9.0 159.05 9.2 0.0029 24.07
1440 9.0 7.0 162.17 7.2 0.0012 18.85
NOTES :
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SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT
Location Bali Date 11-Aug-11
Tested By Ria [rmawan Checked By M.Igbal, ST
PARTICLE SIZE DISTRIBUTION ANALYSIS
Hole No. : BH-04 Sample Type ubs
Depth :11.50-12.00 Sample Description silty CLAY
SIEVE ANALYSIS (ASTM D 422)
Initial weight of dry sail : 3452 g
Sieve Sieve Wit. Soil Percent Cumulative Percent
No. Opening Retained Retained Percent Finer
Retained
mm % % %
3" 101.600 0.000 0.00 0.00 100.00
2" 75.000 0.000 0.00 0.00 100.00
11/2" 38.100 0.000 0.00 0.00 100.00
1" 25.400 0.000 0.00 0.00 100.00
3/4" 19.050 0.000 0.00 0.00 100.00
1/2" 12.700 0.000 0.00 0.00 100.00
3/8" 9.525 0.000 0.00 0.00 100.00
4 4.760 0.000 0.00 0.00 100.00
8 2.380 0.000 0.00 0.00 100.00
20 0.840 0.020 0.06 0.06 99.94
40 0.420 0.250 0.72 0.78 99.22
80 0.177 0.580 1.68 246 97.54
100 0.149 0.660 1.91 4.37 95.63
200 0.074 5.010 14.51 18.89 81.11
Pan 6.52 18.89 37.78
HYDROMETER ANALYSIS ( BS 1377 : 1975)
Weight of soil 60.00 g Tube No. A
Specific Gravity (Gs) 2.653 Hydrometer No. DAl
Meniscus Correction,c : -2.00 Temperature Correction, mt :1.01
Viscosity of water 0.8711 Dispersant Comection, x 14
Elapsed Hydrometer TRUE Effective Fully Particle Percentage Finer
Time Time reading Reading depth Corrected Diameter Than D
t R'h Rh HR Reading D K
min mm mm %
0 0.0 0.0 0.000 0.0 0.0000 0.00
0.5 28.0 26.0 132.53 26.2 0.0584 76.21
1 27.5 255 133.31 25.7 0.0414 74.76
2 27.0 25.0 134.09 25.2 0.0294 73.31
5 26.0 24.0 135.65 24.2 0.0187 70.40
15 24.0 22.0 138.77 22.2 0.0109 64.59
30 22.0 20.0 141.89 20.2 0.0078 58.78
60 20.5 18.5 144.23 18.7 0.0056 54.42
240 18.0 16.0 148.13 16.2 0.0028 47.15
1440 15.0 13.0 152.81 13.2 0.0012 38.44
NOTES :
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 28-Jul-11
Tested By [Beny Checked By M.lgbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :uUbs
Boringno :BH-1 Soil description :
Depth :1.50-2.00 Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g Machine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation rmm/min 1.088
Length Lo mm 76.00 W Yo PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 144.23
Density Mg/m3 1.673
Compression test Single stage
REMOLTED
Deformation Compression of| Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
{mm) (%) (div) M) (mm) (kgfem?)
0 0 0 0 0 1134.11 0.000
20 0.20 0.26 1.5 0.001 1137.11 0.011
40 040 0.53 3.0 0.002 1140.12 0.021
60 0.60 0.79 4.0 0.003 1143.14 0.028
80 0.80 1.05 55 0.004 1146.18 0.038
100 1.00 1.32 7.0 0.008 1149.24 0.049
120 1.20 1.58 8.0 0.008 1152.31 0.056
140 1.40 1.84 9.0 0.007 1155.40 0.062
160 1.60 2.11 10.0 0.008 1168.50 0.069
180 1.80 2.37 115 0.009 1161.63 0.079
200 2.00 2.63 125 0.010 1164.77 0.086
220 2.20 2.89 13.0 0.010 1167.92 0.089
240 240 3.18 14.0 0.011 1171.10 0.096
260 2.60 3.42 15.0 0.012 1174.29 0.102
280 2.80 3.68 155 0.012 1177.60 0.108
300 3.00 3.85 16.0 0.013 1180.72 0.108
320 3.20 4.21 17.0 0.014 1183.97 0.115
340 340 4.47 175 0.014 1187.23 0.118
360 3.60 4.74 18.0 0.014 1190.51 0.121
380 3.80 5.00 185 0.015 1193.81 0.124
400 4.00 5.26 19.0 0.015 119712 0127
420 4.20 5.53 195 0.016 120046 0.130
440 4.40 5.79 20.5 0.016 1203.81 0.136
460 4.60 6.05 21.0 0.017 1207.18 0.139
480 4.80 6.32 20.0 0.016 1210.57 0.132
500 5.00 6.58 195 0.016 1213.98 0.129
520 5.20 6.84 19.0 0.015 121741 0.125
540 540 711 18.0 0.014 1220.86 0.118
560 5.60 7.37 17.0 0.014 1224.33 0.111
580 5.80 7.63 16.0 0.013 1227.82 0.104
600 6.00 7.89 15.0 0.012 1231.32 0.097

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH1(1.5)
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Project

SOIL INVESTIGATION FOR SOUTHERN BALIWATER SUPPLY

Normal stress (kgfcm2)

SYSTEM
Job No. - Date 7/2812011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH-1 Sample type ups
Depth 1.50- 2.00 Soil description
TESTRESULT
018 Sample At failure
qu Strain
/'/_-\ kgfem2 %
014
Remolded, /,\ ’-/ \
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 28-Jul-11
Tested By |Beny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH-1 Soil description :
Depth :15.50 - 16.00 Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g Machine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation rmm/min 1.088
Length Lo mm 76.00 W %o PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 122.08
Density Mg/m3 1.416
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L} reading foree Area
(mm) (%) (div) (N) (mn) (kgicn2)
0 0 0 0 0 1134.11 0.000
20 0.20 0.26 1.0 0.001 1137.11 0.007
40 040 0.53 2.0 0.002 1140.12 0.014
50 0.60 0.79 3.0 0.002 1143.14 0.021
80 0.80 1.05 4.0 0.003 1146.18 0.028
100 1.00 1.32 5.5 0.004 1149.24 0.038
120 1.20 1.58 6.5 0.005 1152.31 0.045
140 1.40 1.84 8.0 0.006 1155.40 0.055
160 1.60 2.11 9.0 0.007 1158.50 0.062
180 1.80 2.37 10.0 0.008 1161.63 0.069
200 2.00 2.63 11.0 0.009 116477 0.076
220 2.20 2.89 12.0 0.010 1167.92 0.082
240 240 3.16 12.5 0.010 1171.10 0.085
260 2.60 3.42 13.5 0.011 1174.29 0.092
280 280 3.68 14.0 0.011 1177.50 0.095
300 3.00 3.85 14.5 0.012 1180.72 0.098
320 3.20 4.21 15.0 0.012 1183.97 0.101
340 340 4.47 15.6 0.012 1187.23 0.104
360 3.60 4.74 16.0 0.013 1180.51 0.108
380 3.80 5.00 16.5 0.013 1193.81 0.111
400 4.00 5.26 17.0 0.014 119712 0.114
420 4.20 5.53 17.6 0.014 120046 0.117
440 4.40 5.79 18.0 0.014 1203.81 0.120
460 4.60 6.05 18.0 0.014 1207.18 0.119
480 4.80 6.32 18.0 0.014 121057 0.119
500 5.00 6.58 18.5 0.015 1213.98 0.122
520 5.20 6.84 19.0 0.015 1217.41 0.125
540 540 7.11 18.0 0.014 1220.86 0.118
560 5.60 7.37 17.5 0.014 122433 0.114
580 5.80 7.63 16.0 0.013 1227.82 0.104
500 6.00 7.89 15.0 0.012 1231.32 0.097
520 6.20 8.16 14.0 0.011 1234.85 0.091
6540 6.40 8.42 13.0 0.010 123840 0.084

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH1(15.5)
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 7/28/2011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno : BH-1 Sample type ups
Depth 15.50- 16.00 Soil description
TEST RESULT
025 Sample At failure
qu Strain
Lo kg/iem2 %
/(n isturbed
020 Undisturbed 0.225 7.632
\ Remolded 0125 6.842
\ Sensitivity 1.806
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Client [Date [28-Jul-11
Tested By [Beny |Checked By [M.Igbal, ST
UNCONFINED COMPRESSION TEST
UNDISTURBED
Location Bali Sample type CUDS
Boringno : BH-01 Saoil description
Depth 19.60-20.00 m Sarmple no.
Preparation
Specimen details Initial Aftertest Wachine details
Diarneter Drmm 38.00 M ass o] Wachine no
Area Ao mm2 113411 Dry mass g Fate of deformation mm/mml 1.088
Length Lo_mm 7B.00 WY %) PR Caliration N/div | 0.080
Volume cma3 8618
Mass q 128 66
m\t\j M g/m3 1.504
Compression test Single stage
NDISTURBED
Defarmation Compression of Strain Force gauge Acxal Corrected Deviatar stress
gauge reading specimen (3L1) reading force Area
% 0.01mm (rnm) (%) (div) (M) (mm) (kycm32)
] ] 0.000 0 0 1134.11 0.000
20 0.20 0.26 2.0 0.002 1137.11 0.014
40 0.40 0.53 2.5 0.002 114012 0.018
60 0.60 078 3.0 0.00z2 1143.14 0.021
80 0.80 1.05 3.0 0.002 1146.18 0.021
100 1.00 132 3.5 0.003 1149.24 0.024
120 1.20 1.458 4.0 0.003 1152.31 0.028
140 1.40 1.84 4.0 0.003 115540 0.028
160 160 211 45 0.004 1158.50 0.031
180 1.80 237 5.0 0.004 1161.63 0.034
200 200 363 5.0 0.004 1164.77 0.034
220 2.20 2.88 5.5 0.004 1167.92 0.038
240 240 3.18 6.0 0.005 171.10 0.041
260 2.60 342 6.5 0.005 1174.28 0.044
300 3.00 3.95 7.0 0.008 1180.72 0.047
320 3.20 4.1 75 0.006 1183.87 0.051
340 3.40 447 5.0 0.006 1187.23 0.054
360 360 474 3.0 0.008 1180.51 0.054
380 3.80 5.00 8.5 0.007 1183.81 0.057
400 4.00 528 9.0 0.007 1187.12 0.060
420 4.20 553 9.5 0.008 120046 0.063
440 4.40 578 10.0 0.008 120381 0.068
460 4.60 6.05 10.0 0.008 1207.18 0.068
480 4.80 5.32 10.0 0.008 1210.57 0.066
a00 5.00 6.58 1.0 0.003 1213.88 0072
520 520 6.84 1.5 0.003 1217.41 0.078
540 5.40 711 12.0 0.010 1220.86 0.079
560 560 737 12.0 0010 1224.33 0078
580 5.0 7H3 12.0 0.010 1227.82 0078
BOO 6.00 7.89 13.0 0.010 1231.32 0.084
620 6.20 8.18 130 0.010 1234.85 0.084
640 6.40 842 135 0.011 1238.40 0.087
BE0 6.60 8.68 13.5 0.011 1241.97 0.087
680 6.80 g8.95 14.0 0.011 1245.56 0.080
700 7.00 9.21 14.0 0.011 124917 0.080
720 720 347 14.0 001 1252.80 0.083
740 740 9.74 150 0.012 125645 0.096
R0 7.B0 10.00 15.0 0.012 1260.13 0.095
780 7.80 10.26 155 0.012 12683.82 0.045
200 8.00 1053 16.0 0013 1267.654 0101
220 8.20 1079 16.0 0.013 1271.28 0101
240 8.40 11.05 16.5 0.0713 1275.04 0.104
860 g.60 11.32 16.5 0.013 1278.82 0103
8220 5.50 11.58 16.5 0.013 128763 0.103
H00 5.00 11.84 17.0 0.014 128646 0.106
920 920 12,11 17.0 0.0714 1280.31 0.105
940 940 1237 17.0 0014 1284.19 0105
360 360 1263 17.0 0.014 1288.08 0108
A80 5.80 12.88 175 0.014 1302.01 0.108
1000 10.00 1316 18.0 0.014 1305.85 0.110
1020 10.20 1342 18.0 0.014 1309.92 0.110
1040 1040 1368 18.0 0.014 1313.81 0.110
1060 10.60 1395 18.0 0.014 1317.83 0.109
1080 10.80 14.31 18.0 0.014 1321.87 0.108
1100 11.00 1447 13.0 0.014 1326.04 0.108

_AB DATA/2003/PL 001/PAGAR DEWA/GECLGF COBCENF/BHT(18.5)
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Client 3 |Date [28-Juk-11
Tested By [Beny |Checked By [M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Lacation Bali Sample type uDs
Boringno : BH-01 Sail description -
Depth 19.50-20.00 m Sarmple no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 M ass g Machine no
Area Ao mm2 1134.11 Dry mass g Fate of deformation mm/rnml 1.088
Length Lo _mm 76.00 W %) PR Calibration Nidiv | 0.080
Volume cmd 86.18
Mass q 147.09
lﬁw I ggfrm3 1.707
Compression test Single stage
FEMOLTED
Deformation Compression of Strain Force gauge Axal Corrected Deviator stress
gauge reading specimen (5L1) reading force Area
(mim) (%) (div) (N) () (kgicm2)
a a 0 0 o 1134.11 0.000
20 0.20 0.26 0.5 0.000 1137.11 0.004
40 0.40 0.53 1.0 0.001 114012 0.007
60 0.60 0.78 1.5 0.001 1143.14 0.010
80 0.80 105 2.0 0.002 1146.18 0.014
100 1.00 1.32 2.5 0.00z2 1148.24 0017
120 1.20 1.58 3.0 0.002 11582.31 0.021
140 140 184 3.5 0.003 1158540 0.024
160 1.60 211 4.0 0.003 1158.60 0.028
180 1.80 237 4.0 0.003 1181.83 0.028
200 2.00 263 4.5 0.004 1184.77 0.031
220 2.20 2.88 5.0 0.004 1167.82 0.034
240 340 3.16 3.5 0.004 1171.10 0.038
260 360 342 B.0 0.008 1174.29 0.041
280 2.80 3.68 B.5 0.005 1177.50 0.044
200 3.00 348 7.0 0.008 1180.72 0047
az0 320 421 7.8 0.008 1183.87 0.051
340 3.40 447 5.0 0.008 1187.23 0.054
360 3.60 4.74 8.5 0.007 1180.51 0.057
380 3.80 5.00 8.5 0.007 1183.81 0.057
400 4.00 5.268 9.0 0.007 1187.12 0.060
420 4.20 553 9.0 0.007 120048 0.060
440 4.40 578 8.5 0.007 1203.81 0.056
460 4.80 8.05 3.0 0.008 1207.18 0.053
480 4.80 6.32 75 0.008 1210.57 0.050
500 5.00 B.58 7.0 0.008 1213.88 0.048
520 5.20 6.84 6.5 0.005 1217.41 0.043
540 540 711 B.0 0.005 1220.88 0.039
560 5.60 737 5.5 0.004 1224.33 0.026
580 5.80 E] 5.0 0.004 122782 0.023

_AB DATA/2003/PL 001/PAGAR DEWA/GECLGF COBCENF/BHT(18.5)
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Project

SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY

Normal stress (kgfcm2)

SYSTEM
Job No. - Date 28-Jul-11
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno : BH- 01 Sample type ups
Depth 19.50-20.00 m Soil description
TEST RESULT
012 Sample At failure
qu Strain
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J_,__/"" kg/em2 %
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j_/—/. Remolded 0.060 5526
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Date 2-Aug-11
Tested By |Beny Checked By M.Igbal, ST

UNCONFINED COMPRESSION TEST

REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 02 Soil description :
Depth :4.60-5.00 Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 115.82
Density Mg/m3 1.344
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 1134.11 0.000
20 0.20 0.26 0.5 0.000 1137.11 0.004
40 040 0.53 1.0 0.001 1140.12 0.007
60 0.60 0.79 1.0 0.001 1143.14 0.007
80 0.80 1.05 1.0 0.001 1146.18 0.007
100 1.00 1.32 1.5 0.001 1149.24 0.010
120 1.20 1.58 2.0 0.002 1152.31 0.014
140 1.40 1.84 2.0 0.002 1155.40 0.014
160 1.60 211 2.0 0.002 1158.50 0.014
180 1.80 2.37 2.5 0.002 1161.63 0.017
200 2.00 2.63 25 0.002 1164.77 0.017
220 220 2.89 25 0.002 1167.92 0.017
240 240 3.16 2.5 0.002 1171.10 0.017
260 260 342 2.5 0.002 1174.29 0.017

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCO8CEOF/BH2{4.5)
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Deviator stress (kg/icm2)

Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/2/2011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 02 Sample type ups
Depth 4.50-5.00 Soil description 0
TEST RESULT
008 Sample At failure
qu Strain
Undigurbed kg/iem2 %
008
Undisturbed 0.048 3.684
/ Remolded 0.017 3421
Sensitivity 2.770
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 2-Aug-11
Tested By |Beny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 02 Soil description : 0
Depth :6.50-7.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 126.97
Density Mg/m3 1.473
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 1134.11 0.000
20 0.20 0.26 0.5 0.000 1137.11 0.004
40 040 0.53 1.0 0.001 1140.12 0.007
60 0.60 0.79 1.5 0.001 1143.14 0.010
80 0.80 1.05 2.0 0.002 1146.18 0.014
100 1.00 1.32 2.0 0.002 1149.24 0.014
120 1.20 1.58 3.0 0.002 1152.31 0.021
140 1.40 1.84 3.5 0.003 1155.40 0.024
160 1.60 211 3.5 0.003 1158.50 0.024
180 1.80 2.37 4.0 0.003 1161.63 0.028
200 2.00 2.63 4.5 0.004 1164.77 0.031
220 220 2.89 5.0 0.004 1167.92 0.034
240 240 3.16 55 0.004 1171.10 0.038
260 260 342 55 0.004 1174.29 0.037
280 280 3.68 5.0 0.005 1177.50 0.041
300 3.00 3.95 6.0 0.005 1180.72 0.041
320 3.20 4.21 6.0 0.005 1183.97 0.041
340 340 447 6.0 0.005 1187.23 0.040
360 3.60 4.74 6.0 0.005 1190.51 0.040
Sketch of failure conditions

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH2(6.5)
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/2/2011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 02 Sample type ups
Depth 6.50-7.00 m Soil description 0
TEST RESULT
008 Sample At failure
Undisturked qu Strain
kgfem?2 %
008 /
Undisturbed 0.054 4.737
Remolded 0.041 4.211
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 2-Aug-11
Tested By |Beny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 02 Soil description : 0
Depth :8.50-9.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 132.19
Density Mg/m3 1.534
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 113411 0.000
20 0.20 0.26 0.0 0.000 1137.11 0.000
40 040 0.53 1.0 0.001 114012 0.007
50 0.60 0.79 1.5 0.001 1143.14 0.010
80 0.80 1.05 1.5 0.001 1146.18 0.010
100 1.00 1.32 1.6 0.001 1149.24 0.010
120 1.20 1.58 2.0 0.002 1152.31 0.014
140 140 1.84 25 0.002 1155.40 0.017
160 1.60 2.11 3.0 0.002 1158.50 0.021
180 1.80 2.37 3.0 0.002 1161.63 0.021
200 2.00 2.63 3.0 0.002 1164.77 0.021
220 2.20 2.89 35 0.003 1167.92 0.024
240 240 3.16 35 0.003 1171.10 0.024
260 2.60 3.42 35 0.003 1174.29 0.024
280 280 3.68 4.0 0.003 1177.50 0.027
300 3.00 3.95 4.0 0.003 1180.72 0.027
320 3.20 4.21 4.0 0.003 1183.97 0.027
340 340 4.47 4.0 0.003 1187.23 0.027
360 3.60 4.74 4.5 0.004 1180.51 0.030
380 3.80 5.00 5.0 0.004 1193.81 0.034
400 4.00 5.26 5.0 0.004 1197.12 0.033
420 4.20 5.53 5.0 0.004 120046 0.033
440 4.40 5.79 5.0 0.004 1203.81 0.033
460 4.60 6.05 5.0 0.004 1207.18 0.033
Sketch of failure conditions

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCO8CEOF/BH2(8.5)
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/2/2011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 02 Sample type ups
Depth 8.50-9.00 m Soil description 0
TEST RESULT
010 Sample At failure
Undisturbed qu Strain
P
o 7 kgicm?2 %
0.08 / Undisturbed 0.093 8.316
/l Remolded 0.034 5.000
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 3-Aug-11
Tested By |Beny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 03 Soil description : 0
Depth :2.60-3.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 132.19
Density Mg/m3 1.534
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 113411 0.000
20 0.20 0.26 0.5 0.000 1137.11 0.004
40 040 0.53 1.0 0.001 114012 0.007
50 0.60 0.79 1.5 0.001 1143.14 0.010
80 0.80 1.05 2.0 0.002 1146.18 0.014
100 1.00 1.32 25 0.002 1149.24 0.017
120 1.20 1.58 3.0 0.002 1152.31 0.021
140 140 1.84 35 0.003 1155.40 0.024
160 1.60 2.11 35 0.003 1158.50 0.024
180 1.80 2.37 4.0 0.003 1161.63 0.028
200 2.00 2.63 5.0 0.004 1164.77 0.034
220 2.20 2.89 6.0 0.005 1167.92 0.041
240 240 3.16 6.0 0.005 1171.10 0.041
260 2.60 3.42 6.5 0.005 1174.29 0.044
280 280 3.68 7.0 0.008 1177.50 0.048
300 3.00 3.95 75 0.006 1180.72 0.051
320 3.20 4.21 8.0 0.006 1183.97 0.054
340 340 4.47 8.0 0.006 1187.23 0.054
360 3.60 4.74 8.5 0.007 1180.51 0.057
380 3.80 5.00 8.5 0.007 1193.81 0.057
400 4.00 5.26 9.0 0.007 1197.12 0.060
420 4.20 5.53 9.5 0.008 120046 0.063
440 4.40 5.79 9.5 0.008 1203.81 0.063
460 4.60 6.05 10.0 0.008 1207.18 0.066
480 4.80 6.32 10.0 0.008 121057 0.066
500 5.00 6.58 10.5 0.008 1213.98 0.069
520 5.20 6.84 11.0 0.009 1217.41 0.072
540 540 7.11 11.0 0.009 1220.86 0.072
560 5.60 7.37 11.0 0.009 122433 0.072
580 5.80 7.63 11.5 0.009 1227.82 0.075
6500 6.00 7.89 11.5 0.009 1231.32 0.076
620 6.20 8.16 11.5 0.009 1234.85 0.075
640 640 8.42 11.5 0.009 123840 0.074
560 6.60 8.68 11.5 0.009 1241.97 0.074

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH3{2.5)
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Deviator stress (kg/icm2)

Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/3/2011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 03 Sample type ups
Depth 250-3.00 m Soil description 0
TEST RESULT
010 Sample At failure
Undisturbed qu Strain
P
oo — 7 kg/em2 %
0.08 / Undisturbed 0.085 7.368
/l I Remolded 0.072 7.368
0o I"_/_- —
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM

Job No. |- Date 3-Aug-11

Tested By |Beny Checked By M.Igbal, ST

UNCONFINED COMPRESSION TEST

REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 03 Soil description : 0
Depth :8.50-9.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 132.19
Density Mg/m3 1.534
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 1134.11 0.000
20 0.20 0.26 0.0 0.000 1137.11 0.000
40 040 0.53 0.5 0.000 1140.12 0.004
60 0.60 0.79 0.5 0.000 1143.14 0.003
80 0.80 1.05 0.5 0.000 1146.18 0.003
100 1.00 1.32 1.0 0.001 1149.24 0.007
120 1.20 1.58 1.5 0.001 1152.31 0.010
140 1.40 1.84 2.0 0.002 1155.40 0.014
160 1.60 211 2.0 0.002 1158.50 0.014
180 1.80 2.37 2.0 0.002 1161.63 0.014
200 2.00 2.63 25 0.002 1164.77 0.017
220 220 2.89 25 0.002 1167.92 0.017
240 240 3.16 2.5 0.002 1171.10 0.017
260 260 342 3.0 0.002 1174.29 0.020
280 280 3.68 3.0 0.002 1177.50 0.020
300 3.00 3.95 3.0 0.002 1180.72 0.020
320 3.20 4.21 3.0 0.002 1183.97 0.020
340 340 447 3.0 0.002 1187.23 0.020

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH3(8.5)

Appendix 4 - 63



Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/3/2011
Tested By Beny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 03 Sample type ups
Depth 8.50-9.00 m Soil description 0
TEST RESULT
0o Sample At failure
qu Strain
Undjsturbe: kgiem2 %
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Undisturbed 0.024 2.895
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 13-Aug-11
Tested By |Benny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 04 Soil description : 0
Depth :2.60-3.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 140.62
Density Mg/m3 1.631
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 113411 0.000
20 0.20 0.26 1.0 0.001 1137.11 0.007
40 040 0.53 2.0 0.002 114012 0.014
50 0.60 0.79 25 0.002 1143.14 0.017
80 0.80 1.05 35 0.003 1146.18 0.024
100 1.00 1.32 4.0 0.003 1149.24 0.028
120 1.20 1.58 5.0 0.004 1152.31 0.035
140 140 1.84 5.5 0.004 1155.40 0.038
160 1.60 2.11 6.5 0.005 1158.50 0.048
180 1.80 2.37 7.0 0.006 1161.63 0.048
200 2.00 2.63 8.5 0.007 1164.77 0.058
220 2.20 2.89 9.0 0.007 1167.92 0.062
240 240 3.16 10.0 0.008 1171.10 0.068
260 2.60 3.42 10.9 0.009 1174.29 0.074
280 280 3.68 1.5 0.009 1177.50 0.078
300 3.00 3.95 12.0 0.010 1180.72 0.081
320 3.20 4.21 12.5 0.010 1183.97 0.084
340 340 4.47 13.0 0.010 1187.23 0.088
360 3.60 4.74 13.0 0.010 1180.51 0.087
380 3.80 5.00 13.0 0.010 1193.81 0.087
400 4.00 5.26 13.0 0.010 1197.12 0.087
420 4.20 5.53 13.0 0.010 120046 0.087

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH4{2.5)
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/13/2011
Tested By Benny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 04 Sample type ups
Depth 250-3.00 m Soil description 0
TEST RESULT
012 Sample At failure
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 13-Aug-11
Tested By |Benny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 04 Soil description : 0
Depth :4.50-5.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 140.62
Density Mg/m3 1.631
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mm) (%) (div) (N {mnt’) (kgicm?2)
0 0 0 0 0 113411 0.000
20 0.20 0.26 0.0 0.000 1137.11 0.000
40 040 0.53 0.5 0.000 114012 0.004
50 0.60 0.79 1.0 0.001 1143.14 0.007
80 0.80 1.05 1.5 0.001 1146.18 0.010
100 1.00 1.32 1.8 0.001 1149.24 0.013
120 1.20 1.58 2.0 0.002 1152.31 0.014
140 140 1.84 2.0 0.002 1155.40 0.014
160 1.60 2.11 25 0.002 1158.50 0.017
180 1.80 2.37 28 0.002 1161.63 0.019
200 2.00 2.63 3.0 0.002 1164.77 0.021
220 2.20 2.89 3.0 0.002 1167.92 0.021
240 240 3.16 3.0 0.002 1171.10 0.020
260 2.60 3.42 3.0 0.002 1174.29 0.020
280 280 3.68 35 0.003 1177.50 0.024
300 3.00 3.95 4.0 0.003 1180.72 0.027
320 3.20 4.21 4.5 0.004 1183.97 0.030
340 340 4.47 5.0 0.004 1187.23 0.034
360 3.60 4.74 5.0 0.004 1180.51 0.034
380 3.80 5.00 5.5 0.004 1193.81 0.037
400 4.00 5.26 55 0.004 1197.12 0.037
420 4.20 5.53 5.5 0.004 120046 0.037
440 4.40 5.79 5.5 0.004 1203.81 0.037
460 4.60 6.05 5.5 0.004 1207.18 0.036

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH4{4.5)
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Deviator stress (kg/icm2)

Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/13/2011
Tested By Benny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 04 Sample type ups
Depth 450-5.00 m Soil description 0
TEST RESULT
010 Sample At failure
qu Strain
0 A ~—
4 kgfem?2 %
Undisturbed
0.08 Undisturbed 0.093 6.318
/ Remolded 0.037 5.789
0o7 /]

/_/ Sensitivity 2510
0.08
005 /

/ Mode of failure

Remolded
/ Undisturb Remolded
004

/ /
002 / __/
'/
[ -1
0o

om
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM

Job No. |- Date 13-Aug-11

Tested By |Benny Checked By M.Igbal, ST

UNCONFINED COMPRESSION TEST

REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 04 Soil description : 0
Depth :8.50-9.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 132.56
Density Mg/m3 1.538
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mmj) (%) (cliv) (N) (mm’) {kgiem?)
0 0 0 0 0 1134.11 0.000
20 0.20 0.26 0.5 0.000 1137.11 0.004
40 040 0.53 1.0 0.001 1140.12 0.007
60 0.60 0.79 1.5 0.001 1143.14 0.010
80 0.80 1.05 1.5 0.001 1146.18 0.010
100 1.00 1.32 1.5 0.001 1149.24 0.010
120 1.20 1.58 2.0 0.002 1152.31 0.014
140 1.40 1.84 2.0 0.002 1155.40 0.014
160 1.60 211 2.0 0.002 1158.50 0.014
180 1.80 2.37 2.5 0.002 1161.63 0.017
200 2.00 2.63 25 0.002 1164.77 0.017
220 220 2.89 25 0.002 1167.92 0.017
240 240 3.16 2.5 0.002 1171.10 0.017
260 260 342 2.5 0.002 1174.29 0.017

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH4(8.5)
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Project

SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY

SYSTEM
Job No. - Date 8/13/2011
Tested By Benny Checked By |M.Igbal, ST

UNCONFINED COMPRESSION TEST

Normal stress {kg/cm2)

Location Bali
Boringno - BH - 04 Sample type ups
Depth 8.50-9.00 m Soil description 0
TEST RESULT
005 Sample At failure
qu Strain
nos kgicm?2 %
Undjsturbed
0.04 Undisturbed 0.047 2.895
/ Remolded 0.017 0.000
oo 7/ Sensitivity 2702
&
s /
£ o
= /
L
g om / .
- Mode of failure
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B oo
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ooz L
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001 —
'/
001 L/
0.0
0000 1000 2000 3000 4000 5000 6000 7O00 B0
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
SUPPLY SYSTEM
Job No. |- Date 13-Aug-11
Tested By |Benny Checked By M.Igbal, ST
UNCONFINED COMPRESSION TEST
REMOLTED
Location : Bali Sample type :UDS
Boringno :BH - 04 Soil description : 0
Depth :11.60-12.00 m Sample no.
Preparation
Specimen details Initial After test Machine details
Diameter Dmm 38.00 Mass g IMachine no
Area Ao mm2 1134.11 Dry mass g Rate of deformation mm/min 1.088
Length Lo mm 76.00 W % PR Calibration N/div 0.080
Volume cm3 86.19
Mass g 12141
Density Mg/m3 1.409
Compression test Single stage
REMOLTED
Deformation Compression of Strain Force gauge Axial Corrected Deviator stress
gauge reading specimen (5 L) reading force Area
(mm) (%) (div) (N {mnt’) (kgicm?2)
0 0 0 0 0 113411 0.000
20 0.20 0.26 0.5 0.000 1137.11 0.004
40 040 0.53 1.0 0.001 114012 0.007
50 0.60 0.79 1.5 0.001 1143.14 0.010
80 0.80 1.05 2.0 0.002 1146.18 0.014
100 1.00 1.32 2.0 0.002 1149.24 0.014
120 1.20 1.58 25 0.002 1152.31 0.017
140 140 1.84 3.0 0.002 1155.40 0.021
160 1.60 2.11 35 0.003 1158.50 0.024
180 1.80 2.37 4.0 0.003 1161.63 0.028
200 2.00 2.63 4.0 0.003 1164.77 0.027
220 2.20 2.89 5.0 0.004 1167.92 0.034
240 240 3.16 4.5 0.004 1171.10 0.031
260 2.60 3.42 4.5 0.004 1174.29 0.031
280 280 3.68 4.5 0.004 1177.50 0.031
300 3.00 3.95 5.0 0.004 1180.72 0.034
320 3.20 4.21 5.0 0.004 1183.97 0.034
340 340 4.47 5.0 0.004 1187.23 0.034
360 3.60 4.74 5.5 0.004 1180.51 0.037
380 3.80 5.00 6.0 0.005 1193.81 0.040
400 4.00 5.26 6.0 0.005 1197.12 0.040
420 4.20 5.53 6.0 0.005 120046 0.040
440 4.40 5.79 6.5 0.0056 1203.81 0.043
460 4.60 6.05 7.0 0.006 1207.18 0.046
480 4.80 6.32 7.0 0.008 121057 0.046
500 5.00 6.58 7.0 0.006 1213.98 0.046
520 5.20 6.84 7.0 0.006 1217.41 0.046
540 540 7.11 7.0 0.008 1220.86 0.046

'LAB DATA/2003/PL 001/PAGAR DEWA/@BCL@FCOBCEOF/BH4(11.5)
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Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER SUPPLY
SYSTEM
Job No. - Date 8/13/2011
Tested By Benny Checked By |M.Igbal, ST
UNCONFINED COMPRESSION TEST
Location Bali
Boringno - BH - 04 Sample type ups
Depth 11.50-12.00 m Soil description 0
TEST RESULT
014 Sample At failure
Undistfibed L T w Strain
/ kg/em2 %
0.12 /
Undisturbed 0.133 6.053
Remolded 0.046 7.105
0.10
/ Sensitivity 2873
&
E /
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g 008
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g
- Mode of failure
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PT. TIGENCO GRAHA PERSADA

SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT| Date 16-Aug-11
Tested By |Ria Imawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location : Bali Sample No. D -
Hole No. :BH - 01 Sample Type . UDS
Depth :1.50-200 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 39 28 21 16
Container No. C.25 C.34 C.15 C.26 A27 A28
Wt. Container + Wet Sail 2] 11.34 12.23 12.97 13.50 21.55 22.24
Wt. Container + Dry Sail 2] 9.00 9.49 10.02 10.30 19.21 19.87
Wt. Water 2] 2.34 2.74 2.95 3.20 2.34 2.37
Wt. Container 4] 4.34 4.40 4.50 4.34 12.01 12.70
Wt. Dry Sail (Ws) g 4.66 5.09 5.52 5.96 7.20 717
Water Content (w) % 50.21 53.83 53.44 53.69 32.50 33.05
FLOW CURVE
57
55
55
e,
54
g O \\ L]
= 53
= - -
‘g 52 ‘:.:'\
3 \
5 51
§ 50 )
49
48
a7 't
10 % 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 52.75
PLASTIC LIMIT % 32.78
PLASTICITY INDEX % 19.97
CLASSIFICATION MH
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PT. TIGENCO GRAHA PERSADA Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT]Date 28-Jul-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. ;-
Hole No. BH - 01 Sample Type - UDS
Depth :1550-16.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
MNo. of Blows 41 29 21 15
Container No. (O] CA13 C.24 C.18 A A2
Wt. Container + Wet Sail g 10.21 10.61 11.54 12.53 21.73 21.76
Wt. Container + Dry Soil g 7.39 7.55 8.08 8.50 19.58 19.72
Wit Water g 2.82 3.06 3.46 4.03 215 2.04
Wt. Container 2] 4.35 4.34 4.35 4.36 12.49 12.89
WHt. Dry Sail (Ws) 2] 3.04 3.21 3.73 414 7.09 6.83
Water Content (w) % 92.76 95.33 9276 97.34 30.32 29.87
FLOW CURVE
106
103
100
F
£ 97 e
E g S i
2 ) 1 e
L] 1
g 91 [
[
88
85
10 % 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 94 .46
PLASTIC LIMIT % 30.10
PLASTICITY INDEX % 64.36
CLASSIFICATION CH
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT|Date 29-Jul-11
Tested By |Ria Imawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location : Bali Sample No. -
Hole Mo. :BH - 01 Sample Type - UDS
Depth :19.50-2000 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 39 29 20 16
Container No. Cc12 C.29 CcA17 C.38 A7 A8
Wt. Container + Wet Sdil 2] 11.09 11.24 11.87 12.00 22.54 22.95
Wt. Container + Dry Soil 2] 7.92 7.89 8.23 8.28 20.43 20.70
Wit Water 2] 317 3.35 3.64 3.72 211 2.25
Wit. Container 8] 4.45 4.33 4.34 4.38 12.81 12.87
Wt. Dry Sall {Ws) 8] 3.47 3.56 3.89 3.80 7.62 7.83
Water Content (w) % 91.35 94.10 93,57 95.38 27.69 28.74
FLOW CURVE
110
107
104
— 101
S
- 98
=
1)
g * — " Trurey L
o o i -
5 92 -'-l—-___.
2
= 89
86
83 i
|
80 i
10 % 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 93.52
PLASTIC LIMIT % 28.22
PLASTICITY INDEX % 65.30
CLASSIFICATION CH
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PT. TIGENCO GRAHA PERSADA Project SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT]Date 2-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. ;-
Hole No. :BH-02 Sample Type - UDS
Depth :450-500 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 41 30 21 14
Container No. c.21 C.22 C.14 C.15 AT A8
Wt. Container + Wet Sail d 11.25 11.84 1215 13.65 20.80 20.66
Wt. Container + Dry Soil g 8.42 8.73 8.83 9.54 19.25 19.10
Wit Water d 2.83 3.1 3.32 4.11 1.55 1.56
WHt. Container 2] 4.37 4.39 4.32 4.47 13.03 12.81
WHt. Dry Sail (Ws) 2] 4.05 4.34 4.51 5.07 6.22 6.29
Water Content (w) % 59.88 71.66 73.61 81.07 24.92 24.80
FLOW CURVE
110
100
90
£
£ % R
1]
i e e e o o o]
(%) 70 P —— -
&
®
=

60

S0

40

25

Number of Blows

100

RESULT SUMMARY
LIQUID LIMIT % 74.12
PLASTIC LIMIT % 24.87
PLASTICITY INDEX % 49.25
CLASSIFICATION CH

Appendix 4 - 77




PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
! SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT|Date 2-Aug-11
Tested By |Ria Imawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. -
Hole No. :BH-02 Sample Type - UDSs
Depth :650-7.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 40 30 19 15
Container No. (o) C.22 C.3 [of13] A25 A.26
Wt. Container + Wet Sdil g 11.80 12.01 1243 13.02 21.97 20.56
Wt. Container + Dry Soil 2] 8.68 8.93 9.14 9.54 19.03 18.00
Wit Water g 2.92 3.08 3.29 3.48 2.94 2.56
Wit. Container 8] 4.38 4.34 4.35 4.52 12.77 12.71
Wt. Dry Sall {Ws) 8] 4.50 4.59 4.79 5.02 6.26 5.29
Water Content (w) % 654.89 67.10 68.68 69.32 46.96 48.39
FLOW CURVE
6
73
?-‘? 70
E \
g N . S
£ 67 —t
Q L ]
g &4 !
61
1
1
53 -
10 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 67.36
PLASTIC LIMIT % 47 68
PLASTICITY INDEX % 19.68
CLASSIFICATION MH
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client NIHON SUIDOI CONSULTANT|Date 2-Aug-11
Tested By |Ria Imawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location : Bali Sample No. -
Hole Mo. :BH-02 Sample Type - UDS
Depth :850-9.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 40 29 20 15
Container No. C.36 C.40 C.42 C.39 A3 A32
Wt. Container + Wet Sdil 2] 11.05 11.16 12.21 12.45 23.10 22.80
Wt. Container + Dry Soil 2] 8.22 8.21 8.80 8.95 20.68 20.66
Wit Water 2] 2.83 2.95 3.41 3.50 2.22 214
Wit. Container 8] 4.43 4.31 4.39 4.34 13.42 13.38
Wt. Dry Sall {Ws) 8] 3.79 3.90 4.41 4.61 7.46 7.28
Water Content (w) % 74.67 75.64 77.32 75.92 29.76 29.40
FLOW CURVE
83
80
g T — ®
E P - --—-——— = Ty
2 : [
= 74 1
Q
o 1
- 1
% 71 !
= 1
1
i
[st:] T
1
1
1
65 &
10 % 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 75.84
PLASTIC LIMIT % 29.58
PLASTICITY INDEX % 46 26
CLASSIFICATION CH
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client MIHOM SUIDCI CONSULTANT Date 4-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. -
Hole No. :BH-03 Sample Type - UDSs
Depth :250-3.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 40 29 21 15
Container No. C39 c40 C36 c37 A15 A16
WHt. Container + Wet Sal 2] 11.35 12.19 13.53 14.21 22.08 22.69
WHt. Container + Dry Soil g 8.84 9.26 10.07 10.43 19.74 20.23
Wt. Water 2] 2.51 2.93 3.46 3.78 2.34 2.46
Wit. Container 2] 4.34 4.31 4.43 4.40 12.72 12.79
Wt. Dry Sall {Ws) 2] 4.50 4.95 5.64 6.03 7.02 7.44
Water Content (w) % 55.78 59.19 61.35 62.69 33.33 33.06
FLOW CURVE
70
68
66
o ®
s
::’ 62 .\
5 e
£ w .-------------------B\
o H :
5 58 t T
] 1 \
= 56
54
52
1
[
50 -
10 = 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 59.65
PLASTIC LIMIT % 33.20
PLASTICITY INDEX % 26.45
CLASSIFICATION MH
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client MIHOM SUIDCI CONSULTANT Date 4-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. -
Hole No. :BH-03 Sample Type - UDSs
Depth :850-9.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 39 31 19 15
Container No. Cc3 c42 Cc4 c22 A.29 A.30
WHt. Container + Wet Sal 2] 12.70 13.50 14.29 15.60 20.64 20.00
WHt. Container + Dry Soil g 10.25 10.78 11.28 12.16 19.00 18.47
Wt. Water 2] 2.45 2.72 3.01 3.44 1.64 1.53
Wit. Container 2] 4.35 4.39 4.38 4.34 12.53 12.41
Wt. Dry Sall {Ws) 2] 5.90 6.39 6.90 7.82 6.47 6.06
Water Content (w) % 41.53 42.57 43.62 43.99 25.35 25.25
FLOW CURVE
60
57
54
s
52
= 48
=
1)
b= 45
Q
%] e ———————— T T
5 42 ——
®
= 39
6
23 :
1
30 i
10 = 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 42.85
PLASTIC LIMIT % 25.30
PLASTICITY INDEX % 17 .55
CLASSIFICATION CL
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client MIHOM SUIDCI CONSULTANT Date 11-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. -
Hole No. :BH-04 Sample Type - UDSs
Depth :250-3.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 39 30 21 15
Container No. C.36 C.42 C.40 C.39 AS AB
Wt. Container + Wet Sdil 2] 11.62 11.57 11.38 11.03 22.25 20.67
Wt. Container + Dry Soil 2] 8.92 8.82 8.67 8.38 21.26 19.79
Wit Water 2] 2.70 2.75 2.71 2.65 (.99 (.88
Wit. Container 8] 4.43 4.39 4.31 4.34 12.68 12.44
Wt. Dry Sall {Ws) 8] 4.49 4.43 4.36 4.04 8.58 7.35
Water Content (w) % 60.13 62.08 6216 65.59 11.54 11.97
FLOW CURVE
74
7
63
£ e L
= \
1)
g G S e T A= i
Lh’ H \
g s 1
o
=
56
53
1
[
50 -
10 = 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 62.42
PLASTIC LIMIT % 11.76
PLASTICITY INDEX % 50.66
CLASSIFICATION CH
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client MIHOM SUIDCI CONSULTANT Date 11-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location : Bali Sample No. -
Hole Mo. :BH-04 Sample Type - UDS
Depth :450-500 m Soil Description ;-
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 39 29 21 15
Container No. C.32 C.14 C.15 c.21 A.27 A.28
WHt. Container + Wet Sal 2] 14.49 15.67 16.07 16.15 25.07 25.74
WHt. Container + Dry Soil g 11.01 11.65 11.96 11.53 22.02 22.75
Wt. Water 2] 3.48 4.02 4.1 4.62 3.05 2.99
WHt. Container 2] 4.39 4.32 4.47 4.37 12.01 12.70
Wt. Dry Sall {Ws) 2] 5.62 7.33 7.49 7.16 10.01 10.05
Water Content (w) % 52.57 54.84 54.87 64.53 30.47 29.75
FLOW CURVE
80
75
70
g -
E \--..
§ 55 --------------------h\
- Ty
E \.
8 50 -
= i
45 :
1
40 !
35
10 * 100
Number of Blows

RESULT SUMMARY
LIQUID LIMIT % 56.55
PLASTIC LIMIT % 30.12
PLASTICITY INDEX % 26.43
CLASSIFICATION MH
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PT. TIGENCO GRAHA PERSADA

SOIL INVESTIGATION FOR SOUTHERN BALI WATER

Project SUPPLY SYSTEM
Client MIHOM SUIDCI CONSULTANT Date 11-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location : Bali Sample No. -
Hole Mo. :BH-04 Sample Type - UDS
Depth :850-9.00 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 39 29 19 14
Container No. C.37 C.25 C.34 C.15 A3 Ad
Wt. Container + Wet Sail g 11.86 12.34 12.75 13.37 21.33 21.37
Wt. Container + Dry Soil g 9.25 9.54 9.78 10.11 19.12 19.15
Wt Water g 2.61 2.80 2.97 3.26 2.21 2.22
WHt. Container 2] 4.40 4.34 4.40 4.50 12.39 12.61
Wt. Dry Sall {Ws) 2] 4.85 5.20 5.38 5.61 B8.73 6.54
Water Content (w) % 53.81 53.85 55.20 58.11 32.84 33.94
FLOW CURVE
70
&5
® o
= e
5 \
£ 55 P
8 : s ——
z :
8 =0
= i
1
45 :
1
1
1
40 1
10 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 54.99
PLASTIC LIMIT % 33.40
PLASTICITY INDEX % 21.59
CLASSIFICATION MH
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PT. TIGENCO GRAHA PERSADA Proiect SOIL INVESTIGATION FOR SOUTHERN BALI WATER
d SUPPLY SYSTEM
Client MIHOM SUIDCI CONSULTANT Date 11-Aug-11
Tested By |Ria Irmawan Checked By |M.Igbal, ST
ATTERBERG LIMITS
ASTM D 4318
Location . Bali Sample No. -
Hole No. :BH-04 Sample Type - UDSs
Depth 2 11.50-1200 m Soil Description -
LIQUID LIMIT PLASTIC LIMIT
No. of Blows 41 31 20 15
Container No. C.26 C13 c.5 C.24 A19 A.20
WHt. Container + Wet Sal 2] 12.09 13.82 14.99 15.27 20.85 2010
WHt. Container + Dry Soil g 8.88 9.83 10.44 10.57 18.90 18.45
Wt. Water 2] 3.21 3.99 4.55 4.70 1.95 1.65
Wit. Container 2] 4.34 4.34 4.35 4.34 12.65 13.01
Wt. Dry Sall {Ws) 2] 4.54 5.49 6.09 6.23 6.25 5.44
Water Content (w) % 70.70 72.68 74.71 75.44 31.20 30.33
FLOW CURVE
85
83
81
o
s
= 7
S
‘g’ 75 T
o ----------------hk
g 7 —
o] 1
2 7 ..\,.
69
1
67 :
1
65 3
10 = 100
Number of Blows
RESULT SUMMARY
LIQUID LIMIT % 73.38
PLASTIC LIMIT % 30.77
PLASTICITY INDEX % 42 .61
CLASSIFICATION CH
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BEARING CAPACITY
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,20 m
SOIL INFORMATION

DEPTH OF SOIL DATA
SPT INTERVAL

40,45 m

1m

Area

Perimeter

BOREHOLE

0,0707 m2
0,942477796 m

BH1

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
0 0 2 0
1 1 1 2 0 1 1 0 0
2 1 1 2 1 1 2 1 0
3 1 1 2 2 1 3 1 0
4 1 1 2 3 1 4 1 1
5 1 1 2 3 1 4 1 1
6 1 1 2 4 1 5 2 1
7 1 1 2 5 1 8 2 1
8 1 1 2 6 1 7 2 1
9 1 1 1 6 3 9 3 1
10 2 2 1 6 4 10 3 1
11 2 2 1 8 4 11 4 1
12 2 2 1 7 4 11 4 2
13 2 2 1 7 4 11 4 2
14 2 2 1 7 4 12 4 2
15 2 2 1 7 4 12 4 2
16 2 2 2 9 2 11 4 2
17 2 2 2 10 2 13 4 2
18 2 2 2 12 2 14 5 3
19 2 2 2 13 2 16 5 3
20 2 2 2 15 2 17 6 3
21 2 2 2 16 3 19 6 4
22 3 2 2 18 3 21 7 4
23 4 3 2 21 9 29 10 5
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,30 m

SOIL INFORMATION
DEPTH OF SOIL DATA :
SPT INTERVAL

40,45 m

1m

Area

Perimeter

BOREHOLE

0,0707 m2
0,942477796 m

BH1

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

24] 18 13 2 28 19 47 16 7

25| 31 24 2 46 23 B89 23 11

26] 16 13 2 63 26 89 30 15

271 23 18 2 77 23 101 34 18

28] 24 19 2 95 28 123 4 22

20] 28 22 2 114 30 144 48 27

30] 30 24 2 136 28 163 54 32

3| 17 13 2 153 25 178 59 36

32] 20 16 2 167 21 187 62 39

33] 19 15 2 181 21 203 68 42

34 19 15 2 195 25 220 73 46

35] 30 24 2 213 33 246 82 50

36] 40 31 2 239 42 281 94 56

37] 43 34 2 270 47 317 106 63

38 44 35 2 302 49 351 117 70

39] 48 36 2 335 51 387 129 78

40] 48 38 2 370 52 422 141 86
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,40 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

40,45 m

1m

Area

Perimeter

BOREHOLE

0,1257 m2
1,256637061 m

BH1

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o 2 0
1 1 1 2 0 2 2 1 0
2 1 1 2 1 2 3 1 0
3] 1 1 2 2 2 4 1 1
1 1 2 3 2 5 2 1
5 1 1 2 4 2 8 2 1
8l 1 1 2 5 2 7 2 1
7 1 1 2 6 2 8 3 1
8l 1 1 2 7 2 g 3 2
ol 1 1 1 8 5 13 4 2
10 2 2 1 8 7 14 5 2
11 2 2 1 8 8 16 5 2
12 2 2 1 9 8 17 6 2
13] 2 2 1 9 8 17 6 2
14 2 2 1 9 8 17 6 2
15| 2 2 1 10 8 18 6 2
16l 2 2 2 12 4 16 5 3
17] 2 2 2 14 4 18 6 3
18] 2 2 2 16 4 20 7 4
19 2 2 2 18 4 22 7 4
200 2 2 2 20 4 24 8 5
21 2 2 2 22 5 26 9 5
2] 3 2 2 24 6 30 10 6
23] 4 3 2 28 15 43 14 6
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,40 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

40,45 m

1m

Area

Perimeter

BOREHOLE

0,1257 m2
1,256637061 m

BH1

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

24] 18 13 2 38 34 71 24 9

25| 31 24 2 61 41 102 34 14

26] 16 13 2 84 46 130 43 20

271 23 18 2 103 41 145 48 24

28] 24 19 2 126 49 176 59 29

20] 28 22 2 152 54 206 69 35

30] 30 24 2 181 49 230 77 42

3| 17 13 2 204 44 248 83 48

32] 20 16 2 222 37 259 86 52

33] 19 15 2 241 38 280 93 56

34 19 15 2 260 45 305 102 61

35] 30 24 2 284 59 343 114 66

36] 40 31 2 319 74 393 131 74

37] 43 34 2 360 84 443 148 84

38 44 35 2 403 88 490 163 94

39] 48 36 2 447 91 538 179 104

40] 48 38 2 494 93 586 195 115
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION
Length : 15 m
Pile type Precast Round Area 0,1963 m2
Dimension 0,50 m Perimeter 1,571 m
SOIL INFORMATION
DEPTH OF SOIL DATA : 40,45 m BOREHOLE BH1
SPT INTERVAL 1m
note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
0 0 2 0
1 1 1 2 1 3 4 1 0
2 1 1 2 2 3 5 2 0
3 1 1 2 3 3 6 2 1
4 1 1 2 4 3 7 2 1
5 1 1 2 8 3 9 3 1
6 1 1 2 7 3 10 3 2
7 1 1 2 8 3 11 4 2
8 1 1 2 9 3 12 4 2
9 1 1 1 10 8 18 6 2
10 2 2 1 10 10 20 7 2
11 2 2 1 10 12 23 8 2
12 2 2 1 11 12 23 8 3
13 2 2 1 11 12 24 8 3
14 2 2 1 12 12 24 8 3
15 2 2 1 12 12 25 8 3
16 2 2 2 15 6 21 7 3
17 2 2 2 17 6 23 8 4
18 2 2 2 20 6 26 9 5
19 2 2 2 22 6 28 9 5
20 2 2 2 25 6 31 10 6
21 2 2 2 27 7 34 11 6
22 3 2 2 30 9 39 13 7
23 4 3 2 35 24 58 19 8
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,50 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

40,45 m

1m

Area

Perimeter

BOREHOLE

0,1983 m2
1,571 m

BH1

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

24] 18 13 2 47 52 99 33 11

25| 31 24 2 76 65 141 47 18

26] 16 13 2 105 72 177 59 24

271 23 18 2 129 65 194 65 30

28] 24 19 2 158 77 235 78 37

20] 28 22 2 190 84 274 o 44

30] 30 24 2 226 77 303 101 53

3| 17 13 2 255 69 324 108 59

32] 20 16 2 278 58 335 112 65

33] 19 15 2 302 60 361 120 70

34 19 15 2 325 70 395 132 76

35] 30 24 2 355 92 447 149 83

36] 40 31 2 399 116 515 172 93

37] 43 34 2 450 131 580 193 105

38 44 35 2 504 137 640 213 117

39] 48 36 2 559 142 701 234 130

40] 48 38 2 617 145 762 254 144
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,30 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

25,45 m

1m

Area

Perimeter

BOREHOLE

0,0707 m2
0,942477796 m

BH2

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy sift (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o 2 0
1 1 1 2 0 1 1 0 0
2 1 1 2 1 1 2 1 0
3l 1 2 2 1 3 1 0
1 1 2 3 1 4 1 1
5 1 1 2 3 1 4 1 1
8 1 1 2 4 1 5 2 1
7l 1 2 5 1 8 2 1
< 1 2 6 1 7 2 1
gl 1 2 6 4 10 3 1
10] 8 6 2 10 9 19 6 2
1] 16 13 2 19 16 34 11 4
12| 19 15 2 31 31 63 21 7
13] 50 39 1 37 66 102 34 9
14] 20 16 1 42 68 110 37 10
15| 22 17 2 57 26 83 28 13
16 28 22 2 76 29 104 35 18
17| 27 21 2 96 31 128 43 22
18] 30 24 2 117 30 148 49 27
19] 25 20 2 138 30 168 56 32
20 26 20 2 157 29 186 62 37
21| 28 22 2 177 29 206 69 41
22| 25 20 2 196 28 204 75 46
23] 23 18 2 214 28 242 81 50
24| 28 22 2 233 30 263 88 54
25| 30 24 2 254 32 287 96 59
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,40 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

25,45 m

1m

Area

Perimeter

BOREHOLE

0,1257 m2
1,256637061 m

BH2

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy sift (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o 2 0
1 1 1 2 0 2 2 1 0
2 1 1 2 1 2 3 1 0
3l 1 2 2 2 4 1 1
1 1 2 3 2 5 2 1
5 1 1 2 4 2 6 2 1
8 1 1 2 5 2 7 2 1
7l 1 2 6 2 8 3 1
< 1 2 7 2 g 3 2
gl 1 2 8 7 15 5 2
10] 8 6 2 13 16 29 10 3
1] 16 13 2 25 28 53 18 6
12| 19 15 2 42 56 98 33 10
13] 50 39 1 49 117 166 55 11
14] 20 16 1 56 121 177 59 13
15| 22 17 2 76 46 122 41 18
16 28 22 2 101 51 152 51 24
17| 27 21 2 128 56 184 61 30
18] 30 24 2 156 54 210 70 36
19] 25 20 2 184 53 237 79 43
20 26 20 2 209 52 261 87 49
21| 28 22 2 235 52 287 98 55
22| 25 20 2 262 50 312 104 61
23] 23 18 2 285 50 335 112 67
24| 28 22 2 310 53 364 121 72
25| 30 24 2 339 57 396 132 79
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,50 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

25,45 m

1m

Area

Perimeter

BOREHOLE

0,1963 m2
1571 m

BH2

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy sift (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o 2 0
1 1 1 2 1 3 4 1 0
2 1 1 2 2 3 5 2 0
3l 1 2 3 3 6 2 1
1 1 2 4 3 7 2 1
5 1 1 2 6 3 g 3 1
8 1 1 2 7 3 10 3 2
7l 1 2 8 3 11 4 2
< 1 2 9 3 12 4 2
gl 1 2 10 10 21 7 2
10] 8 6 2 16 26 42 14 4
1] 16 13 2 31 44 75 25 7
12| 19 15 2 52 87 140 47 12
13] 50 39 1 61 183 244 81 14
14] 20 16 1 70 189 259 86 16
15| 22 17 2 96 72 168 56 22
16 28 22 2 126 79 206 69 29
17| 27 21 2 160 87 248 83 37
18] 30 24 2 195 84 280 93 46
19] 25 20 2 229 83 313 104 54
20 26 20 2 261 81 342 114 61
21| 28 22 2 294 81 375 125 69
22| 25 20 2 327 78 405 135 76
23] 23 18 2 357 78 435 145 83
24| 28 22 2 388 83 471 157 a1
25| 30 24 2 424 89 513 171 99
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,30 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

30,45 m

1m

Area

Perimeter

BOREHOLE

0,0707 m2
0,942477796 m

BH3

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Ph Pf+Ph Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o© 2 0
1 5 4 2 2 4 8 2 0
2 I 2 1 2 7 g 3 1
31 2 2 1 3 5 8 3 1
4 3 2 1 3 6 9 3 1
5] 3 2 1 3 5 9 3 1
6 1 1 2 5 2 7 2 1
7l A 1 2 6 1 7 2 1
8l 1 1 2 6 1 8 3 2
9l 1 1 1 7 4 10 3 2
10 3 2 1 7 5 12 4 2
11 3 2 1 7 7 14 5 2
12 3 2 1 8 7 15 5 2
13] 4 3 1 8 8 16 5 2
14 4 3 1 9 9 18 6 2
18] 4 3 1 9 24 33 11 2
16] 24 19 1 12 41 53 18 3
17] 28 22 1 15 61 76 25 4
18] 30 24 1 20 47 67 22 5
19] 8 5 1 22 32 54 18 5
20 7 6 1 23 13 36 12 5
21 4 3 1 24 12 36 12 6
22l 5 4 2 27 6 33 11 6
23] 6 5 2 32 12 44 15 7
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m
Pile type Precast Round
Dimension 0,30 m

SOIL INFORMATION
DEPTH OF SOIL DATA :
SPT INTERVAL

30,45 m

1m

Area

Perimeter

BOREHOLE

0,0707 m2
0,942477796 m

BH3

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1

ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Ph Pf+Ph Pa Pullout

NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

24 22 17 2 42 19 61 20 10
25| 24 19 2 59 28 87 29 14
28] 29 23 2 79 32 110 37 18
27| 33 26 2 102 36 138 46 24
28] 36 28 2 127 41 169 56 30
20| 43 34 2 156 47 203 68 36
30 47 37 2 190 50 240 80 44
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,40 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

30,45 m

1m

Area

Perimeter

BOREHOLE

0,1257 m2
1,2566370671 m

BH3

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Ph Pf+Ph Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o© 2 0
1 5 4 2 2 7 g 3 1
2 I 2 1 3 12 15 5 1
31 2 2 1 4 9 13 4 1
4 3 2 1 4 11 15 5 1
5] 3 2 1 5 9 14 5 1
6 1 1 2 7 3 10 3 2
7l A 1 2 8 2 10 3 2
8l 1 1 2 9 2 11 4 2
9l 1 1 1 9 7 15 5 2
10 3 2 1 9 9 18 6 2
11 3 2 1 10 12 22 7 2
12 3 2 1 10 13 24 8 2
13] 4 3 1 11 14 26 9 3
14 4 3 1 12 16 28 9 3
18] 4 3 1 13 42 55 18 3
16] 24 19 1 15 74 89 30 4
17] 28 22 1 21 108 128 43 5
18] 30 24 1 26 84 111 37 6
19] 8 5 1 30 57 86 29 7
20 7 6 1 31 22 53 18 7
21 4 3 1 32 21 53 18 8
22l 5 4 2 37 10 47 16 9
23] 6 5 2 42 22 64 21 10
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,40 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

30,45 m

1m

Area

Perimeter

BOREHOLE

0,1257 m2
1,2566370671 m

BH3

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1

ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Ph Pf+Ph Pa Pullout

NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

24 22 17 2 56 34 a0 30 13
25| 24 19 2 79 49 128 43 18
28] 29 23 2 105 57 161 54 24
27| 33 26 2 135 65 200 67 32
28] 36 28 2 169 74 243 81 40
20| 43 34 2 208 83 297 97 49
30 47 37 2 253 89 342 114 59
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,50 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

30,45 m

1m

Area

Perimeter

BOREHOLE

0,1963 m2
1,571 m

BH3

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Ph Pf+Ph Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o© 2 0
1 5 4 2 3 11 14 5 1
2 I 2 1 4 19 22 7 1
31 2 2 1 4 14 19 6 1
4 3 2 1 5 16 22 7 1
5] 3 2 1 6 14 20 7 1
6 1 1 2 8 5 13 4 2
7l A 1 2 10 3 13 4 2
8l 1 1 2 11 3 14 5 3
9l 1 1 1 11 10 21 7 3
10 3 2 1 11 14 28 9 3
11 3 2 1 12 19 31 10 3
12 3 2 1 13 21 34 11 3
13] 4 3 1 14 23 36 12 3
14 4 3 1 15 25 39 13 3
18] 4 3 1 16 66 82 27 4
16] 24 19 1 19 115 134 45 4
17] 28 22 1 26 169 194 65 6
18] 30 24 1 33 132 164 55 8
19] 8 5 1 37 88 126 42 9
20 7 6 1 39 35 74 25 9
21 4 3 1 40 33 73 24 9
22l 5 4 2 46 15 61 20 11
23] 6 5 2 53 34 87 29 12
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,50 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

30,45 m

1m

Area

Perimeter

BOREHOLE

0,1963 m2
1,571 m

BH3

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1

ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Ph Pf+Ph Pa Pullout

NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

24 22 17 2 70 53 123 41 16
25| 24 19 2 o8 77 175 58 23
28] 29 23 2 131 88 219 73 31
27| 33 26 2 169 101 270 90 39
28] 36 28 2 212 115 327 109 49
20| 43 34 2 261 130 390 130 61
30 47 37 2 316 139 455 152 74
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,30 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

25,45 m

1m

Area

Perimeter

BOREHOLE

0,0707 m2
0,942477796 m

BH4

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy sift (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o 2 0
1 2 2 2 1 2 3 1 0
2 2 2 2 2 2 4 1 1
3l 1 2 3 1 5 2 1
1 1 2 4 1 5 2 1
5 1 1 2 5 2 7 2 1
8 3 2 2 6 2 8 3 1
7l 1 2 8 2 10 3 2
< 1 2 9 1 10 3 2
gl =2 2 2 10 2 11 4 2
10] 2 2 2 11 2 13 4 3
11 2 2 2 13 2 15 5 3
2] 2 2 2 14 2 16 5 3
13] 2 2 2 16 2 18 6 4
14] 2 2 2 17 2 19 6 4
15] 2 2 2 19 2 21 7 4
16 2 2 2 20 2 22 7 5
17] 2 2 2 21 2 24 8 5
18] 2 2 2 23 3 26 9 5
19] 3 2 2 25 13 38 13 6
20] 31 24 2 37 21 59 20 9
21| 24 19 2 58 27 84 28 13
22| 17 13 2 73 21 94 31 17
23] 15 12 2 85 17 102 34 20
24| 14 11 2 96 17 113 38 22
25| 18 14 2 107 18 125 42 25
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length : 15 m

Pile type Precast Round
Dimension 0,40 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

25,45 m

1m

Area 0,1257 m2
Perimeter 1,256637061 m
BOREHOLE BH4

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy sift (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton
o] o 2 0
1 2 2 2 1 4 5 2 0
2 2 2 2 3 3 8 2 1
3l 1 2 4 3 7 2 1
1 1 2 5 2 7 2 1
5 1 1 2 6 3 10 3 1
8 3 2 2 8 3 12 4 2
7l 1 2 10 3 14 5 2
< 1 2 11 3 14 5 3
gl =2 2 2 13 3 16 5 3
10] 2 2 2 15 4 19 6 3
11 2 2 2 17 4 21 7 4
2] 2 2 2 19 4 23 8 4
13] 2 2 2 21 4 25 8 5
14] 2 2 2 23 4 27 9 5
15] 2 2 2 25 4 29 10 6
16 2 2 2 27 4 31 10 6
17] 2 2 2 29 4 33 11 7
18] 2 2 2 31 5 35 12 7
19] 3 2 2 33 24 57 19 8
20] 31 24 2 50 38 88 29 12
21| 24 19 2 77 47 124 41 18
22| 17 13 2 97 37 134 45 23
23] 15 12 2 113 30 143 48 26
24| 14 11 2 127 31 158 53 30
25| 18 14 2 143 32 175 58 33
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PILE CAPACITY CALCULATION FOR DRIVEN PILE (MEYERHOFF'S FORMULA)

PILE INFORMATION

Length 15 m

Pile type Precast Round
Dimension 0,50 m
SOIL INFORMATION

DEPTH OF SOIL DATA :
SPT INTERVAL

25,45 m

1m

Area

Perimeter

BOREHOLE

0,1963 m2
1571 m

BH4

note : soil type  clay, silty clay (CH/CL), clayey silt (MH) = 2
sand (SP/SW), silty sand (SM), sandy silt (ML) = 1
ultimate | allowable
capacity | capacity | remarks
depth | NSPT | Corrected | soil type Pf Pb Pf+Pb Pa Pullout
NSPT ton ton ton SF=3 Sf=3
m N70 --> N55 ton

0 0 2 0
1 2 2 2 1 6 7 2 0
2 2 2 2 4 5 9 3 1
3 1 1 2 6 4 10 3 1
4 1 1 2 7 3 10 3 2
5 1 1 2 8 5 13 4 2
8 3 2 2 10 5 16 5 2
7 1 1 2 13 5 18 6 3
8 1 1 2 14 4 18 6 3
9 2 2 2 16 5 21 7 4
10 2 2 2 19 6 25 8 4
11 2 2 2 21 6 27 9 5
12 2 2 2 23 6 30 10 5
13 2 2 2 26 6 32 11 6
14 2 2 2 28 6 35 12 7
15 2 2 2 31 6 37 12 7
16 2 2 2 33 6 39 13 8
17 2 2 2 36 6 42 14 8
18 2 2 2 38 7 45 15 9
19 3 2 2 4 37 78 26 10
20 31 24 2 62 60 122 4 15
21 24 19 2 96 74 170 57 22
22 17 13 2 122 58 179 60 28
23 13 12 2 14 47 189 63 33
24 14 11 2 159 48 208 69 37
25 18 14 2 179 49 228 76 42
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SHALLOW BEARING

Appendix 4 - 109



CALCULATION OF SOIL BEARING CAPACITY SHALLOW FOUNDATION

Project Southern Bali Water Supply System |Made By [Andrianto
Client NIHON SUIDO CONSULTANT Undrained shear strength and friction
Borehole Number BH-1 angle is obtained from lab tests.
Method Meyerhoff (1963, SPT 1974) Unit weight value also taken from lab

Width of Foundation (B) 4 m All values subject to engineer judgement
z| 2 |%g
_ Z 2 T2
05 g 25| 2% |23
=2 = § £ g 2= .
%_ E‘“ 2 {? E %’, 8 %?ﬁf 3 % SPTN Value| Allowable Bearing
S| o ¢ | 8 Y 2= =& | s= (N55) Capacity (kPa)
(m) | (N55) | (kPa) (kPa) {kPa) (kPa) (kPa) 0 5101520 | [ 100 200 300 400 50
0 1 5 6 i 16 43 14 14.45 | -p——
0.5 1 5 6 ] 16 64 271 15.04 | p —%— Meyerhof
1 1 5 | 64 ] 16 87 29 15.64 |- M —a—spr
1.5 1 5 6 |iii 16 112 37 16.23 | b
2 1 5 | 6 || 16 138 46 16.83 | -
25 1 5 |6} [ s 103 34 17.42 | }
3 1 5 |6 6 117 39 18.02 |.
35 [ 1 5 |61 | 6 132 44 18.62 | |
4 [ 5 [ 6 Ji] 6 148 49 19.21 ] .
45| 1 5 | 6 =] 6 164 55 1921 | §
5 [0 5 [ 612 ] 6 180 60 19.21 . =
5.5 1 5 6 § 6 197 66 1921 | R 3
6 1 5 6 i 6 215 72 19.21
6.5 1 5 6 6 234 18 19.21 L ? 3
7 1 5 6 6 253 84 19.21 |, ,
7.5 1 5 6 6 273 91 19.21 | &
8 1 5 6 6 293 98 19.21
8.5 2 5 8 6 377 126 38.42
9 2 5 8 6 404 135 38.42 |, f
9.5 2 8 8 6 522 174 3842 | I
10 2 8 20 6 1792 597 38.42
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CALCULATION OF SOIL BEARING CAPACITY SHALLOW FOUNDATION

Project Southern Bali Water Supply System|Made By [Andrianto
Client NIHON SUIDO CONSULTANT  |Undrained shear strength and friction
Borehole Number BH-2 angle is obtained from lab tests.
Method Meyerhoff (1963, SPT 1974) Unit weight value also taken from lab

Width of Foundation (B) 4 m All values subject to engineer judgement
%) %) g =
il 8 |25
0T 3 25 |38 [25%
= £ @ £ gt = .
%_ E‘“ 2 ‘E‘ E % 8 %?ﬁf 3 % SPTN Value| Allowable Bearing
Slx2| o ¢ | 3 ¥ =z |ls=zs] =2 (N55) Capacity (kPa)
(m) | (N55) | (kPa) (kPa) {(kPa) (kPa) (kPa) 0 5101520 | D 100 200 300 0 am
0 1 5 16 43 14 14.45 | . pr——
0.5 1 5 16 64 21 15.04 —4—Meyerhof
1 1 5 16 87 29 15.64 | M —e—ser
1.5 1 5 16 112 37 16.23
2 1 5 16 138 46 16.83
2.5 1 5 B 103 34 17.42
3 1 5 6 117 39 18.02
3.5 1 5 B 132 44 18.62
4 1 5 6 148 49 19.21
4.5 1 5 6 164 55 19.21
5 1 5 6 180 80 19.21
5.5 1 5 B 197 86 19.21 *
8 1 5 6 215 72 19.21
8.5 1 5 B 234 78 19.21 ®
7 1 5 6 253 84 19.21
1.5 1 5 6 273 91 19.21 é
8 1 5 6 293 98 19.21
8.5 1 5 6 377 126 19.21
g 1 5 6 404 135 19.21
9.5 3 8 B 522 174 57.64
10 8 8 6 1792 597 153.70 \
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CALCULATION OF SOIL BEARING CAPACITY SHALLOW FOUNDATION

Project Southern Bali Water Supply Syster|Made By [Andrianto
Client NIHON SUIDO CONSULTANT  |Undrained shear strength and friction
Borehole Number BH-3 angle is obtained from lab tests.
Method Meyerhoff (1963, SPT 1974) Unit weight value also taken from lab
Width of Foundation (B) 4 m All values subject to engineer judgement
—
2| @ |»%
= = w2
— [ v | 2w =
53 £ 52|82 |g¢
=] im = & E % E % Gl IS % SPTN Value| Allowable Bearing
Sl ZE]| c ¢ | B ¥ = | Szs]s= (N55) Capacity (kPa)
(m) | (N55) | (kPa) (kPa) {kPa) (kPa) (kPa) 0 5101520 | Lg% 200 00 400 o0
Q0 5 5 6 16 43 14 72.23 | - 4=
0.5 5 5 8 16 64 21 75.21 ! —— Meyerhof
1 5 5 6 16 87 29 78.19 | . )
1.5 5 5 6 16 112 37 81.16 4
2 2 5 6 ] 18 138 46 33.66 |.
25| 2 5 s | | 8 103 34 34.85 | |
3 2 5 6 6 117 39 36.04
3.5 2 5 8 6 132 44 37.23
4 3 5 6 6 148 49 57.64 |.
4.5 3 5 6 6 164 55 57.64 | |4
5 3 5 6 6 180 60 57.64 | .
5.5 3 5 8 6 197 66 57.64 |
6 1 5 6 6 215 12 19.21 |. .
8.5 1 5 8 6 234 78 19.21 Y
7 1 5 6 6 253 84 19.21 |, ,
1.5 1 5 6 6 273 91 19.21 Py
8 1 5 6 6 293 98 19.21
8.5 1 5 8 6 317 126 19.21
g 1 5 8 6 404 135 19.21
9.5 2 8 8 6 522 174 38.42
10 3 8 20 [iiii] 6 1792 597 57.64 | .1}
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CALCULATION OF SOIL BEARING CAPACITY SHALLOW FOUNDATION

Project Southern Bali Water Supply Syster|Made By [Andrianto
Client NIHON SUIDO CONSULTANT  |Undrained shear strength and friction
Borehole Number BH-4 angle is obtained from lab tests.
Method Meyerhoff (1963, SPT 1974) Unit weight value also taken from lab
Width of Foundation (B) 4 m All values subject to engineer judgement
—
2| @ |»%
= = w2
— [ v | 2w =
53 £ 52|82 |g¢
=] im = & E % E %’rﬁ‘ 3 % SPTN Value| Allowable Bearing
Sl ZE]| c ¢ | B ¥ = | Szs]s= (N55) Capacity (kPa)
(m) | (N55) | (kPa) (kPa) {kPa) (kPa) (kPa) 0 5101520 | g 100 200 300 400 0
Q0 2 5 6 16 43 14 28.89 | . gt
0.5 2 5 8 16 64 21 3008 | |§ —— Meyerhof
1 2 5 6 16 87 29 31.27 | M ——cpr
1.5 2 5 6 16 112 37 3247 |
2 2 5 6 ] 18 138 46 33.66 |.
25| 2 5 s | | 8 103 34 34.85 | |4
3 1 5 6 6 117 39 18.02
3.5 1 5 8 6 132 44 18.62
4 1 5 6 6 148 49 19.21
4.5 1 5 6 6 164 55 19.21
5 1 5 6 6 180 60 19.21
5.5 1 5 8 6 197 66 19.21
6 3 5 6 6 215 12 57.64 |. &
8.5 3 5 8 6 234 78 57.64
7 1 5 6 6 253 84 19.21 |, ,
1.5 1 5 6 6 273 91 19.21 Py
8 1 5 6 6 293 98 19.21
8.5 1 5 8 6 317 126 19.21
g 2 5 8 6 404 135 38.42
9.5 2 8 8 6 522 174 38.42 | |1
10 2 8 20 [iiii] 6 1792 597 38.42
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APPENDIX 5 CONCEPT DESIGN OF RECLAIMED WATER
TREATMENT FACILITY

5.a Calculation Sheets Water Reclaimed Water for BALI

Item Case 1 Case 2

1.Design Parameter
1-1 Outline of Reclaimed Water System
(1) Area of Plant
(2) Grand Level of Plant
(3) Type of Reclaimed Water System
(4) Water Treatment Process
1-2 Design Flowrate Water Reuse
Maximum Daily Flowrate 4500m°/d 9000m>/d
Reclaimed Water System Flowrate
Raw Water Flowrate 5900m°/d 11800m°/d
Biological Filtration Flowrate 5900m°/d 11800m%/d
Ozone Cotactor Flowrate 4800m°/d 9600m°/d
Ceramic Membrane Filtration Flowrate 4800m°/d 9600m*/d
Reclaimed Water Flowrate 4800m°/d 9600m°/d
1-3 Number of Series 1 Series 2 Series
2.Raw Water
2-1 Raw Water Tank

Raw Water Flowrate = 5900m°/d = 11800m°/d

Retention Time = 5.0 minutes = 5.0 minutes

Reg. Volume

Number of Series
Number of Basin
One Basin Volume

Length
Width
Water Depth

Total Volume

Total Number of Basins
Raw Water Feed Pump
Total Pump Capacity
Number of Series

Pump Capacity

Total Number of Pumps

= 5900m%d / 1440min/d
X 5min =20.5m®

= 1 Series

= 1 Basin

=205/ 1 =205m°
=33 m

=25m

=25m

=33 x25x25
= 20.625 m*/Series

= 2 Basins

5900m*/d / 1440min/d
4.1m3/min

1 Series

=41 /12 = 41m3*min

= 2 Pumps
(Including Backup Pump)

= 11800m%d / 1440min/d
X 5min =41m°

= 2 Series

= 1 Basin
=41/2/1=205m°
=33 m

=25m

=25m

=33 x25x 25
= 20.625 m*/Series

= 2 Basins

11800m*/d / 1440min/d
8.2m3/min

2 Series

=82 /2= 41m%min

= 3 Pumps
(Including Backup Pump)
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- Item Case 1 Case 2
3.Biological Filtration
3-1 Biological Filtration Tank
Design Flowrate
Biological Filtration Flowrate = 5900m%/d = 11800m%d
Biological Filtration Speed = 40m/d = 40m/d

Req. Area

Number of Series
Number of Basin

One Reactor Req. Area
Length

Width

Biological Filtration Area

Total Number of Basins

Biological Filtration Backwash Pump

Biological Filtration Area
Backwash Speed

Pump Capacity

Number of Series

Reqg. Number of Pump / One Series

Total Number of Pumps

= 5900m%d / 40m/d
= 148m?

= 1 Series

= 4 Basins
=148/ 1/ 4 = 3/m?
=61m

=61m

= 6.1 x 6.1 = 37.21m°

= 4 Basins

= 37.21m*
= 0.45m*m?-min

= 37.21 X 0.45
= 16.8m*min

= 1 Series
= 1 Pump

= 2 Pumps
(Including Backup Pump)

= 11800m*d / 40m/d
= 205m?

= 2 Series

= 4 Basins

=295 /2/4=369m?
=6.1m

=6.1m

= 6.1 x 6.1 = 37.21m?

= 8 Basins

= 37.21m*
= 0.45m*m?-min

= 37.21 X 0.45
= 16.8m*min

= 2 Series
= 1 Pump

= 3 Pumps
(Including Backup Pump)
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ltem Case 1 Case 2
-2 Biological Filter Treated Water Tank
Biological Filtration Flowrate = 5900m°/d = 11800m°/d
Ozone Cotactor Flowrate = 4800m*/d = 9600m*/d

Biological Filtration Backwash Water

Number of Series
Number of Basin

One Cotactor Req. Backwash Water

Retention Time of Biological Filter Backwash
Outflow of Biological Filter Treated Water Tank
Inflow of Biological Filter Treated Water Tank

One Cotactor Req. Volume

Length
Width
Water Depth

Total Volume

Total Number of Basin

Biological Filter Treated Water Feed Pump
Ozone Cotactor Flowrate

Total Pump Capacity

Number of Series
Pump Capacity

Total Number of Pumps

5900m® - 4800m°
1100m®

1 Series

4 Basins

1100 / 1/ 4
275m*

30.0 minutes

3.4m*min

4.1m%min

275 + 3.4 x 30
- 41 x 30= 254m*

150 m

=63 m
=33 m

15.0 x 6.3 x 3.3
= 311.8m°

1 Basin

4800m*/d

= 3.4m%min

1 Series

3.4 /1 = 3.4m*min

= 2pumps

(Including Backup Pump)

4800m*/d / 1440min/d

11800m* - 9600m*
2200m?®

2 Series
4 Basins

2200/ 2/ 4
275m*

30.0 minutes
3.4m*min

4.1m%min

275 + 3.4 x 30
4.1 x 30= 254m°®

150 m
6.3 m
33 m

15.0 x 6.3 x 3.3
311.8m°

1 Basin

9600m*/d

9600m>/d / 1440min/d
6.8m°/min

2 Series
6.8 / 2 = 3.4m%min

3pumps

(Including Backup Pump)
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Item Case 1 Case 2
4.0zone Cotactor
4-1 Ozone Cotactor Tank
Ozone Cotactor Flowrate = 4800m*/d 9600m*/d
Retention Time = 5.0 minutes 5.0 minutes

Reg. Volume

Number of Series

Number of Basin (2 Basins in Series)
One Reactor Volume

Length

Width

Water Depth

Total Volume

Total Number of Basins

4800m*/d / 1440min/d
5min =16.7m°

1 Series

1 Basin

167 /1/1=167m°
29 m

13 m

50 m

29 x 1.3 x 5.0
18.8m¥Basin

1 Basin

9600m>/d / 1440min/d
5min =33.4m°

2 Series

1 Basin
334/2/1=167m°
29 m

13 m

50 m

29 x 1.3 x 5.0
18.8m¥Basin

2 Basins
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- Item Case 1 Case 2
4-2 Coagulation / Flocculation Tank
Coagulation Tank
Ozone Cotactor Flowrate = 4800m*/d = 9600m*/d
Retention Time of Congulation Tank = 1.0 minutes = 1.0 minutes

Reg. Volume of Congulation Tank

Number of Series
Number of Basin
One Reactor Volume
Length

Width

Water Depth

Total Volume

Flocculation Tank
Retention Time of Flocculation Tank

Reg. Volume of Congulation Tank

Number of Series

Number of Basin (2 Basins in Series)
One Reactor Volume

Length

Width

Water Depth

Total Volume

Total Number of Basins
(Coagulation / Flocculation Tank)

Coagulated / Flocculated Water Feed Pump
Total Pump Capacity

Number of Series

Pump Capacity

Pump Numbers

= 4800m%d / 1440min/d
x 1min = 3.4m°

= 1 Series

= 1 Basin
=34/1/1=34m°
=15m

=20m

=17 m

=15x20x17 = 5.1m?®

= 2.0 minutes

= 4800m%d / 1440min/d
X 2min = 6.7m°

= 1 Series

= 1 Basin
=67/1/1=67m°
=20 m

=20 m

=17 m

= 20x 20x1.7 = 6.8m°

= 1 Basin

= 4800m%d = 6.8m*min

= 1 Series

=34 /1 = 3.4m%min

= 2pumps
(Including Backup Pump)

= 9600m%d / 1440min/d
x 1min = 6.8m°

= 2 Series

= 1 Basin
=68/2/1=34m°
=15m

=20m

=17 m

= 15x20x17 = 5.1m?®

= 2.0 minutes

= 9600m%d / 1440min/d
X 2min = 13.4m°

= 2 Series

= 1 Basin
=134/2/1=67m°
=20 m

=20 m

=17 m

= 20x 20x1.7 = 6.8m°

= 2 Basins

= 9600m%d = 6.8m*min

= 2 Series

= 6.8 / 2 = 3.4m%min

= 3pumps
(Including Backup Pump)
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- Item Case 1 Case 2
5.Ceramic Membrane Filtration Unit
Ceramic Membrane Filtration Flowrate = 4800m°/d = 9600m*/d
Design One Ceramic Membrane Filter Area = 25m? = 25m?
Design Velocity = 4.0m¥m%d = 4.0m*m?d
Efficiency =09 =09
Req. Number of Ceramic Membrane Filters = 4800m°/d / 25m? = 9600m°/d / 25m?

Design Module of Ceramic Membrane Filters

Design Series of Modules

Number of Series

Design Number of Ceramic Membrane Filters

6.Reclaimed Water Tank

Reclaimed Water Flowrate

Retention Time of Congulation Tank

Reg. Volume

Number of Basin
One Basin Volume
Length

Width

Water Depth

Total Volume

Total Number of Basin

/4.0m¥m?d /0.9=53.4

10 Filters

6 Modules

1 Series

10x 6 x 1 =60 Filters

4800m*/d

5.0 minutes

4800m*/d / 1440min/d
5min = 16.7m°

1 Basin

167 / 1 = 16.7m°
81m

38 m

20m

8.1 x 3.8 x 20
61.5 m*/System

1 Basin

/4.0m¥m?d /0.9=106.7

10 Filters

6 Modules

2 Series

10 x 6 x 2 =120 Filters

9600m*/d

5.0 minutes

9600m>/d / 1440min/d
5min = 33.3m°

1 Basin

333 /1 =333m°
8.1 m

3.8 m

20 m

8.1 x 3.8 x 20
61.5 m*/System

1 Basin
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5.b Design Drawing

—%

al Layout

Gener

*Th i e g i pheiogagh o Gaog g

‘THE PREPARATORY SURVEY ON APPLICATION OF WASTEWATER RECLAIMING
IN SOUTHERN BALI WATER SUPPLY SYSTEM IN THE REPUBLIC OF INDONESIA

JAPAN INTERNATIONAL COOPERATION AGENCY
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APPENDIX 6

CONCEPT DESIGN OF
TRANSMISSION FACILITY



APPENDIX 6 CONCEPT DESIGN OF TRANSMISSION FACILITY

6.a Design Criteria
The following descriptions are shown for the case of Case2.

6.a.1 Transmission pump facility
Design Transmission Flow: Maximum daily flow shall be considered for the transmission pump.
Design maximum daily flow 9,000 m*/day (= 6.250 m*/min = 104.2 L/s)
Transmission pump specification: Shall be determined considering the elevation difference between
Denpasar WWTP and UPA reservoir, head loss of transmission pipe,
head loss around the pipe, water hammer analysis and others.

Power receiving facility: Shall have the capacity enough for duty operation of the
transmission pumps.
Generator equipment: Shall have the capacity enough for emergency operation of the

transmission pumps.
Electrical and instrumentation equipment, and monitoring equipment:
Shall consider automatic operation

6.a.2 Transmission Pipe
Laying roulte: The laying route of transmission pipe is shown in Figure 6.a.1. The length is
approximately 16km.

Denpasar Reclamation Plant
(Production: 9,000m>/d)

Tuben

Existing UPA Reservoir (1,500m?)

Jimbaran
9400mm / - Benoa Area

ol L

o

" w
0 B hm
I~

| | i "~ Sawangan Area

Figure 6.a.1 Transmission Pipe Route

e, I.Nusa Dua Area s ; Proposed Transmission Main

) :Pump
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Design Transmission Flow: Maximum daily flow shall be considered for the transmission pipe.

Design maximum daily flow 9,000 m*/day (= 6.250 m*/min = 104.2 L/s)
Pipe type, diameter: HDPE, ¢400 (based on the result of water hammer analysis)
Construction method:
-General open cut method part: Standard section shown in Figure 6.a.2 shall be applied.
-Other special construction method part: Construction method shown in Figure 6.a.3 shall be

applied as a result of field survey.

Figure 6.a.2 Standard Section of Pipe Earthwork for the General Open Cut Method Part
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Figure 6.a.3 Location of Transmission Pipe for Special Construction Method Part
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6.b Equipment Design

6.b.1  Reclaimed Water Transmission Equipment
(1) Design Criteria

Design Flow

Daily average transmission Flow: 6.250[m*/min]
Water Level

Pump well LWL 1.6 [m]

UPA reservoir HWL  29.335 [m]
(2) Pump Specification

Discharge: 3.125 [m*min]
Motor output: 75 [kW]
Quantity: 3(1) [Nos]

(3) Water Hammer Analysis

The result of simplified calculation to judge whether a water hammer will occur has showed that there is
no point where the minimum pressure gradient curve goes below the pipeline longitudinal section, and
negative pressure is not generated. Therefore it is confirmed that a water column separation will not be
caused.

From PLN To PLN

6.b.2  Power Receiving Equipment and Substation N out
It is assumed that the maximum demand power of this i ﬁ
facility amounts to approximately 780 kW.  After ‘ PLN Gublcle ‘

ivi i Provided By PLN
power receiving at 20kV from the electric power rovided By

company, 20KV is transformed into 400V by the ? PLN Meter ?

transformer at site, and then 400V is supplied to each
load. Power distribution diagram is shown in Figure

‘ Medium Voltage Panel ‘

6.#.

In addition, indoor space with not less than 3m x 7 m is Generator Transformer
required for the space of switchboard installation of the 750KVA 50
electric power company. Based on the electric power %erlock

supply regulation, it is necessary to pay the electric
power company for a connection fee.

‘ Low Voltage Main Distribution Panel

Building
DB

6.b.3 Generator Equipment

This equipment is to supply the power for producing
reclaimed water at the time of a power failure, and
supply the treated water to UPA reservoir.

Monitoring
Equipment

(1) Reason to install

This facility needs to produce and supply the reclaimed
water always and stably, even at a time of power failure,
based on the PPP contract. According to the hearing to
the electric power company, the frequency of power
failure of 20kV power line is about ten times a year, and
its duration is about two hours at maximum. Therefore, installation of emergency power generating
facility to secure the power supply at least two hours needs to be considered.

Reclaimed Water
Treatment Facility
(See Another Drawing)

@ MCC for Transmission Pump }7

Figure 6.b.1  Power Distribution Diagram

All the facilities related to this project have emergency generators as the measure against power failure.
The details of the generators are summarized as follows. Power failures are occurring frequently and
they are operating frequently.
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- Suwung WWTP (The facility to provide the reclaimed WTP with raw water)

Engine Type: Diesel
Quantity: 1 [set]
Capacity: 500 [kVA]
Fuel Type: Diesel Oil
Capacity of Fuel Tank: 4 [m

- Teluk Benoa Reservoir (The facility to transmit the clean water to UPA reservoir)

Engine Type: Diesel
Quantity: 1 [set]
Capacity: 750 [KVA]
Fuel Type: Diesel Oil
Capacity of Fuel Tank: 1 [md

- UPA reservoir (The facility to supply the clean water to Nusa Dua area)

Engine Type: Diesel
Quantity: 1 [set]
Capacity: 106 [kVA]
Fuel Type: Diesel Oil
Capacity of Fuel Tank: 1.3 [m7]

(2) Required load in case of emergency

Required load in case of emergency shall be the capacity enough to operate one train of reclaimed water
treatment (4,500m*/d), because if all the trains are considered for emergency power, required capacity
will become excessive and the amount of investment will increase. If one train operation is considered
at power failure, the reclaimed water would be supplied to the customer for at least four hours without
interruption under the condition that there is certain amount of reclaimed water in UPA reservoir.
Moreover, the load necessary for maintenance such as building power, building lighting shall be
minimized in consideration of demand factor.

(3) Engine Type

Diesel engine or gas turbine engine is used for generator, and diesel engine is selected in consideration of
maintenance, since the diesel engine is used in the related facilities. Reclaimed water shall also be used
as the cooling water for the generator.

(4) Specification
The outline of generator equipment to be installed in this facility is as follows. Capacity calculation is
attached.

Engine Type: Diesel
Quantity: 1 [set]
Capacity: 750 [kVA]
Fuel Type: Diesel Oil
Capacity of Fuel Tank: 2.5 [m?]

6.b.4 Reclaimed water transmission pump instrumentation and control equipment

This equipment is to operate and control the transmission pump which transmits the reclaimed water to
UPA reservoir.  Normally, two transmission pumps shall be operated in duty. Operation of the pump
shall be automatic according to water level of UPA reservoir. Level meters shall be installed at
transmission pump well and UPA reservoir for automatic operation. Moreover, transmission flow meter
shall be installed in order to understand the amount of reclaimed water supplied.
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6.b.5 Supervision equipment
Supervisor equipment is the equipment to monitor and control the plant equipment dispersed broadly in a
central monitoring room by the operator, and to perform the plant operation safely, efficiently, and stably.
It is installed for the purpose of operation and maintenance cost reduction, laborsaving, labor environment
improvement, and workability improvement. The basic function of supervisor equipment is as follows.

+ Monitoring function (Status display, failure display, measured value display)

+  Operation / setting function

+ Recording function
Schematic diagram is shown in Figure 6.b.2.

RWTP

Monitoring Room ‘GSM Network

&=

UPA Reservoir

Antenna

e

PLC 1

Sensor

iE|
&

Reclaimed Water
Treatmant Faciity
(See Analher Drawing)

Low Voltage Main Distribution Panel

Generator

Medium Voltage Panel
MCC for Transmission Pump

Figure 6.b.2 Schematic Diagram of Supervision System
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[ Calculations of Equipment for Concept Design]

1. Calculation of Reclaimed Water Transmission Pump
2. Water Hammer Analysis

3. Calculation of Transformer

4. Calculation of Emergency Generator

5. Calculation of Fuel Tank
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1. Calculation of Reclaimed Water Transmission Pump

i) Head Loss in Transmission Pipe
a) Head loss around the pump Hg
Estimated as 10 [m]

b) Head loss in transmission pipe
b-1) Hazen-Williams Equation
HI = 10.666xC**xD™**xQ"*xL

C Coefficient HDPE
D Diameter of Pipe [m]
Q Flow Rate [m3/s]
L Length of Pipeline [m]
= 10.666x1407%x0.4*¥7x0.104%x15,230
=22.90 [m]

b-2) Head loss around the corner
Estimated as 10% of head loss in transmission pipe
=2.29 [m]

ii) Driving power of a pump

p = 0.163xxnxg><H x(1+a)

Density of Liquid
Amount of Discharge [m*/min]
Total Head [m]

Pump Efficiency
Allowance Rate

3 TO=

_0.163x1x6.24%(10+22.90+2.29+27.735)
- 0.6

x(1+0.1)

=117 [kW]
— 75[KW] X 3(1)
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2. Water Hammer Analysis

1. Pump Details

Eifr k=) e =

Unit Symbol | Value Remarks
Motor Output [kW] 75
Frequency [HZ] 50
Static Head [m] Ha 27.735
Loss of Head [m] Hf 35.19
Total Head [m] Ht 63 Ha+Hf
Pump Shaft Power [KW] Pw 53.4 0.163yQH/Mmp
Efficiency [%0] np 60
Discharge Flow [m3/min] Qo 3.12
Revolution Speed [min™] N 1,000 6P
Fly-wheel Effect [kg-m’] GD? 16.50
Number of Pump n 2
2. Pipeline Details

Xva = A =

Unit Symbol | Value Remarks
Pipeline Length [m] L 15,230
Diameter [mm] D 400
Thickness [mm] t 23.7
Material HDPE
k/E - k/E 2.07
Pump Suction WL [m] 1.6
Pipeline Profile Figure 4.b.2
3. Calculation

BLAL Eik=2 FHER fE
Unit Symbol Formula Result

TEARERFN LY N~ M 2(9,550*Pw) i} 9,550*53.4*2 10199
Pump Torque N 1,000
TE LRI 382*XM ~ 38.2*1019.9
Inertial Coefficient K % (GD%*Ny) - 16.5%2*1000 1181
£ P ERAR . . _ 31
Pipeline loss of head [percentage] [%] R Ht 100 - 100 55.9
ESWALI U 1425 ~ 1425
Pressure Propagation Velocity [mis] a [ 1T+K/E-Dlt - J1+2.07 - 400/23.7 = &
B Qo . 3.12
AE'verage Flow Velocity [mis] v 60*n/4*D? B 60*1/4*0.4"2 /2 0.628
E R a*Vv B 237.7+0.828
F?ipeline Constant 2 g*Ht B 0.8%63 0.32
YUK . L  an iors 18230
Surge Coefficient 5 2K a = 27181 2377 151.339
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4, Pressure

Location RIRE A RIEEA
Lowest Pressure Ratio [%)] | Lowest Pressure Estimated
At pump installation point 10.0 6.30
At 1/2L point 35.0 22.05
At 3/4L point 38.0 23.94

5. Result

Water column separation is considered not to occur. However, detail calculation will be required in detail
design.
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75.0

700

65.0

55.0

50.0

450

350

Ferhinal Point

300

250

150

Elevation [m]

-._>

10.0

50

Pump Suction

WL 1.600

00

]

-
.y

rlﬂﬂlmi:%%] Section

Pipeline Length [km]

120

13.0

140

150

16.0

BISORE WO, | =T

Figure 6.b.3 Pipeline Profile
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3. Calculation of Transformer

Load List
Total
kw Nos
[kW]
From raw water pump to reclamation 706.94 1 lot 706.94
process equipment
Reclaimed Water Transmission Pump 75 3(1) 150
Building Service 60 1 lot 60
Others 10 1 lot 10
3-phase Total [KW] 926.94
Building Service 50 1 lot 50
Laboratory 30 1lot 30
Others 10 1 lot 10
1-phase Total [KW] 90
1) Formula
X
Required Capacity P[kVA] = Total Load [KW] x —Ex—$
Here, o: Total Power Factor 0.85
n: Total Efficiency 0.85
B: Demand Factor 0.8
o Allowance Rate 1.1
2) Calculation
0.8x1.1
1016'94x0.85><0.85 = 1,239 [kVA]
3) Result

1,250[kVA] shall be selected since the required capacity amounts to 1,239 [kVA].
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4. Calculation of Emergency Generator

Load List for Emergency Generator

Total
kW Nos [KW]
E:ggsr:“é‘g‘l’l"i;ﬁeﬁ‘:mp toreclamation | yg5 755 | 1 ot 455.755
Reclaimed Water Transmission Pump 75 1 75
Building Service 18 1lot 18
Others 10 1 lot 10
3-phase Total [kW] 558.755
Building Service 15 1lot 15
Laboratory 1 lot
Others 1 lot
1-phase Total [kW] 27
(1) Formula

Capacity of generator shall exceed the largest among the required capacity calculated using the following
formulas.

a. PG;:  Required capacity for steady operation of all the loads

>Pg
Tnuxel

AP
Sf—1+0.6><2|:,0

PG xaxSf [kVA]

Here,
>Po:  Total Load for Emergency Generator [kW]
Calculation of Py
a) Equipment that the rating is displayed as output kW (such as general induction motor)
Pi= Rated Output [KW]
b) Equipment that the rating is displayed as output k\VVA (such as CVCF)
Pi= Rated Output [k\VVA] x Power Factor (0.9)
¢) Rectification equipment
Pi= Rated DC Voltage [V] x DC side Rated Current [A]
d) Fluorescent Light and Incandescence Light
Pi= Rated Power Consumption or Lamp

Starting kVA decided by starting method

Power [kW] Starting Method BxC
Referred to as Pi= Rated Output [kVA] x0.8 DOL 7.2x1.0
when [KVA] is used as the unit for Star Delta 7.2x2/3
fluorescent light output. | Reactor 50% 7.2x0.5
nu  Total Load Efficiency 0.85 _Sg:ége' Starting ggoﬁ ;éig:gs
.. Total Load Power Factor 0.8 Type 50% 7.2x0.25
o Demand Factor 0.8 sth?gr?gfer 65% 7.2x0.42
AP:  Total of unbalance part of single phase load 80% 7.2x0.64
VFD Starting 1.2
Wound-Rotor Type 1.2
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b. PG,: Required capacity for allowable voltage drop

PGZ:PmXBxCde‘X% [KVA]
Here,
Pm: The Maximum Motor Output [kW]
B: Starting KVA of the maximum capacity motor per kW  [kVA]
C: The coefficient decided by starting method
Xd:  Generator Constant 0.25
AE:  Allowable Voltage Drop Rate 0.25

¢. PG3: Required capacity for starting of the motor with maximum capacity at the end

f o
PGQ,TV; {(EPoPr)xe o +PmxBxC} [KVA]

Here,

>Py: Total Load for Emergency Generator (excludes standby load) [kW]
n.:  Total Load Efficiency 0.85
o Demand Factor 0.8
Pm:  The Maximum Motor Output [kW]
oL Total Load Power Factor 0.8
B: Starting KVA of the maximum capacity motor per kW [kKVA]
C: The coefficient decided by starting method

Ye: Instant overload capacity of generator 15
fur: Loading Abatement Factor 1.0

(2) Calculation
a. PG;:  Required capacity for steady operation of all the loads

P,=558.755+0x0.9+33.75x0.8=585.8
27
Sf=1+0.6xz52 5 =1.028
585.8
PG1=585%0.8

x0.8x1.028 = 708.4

b. PG,: Required capacity for allowable voltage drop

1-0.25
PG, = 75%7.2x0.8%0.25% 0.25
= 324

c. PGs: Required capacity for starting of the motor with maximum capacity at the end

PG;= % {(585.8-75)X% +75x7.2x0.8}
= 688.6
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(3) Result

750[kVA] shall be selected since the required capacity is calculated as 708.4[kVA].

5. Calculation of Fuel Tank

1) Formula
Required capacity of fuel tank Qmﬁ%
Here, P: Engine Output [kW]
be: Fuel consumption rate [kg/kW-h]
H: Operating time [h]
o Allowance Rate 11
d: Fuel Density

2) Calculation
PsXps _750x0.8

Engine Output P[kW] = e - 0923 =650.1
Here, Ps: Generator Output
0G: Generator Power Factor
Ne: Generator Efficiency
PxbexHxa 650.1x0.231x12x1.1
Q=" = 830 = 2.38[m’]
3) Result

2.5[m?] of fuel tank shall be selected as required capacity is 2.38[m?].
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6.Cc

Design Drawing
Transmission pipe plan, transmission pipe cross section, transmission pipe vertical section,

water pipe bridge schematic drawing, and pipe-thrusting method outline drawing are shown in

the attached drawings.

Table 6.c.1 Drawing List of Transmission Pipe Concept Design

Drawing list is shown in the following table.

NO. Title Scale Remarks
1-1 Key Plan None
2-1 | Transmission Pipe Plan (1) 1/2000
2-2 | Transmission Pipe Plan (2) 1/2000
2-3 | Transmission Pipe Plan (3) 1/2000
2-4 | Transmission Pipe Plan (4) 1/2000
2-5 | Transmission Pipe Plan (5) 1/2000
2-6 | Transmission Pipe Plan (6) 1/2000
2-7 | Transmission Pipe Plan (7) 1/2000
2-8 | Transmission Pipe Plan (8) 1/2000
2-9 | Transmission Pipe Plan (9) 1/2000
2-10 | Transmission Pipe Plan (10) 1/2000
2-11 | Transmission Pipe Plan (11) 1/2000
2-12 | Transmission Pipe Plan (12) 1/2000
2-13 | Transmission Pipe Plan (13) 1/2000
2-14 | Transmission Pipe Plan (14) 1/2000
2-15 | Transmission Pipe Plan (15) 1/2000
2-16 | Transmission Pipe Plan (16) 1/2000
2-17 | Transmission Pipe Plan (17) 1/2000
2-18 | Transmission Pipe Plan (18) 1/2000
2-19 | Transmission Pipe Plan (19) 1/2000
2-20 | Transmission Pipe Plan (20) 1/2000
2-21 | Transmission Pipe Plan (21) 1/2000
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NO. Title Scale Remarks
3-1 | Transmission Pipe Cross Section (1) 1/100
3-2 | Transmission Pipe Cross Section (2) 1/100
3-3 | Transmission Pipe Cross Section (3) 1/100
3-4 | Transmission Pipe Cross Section (4) 1/100
3-5 | Transmission Pipe Cross Section (5) 1/100
3-6 | Transmission Pipe Cross Section (6) 1/100
3-7 | Transmission Pipe Cross Section (7) 1/100
3-8 | Transmission Pipe Cross Section (8) 1/100
3-9 | Transmission Pipe Cross Section (9) 1/100
3-10 | Transmission Pipe Cross Section (10) 1/100
3-11 | Transmission Pipe Cross Section (11) 1/100
3-12 | Transmission Pipe Cross Section (12) 1/100
3-13 | Transmission Pipe Cross Section (13) 1/100
3-14 | Transmission Pipe Cross Section (14) 1/100
3-15 | Transmission Pipe Cross Section (15) 1/100
3-16 | Transmission Pipe Cross Section (16) 1/100
3-17 | Transmission Pipe Cross Section (17) 1/100
3-18 | Transmission Pipe Cross Section (18) 1/100
3-19 | Transmission Pipe Cross Section (19) 1/100
3-20 | Transmission Pipe Cross Section (20) 1/100
3-21 | Transmission Pipe Cross Section (21) 1/100
3-22 | Transmission Pipe Cross Section (22) 1/100
3-23 | Transmission Pipe Cross Section (23) 1/100
3-24 | Transmission Pipe Cross Section (24) 1/100
3-25 | Transmission Pipe Cross Section (25) 1/100
3-26 | Transmission Pipe Cross Section (26) 1/100
3-27 | Transmission Pipe Cross Section (27) 1/100
3-28 | Transmission Pipe Cross Section (28) 1/100
3-29 | Transmission Pipe Cross Section (29) 1/100
3-30 | Transmission Pipe Cross Section (30) 1/100
3-31 | Transmission Pipe Cross Section (31) 1/100
3-32 | Transmission Pipe Cross Section (32) 1/100
3-33 | Transmission Pipe Cross Section (33) 1/100
3-34 | Transmission Pipe Cross Section (34) 1/100
3-35 | Transmission Pipe Cross Section (35) 1/100
3-36 | Transmission Pipe Cross Section (36) 1/100
3-37 | Transmission Pipe Cross Section (37) 1/100
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NO. Title Scale Remarks
4-1 | Transmission Pipe Vertical Section (1) H=1/2000,Vv=1/200
4-2 | Transmission Pipe Vertical Section (2) H=1/2000,v=1/200
4-3 | Transmission Pipe Vertical Section (3) H=1/2000,v=1/200
4-4 | Transmission Pipe Vertical Section (4) H=1/2000,v=1/200
4-5 | Transmission Pipe Vertical Section (5) H=1/2000,Vv=1/200
4-6 | Transmission Pipe Vertical Section (6) H=1/2000,Vv=1/200
4-7 | Transmission Pipe Vertical Section (7) H=1/2000,Vv=1/200
4-8 | Transmission Pipe Vertical Section (8) H=1/2000,v=1/200
4-9 | Transmission Pipe Vertical Section (9) H=1/2000,v=1/200
4-10 | Transmission Pipe Vertical Section (10) H=1/2000,v=1/200
4-11 | Transmission Pipe Vertical Section (11) H=1/2000,Vv=1/200
4-12 | Transmission Pipe Vertical Section (12) H=1/2000,Vv=1/200
4-13 | Transmission Pipe Vertical Section (13) H=1/2000,Vv=1/200
4-14 | Transmission Pipe Vertical Section (14) H=1/2000,v=1/200
4-15 | Transmission Pipe Vertical Section (15) H=1/2000,v=1/200
4-16 | Transmission Pipe Vertical Section (16) H=1/2000,v=1/200
4-17 | Transmission Pipe Vertical Section (17) H=1/2000,Vv=1/200
4-18 | Transmission Pipe Vertical Section (18) H=1/2000,Vv=1/200
4-19 | Transmission Pipe Vertical Section (19) H=1/2000,Vv=1/200
4-20 | Transmission Pipe Vertical Section (20) H=1/2000,v=1/200
4-21 | Transmission Pipe Vertical Section (21) H=1/2000,v=1/200
4-22 | Transmission Pipe Vertical Section (22) H=1/2000,v=1/200
4-23 | Transmission Pipe Vertical Section (23) H=1/2000,Vv=1/200
4-24 | Transmission Pipe Vertical Section (24) H=1/2000,Vv=1/200
4-25 | Transmission Pipe Vertical Section (25) H=1/2000,Vv=1/200
5-1 | Water Pipe Bridge Layout Plan (1) 1/200

5-2 | Water Pipe Bridge Layout Plan (2) 1/200
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Piping Layout Plan (2 0)
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Cross—sectional View of Piping (1)
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Gross-sectional View of Piping (3)
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Gross-sectional View of Piping (5)
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Gross-sectional View of Piping (7)
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Gross-sectional View of Piping (9)
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Cross—sectional View of Piping (11)
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Cross—sectional View of Piping (1 3)
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Cross—sectional View of Piping (15)
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Cross—sectional View of Piping (17)
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Cross—sectional View of Piping (19)
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Cross—sectional View of Piping (2 1)
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Cross—sectional View of Piping (2 3)
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Cross—sectional View of Piping (25)
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Cross—sectional View of Piping (27)
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Cross—sectional View of Piping (2 9)
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Cross—sectional View of Piping (31)
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Cross—sectional View of Piping (3 3)
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Cross—sectional View of Piping (35)
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Cross—sectional View of Piping (37)
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Longitudinal Sectional View of Piping (2)
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Longitudinal Sectional View of Piping (4)
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Longitudinal Sectional View of Piping (6)
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Longitudinal Sectional View of Piping (8)
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Longitudinal Sectional View of Piping (1 0)
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Longitudinal Sectional View of Piping (12)
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Longitudinal Sectional View of Piping (1 4)
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Longitudinal Sectional View of Piping (16)
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Longitudinal Sectional View of Piping (18)
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Longitudinal Sectional View of Piping (2 0)
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Longitudinal Sectional View of Piping (2 2)
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Longitudinal Sectional View of Piping (2 4)
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APPENDIX 7 INVESTIGATION DATA OF WATER DISTRIBUTION
AND SUPPLY FACILITIES

7.a Examination and Repair Strategy of Existing Distribution Pipe

The route of existing main distribution pipe is shown as Table 7.a.1. The material of existing distribution
pipes is DCIP, the length of each pipe diameter is shown as follows.

¢ 150mm : 1,630m
¢ 200mm : 1,880m
¢ 300mm : 800m
¢ 400mm : 2,170m
Total : 6,480m

The existing distribution pipe could not be confirmed by appearance inspection or etc because it is
underground pipe. In detailed design stage, further investigations as follows are necessary for
reconstruction.

- Water Leakage Investigation and Intratubular Washing of Existing Pipe
- Replacement of Water Shutoff Valve
» Reconstruction for water leakage part

The pipe reconstruction cost was calculated from reconstruction pipe length as 10% of total pipe length
because confirmation of water leakage point of existing pipe is difficult.
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Figure 7.a.1 Route of Existing Distribution Pipe
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7.b Study of Conversion for Water Service System in Hotels

In this section, the cost and renovation method of water service systems in hotels is studied in the case of
reclaimed water use.

Building layout and structure of the hotel is different for every hotels, a case study is conducted because
studies for all hotels of water supply target is difficult.

Hotel N was selected as a model of case study for the reason of below.

« Water service system is relatively complex system of plane and cross-section arrangement.
+ Hotel N is the typical size hotel (Rooms 300-400) for water supply target hotels.

+ Hotel N provided detailed floor plans, cross-section and plumbing.

Table 7.b.1 Distribution of Room Number in Hotels for Water Supply Target

Number of Rooms Number of Hotel Total Room Number
401~(750) 4 2,311
301~400 7 2,512
201~300 2 526
101~200 9 1,407
Under 100 19 832
Total 41 7588

The conditions of the cost study for renovation of water service pipes in Hotel N is as follows.

+ Number of Rooms : about 400 rooms
» Building Layout : Main Building (3 floors), Northern Building (6 floors),
Southern Building (5 floors), Coast Building (14 floors)

+ Number of Restaurant : 6 praces

- Total Volume of Water Consumption  : about 1,000 m®/day
- Water Volume for Toilet - about 200 m*/day (20%) (Capacity of new pump for Casel)
- Water Volume for Drinking : about 200 m*/day (20%) (Capacity of new pump for Case?)
- Water Volume for Non-drinking : about 800 m*/day (40%)

(including 400 m*/day of reclaimed water volume for Case2)

Layout plan of Hotel N is shown as Figure 7.b.1, its profile is shown Figure 7.b.2.
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Figure 7.b.1 Layout Plan of Hotel N (sources: G2011 Google-Map Data)

Figure 7.b.2 Profile of Hotel N (source: http://www.nikkobali.com/jp/)
2 case of renovation design as follows are studied

Case 1: Typical Reclaimed Water Service System
Case 2: New Clean Water Service System
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(1) Case 1 Renovation Design

According to Case 1, the renovation design model is shown as Figure 7.b.3.
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Figure 7.b.3 Model for Renovation of Water Service Pipes (Case 1)

Therefore the renovation work as following items is necessary.
« Installation work of reclaimed water service pipes
(Water Meter — Receiving Tank — Water Pump — Rooms)
+ Construction work of water receiving tank for reclaimed water
« Installation work of water meter for reclaimed water
- Installation work of water pump for reclaimed water

The image for route of new water service pipe is shown as Figure 7.b.4.
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Figure 7.b.4 Image for Route of New Water Service Pipe (Case 1)

The existing water meter is located with green mark and the route of new water service is located with
blue line on Figure 7.b.4.

The conversion cost based on above route is calculated as Table 7.b.2.

Table 7.b.2 Conversion Cost in Hotel for Typical Water Service System (Casel)

Item Quantity Unit Unit Price (IDR) Cost (IDR)

;)ril;t:sllatlon work of reclaimed water service 2,420 m 370,000 895,400,000
Cons_tructlon work of water receiving tank for 1 Set 488,870,000 488,870,000
reclaimed water

\Il\r);tt::Iatlon work of water meter for reclaimed 1 Set 8,000,000 8,000,000
Installation work of water meter for reclaimed 1 Set 100,000,000 100,000,000
water

Total Cost 1,492,270,000
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(2) Case 2 Renovation Design

According to Case 2, the renovation design model is shown as Figure 7.b.5.
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Figure 7.b.5 Model for Renovation of Water Service Pipes (Case 2)

Therefore the renovation work as following items is necessary.
« Installation work of reclaimed water service pipes
(For reclaimed water: Water Meter — Receiving Tank)
(For PDAM water: Water Meter — Receiving Tank — Water Pump — Restaurants)
+ Construction work of water receiving tank for reclaimed water
+ Installation work of water meter for reclaimed water
+ Installation work of water pump for reclaimed water
+ Installation work of water heater for reclaimed water

The image for route of new water service pipe is shown as Figure 7.b.6.
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Figure 7.b.6 Image for Route of New Water Service Pipe (Case 2)

The existing water meter is located with green mark, restaurants are located with red marks and the route
of new water service is located with blue line on Figure 7.b.6.

The conversion cost based on above route is calculated as Table 7.b.3.

Table 7.b.3 Conversion Cost in Hotel for Typical Water Service System (Case?2)

Item Quantity Unit Unit Price (IDR) Cost (IDR)

;)ril;t:sllatlon work of reclaimed water service 920 m 363,000 333,960,000
Cons_tructlon work of water receiving tank for 1 Set 488,870,000 488,870,000
reclaimed water

\Il\r);tt::Iatlon work of water meter for reclaimed 1 Set 20,000,000 20,000,000
\Ilcstt::latlon work of water meter for reclaimed 1 Set 100,000,000 100,000,000
Installation work of water heater for reclaimed 6 Set 8,000,000 48,000,000
water

Total Cost 990,830,000
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APPENDIX 8 DATA OF PROJECT COST ESTIMATE

8.a Component of Project Cost

The four main cost components of the reclaimed water supply project cost are construction, engineering
services, taxes, operation and maintenance (O&M). These are further categorized as shown in the
following table.

Table 8.a.1 Components of the Project Cost
Main ltem Detail Item
[1] Construction (A) Site Preparation
(B) Reclamation Plant Construction
(C) Transmission Pipe Installation
(D) Distribution Reservoir Reconstruction
(E) Distribution Pipe Rehabilitation and Installation
(F) Renovating the Service Pipe Facilities in Each Hotel
[2] Engineering Services (A) Detailed Design, Construction Supervision, Other Surveys, etc.
(B) Capacity Building
(C) Publication and Education-related
[3] Tax Charges (A) Value-added Tax (VAT)
(B) Import Tax
(C) Surface Water Use Tax

[4] Operation and (A) Personnel
Maintenance (O&M) (B) Electricity
(C) Chemical
(D) Fuel

(E) Water Quality Testing

(F) Repair and Replacement of parts and equipment
(G) Office expenditures

(H) Treated Water Use Rate

8.b Construction Cost

Construction costs are calculated for all the facilities required for the project, from the reclamation plant
to the renovation of service pipe facilities in each hotel. As explained in Chapter 7, the responsibility for
constructing and renovating these facilities is divided between SPC, PDAM Badung and the hotels; and
the associated costs are calculated separately for these parties. Construction costs under SPC’s
responsibility consist of site preparation, reclamation plant construction and transmission pipeline
construction. Construction costs under PDAM?’s responsibility consist of distribution reservoir
reconstruction, rehabilitation of the existing distribution network and installation of new distribution pipes.
The construction costs under the responsibility of each hotel consist of renovation of their service pipe
facilities. The detail of each construction cost item is explained in the following.

Table 8.b.1 Responsible Organization of the Each Component

Items SPC PDAM Hotels
(A) Site Preparation O

(B) Reclamation Plant Construction O

(C) Transmission Pipe Installation O

(D) Distribution Reservoir Reconstruction O

(E) Distribution Pipe Installation O

(F) Renovating the Service Pipe Facilities in Each Hotel O
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(1) Site Preparation
Site preparation consists of the following:

* Improvement of the access road to the reclamation plant site
+ Cutting down of mangrove trees, digging up of soft soil and removal of concrete debris
+ Land reclamation and leveling using purchased soil

The land for the reclaimed water supply plant will be provided by the Bali Provincial Government as a
precondition of this PPP project (the Bali Provincial Government needs to apply to to the Ministry of
Forestry for the license to use the land.

(2) Reclamation Plant Construction

This cost category covers the construction of the pump facility to convey the secondary effluent from
Denpasar WWTP, biological filtration facility, ozonation facility, membrane filtration facility and
transmission pump facility. The breakdown by facility type is shown as follows.

1) Main plant construction (civil engineering and architectural works)
-+ Raw water pumping station

- Biological filtration process building

+ Ozonation process building

+ Membrane filtration process building

- Site work

+ Vehicle purchase

» Connection charge for electrical service

2) Mechanical and Electrical Facility

+ Mechanical equipment (including installation)
- Electrical equipment (including installation)

(3) Transmission Pipe Installation

The transmission pipe from Denpasar WWTP to the existing UPA distribution reservoir would be
constructed in four sections, using different pipe installation methods, according to the level of traffic
congestion and the ease of pipe installation at the location. The total cost for the transmission pipe
installation the sum of the pipe installation costs for each section. The length of each road section is
shown below.

+ Open cut method (daytime work : about 7.5 km)

» Open cut method (nighttime work : about 7 km from Badung River to Sama River)
- Water pipe bridge method (crossing of river and drainage canal)

+ Pipe jacking method (around the airport about 400 m)

(4) Distribution Reservoir Reconstruction

The existing reservoir does not have a roof and has many cracks and evidence of water leakage. The cost
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for reconstruction would cover the following:

+ Crack repair
+ Waterproofing
* Roof construction

(5) Distribution Pipe Installation
The distribution pipe installation cost would cover the following:

+ Rehabilitation of the existing distribution pipes in Nusa Dua
+ Installation of new distribution pipes in Benoa
« Installation of new distribution pipe in Sawangan

(6) Renovation of Service Pipe Facilities in the Hotels

The renovation cost is required to use reclaimed water in the hotels. The unit cost of renovation is
calculated in Chapter 6.

<Summary of Case 1>
The renovation cost would establish a system to supply the reclaimed water to the toilet in each room or
floor.

<Summary of Case 2>
The renovation cost would establish a system to supply the reclaimed water which is mixed with PDAM
water and a separate system to supply drinking and cooking water to the restaurants inside the hotels.

(7) Total Construction Cost
The total construction costs calculated on the conditions by each facility and responsible agency
explained above is shown in Table 8.b.2 (Case 1) or Table 8.b.3 (Case 2). The breakdown for each item of

construction cost is shown as Table 8.b.4 (Case 1) and Table 8.b.5 (Case 2), the unit price is shown as
Table 8.b.6.

Appendix 8 - 3



Table 8.b.2 Construction Cost of Case 1
(1) Construction Cost by Each Facility

e IDR (x1,000) JPY (x1,000)
tc | FC | Total Total

[A Site Preparation]
Site Preparation 5,968,887 0 5,968,887 54,257
[B Reclamation Plant Facility]
Structure Construction
Raw Water Pump Building 976,400 0 976,400 8,875
Biological Treatment Building 5,455,191 0 5,455,191 49,588
Ozonation Building 7,942,297 0 7,942,297 72,195
Membrane Filtration Building 12,454,956 0] 12,454,956 113,216
Site Work 3,598,539 0 3,598,539 32,711
Vehicles 2,070,000 0 2,070,000 18,816
Connection Charge for Electricity 631,250 0 631,250 5,738
Sub Total (1) 33,128,632 0] 33,128,632 301,139
Mechanical and Electrical Facility
Mechanical Equipment 28,027,620 24,004,951 52,032,571 472,976
Electrical Equipment 35,613,810 0] 35,613,810 323,730
Sub Total (2) 63,641,430 24,004,951 87,646,381 796,706
Total 96,770,062 24,004,951| 120,775,013 1,097,845
[C Water Transmission Pipe]
Water Transmission Pipe 44,144,600 0] 44,144,600 401,274
[D Distribution Reservoir]
Distribution Reservoir 3,449,933 0 3,449,933 31,360
[E Distribution Pipe]
Distribution Pipe for Nusa Dua 3,342,380 0 3,342,380 30,382
Distribution Pipe for Benoa 10,285,000 0] 10,285,000 93,491
Distribution Pipe for Sawangan 8,465,200 0 8,465,200 76,949
Total 22,092,580 0] 22,092,580 200,822
[F Renovation of Service Pipe Facilities in the Hotel ]
Renovation Cost 29,230,000 0 29,230,000 265,701
Total 29,230,000 0] 29,230,000 265,701
(2) Construction Cost by Responsible Agency

ltem IDR (x1,000) JPY (x1,000)

LC FC Total Total

SPC Total Construction Cost 146,883,549 24,004,951] 170,888,500 1,553,376
PDAM Total Construction Cost 25,542,513 0] 25,542,513 232,181
Hotel Total Renovation Cost 29,230,000 0] 29,230,000 265,701
Grand Total Construction Cost 201,656,062 24,004,951| 225,661,013 2,051,259
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Table 8.b.3 Construction Cost of Case 2
(1) Construction Cost by Each Facility

e IDR (x1,000) JPY (x1,000)
tc | FC | Total Total

[A Site Preparation]
Site Preparation 6,507,139 0 6,507,139 59,150
[B Reclamation Plant Facility]
Structure Construction
Raw Water Pump Building 1,224,468 0 1,224,468 11,130
Biological Treatment Building 9,387,773 0 9,387,773 85,335
Ozonation Building 8,823,814 0 8,823,814 80,208
Membrane Filtration Building 14,261,371 0] 14,261,371 129,636
Site Work 4,357,294 0 4,357,294 39,608
Vehicles 2,070,000 0 2,070,000 18,816
Connection Charge for Electricity 631,250 0 631,250 5,738
Sub Total (1) 40,755,971 0 40,755,971 370,472
Mechanical and Electrical Facility
Mechanical Equipment 33,402,949| 34,308,417 67,711,366 615,496
Electrical Equipment 35,613,810 0] 35,613,810 323,730
Sub Total (2) 69,016,759] 34,308,417| 103,325,176 939,226
Total 109,772,730  34,308,417| 144,081,147 1,309,698
[C Water Transmission Pipe]
Water Transmission Pipe 56,218,200 0] 56,218,200 511,023
[D Distribution Reservoir]
Distribution Reservoir 3,449,933 0 3,449,933 31,360
[E Distribution Pipe]
Distribution Pipe for Nusa Dua 3,342,380 0 3,342,380 30,382
Distribution Pipe for Benoa 13,326,700 0] 13,326,700 121,140
Distribution Pipe for Sawangan 10,757,200 0] 10,757,200 97,783
Total 27,426,280 0| 27,426,280 249,305
[F Renovation of Service Pipe Facilities in the Hotel ]
Renovation Cost 19,750,000 0 19,750,000 179,528
Total 19,750,000 0] 19,750,000 179,528
(2) Construction Cost by Responsible Agency

ltem IDR (x1,000) JPY (x1,000)

LC FC Total Total

SPC Total Construction Cost 172,498,069 34,308,417| 206,806,486 1,879,871
PDAM Total Construction Cost 30,876,213 0| 30,876,213 280,665
Hotel Total Renovation Cost 19,750,000 0] 19,750,000 179,528
Grand Total Construction Cost 223,124,281 34,308,417 257,432,698 2,340,063
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Table 8.b.4 Breakdown for Each Item of Case 1 Construction Cost
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Table 8.b.5 Breakdown for Each Item of Case 2 Construction Cost

89v'%22'T 0 89v'v22'T [eloL
026'67 0 026'6Y 0 000'0%0‘T $174 M Buiyooy
v9z'LL2 0 ¥92'LL2 0 000'02T'9T LT ! JUBWS2I0UIBY
878'SeY 0 878'SeY 0 000'7€5'C 2Lt W 31210U0D PBOIOJUISY
0Lv'9 0 0L¥'9 0 000'762'T S W 81210U0D Burjane
€20 0 €20 0 00€°20C 0T W 1ake] pues
092'G.LE 0 09¢'GLE 0 000°0v6°CT 6¢ sod woeg="1 9|ld uolrepuno4
60S'CT 0 60S'CT 0 009'9§ 12¢ M lesodsiq [10S snjding
€19'92 0 €19'92 0 00€'ey 919 W Hd Burypi4 xoeg
205'8€ 0 205'8€ 0 000'9% L€8 (W Ke1 ‘pues UoIEARIXT
ERIEIETEN| |e0l o4 o1 o o1 Anuend nun uoneoioads swiay|
(4A1000'T) 1500 [E10 L (yan 0o uun

Mue] dwnd Ja1epn mey 19

6€T'205'9 0 6€T'205'9 [eloL
000°00T 0 000'00T 0 000'000°00T T 198 1504 pJens) pue ae)
00v'00% 0 00¥'00¥ 0 000'02.'S 0L W Wy T=yibuaT ‘WG=UpIm uononisuo) abplg meN
008'G8 0 008'G8 0 000'02L'S ST W we=Uabus ‘WG=ypIM uononisuo) abplg meN
000'262 0 000'262 0 000'0€€ 006 W (g arebaubibe) aseq-qns peOY BAIRASIUIPY
000'86T 0 000'86T 0 000'0€€ 009 W (v a1ebaibbe) aseq-qns peOY BAIRASIUIPY
€lv'1G. 0 €Lv'1GL 0 00€'092 016'C oy Y40 JusWaAed peoy sAlRNSIUILPY
00v'6S 0 00¥'6S 0 000'086'T 0g P [enowsy abpug Bunsixgy
025'eve'e 0 0zs'eve'e 0 008'v¥T 00v'2Z [w (110s Ang asn pajoedwo)) lipuen
9z¢e'.8Y 0 9z¢e'L8Y 0 009'95 019'8 Ky bnuis Bunsix3 ‘anoibueiy 40 100Y) [esodsiq 8isep
022'8.8 0 0¢z'8.8 0 000'20T 019'8 Ky 21Mon.S Bunsix3 ‘anoIBUBIA 40 100Y) UOIIEABIXT

ERIEIETEN %01 03 o1 od o1 Amnuend un uoneay1oads swiay
(4a1000'7) 1800 [@101L (dan) soouun
1Ue|d JUsWieal | 10} uonededald aus v

Appendix 8 - 13



718'€28'8 0 ¥18'€C8'8 [elol
000°€T2 0 000°€T2 0 000°000‘T €12 A Buneo) uo198)01d UOISOLI0D
Tvy'ey 0 Tvv'ey 0 005'79 859 M Buigooidisrepn
02e'0TL 0 02€'0TL 0 000°0v0'T €89 P Buiyooy
802'686'T 0 802'686'T 0 000'02T'9T v'eetT } JUBWIBDI0UIRY
9G66'92T'S 0 966'92T'C 0 000'7€5'2 vE€T'T M 9]310U0D padlojulsy
vGLLTT 0 ¥&L'LTT 0 000'762'T T6 W 91810u09 Buians
618'9¢ 0 618'9¢ 0 00€°20¢ 281 (W lake pues
08T'6v5'C 0 08T'6v5'C 0 000°0v6°CT 16T sod woeg=1 8|ld uolepunod
95'0C 0 9¥5'0C 0 009'95 €9¢ M Jesodsiq [10S snjding
eey 0 eey 0 00€'sy 0T W H4a Bunyji4 yoeg
8GT LT 0 8GT'LT 0 000°91 €LE W Keid ‘pues uol1eAedIXg
aoualajey 901 o4 o1 o4 o1 Amnuend nn uoneoy19ads sway|
(4Q1000'T) 1500 [RYOL (¥ar) 1s00 uun

Buipjing uopeuozo €g
€L1'18€'6 0 €11'18€'6 |eloL
9€.'vST 0 9€.L'vST 0 00579 66€'C M Buryooidiarepy
080°0vE 0 080°0vE 0 000°0v0'T 1C€ M Buiyooy
725850 0 ¥25'850°C 0 000'02T'9T 1’1217 ! JUBWIAdI0UIDY
8T6'GEC'E 0 8T6'GEC'E 0 000'7€S°2C 1127 W 31910U0D PadIojuIRYy
9G.'G6 0 95/'G6 0 000'v6¢'T vL W a181ou0) BuljanaT]
8€.'6¢C 0 8€.'6¢C 0 00€'202 yA4) W lake pues
ov0'erv'e 0 ov0‘zry'e 0 000'076'2T 99¢ sod woe=1 3|14 uonepuno4
16991 0 169'9T 0 009°9S 662 M Jesodsiq [10S snjding
e 0 e 0 00g'er 8 W Hd Bunid >oeg
8E6'ET 0 8€6'ET 0 000°91 €0¢€ W Keid ‘pues uol1eAedIXg

aoualajey 1901 o4 o1 o4 o1 Amnuend nn uoneoy19ads sway|

(4Q1000°T) 150D €101

(¥ar) 1500 1un

Buipling juswiesl | [ealbojorg z9

Appendix 8 - 14



¥6¢'LGE'Y 0 ¥62'LGE'Y [el0L
vSL'vrS 0 vSL'YvS 0 000'T€9'T vee w (wwioog) adid abreydsiq o4 YoM Buike adid
0L2'022 0 0L2'022 0 000'0€2'2 66 w (wwoov) adid sayem mey JoH Yo Buike adid
ove'YYe'T 0 ovE're'T 0 000°0€2'2 8G9 w luwQOoy) adid uoissiwsuel | 104 NI0M Buike adid
000°00T 0 000'00T 0 000'000'00T T 198 150d pJens) pue ayes)
000°0€ 0 000°0€ 0 000°000°€ 0T 198 dwe 21103|3
0.¥'62S 0 0.¥'62S 0 000‘TEV'T 0.€ w abeureiq
000°/2T 0 000°/22T 0 008°0S 0052 M ssels) umen]
008'9TE 0 008'9TE 0 000'0EE 096 u (a arebaibbe) aseq-gns peoy
002'T1Z 0 002'T1Z 0 000'0€€ 0v9 u (v a1eboaibbe) aseg-gns peoy
096°2€8 0 096'2€8 0 00€°09¢ 00z'e M 10/ JusWSAed peoy
000'002 0 000°002 0 000'00S ooy w ERlIEE|
9Jualaley %01 > ol o o1 Anuend nn uonesiy1oads swia|
(4Q1000'T) 150D [e101 (¥ar) 1800 1un

3I0M 8)S qg
TLE'T92'VT 0 TLE'T9Z'VT |e10l
000°000'T 0 000'000‘T 0 000'000'000°T |T 188 wawdinb3 Alojeloge]
GlE'8Y 0 Gle'8Y 0 00579 0S. A Buigooidisrepn
02T'62€'T 0 02T'62€'T 0 000'070°'T 8/2'T M Buiooy
9/6'816'C 0 9/6'816'C 0 000'02T'9T 8'v8T } JUBWIBDI0JUIRY
2€8'289'v 0 2€8'289'y 0 000'7€5'2 8v8'T W 9]210U0D padlojuly
2€9'69T 0 2€9'G9T 0 000'762'T 8¢T W 91810u09 Buians
68.'TG 0 68L'TS 0 00€°202 96¢ (W Jake pues
0vS'G9L'E 0 0vS'G9L'E 0 000°0v6°CT T6¢ sod woeg=1 3|ld uolepuno4
9zT'L6 0 92T'L6 0 009'95 9T.'T M Jesodsiq [10S snjding
0./G'0€ 0 0.G'0€ 0 00g'er 90L W Hd Buid >oeg
ZIV'TTT 0 CIV'TTT 0 000°91 ' W Keid ‘pues uol1eAedIXg

aoualajey 901 o4 o1 o4 o1 Amnuend nn uoneoy19ads sway|

(4Q1000°T) 150D [e101

(¥an) 1500 1uN

Buiping uoirea|i4 aueaquisin g

Appendix 8 - 15



0T8°€T9'se [0 0T8'€T9'GE [e0l
00S'G6Y'V 0 00G'S6V'Y 0 000°00S‘S6Y'y [T suun SIBUYIO 104 Lone|[eIsu| 8|qeD pue Juswdinb3
€0€'6€0'6 0 €0€'6€0'6 0 000°€0€'6€0'6 [T suun UIey 1oy uone|eIsul ajged pue juawdinbg
0Se'vL 0 0S2'vL 0 000°0S2'v. T suun 110AI8S3Y W dN 10} 821n8Q Buriojiuoy
00529 0 00G'29 0 000°00S°29 T suun 110859 WV dN 40} uswdinb3 uolyeuswinisu|
00S'Ghy 0 00S'Svy 0 000°'00S'shy [T spun dwind uoissiwsuel | 10} swdinbg A1o1n0s|3
0GL'€0L'S 0 0S.'€0L'S 0 000°0S.'€0L'S [T suun J107eJ3U39) 0111933
00S'T02'T 0 00S'T02'T 0 000'00S'T02'T |T sjun M0C wawdinb3 Ano1nos|3 Buiaizosy
000°.G¥'2 0 000'.G¥'C 0 000°000°2S¥'c [T slun 901AaQ Bunioliuo
10S'62T°2T 0 106'62T°2T 0 000°20S'62TCT [T suun SaNI19e4 Utepy 1o} wswdinb3 Ao1nos|3
[eloL o= | o od o1
(Adr) - Amnuend nn uoneay19ads sway
ERTEIETEN (4A1000°T) 150D [e10L (¥ar) 1800 1un
(1606000 = dain) UoNINIISU0D AI1914198|3 2g
99€'TT./9  |LT¥'80E'VE  |6V6°COV'EE [eol
000°820°08 €¥0°'8G.L'€E T96'€08'8 280'7S6'vC 000'T96°€08‘8 |0S.'T80'VS6'VC [T sjun uonjesisu| adid pue juswdinb3
000°29T 0 000°29T 0 000°000°29T T slun sueId
062'90S 0 062905 0 000°0S.'89T € suun duwing uoissiwsuel |
00S'S€8'TEC €.0'G82'€E 9G¥'70G'Ge 119'082'L 000'9S¥'¥0S'Ge [000°219°08L°L |T spun juswdinb3 Assuryoey
eloL o4 1 | 1
(Adr) ! - 2 O Anuend nn uonesy1oads swiay|
ERIEICIEN (4a1000'T) 150D [e10.L (¥ar) 1502 1un
(1606000 =4din) U0II9N1ISU0D AJBUIydeN /9
000°020°C 0 000'0.0°C [eol
000°008'T 0 000'008‘T 000°000°006 4 slun 4 Mona Jaque
000022 0 000'0L¢ 000'000'0L [T syun adA L uepas 1ed [olred
|el0L od o1 od o
doualajey - Anuen 1N uolneoly19ads swiay|
(4Q1000'T) 1500 [R}OL (¥ar) 1s00 uun

1uswdinb3 soueusluIe 99

Appendix 8 - 16



€€6'6V7'E 0 €€6'6V1'E [el0L

%G 1509 [e101 (£82' 79T 0 €82'79T 005'282'79T T 198 sBumi4 pue sainixi4
000°008 0 000°008 000°000'2 0ov M Jo0y

060'8S 0 050'8S 00579 006 A Buigooidisrepn

002'19T 0 00Z'19T 000°02T'9T 0T } JUBW2I0UIY

00%'€Se 0 00%'€Se 000'7€5'C 00T M 31219U0D) PadIOJUIRY

000°000'2 0 000'000'C 000°000‘T 000'2 sad Joyaouy/ [ediwsyd

000°€T 0 000'€T 000'92 005 M [enowsay JeyoN

ERIEIEIENS A o o1 o] o1 Amuend N uoneo9ads swiay|
(4@1000'T) 3500 [€10.L (@) oo uun

J10AJ8s8Y UuonNgLIISIq 1d

002'812'9S 0 002'812'9S [ejol

000'002‘S 0 000'002'S 0 000'000°€T 00v w 00% @ spoupsA Bunoer adid

000'SeT'T 0 000'G2T'T 0 000'000'G¢C  |S 188 wor="T ‘00% ¢ spoys|Al abprig adid

000°.208 0 000°208 0 000°000°208 T 188 woL="T ‘00% ¢ spoyiaN abprig adid

000°G0T'T 0 000'G0T‘T 0 000°000'SOT'T T 1es wos="1 ‘00% ¢ spoyisN abplig adid

000'008'T 0 000'008‘T 0 000'000°'008'T |T 198 woz1="1‘00¥% ¢ spouysA abpug adid

002'91€'Ge 0 002'91€'Ge 0 009'9T9'€ 000°2 w (110m BWMYSIN) 00F ¢ spoyls|A D usdo

000°G98°0¢ 0 000'698°02 0 000'28.'2 00S'L w (10M aumAe(]) 00V ¢ spoyia\ 1D uado

ERIEIETEN %01 > O] o o1 Anuend nn uonedy19ads Swiay|

(4Q1000'T) 150D @101

(¥ar) 1502 1uN

aul adid uolssiwsuea | 191eAA 10

Appendix 8 - 17



00.'92€'eT 0 00.'92E'€T €10l
00.'T00'T 0 004'T00'T 000'TEY'T 00. w 0ST ¢ Buike adid
000'G2€'2T 0 000'62€'2T 000'G2T'2 008'S w 00¢ ¢ Buike adid
|el0.L ok o1 od o
aoualajey - Amnuend nn uoneay19ads sway|
(4@1000'T) 1500 €101 (4an) 1s00 1un
eouag 404 auI adid uonNqLIsIq Z3
08g'zve'e 0 08e'zre'e [elol
000'82T 0 000'82T 000'000'2€ 14 JEN 0ST ¢ 1uaWdoe|day anfeA dois Jare
008'885 0 008'885 000°008'9€ 9T IEN 00z ¢ 1uawdde|day anfeA dois Jarem
000'7¥T 0 000'7¥T 0000002 4 188 00V ¢ 1usWade|day aAlBA dOIS 1M
008'0€ 0 008'0€ 000'G06'T 09T w 05T ¢ d10d wswadejday adid
08g'LEY 0 08¢g'LEY 000'20€'2 06T w 007 ¢ d10@ wawsoe|day adid
091'262 0 091262 000'259'¢ 08 w 00¢ ¢ d10a awisoedey adid
0vZ'L6T'T 0 0v2'L6T'T 000'2¥Y'S 02z w 00V ¢ dI1Da wawisoeday adid
000'052 0 000'05¢ 000'000'05¢ [T 188 uonebnsaau| sbexesT Jarepm
|eloL ok | o1 ok o1
doualajey - Anueng 1N uolneoly19ads swiay|
(4A1000'T) 1500 [e301L (4an 100 1un

en@ esnN Joj suiT adid uonnquisia 13

Appendix 8 - 18



000'05.'6T 0 000'0G.'6T €101
000°0S.'6T 0 000°0G.'6T 000'005‘2 006'L wooy 150D Bunaauo) [810H
|eloL ok | o1 od
ERIEYETEN| - o1 Anueno 1N uoneoly19ads swiay|
(4A1000'T) 1500 [e301L (4an) 1s0o 1un
UOISJIaAUOD [910H T4
002'2G2'0T 0 002'/G.'0T €10l
000°'02¢ 0 000'02€ 000'000'02€ T 188 REIRCAINEICIN |aued 211193[3
000022 0 000022 000'000'0TT |2 188 MYG"8T ulul/guig | duwing Ja1800g
002'LTL'T 0 002'LTL'T 000'TEY'T 002'T w 0ST ¢ Buike adid
000°00S'8 0 000'005'8 000'G2T‘2 000t w 00€ ¢ Buike adid
|21 4 1 =] 1
9Jualaley | 9 9 9 O fAnuend nn uonesly1oads Sswiay|

(4a1000'T) 150 [e10L

(¥ar) 1502 1un

uefuemes 10J aulT adid uonngiansia €3

Appendix 8 - 19



Table 8.b.6 Unit Price for Construction Cost

. . Unit Price
Items Specification Unit DR YEN Remarks
Excavation Root of Mangrove, Existing Structure m? 102,000
Excavation BH, Sand, Clay, Gravel m? 46,000
Excavation BH, Rock m® 102,000
Backfilling by purchase Soil m® 145,000
Backfilling BH me 43,300
Backfilling Bulldozer m? 20,000
Backfilling (Compacted use buy soil) m 144,800
Surplus Soil Disposal m® 56,600
Waste Disposal m? 56,600
Sand Layer m? 202,300
Leveling Concrete m 1,294,000
Reinforced Concrete Including formwork m® 2,534,000
Reinforcement Bar With rebar fabrication and assembly t 16,120,000
Roof Without slab and beam m? 1,040,000
Roof m? 2,000,000
Pile ¢300 m 647,000
Pile ©300, L=20m pcs 12,940,000
Pavement work block m? 260,300
Cube Stone m 148,300
Sub-base (aggregate A) m 330,000
Sub-base (aggregate B) m 330,000
PVC Pipe ¢=150mm without Pavement m 1,025,000
PVC Pipe ©=200mm without Pavement m 1,171,000
PVC Pipe (=300mm without Pavement m 1,631,000
HDPE Pipe ¢=400mm without Pavement m 2,230,000
PVC Pipe (©=150mm with Pavement m 1,431,000
PVC Pipe ¢=200mm with Pavement m 1,606,000
PVC Pipe ¢=300mm with Pavement m 2,125,000
HDPE Pipe ©=400mm with Pavement m 2,782,000
DCIP Pipe ¢=150mm with Pavement m 1,905,000
DCIP Pipe (=200mm with Pavement m 2,302,000
DCIP Pipe ¢=300mm with Pavement m 3,652,000
DCIP Pipe @=400mm with Pavement m 5,442,000
Water Stop Valve Replacement |¢=400mm set 72,000,000
Water Stop Valve Replacement [9=200mm set 36,800,000
Water Stop Valve Replacement [9=150mm set 32,000,000
Pipe Bridge ¢ =400mm, L=120m set 1,800,000,000
Pipe Bridge ¢ =400mm, L=70m set 1,105,000,000
Pipe Bridge ¢ =400mm, L=50m set 807,000,000
Pipe Bridge ¢ =400mm, L=10m set 225,000,000
Pipe Bridge ¢ =300mm, [.=120m set 1,440,000,000
Pipe Bridge ¢ =300mm, .=70m set 884,000,000
Pipe Bridge ¢ =300mm, L=50m set 645,600,000
Pipe Bridge ¢ =300mm, L=10m set 180,000,000
Pipe Jacking ¢ =400mm m 13,000,000
Pipe Jacking ¢ =300mm m 12,500,000
Laboratory Equipment set 1,000,000,000
Mortar Removal m? 26,000
Chemical Anchor set 100,000
Waterproofing m? 64,500
Protecting Coating for corrosion protection coating m? 1,000,000
Electric Lamp set 3,000,000
Lawn Grass m? 50,800
Fence H=1.2m m 500,000
Gate and Guard Post set 100,000,000
Bridge Removal m? 1,980,000
Bridge Construction m? 5,720,000
Demolish m? 100,000
Water Leakage Investigation set 250,000,000
Booster Pump 1.5m3/min 18.5kw set 110,000,000
Electric Panel Soft Starter set 320,000,000
Converting Cost for Casel (for Room Toilet) room 3,700,000
Converting Cost for Case2 (for Restaurant) room 2,500,000
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8.c Engineering Service
8.c.1  Cost of Detailed Design, Construction Supervision and Surveys
This cost is calculated as the sum of the following cost items.

+ Detailed design

+ Construction supervision

» Project management during construction

 EIA implementation

» Additional ground and geological surveys

« Inspection of the existing distribution reservoir and distribution pipes (originally used for irrigation)

The detailed design and construction supervision costs are calculated based on the estimated required
man-months (MM) of foreign and local engineers as shown below, including office expenses, etc.

+ Foreign Engineer : 86 MM
- Local Engineer :275 MM

8.c.2 Capacity Building and Promotion

The capacity building and promotion activities are being conducted at the pilot reclamation plant in
Denpasar WWTP. The cost of capacity building and promotion is excluded from the total project cost
because it is a precondition of the project that the major part of the promotion should be finished before
the confirmation of the reclaimed water demand at the target hotels.
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Table 8.c.1 Spreadsheet for Engineering Services Cost

Description Unit Unit Price Total Quantity Total Amount
1. Foreign Cost
1. Remuneration for Professional A yen Japanese Yen
Foreign Staff
1-1 Foreign Staff
A- 1 |Consulting Services - Team Leader M/M 3,200,000 22 70,400,000
A- 2 |Sub-Team Leader - Pipe Line Engineer M/M 3,000,000 9 27,000,000
A- 3 |Civil Engineer for Transmission Pipe M/M 2,800,000 3 8,400,000
A- 4 |Sub-Team Leader - Treatment Plant/Pump Station M/M 3,000,000 9 27,000,000
A- 5 “|Civil / Structural Engineer M/M 2,800,000 4 11,200,000
A- 6 |Mechanical Engineer M/M 2,800,000 12 33,600,000
A- 7 |Electrical Engineer M/M 2,800,000 12 33,600,000
A- 8 |Architect M/M 2,800,000 3 8,400,000
A- 9 |Document Specialist M/M 2,800,000 5 14,000,000
A- 10 [Cost Estimator M/M 2,800,000 3 8,400,000
A- 11 [Environmental Specialist M/M 2,800,000 4 11,200,000
86
2. Direct Cost
1 International Air Fare nos 200,000 45 9,000,000
Total 262,200,000
Description Unit Unit Price Total Quantity Total Amount
I1. Local Cost
1. Remuneration for Professional B IDR IDR
B- 1 |Deputy Team Leader M/M 33,003,000 45| 1,485,135,000
B- 2 |Geotechnical Engineer M/M 27,503,000 4 110,012,000
B- 3 |Topographic Surveyor M/M 27,503,000 6 165,018,000
B- 4 |Pipe Line Engineer M/M 27,503,000 16 440,048,000
B- 5 |Civil Engineer M/M 27,503,000 16 440,048,000
B- 6 |[Structural Engineer M/M 27,503,000 6 165,018,000
B- 7 |Mechanical Engineer M/M 27,503,000 17 467,551,000
B- 8 |Electrical Engineer M/M 27,503,000 17 467,551,000
B- 9 |Architect M/M 27,503,000 7 192,521,000
B- 10 [Document Specialist M/M 27,503,000 6 165,018,000
B- 11 [Environmental Expert M/M 27,503,000 7 192,521,000
B- 12 |Quantity Surveyor M/M 27,503,000 46]  1,265,138,000
B- 13 [Chief Inspector M/M 16,502,000 41 676,582,000
B- 14 [|Inspector M/M 11,001,000 41 451,041,000
275
2. Remuneration for Supporting Staffs
1-7 Project Office
C- 1 |Office Manager M/M 10,000,000 45 450,000,000
C- 2 |Accountant M/M 10,000,000 45 450,000,000
C- 3 |CAD Support for Pipe Line M/M 10,000,000 20 200,000,000
C- 4 |CAD Support for Civil Works and Structural M/M 10,000,000 5 50,000,000
C- 5 |CAD Support for M & E M/M 10,000,000 20 200,000,000
C- 6 |Translator / Interpreter M/M 10,000,000 34 340,000,000
C- 7 |Secretary M/M 5,000,000 45 225,000,000
C- 8 [Security Guard M/M 1,000,000 135 135,000,000
C- 9 |Office Boy M/M 1,000,000 54 54,000,000
403
3. Direct Cost
1| Accommodation for Professional A Month 33,003,000 86| 2,838,258,000
2|Accommodation for Professional B Month 3,300,000 275 907,500,000
3| Vehicle Rental Month/Car 11,001,000 120 1,320,120,000
4|Office Rental Month 22,002,000 45 990,090,000
5[International Communications Month 2,200,000 45 99,000,000
6|Domestic Communications Month 2,200,000 45 99,000,000
7|Gifice Maintenance ivionth 5,501,000 45 247,545 000
8|Office Furniture and Equipment Ls 220,022,000 1 220,022,000
9|Report Preparation nos 550,000 45 24,750,000
10| Software (CAD etc) Ls 110,011,000 1 110,011,000
11 Topographic Survey Ls 110,011,000 1 110,011,000
12[Geological Investigation Ls 165,017,000 1 165,017,000
13|EIA Ls 1,65