Table 2-20  Existing Situation of Agricultural Cooperatives
in Chon Buri Province (1980)

[ Amphoe ____Ban Bung
Cooperative : Ban Bung | Livestock
Coops official ) Tz
Coaps staff - 4 | 1
Agriculture
household ' 8,946
Member's number 1,200
{Ratio) 13% -
Puchasing -
Agri-chemical -
| Chemi-fertilizer 900,000 -

Agri-machine
Seeds (paddy) -
Others N - —

Marketing -
Paddy

Fruitks -

Vegetable
Eixpstock - . B

Others Sugarcane
Cassave 1,000 t

Storage house
Capacity (ton) -

Credit
Short-term used
number 657
amount 6,500,000 B |
Middle-term used [ T
number 35%
_ amount 3,500,000 B
Long-term used |
number -
Rice mill ' - B
Banana processing - T
Agriculture )
household 8,946 (63.9%)
Total '
household 13,990
Total
population 76,348
Agricultural
population : 48,821 (63.9%)
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Table 3-2 Tendency of Population by Industrial Development

(1)
location 1380
Rayoug
Municipality 37
HMuan 84
Sub Total 121
Chon Buri
Municipality 50
Am.Chon Buburi 119
Am. Si Racha 85
Sattahip 85
Am.Phanat Nikhon 110
Phattaya 35
Sub Total 484
Total 605

(2) (3)
1990 2000
57 80
161 203
218 283
53 56
150 180
124 166
105 123
126 142
59 84
617 751
835 1,034

& - 47

{nit:

(4)
2 - (1)

20
17
97

31
39
20
16
24
i33

230

1,000 person

(5
Gy - (b

43

11s
62

61
81
38
32
49
267

429



Het S. Paddy

Nursery Seed
Fertilizer
Padan Mipcin,

Paddy Field

Fertilizer Co.
A.S,

Padan Mipcin.

Saturn D.G,

Sub Total

Dry S. Paddy

Nursery Seed
Fertilizer
Padan Mipcin.

Paddy Field

Fertilizer Co.
A.S.

Padan Mipcin.

Saturn D.G.

Sub Total

Groundnut
Seed

Fertilizer

M., 20%

P. 46 -~ 482

K. 602%
Asodrin

Dinethoate

Kg/ha

300
250
25

225
190
25 x 2
25

860
250
25

240
200
25 x 2
25

125

94
120
63

ce
2,500 x 2

ce
2,500 x 2

Area Quantity
(ha) (c)
256 204.8
256 64.0
256 6.4
3,650 821.25
3,650 693.5
3,650 182.5
3,650 91.25
50 40

50 12.5

50 1.3
975 234
975 195
975 49
975 25
1,945 244
1,945 183
1,945 234
1,945 123

1,945 9,800 1.

1,945 9,800 1,

4 - 48

Unit Price

S Blkg
5.200 Aft
20 ﬁ/kg

5.200 B/t

3.600 B/t
20 B/kg
17.5 A/kg

5 B/kg
5.200 B/t
20 A/kg

5.200 B/t

3.600 B/t
20 B/kg
17.5 B/kg

20 B/kg

3,600 B/t
8.400 A/t
5.800 B/t

220 B/1.

220 B/1.

Value
1,600 ¢

1,024.0
332.8
128.0

200.0
65.0
26.0

1,216.8
702.0
930,0
£37.5

3,336.3

4,880,0

658.8
1,965.6
713.4

2,156.0
2,156.0

12,529.8
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% Fig. 1-2 Soil Map
C}o%b (Ban Bung Area)
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V. WATER RESOURCES DEVELOPMENT
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WATER RESOURCERS DEVELOPMENT
GERERAL

To supply a sufficient industrial and municipal water to
meet the future water demand in Changwats Chon Buri and
Rayong in the east coast area, it is required to conduct a
comprehensive study including the estimation of the future
water demand and the potentiality of water resources devalop—-
ment, and the stepwise water resources development scheme is
to be proposed and determined in accordance with the incre-
mental demand of water.

Basic concepts for the study to attain and Justify the
above substance are as follows:

1) Target year for the water resources development is to
be established for the water demand of the year 2000.

2) As for the design drought year, the extraordinary
drought year s not to be the design year aad the
second severest drought year during ten or more
years in adopted as the design year.

3) Countermeasure for the water resources developnent
is to be considered by dans,

4) Concerning the target areas to be supplied with the
newly developed water, two plans, namely PLAN I or
base plan and the alternative PLAN I1 are studied.
In PLAN I, they are the four dévelopment centers of
Rayong Area, Sattahip Area, Lean Chabang Area and
Ban Bung Area and in PLAN II, they are three deve-
lopnent conters of Rayong, Sattahip and Ban Bung
Area.

5) Agricultural development areas to be taken inteo con-
sideration are the area in downstream side of the
proposed dam, Nong Pla Lai Irrigatton Area (3,650
ha) and Thap Ma Irrigation Area (6,400 ha}, the
required irrigation water is to be supplied by using
the proposed reservoitr volunme.

6) Stepwise water resources developmnent scheme is to be
proposed to ¢ope with the incremental water demand,
and to be secured by water balance by the year 2000.

7) 1In order to cope with the severe drought, such a
large reservoir that does not every year reach to
the full stage, Is proposed.



2, WATER DEMAND

The Future watetr demands is to be estimated from the
popvlation, living standard, fadustrial production activities
and irvigation requirement. The purpose of this estimate for
water demand is to study the structure of water demand caused
by the Government's guideline for the regional development.

METHOD AND CONDITION FOR DEMAND ESTIMATE
Municipal Water

Macro-scale estimate based on the future population
estimate has been adopted and conducted until the target year
2000 year by using the following formula:

MWD = [(Pn x Ulp x Wp) + 1P} x PCC x 365 days x RC
here,

MWD = Hunicipal water annual denand
Pn = Population

Up = Urban population ratio

Wp = Water pervasion

PCC = Per capita consunmption

IP = Induced populatien

RC = Raw water converter (1.1)

Factors in the above formula are as mentioned below:

Population {Pr)

Accotding te the 1976 - 1980 statistics in Changwats
Chon Burl and Rayong, the average population growth rate is
2.14% and 2.00% respectively, and the total population is
estinated at about 1,300 thousands in 1990 and at about
1,500 theousands In 2000 in Changwats Chon Buri and Rayong
(refer to Table 2-1).

Urban Population Ratioc {Up), Water Pervasion (Wp) and Per

Capita Consumption (PCGC)

Parameters of Up, Wp and PCC in the above equation are
shown below:

Year Area Up Hp PCC 23
(%) (%) ()
1980 Chon Buri 30.0 45.3 0.345
Rayong 9.9 58.6 0.220
1990 Chon Burl 35.0 60.0 0.350
Rayong 30.0 70.0. 0,300
2000 Chen Buri 45.0 75,0 0.350
Rayong 40,0 80.0 0.350

-
o
.

Per capita consumption Is estimated from the data of
actual consumption compiled by PUWA,
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2.1.2

Induced population

- Tables 2-2 and 2-3 show the projection of the induced
population and labor force by areas in the year 1990 and 2000
respactively,

The induced population consists only of manpower for
port and industry sectors where skilled labor is required,

The induced population of port and industry sector are
20 aud 80% of the total employed work force. The service
sector related to the above two sectors 1s assuned to rely on
lacal manpower and thus excluded from induced population.
Also, the induced population is assumed to settle {n planned
residential areas where Wp is 100%, Further, the fatra-
regional movement of local work force due to port or industry

“to be developed has not been accounted for induced popula-~

tion.
Industrial Water

The estimate for water demands of industrial and port
use in the project area has been based on the figures
released in the Final Report of the Committee,il , except
Laen Chabang and Rayong Areas.

Anong the figures thus released, the one for soda ash
Industry in Sattahip is different from what has been
published in its feasibility report by JICA. The larger
figure of feasibility report has been adopted here for the

" planning on safer side,

In Laem Chabang and Rayong Areas where no estimate is
released, the water demand i3 estimated by multiplying the
area of development by unit water requirement in tonfha.

The area of developuent in Rayong industrial complex is
estimated in the Final Report as 96 to 160 ha which has no
account for aspects of potential as sub-sectoral industries
of proposed basic industry and possible airport oriented
industry around U-Tapao. With full account of such develop-
ment potentials, the estimate of required land developaent
would be 320 ha. The Laem Chabang industrial complex of IEAT
has an area of 448 ha. Water requirement for these two
industrial complexes will be calculated from an average water
requirement per unit area of five representative industrial
parks of Thailand, which is 90 ton/ha.

/1: Basic Industries Development Committee, Secretariat

Office, Thailand.



2.1.3

2.2

Irrigation Water

The diversion water requirement will be estimated by the
following procedure. Crop consumptive use 1s the depth of
water to meet the water loss through evaportranspiration; it
is estimated from the climatic data and crop growing stage
for each crop. The percolation is also taken into account
for the paddy cropping. The water needed for land prepara-
tion is considered. The detalled ‘procedure and results are
shown in IX IRRIGATION AND DRAINAGE, while the irrigation
water for the existing Ban Khai area and the proposed Thap Ma
area is estimated in the manner that these areas have the
same unit demand, '

ESTIMATED PUTURE WATER DEMAND

The estimated future water demand by aforementioned four
target areas, Rayong, Sattahip, Laem Chabang and Ban Bung
Area, are obtained as below mentioned:

Rayeng Area

1990 1995 2000
Industrial 23.1 MCM/year 23.1 MCM/year 27.9 MCM/year
Industry-related
municipal 8.5 8.5 15.5
Other municipal 4.4 6.8 . 12,6
Irrigation 62.4 128.1 194,7
Sattahip Area
1990 1995 _ 2000
Industrial 13.7 MCM/year 14.3 MCM/year 17.2 MCM/year
Industry-related
municipal 0.8 0.9 1.5
Other municipal 3.1 4,2 5.3
Laem Chabang Areafl
| 1990 1995 2000
Industriél '6.6:HCM/year 12.0 MCM/year 16,8 HCMIyear
Industry-related
municipal 3.4 6.0 7.0
Other municipal 2.9 4,2 5.5

/1 ¢ In PLAN II, Laem Chabang area is not supplied with water
but the water is transferred to Rayong Municipality,



3.2

Ban Bung Area

Municipal water demand is based on the population projec-
tion without taking into consideration the induced pepulation
by the industrial and urban developments, As for industrial
water demand, 1t is assumed that the current counsumption of
1.8 MCM will increase by 10% per annum,

1990 1995 2000

Industrial 2.9 MCH/year 3.8 HCM/year 4.8 MCM/year
Municipal 2.5 3.2 4,2

Breakdown of the above estimation results are as shown in
Tables 2-4, 2-5, 2-6, 2-7, 2-8 and Fig.2-1,

WATER RESOURECES DEVELOPMENT PLAN 1

GENERAL

The Water Resources Development Plan is studied to meet
the industrial and municipal water demand of the target year
2000 in the area to be developed in accordance with the
Regtonal Developneat Plan formulated by the Government as
well as to supply irrigation water to proposed irrigat{ion
area.

In this Chapter, the Water Resources Development Plan is
studied to supply water to four development centers, that is,
Rayong, Sattahip, Laen Chabang and Ban Bung, and to Nong Pla
Lai and Thap Ma irrigation areas,

il

PROPOSED DAM DEVELOPMENT

Dan development program for the east coast area has
already been prepared by RID. It includes, as main dams, Nong
Pla Lai, Khlong Yai, Thap Ma, Khlong Luang and Prasae Dams and
expansion of Ban Bung Dam (refer to Fig. 3-1). Anmong above
dams, Nong Pla Lai, Thap Ma, Khlong Yal and Ban Bung Dams are
nominated to be studied for their high development poten—
tiality and vic¢inity to the demand area.

Catchment Storage
Dam Area Capacity
Nong Pla Lai 4526 k2 144,44 MCM
Thap Ma 154 35.0
Khlong Yatl 223 - 45,0
Ban Bung 53 8.0/1

/1

Proposed Capacity (10 HCH) ~ Existiog Capacity (2MCM) =
increased Capacity (8 MCM)



3.3

Features of the above seclected four dams are as
follows:

Nong Pla Lai Dam

With a largest catchment area in the project area, Nong
Pia Lai Dam is located in the upstrean of Rayong River, the
stream that flows down the center of A.M. Rayong. The de-
veloped watéer can be conveyed to AM, Rayong, a principal de-
velopoent center in the east coast, to Mab Ta Pud with
proposed industrial complex, and to Sattahip and Laem Chabang
where industrial complex and deep sca port development is
planned. The water can also be supplied for munic¢ipal and
industrial use and for irrigation purpose to the newly deve-
loped tract in the middle reaches.

The flooding water in Rayong River couvld be lessened by
flood control function of the dam, which would protect the
property assets in the river basin.

Khlgng Yai Dam

The proposed dam is located in the upstream tributary of
the Rayong River, and supply the water to the same area men—
tioned in the above Nong Pla Lai Dam.

The flood damage in the mid-low reaches of the river may
also be mitigated by the dan.

Thap Ma Dan

The dan is proposed in a tributary of the Rayong River,
that neets the main course in its middle reaches. Developed
water can be supplied for muaicipal~industrial use 1In A,M.
Rayong and its vicinity as well as for {rrigation.

Ban Bung Dan

The proposed dam 1s located in the Ban Bung River, the
secondary tributary of the Ban Pakon River, The existing Ban
Bung Dam will be expanded to 10 MCM from 2 MCH. This deve-
loped volume of water 1s meaat to ease the acute shortage of
nunicipal-industrial supply to A.M. Ban Bung Area. The latent
demand and future demand to be induced by regional development
will also be met.

PRIORITY OF DAM CONSTRUCTION

For the priority ranking of the proposed dams In the
Project area, phasing of water supply for municipal,
industrial and irvigation demand was carried out, and water
resources development was studied based on the below men~
tioned aspects,

1) To ensure the develoment capacity of the reservoirs
to make the water supply meet the inereased future
denmand fn the target areas.



3.4

3.4.1

2) To develop the water resources stepwise ia accor--
dance with the developnent efficiency.

3) To glve the priority of dam construction taking the
urgency of water demand in the respective area into
consideration.

The most urgent demand is to supply the industrial
water to the Mab Ta Pud Development Center by 1984, and Nong
Pla Lai Dams which is expected to c¢ope with the future demand
with its big reserveir capacity, cannot successfully supply
the required amount of water on time, because its construec-
tion peried requires rather long.

The existing Dok Krat Dam, which was constructed in
1975, is for the irrigation purpose to supply the water to
the Ban Khai Area, and it has stiil leeway reservoir capacity
beside the actual irrigation requirement on the grouad that
water is not taken to the whole irrigation area due to the
insufficient secondary and tertialy irrigation canals.

Therefore, Nok Krai Dam can be utitized to meet the
urgent municipal and industrial water demand by coastruction
of appropriate water supply system until the year 1986, Nong
Pla Lai Dam is for the demand until 1995, and Thap Ma and
Khlong Yai Dans both with rather small reservoir capacity are
for the long range demand until the target year 2000.

Ban Bung dam

With regard to Ban Bung Area, the only expansion of Ban
Bung Dam can meet the required municipal and industrial
water demand unti} the target year 2000.

WATER DEMAND AND SUPPLY

As the result of the sinulation of water demand and
supply, the scale of the dams and phasing of water supply are
determined. Though the severest drough cccured in E980, it
is considered as an extra ordinary drought and the second
serverest drought year or the year 1978 is adopted as the
design drought year.

Phasing of Water Supply

Detailed stepwise water resources developnent scheme for
water supply is as follows:

First Stage

According to the industrial development schedule, the
Natural Gas Separation plaut in Mab Ta Pud, Rayong will conme
into operation in 1984 and the water demand for this plant
will take place, but the proposed dams can not be completed
up to the year because of longer construction period,
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In place of the proposed dams, utilization of surplus
water of existing Dok Kral Dam 1s proposed. Dok Xrai Dam was
constructed in 1975 for the purpose of irrigation water
supply to Ban Khai Yrrigation Area (4,800 ha) located in the
middle reaches of the Rayong River. As the irrigation
systems are not fully completed yet, there exists surplus
water of 22.8 MCH/year at Dok Kral Dam. Through the proposed
water transmission system, this surplus water can be conveyed
to Mab Ta Pud and meet the water demand up to 1986. (Refer to
Fig. 3-2

Second Stage
1} Conpletion of Nong Pla Lail

Nong Pla Lai Dam will be completed by year 1986 with
storaged capaclty of 144.4 MCH taking physical and eco-.
nonical conditions into considerations,

After completior of Nong Pla Lai Dam, Dok Krai Dam is
utilized fully to meet to industrial and municipal water
demand in Rayong, Sattahip and Laem Chabang area.

Nong Pla Lail Daw is utilized to ensure the vested water
right of Ban Khai YIrvigation Area which is transferred

from Dok Kral Dawm to Nong Pla Lai and meet the irriga-

tion demand in proposed Hong Pla Lai Irrigation Area,

As the result of the simulation of dam operation, Dok
Kral Dam cac meet the water demand of 80 MCH/year in
following areas aud Nong Pla Laf Dam caa supply irriga-
tin demand of 69.4 MCM{year in Nong Pla Lal TIrrigation
Area in case of cropping intensity 100% for paddy in wet
season and 80% for combiration of paddy and grandnuts ia
dry season,

Location Water Demand at 1995
MCM/year
Rayong Municipality 8.4
Mab Ta Pud 30.0
Sattahip 19.2
Laem Chabang 22.2

Nong Pla Lai Irrigation Area 69.4

The schematic diagram of water utilization system on the
second stage aad water balance in Dok Kral Dam and Nong
Pla Lai Dam are shown in Fig. 3-3, 3-4 and 3-5.

2) Conmpletion of Ban Bung Dan

In order to save the Ban Bung area from seriously chro-
nic water shortage and to meet the increasing
industrizl-municipal water demand at target year of
2000, the expansion of existing Ban Bung Dan is
completed with storage capacity of 12.5 MCM by 1986.



Based on the sinultation of dam opératfon, proposed Ban
Bung Dam can nmeet the industrial-municipal water demand
at year 2000 including vested right water.

Ihdustry and Muaicipality _
including vested right water 9.0 MCHM/year

Vested right of irrigation water 0.8 MCM/year

Water Balance in Ban Bung Reservolr fs shown in
Fig- 3"6.

Third Stage

In order to meet the increase of water demand after
1995, comstruction of Khlong Yal Dam is proposed in 1995 with
storage capacity of 45 MCM.

Khiong Yai Dam can meet the industrial-municipal water
demand of 22.2 MCM/year which is expected to occur in the
period fron 1995 to 2000 in Rayong and Sattahip avea,

As for the water demand in Laem Chabang area, the volume
of 22,2 MCM/year which is the water demand in 1995, only caan
be supplied because of limited water transmission capacity.

Simultancously with the supply to industry and municipa-
lity, Khlong Yat Dam can meet the irrigation water demand of
58.7 MCHM/year in Thap Ma Irrigation Area of 3,000 ha,

Location HWater Pemand

Rayong Municipality 22.2 MCM/year (Demand in 2000)
Mab Ta Pud 33.8 MCM/year { - ditto - )
Sattahip Area 24,0 MCM/year ( - ditto - )
Laem Chabang Area 22.2 MCM/year (Demand in 1995)
Nong Pla Lai Irrigation _ )
Area (3,650 ha) 69.4 MCM/year
Thap Ma Irrigation '
Area (3,000 ha) 58.7 MCM/year
Schematic Dlagram of Water Utilization System 1s shown
in Fig. 3-7.

Fourth Stage

Thap Ma dam will be completed by 1998, in order to meect
the irrigation water demand increasing in Thap Ma Irrigation
Area, Utillzing developed water from Thap Ma Reservoir, Thap
Ma Irrigation Area can be expanded to 6,400 ha from 3,000 ha
in case of cropping intensity 100% for paddy in wet season
and 80Z for combination of paddy and grandnuts fin dry season,

Schematic Diagram of Water Utilization System is shown
in Fign 3_80
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3.4.2

4.1

HWater Balance

The balance calculated from estimated water demand and
supply is tabulated in Table 3-1 and Flg. 3-9. It is appareat
from the table that 17.3 20 MCM/year of shortage would occur
in 1985 for the total area of Rayong, Sattahip and Laen
Chabang, 1t would be difficult to expedite the completion of
Nong Pla Lai and Ban Bung Dams because they require long
construction periods. The delay, on the other hand, of the
operation at start of these two dams would cause shortage of
industrial and municipal water in 1986 by about
26,5 MCM/year,

After the year 1987 until the target year 2000, required
water demand can be satisfactorily supplied.

The result of water balance calculation shows the
severest drought will occur in the year 1979 in Nong Pla Lai
dam, but this drought year Is considered as the extraordinary
one and not taken as the design year. The adopted design

. year is the year 1978 or second severest drought year,

WATER RESOURCES DEVELOPMENT PLAN 1I

GENERAL

The formulated Nong Pla Lal Sub-project consists of
the Nong Pla Lai Dam, Water Transmission System comprising
three routes to Mab Ta Pud (Rayong Area), Sattahip and Laen
Chabang and Nong Pla Lai Irrigation Systen.

In the course of study, however, supply system to
Laem Chabang area is likely to be excluded from the Sub-

project since the cost of canveyence is very high and alter-
native water source can be found in the vicinity of Laenm
Chabang area.

The present project formulation in PLAN II has been
carried out excluding the water supply to Laem Chabang and
contains specifically Nong Pla Lai Dam, water transmission
routes to Mab Ta Pud (Rayong Area) and Sattahip, and Nong Pla
Lai Irvigation Area. The target year is set to 2000,

4.2 WATER DEMAND AND SUPPLY

4.2.1 Hater Demand

Industrial and Municipal

Demand for 1ndustrlalnmunicipal water in the two supply
areas of Rayong and Sattahip In the year 2000 has been esti-
mated on the basis of the foregoing study as shown below,

S~ 10



4.2.2

unit: MCM/year
Rayong Area
Rayong
Municipality Mab Ta Pud Sattahip

~ Industryy 6.4 21.5 17.2
= Industry-related

municipality 3.2 12.3 1.5

~ Other municipality 12.6 - 5.3

Total 22,2 33.8 24.0

The lacrease of water demand in Rayong and Sattahip
areas from 1996 to 2000 is equivalent to Laen Chabang's
demand in 1995.

Irrigation

The frrigation water demand in the Nong Pla Lail irri-
gation area in the size of 3,650 ha is estimated at 69.4
MCM/year when the croppping intensity is 100%Z in wet season
and 80% in dry season. Cropping pattern and other conditions
of production are assumed to be the same as discussed in the
PLAN 1.

Water Supply Plan

The water supply plan in the areas are broadly divided
into two stages utfilizing the surplus volume of Lthe existing
Dok Kral Reservoir which is exploited for Ban Khai Irrigation
System and by constructing the proposed Nong Pla Lai Dan.

The two stages are summarized below.

First stage

: The .surplus water from Dok Krai bam with storage capa-
city of 4% MCM will be utilized to meet the water demand in
Mab Ta Pud through the water transmission system until 1986,
when the construction of Nong Pla L.ai Dam is completed., The
water demand in 1986 is estimated at 22,8 MCM/year.

Second stage

The Nong Pla Lal Dam will be developed by 1986 with
storage capacity of 144.4 MCM taking physical and economical
conditions inte consideration,

After completion of Mong Pla Lai Daw, the Dok Krai Dam
will be fully utilized to meet the industrial-municipal water
derand in Rayong and Sattahip areas and the function of water
supply to Ban Khal irrigation area 1s transferred From Dok
Krai Dam to Noag Pla Lail Dan.

Nong Pla Lai Dam is utilized fo meet to vested right of
water {n Ban Khaif irrigation area and new demand of 69.4
HCM/year to proposed Nong Pla Lai Irrigation Araa of 3,650

ha.

Schematic Dlagram of Water Utilizatfion System is shown
in Figc 4"1-
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Table 2-1

Future Population Based on Current Trend

Unit:

Person

Foture Population

Population Increase

Changwat Rayong 1980~ 1980~
1980 1990 2000 1990 12000
Rayong Municipality 1/ 37,305} 56,629 79,723 | 19,324 42,468
A. Muang 1/ 83,693 | 90,474| 93,085 | 6,781 9,372
A. Klaeng 100,484 | 127,383] 154,338 | 26,899 53,854
A. Ban Khai 71,190 | 77,522 83,524 | 6,332 12,334
K.A. Pluak Daeng 25,791 | 30,804 35,676 { 5,013 9,885
K.A. Ban Chang 1/ 27,594 | 28,264 29,047 670 1,453
K.A. Vang Chang 12,839 | 21,414 29,834 8,575 16,995
Total 358,896 | 432,490| 505,257 | 73,594 146,361

__Epit: Ferson

Future Population

Population Increase

Changwat Chon Buri 1980~ 1980~

1980 1990 2000 1980 2000
Chon Buri Municipality 50,106 | 52,897] 55,557 2,791 5,451
Panat Nikhon M. 13.411 | 14,408 15,392 997 1,981
Tambon $3 Racha M. 1/ 21,632 | 32,611} 43,338 | 10,979 | 21,707
A. Mvang Chon Buri 119,281 | 150,115| 180,290 [ 30,834 | 61,009
A. Panat Nikhon 110,203 | 126,154 142,024 | 15,951 | 31,821
A. Pan Thong 38,289 | 42,069[ 45,957 3,780 7,668
A. Ban Bung 2/ 78,262 | 83,894| 89,555 5,632 | 11,293
A. $1 Racha 1/ 84,516 {100,426| 116,795 | 15,910 | 32,279
A. Ban La Mung 43,789 | 45,825] 47,765 2,035 3,976
A. Sattahip 85,212 | 98,377] 111,528 | 13,265 | 26,416
K.A. Ko $i Chang 2,955} 3,553 4,157 598 1,202
K.A. Nong Yai 17,386 | 20,486] 23,491 3,100 6,105
K.A. Bo Thong 24,779 | 36,579] 48,372 | 11,800 | 23,593
Muang Pattaya 36,706 | 59,380| 84,173 | 24,674 | 49,467
Total 724,427 866,773 (1,008,395 | 142,346 | 283,968

1/: Nong Pla Lai Sub-Project
2/: - Ban Bung Sub-Project
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EEP;EL___gzﬁ__Water.Demand for Industrial and
Municipal Use {Ban Bung Sub-Project)

Unit: MCM

Year Industry Municipality Total
1980 1.8 1.3 3.1
1981 1.8 1.4 3.2
1982 1.8 1.5 3.3
1983 1.8 1.6 3.4
1984 1.8 1.7 3.5
1985 1.8 1.8 3.6
1986 1.8 2.0 . 3.8
1987 2.0 2.1 4.1
1988 2.3 2.3 4.6
1989 2.6 2.4 5.0
1990 2.9 2.5 5.4
1991 3.0 2.6 5.6
1992 3.2 2.7 5.9
1993 3.4 2.9 6.3
1994 3.6 3.0 6.6
1995 3.8 3.2 7.0
1996 4.0 3.4 7.4
1997 4.2 3.6 7.8
1998 4 .4 3.8 8.2
1999 4.6 4.0 8.6
2000 4.8 4.2 9,0
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Fig. 2-1 1Industrial & Municipal Water Demand

MCM/Y
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Fig 31 Localion of Existing and Proposed Reservoir
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Fig.3-3 Schematic Diagram of Water Utilization Systenm
(Second Stage:2 Dams)}

Unit: MCM/year
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Fig. 3-7Schematic Diagram of Water Utilization System
Unit:'MCHlyear

{(Third Stage:3 Dams)
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Fig. 3.8 Schematic Diagram

of Water Utilization System

{(Fourth Stage:4 Dams)
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Fig. 3-9 Water Supply and Demand
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Fig.4-1 Schematic Diégram of Water Utilization System [PLAN 11}
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1.1

NONG PLA LAI DAH
BESEIGN CONDITION
Function of Dan énd Reservoir

Nong Pla Lai Dan is to be designed so as to have the
following functions and facilities.

1) Storage Capacity

Utilization 144,.4 MCM
Surcharge _ 43.5
Sedinent 12.8
Gross 200.7

2) Spiliway for inflow of 1.2 times 200-year flood
3) Intake and dutlet
4) Facilities for emergency draw-down of water level
5) Branch Valve for Power Generation (in future)
6) Divets;on Conduit for 10-year flood

Design Formuiation

The proposed plan of Nong Pla Lal Dan and Reservolr

- scheme has been refined through alternative study on various

structures,

Dam

1) Type

The geological and topographical conditions of the
dam site don't accept concrete gravity type.

Rockfill type dan, that is structually superior to
earth~fiil type dan, i$ not suitable for this dan
because of the diffjculty of economical securement
of rock materials in the vicinity of the dam site.

It appears that earth-f{1l type dam would be the
only type recommendable for this dan site from the
view poiats of abundant availability of embankment
materials and relatively small hefght of the danm.,
A series of investigations and laboratory Lests up
to date reveals that the embankment matecrials that
are classified into clayey sand or silty sand are
distributed widely in the vicinity of the dam site
with the quality enough to be the embankament
materials for a earth-fill type dan,



The foundation of the dam will be excavated to the
impervious strata on the dam axis so as to prevent
leakage over permissive amount through the foun-
dation.

Grouting method, an altetnative treatment of
improving permeable foundation, is eliminated
because grouting is technidally difficult under
grouting the unsuitable soil condition.

2) Dan axis

Studies are carried out to find the most reconmen-
dable dan axis in the proposed site from the view
points of topography, geology and econony .

The followings are the results of the comparison
among the proposed and two alternative axes that are
shown in Figs. 1=l and 1-2,

- There are no great difference among the three axes
ian geology and topography.

- The embankment volumes are estimated roughly under
thie condition that the crest elevation of danm is
set at 2 m above H.H.W.%. that cortesponds to the
total storage volume of the reservoir of 200.7
nillion cubic meter.

Proposed Alternative I Alternative I1

Total storage 200 200 200
volume (MCM)

HH.W.L. {EL.m) 47.0 46.5 48.0

Crest elevation 49,0 48.5 50.0
of dam (EL.n)

Embanknent volume 3.2 3.1 3.9
{(McH)

- The proposed dam axis, on which the geological
profile has bee¢n revealed through the geological
investigations, is finally recommended in spite of
the slight inferiority of embankment volume com-
pared to alternative I. As for the Alternative I
and 11, such a detatled geological investigations
on the propesed axis have not been performed.

Eggllﬁay
1) Type’

As the types of;spillway, the following 4 alter—
natives are studied.



Alternative

Propesed
Ale. 1
Alr, 11

Alt. TIII

Type of.Spillway

Control

Structur

Slide Ove
type

Pischarge
e _Carrier
rflow  Chute type

Center overflow Chute type

type

Seni-circular Chute type

overflow

type

Morniang. glory Conduit type

type

Energy
Dissipator

Hydraulic jump
type

Hydraulic Junp
type

Hydraulic jump
type

Hydraulic jump
type

Proposed Side overflow - Chute - llydraulic junp types
are adopted in consideration of the following matter.

- Other types less the proposcd one for control
structure are not suitable for such a wide width

of 120 m Yequired for this spiliway.

~ Conduit type for discharge carrler has sone
problem to be cleared such as:

Safety against leakage through the contact face of
concrete and embankiment, resulting in piping
action due to the vibration of the structure when

big amount of discharge flow.

This problem will

be amplified when the foundation is not composed
of rock like this dan site.

Safety against hlockade by floating matters that
make the flow capacity lessen.

- Morning glory type of control structure has also
the problem te be blockaded by floating matters in
the reservoir.

2) location and alignment

From the viewpoint of the dam site topography, 1t is
desirable to select the left abutment of the dam For

the location of the spillway,

It can provide a

satisfiable foundation in bearing power for the
spillway ‘structure,

The proposed alignment shown in Fig. 1-3 has the
shortest total length compared with two alternative

alignments.,



3) Size and capacity

Size and capacity of spillway rclates to the height
of dam. 1If a spillway of larger discharge capacity
is provided, it will require less flood control
capacity of the reserveir and resulting in the
construction of lower dam. Conversely, small
spillway capacity will require a higher dan.

Nong Pla Lail Reservoir is required to store water
to a maximun extent for the purpose of larger deve-
lopaent of the Rayong river basin and the normal
high water level is deternmined at EL 45,0 n.

The followings are considered For the determination
of the size and capacity of the spilliway:

= Gate is climinated from the spillway for eaéy
operation and maintenance.

- Hormal high water level is EL. 45.0 n,

- Possible highest high water level is limited to
EL. 47.0 m because a relatively big municipality
will be submerged at the water level aver
El.. 47.0 l'f"lo

- The spillway has a role of flood control. The
higher the highest high water level {sg, the bigger
the flood control effect.

The highest high water level of EL. 47.0 n is
finally adopted in consideratin of the above con-
ditions, '

Diversion Conduit

The dam site is located 3 km upstrean of the confluence
of two rivers, nanely Khlong Ra Woeng (left side river) and
Khlong Poug Nam Bit. The river flows through these two
tivers have to be diverted inte diversion condult during the
construction works of the dam for the sake of smooth and
safe execution of works.

The proposed plar is that the river Flow through Khlang
Pong Naun Bit will be firstly diverted through an open chan~
nel {ato Khlong Ra Woeng and then conveyed Inte a diversion
conduit together with the river flow of Khlong Ra Woeng.
Therefore, in this plan, only one diversion conduit will be
consiructed beneath the dam embankment.

An alternative is to construct two diversion conduits
for the exclusive use of two rivers.

The ¢onstruction cost comparison between the proposed
plan and the altevnative show the superiority of the pro-
posed one.

6 - 4



Constructien Cost

Proposed Alternative
Open Channel Us532,000 -
Conduit _ y$$800,000 . US$1,600,000
Total _  US$ 832,000 U$$1,600,000
i.2 DESCRIPTION OF PROJECT
1.2,1 Principal Features of Dam and Reservoir
Reservoir
Catchment area 426 kmg
Reservolr area at H.H.W.L. 23 km
Reservoir stage
= Highest high water level {H.H.W.L.) ElL. 47.0 n
= Normal high water level (N.W.L.) EL. 45.0 m
- Low watetr level (L.W.L.) EL, 33.3 n

Reservoir storage

- Gross 200,700,000 n3

-~ Surcharge 43,500,000 m>

~ Utilization 144,400,000 n3

- Sedimeat 12,800,000 n3
Dam

- Dan Eavrth-f111l type with cut-off treach

- Crest elevation EL. 49.0 m

~ Max. danm height 3.0 m
"= Crest length 4,000.0 n

=~ Slope gradients Upstream slope 1:3,0

- _ Downstream slope 1:2,5

- Embankment volume 3,200,000 n3
Spillway

~- Type Side overflow weir with emergency gate

- Capacity 700 n3/s at H.LW.L

- Gate Roller gate B 5.0m x H 5.0m x 1 No.

(Emergency gate for draw-down of water level)

Intake & Outlet

= Intake Type :+ Vertical Tower
~ Outlet for irrigation water
Regulating valve Jet flow gate 1,500 mm x 1 No.

Dl scharge capacity 14 m3/s at L,W.L

The reservolr capacity and area curve is shown in
Fig. 1-4,



loZaz

Geolopy

Geology of the Proposed Area

The geology of the project area is granite-based with
flood plains covered with alluvium, (Refer to Figs. 1-5 and
1-6) Granite is of biotite type extensively eroded to forn
superficial strata of resldual soil. No exposute of fresh
granite is observed in the project area,

Boring test results and topographical distribution of
the alluviom in flood plain show that the strata is old
rather than new. The new alluviun strata 1s widely spread
over the preseat flood plain with seml—conpact alternating
layers of elay, silt and sand, The old strata is observed
in the center of the riverbed in the proposed damsite as
well as in terrace which Is elevated 3 to 5 ueters above
river bed at both banks of downstrean area. The old strata
is of semi-compact clayey sand.

Ceology of Dam Site

Geology of dan site is composed of coarse-biotite gra-
aite as basement with alluvium spread over the river beds.
(Refer to Figs. 1~7 and 1-8). This bagement granite is
exposed on both right and left bank, and the surface has
been weathered down to residual soil., The residual soil is
distributed as such the depth is in the range of 3 to 6
meters, with deposit thicker on the right bank than on the
left. The feature of the soil is that of clayey sand with
N-value not greater than 20, Beneath this residual soil
decomposed granite is distributed. PBecomposed granite is
also dominated by clayey sand with H-value greater than 50
owing to high densfty, '

Alluvium distribution in the valley area comprise
either clayey sand or silty sand with oid stratua having the
deposit thickness as much as 15 meters and the young stratum
6 meters. Both strata have wide range of N-value which are
found to be between ! and 20 for the young, and between 2
and 50 over for the old one.

Test Boring and Permeability Test

Tést boring of 15 pits along the proposed dam axis has
been conducted by §.P.1. (Sverdrup & Parcel Internattfonal,
Inc.) in 1973, the results of which are presented as geologi~
cal profile in Figs. 1-9 to 1-12, To confirm this previous
test for continuation and permeabllity of strata, auger
boring was carried out along dam axis, and the results have
revealed that geological section of dam site was adequate,
The results of four test boring conducted for the present
study are presented as Figs. 1-9 and 1-12. Geologlc Log of
beill Hole. The log shows that alluvium layers have
thickness of 1l to 15 meters, running continuously from
uppér to lower reaches of dam. '



The permeability test by means of gravity method was
carried out ia boring holes. The results as shown on boring
log indicate that the permeability coefficients are relati-
vely low or in the range of K = 1 x 10-5 cmfsec in the
décomposed ﬁranite layer and X = 1 x 1073 ¢o
K= 1'x 107% cm/sec in the sand or silt of alluvium layer.
It may be concluded from the boring tests that permerbility
of foundation is generally low and presents no problem.

Underground water level detected at bofeholes or nearby
wells 1s in the range of 1.0 to 1.5 neter below surface at
river banks and 3 to 6 meters on hilils.

Seil Survey and Laboratory Test

For both up and down stream avea of the dansite recom~
nended by S.P.I., auger boring tests were conducted for soil
survey. Characteristics of soil as well as depth of
weathering of foundation were studied. Sone soil samples
were collected and analysis was entrusted to the Research
and Laboratory Division of the RID. ‘The results are shown
in Figs. 1-13 to 1-15 Graduation Test. According to the
test soils are classified into either SC or SM, which are
well usable as fill materials., The borrow areas proposed
are large enough to supply quantity for the construction of
enbankment,

Concrete aggregates and rip rap naterials may be
obtained ia a large quantity at a quarry located 12 km north
of Sattahip, Other sources of thesec materials could be
found in the highlands of granite rock located 8 km to the
east or 20 km to the north east,

In addition to the above test results, the sunmary of
soll tests conducted by S.P.1. in 1973 is shown in
Figs. 1-16 to 119,

Engineering Geological Analysis

1} Poundation of Pan

In the flood plain area the foundation of danm Is to
be the top layer of granite, The alluvium in this
area have poor N-value, and relatively permeable
sand layer found by boring test may have to be
stripped. The elevation of the foundation is
.expected to be EL. 18 meters,

As for the abutments, a top layer of decomposed gra-
nite is to be accepted for the foundation after
renoval of loose layer in residual soil distributed
for 3 to 6 neters thick,



1.2.3

Dan and Reservoir
Reservolr

The reservoir created by the construction of the dam
will have a surface area of 23 kn2 (14,400 rat) at the
highest high water level (EL, 47.0 n) during the inflow of
extraordinary flood and a gross storage capacity of 200.7
milkion n3,

The normal high water level is ElL. 45.0 o and the low
water level is EL. 33.3 m. The storage between them will be

144.4 nillion n3 yhich is an effective storage for the
supply of irrigation water.

The surchargé storage of 43,5 million mJ above the nor—
mal high wvater level is expected to perform flood control.

Highest high water level (H.H.W.L.) will be EL., 47.0 n
which is 2.0 nm above the normal high water level, - The
extraordinary flood discharge will be discharged at H.H.W.L
through the spillway.

Dan

The dan will be of earth-fill type dan with such pria-
cipal features as: Crest elevation - EL. 49,0 n; Helght of
dam - 31 m; Crest length ~ 4,000 m and Embankment volume
- 3.2 million n3,

The crest elevation of the dam of EL. 49.0 n provides a
freeboard of 2.0 m above the highest high water level and
4.0 n above the normal high water level., The freeboard
required for the dam can be calculated as below.

HE > hw + hi

- hw is a heipght of wave due to wind and is estimated
at 1.0 m in the case of wind velocity of 20 n/s and
fetch distance of 9.0 km by nmeans of the combining
method of S.M.B and Saville methods.

= hi is an additional allowance according to type and
importance of dam. For fi1il type dam, 1.0 m is
adopted,

Therefore the freeboard required for the dam crest ele-
vation 1s 2.0 m above the highest high water level.

. The nain embankment material will be clayey sand and
silty sand which are found in pleatiful supply in the viei-

nity of the dam site,

The slopes of the dam body to both up and down stream
arce 1:3.0 and 1:2,5 with the protection against erosion by
rip~rap and sodding, respectively,



The foundation of the dam will be cut-off to the imper-
vious strata with the botton width of 6.0 ;m to 8.0 m on the
dam axis, No curtain grouting will be provided for the
improvement of the foundatia.

A part of the excavated material fronm the spillway will
be used for the dam embankment after tenporary storage.

The stability énalysis of dam was carried out for the
preliminary design of standard cross-section of dan.

Stability analysis was made for the following cases:
1) Normal high water level without earthquake,

2) Normal high water level with horizontal earthquake
acceleration,

3) Empty reservoir just after completion of dam embank-
ment without earthquake acceleratien,

4) Rapid draw-down of reservoir water level from normal
high water level to low water level.

Assunptions and constants used in the analysis are
given below:

1) Unit weight
Water pWw = 1.0 t/m3
Embankment naterial (core & shell)
wet Wt = 1.8 t/n3
saturated Wsat = 2,0 t/n3

2} Angle of internal Friction of material

g = 25°

3) Cohestion of material
C = 3.0 tonfmZ
4) Seismic coefficient (horizontal directin)
K = 0.05
The result of caleulation is shown in Fig. 1-20,

The safety factor is the smallest in the case of just
after completion of embankment.

Rather high pore pressure fn enmbankment was assumed in
this analysis standing on the safety side analysis.
Therefore, actual safety factor will show more stable con-
ditfon of the dam embankment,

No problem in other cases are found in this stability
analysis,
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1.2.4

102.5

Spiliway

The proposed Spillway, on the left bank, consists of an
side overflow weir of 120 m wide, concrete lined discharge
carrier with energy dissipator of 200 m and downstrean chan-
nel of 750 m. The total length of the spillway including
the downstrean channel reaches to about 1,000 u,

The design flood discharge of the spillway is estimated
at 700 m3/s that is based on the figure which is 1.2 times
the dlschatge of 1/200 probability. Storage ecffect of the
reservoir is then taken into consideration to derive the
outflow peak discharge of 700 n3/s.

Inflow peak CQutflow peak Storage volunme

discharge discharge
{(m3/s) (n3/s) ()
Design T T “_
flood : 1,050 700 43,500,000

(1.2 x 1/200 probability)

Flg. 1-21 shows the inflow-cutflow hydrdgraph of the
extraordinary flood.

The spillway will also be used as a flood control faci-

lity. The surchrge capacity for the 30-year flood is as
follows and shown in Fig. 1-22.

Inflow peak Outflow peak Storage volume

dlscharge discharge
(n3/s) {n3/s) (n3)
30-year Flood 695 475 34,200,000

A roller gate of 5.0 n wide and 5,0 o high Is provided
for the emergency draw-down of water level of reservoir.
The water level will be drawn down from the natural high
water level to the low water level through the spillway and
the intake facilities within 20 days.

Intake and Cutlet

. The iantake and the outlet erected at the upstream and
downstream ends of the diversfon conduit will serve to tap

'irrigation water and to cope with energency draw-down of

water level of thée reservolr.

The diversion conduit will be diverted to a part of the
tapplng ircrigation water facilities after tt is plugged with
concrete on the danr axis and provided with a penstoek.

6 ~ 10



l.2I6

1.2.7

Maximum intake volume based on monthly mean water
requirenent would be 1) m3/s. When the daily fluctuation of
irrigation requirement and the capaclty for emergency
discharge ave considered, the capacity of the facilities
would be 14 m3/s at the low water level,

The discharge volume will be controlled by a valve {(jet
flow gate 4 1,500 m/m) installed at the ocutlet, Another
gate (slide gate 4 1,500 n/m) provided on just upstrean of
the jet flow gate is for the maintenance of the jet flow
gate,

The discharged water will be dissipated in the stilling
basin and conveyed to the existing viver through a channel
of 510 = long.

River Diversion

The river flow will be diverted through the diversion
conduit during the construction works of the dam for the
sake of smooth exeecution of the works.

The main facilities of the diversion works ave diver-
sion conduit, upstrean channel, downstream channel, connec—
tion chanunel of two rivers, upstrean of the dam site,
primary upstreanm coffer dam, upstream main coffer dam and
dowastrean ¢coffer dam.

The facilities are designed to be safe agailnst the
estimated flood of 1/10 probability. This flood discharge
will be controlled in the reservoir resulting in risfng of the
water level to EL.38.0 m. The dianeter of the conduit is
3.0 m,

The diversion conduit is erected on the left bank of
Khlong Ra Woeng river (left side river), Another river,
nanely Khlong Pong Nam Bit (right side river) is diverted to
the Kitlong Ra Woeng river through the open channel con-~
necting two rivers.,

Upon conpletion of the dam construction, the conduit
will be plugged with concrete on the dam axis and diverted
to a part of the tapping irrigation water facilities,

Fig. 1-23 shows diameter of conduit vs, maximum reser-
volr water level to be raised in case of the floods of 1/5
and 1/10 probability,

Road Relocation and Land Acquisition

The reservoir area of 24,6 km? 3¢ EL. 48.0 nm which is
1.0 m high above the highest high water level should be
acquired before the completion of the dam construction.

When other areas such as dam site, borrow area and

right of way for road to be relecated are added to the ahove
areas, the total land acquisition will be 31 kmZ,
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1.2.8

ll3.l

1.3.2

Most of this tand is presently under cassava produc-
tion, Approximately 200 houses now occupy the area,

Local roads to be submerged have to be relocated. The
relocated road will be on the right bank of the reservoir
with the total length of some 17.3 km as shown {n Fig. 1-24.

As for thé compensation problen of the people in the
teservoirc, they will receive compensation money to move in
other places,

Two alternatives are to make land for resettlement in
the reservoir by embankment or to get compensation land,
The costs required for both alternatives are roughly esti-
mated as showa in Table 1.l on the basis of the assumptions
that each compensation house is to be provided with 1,6 ha
(10 rai) of land.

Figs. 1-25% and 1-26 shows the illustration of thesec
alternative plans,

Design Drawings

The drawings are shown in Fig. 1-27 to Fig. 1-33. They
include general plan, longitudinal profile and standard
cross-section of dan, plan and longitudinal profiles of
splllway and waterway and details of spillway.

CONSTRUCTION PLAN
Basic Consideration

The comstruction plan of the Nong Pla Lai Dam is to be
formulated taking availability of construction naterials on
the site, weather conditions, topographic and geologic con-
ditions, ete., into consideration,

Wherever practically possible, mechanlcal execution of
work is to be adhered in najor itenms of the work., The com—
nencerent of the construction work will be in May 1984 for
the earliest possible start of impounding water, The work
will be performed by 2-shift of 8 hours (actual work hours
of 7), 1.e., 2-shift 16 hours (actual work hours of 14) per
day.

Construction Haterials

Embanknent Materials

. The volume of earth materials to be embanked for the
main dam and main coffer dam is estimated at about 3,195,000
nd in tétal conslsting of core, shell, filter and rip-rap
materials.,
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Iten Main dan Main coffer dam Total

Cove

: ngll ) 2,220,000 604,000 2,824,000
Filter 120,000 - 120,000
Rip-Rap 163,000 88,000 251,000
Total 2,503,000 692,000 3,195,000

The results of boring survey and field reconnaissance
show that abundant major construction naterials, such as
core & shell are found in the vicinity of the dan site, and
no problem is expected in securement of the materials. 1In
this plan, the borrow area is located at left and right bank
abutnents down-strean of the dan site.

A considerable volume of earth fron the excavation of
the dan foundation and spillway will be used for embankment
nmaterials after temporary storage during excavation.

Total excavation Coéfficient Volune to

Item volume ~ of efficiency be enbanked
Dan foundation 800,000 6.6 480,000
Spillway 150,000 _ 0.8 120,000
Total 950,000 600,000

For the filter material (drain material), saud obtained
from the upper layer of the borrow area is expacted to be
used. Prior to securing the earth for coce and shell, this
will be temporarily stored in the shed and then embanked in
conpliance with the work schedule.

Rip-rap material which is estimated at about 254,000
n3 in total, is to be purchased from the local source.

Concrete Materials

The total amount required of concrete far spillway,
intake, etc., ts estimated at about 48,000 n3, Coarse

aggregate and fine aggregate are to be purchased from the
local source,

Iten Q'ty (md)
Diversion 13,400
Spillway _ 31,000
Intake & Outlet 1,000 48,000 m3
Hiscellaneous 2,600

As for cenent (12,000 tens) and reinforcement bars

(3,000 tons), it is also possible to get these materials
locally.
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1.3.3

1.3.4

1.3.5

Construction Equipment

Construction equipment to be used in the construction
work consist of motor scraper, (Capacity: 16 m3 heaped)
bulldozer (Capacity: 21 and 32 tons), wheel loader
(Capacity: 3.3 na}, Crawler loader (Capacity: 3.3 m3), heavy
dunp truck {Capacity: 20 tons), eic. These construction
equipnents are itnmported by the contractor.

letal

Gates and valves of spillway and intake Facilities are
all imported,

Local Materials

Local materials will be utilized to the maximun exteit,
The najor itens are cement, steel bars, wooden matertfals,
bricks, stone products, oil product, ete.

Construction Facilities

Such facilities as office, living quarters, Storage
house, motor pool, repair shop, form assembly, veinforcement .
fabrication, concrete batching, water supply, power supply,
rip-rap materials, temporary shed for aggregate and rip-rap
materials, etc., and constructfon road are required for the
smooth execution - of the construction work.

A part of the office will remain after conpletin of
construction of the dam and will becone parmanentiy a part
of the administration office building, '

Relocation Road

Upon completion of the dam construction, the existing
road will be submerged in the reservoir. The relocation
road, about 17.3 km in length, are constructed along the
right bank of the reservoir.

Construction Schedule
The construction works of this dam involve preparatory
works, construction works of river diversion, main coffer

dam, main dan, spillway, intake and outlet structures.

All works are scheduled to be completed in about 2.5
years starting in May 1984 and ending in September 1986,

The construction works are to be executed on contract
bases and to be performed by 2 shife {1 shift of 8 hours,
actual work hours of 7).

The construction time schedule is shown in Fig. L-34
and the main works in each year are described below.
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1.4.1

First year (1983)

Land acquisition work is to be started in this year,

Second year (1934)

Hajor preparatory works such as the construction of
camps and shops and construction road ete., are to be exe-
cated., These works shall be completed by the end of this
year except a part of construction read.

Prior to the conmeacement of main works, diversion con—
duit and open channel construction works are to be executed

starting in September and ending up in March of next year.

Excavation works of the main dam are to be started in
Octeber. Road relocation work is also started in this year.

Third year (1985}

The nain work of this year is embankment of the nain
dan including the rain coffer dan,

The embankment work is scheduled to be started in
February. Approximately 70¥% of dam volume is to be embanked
in this yeav,

The main portion of the splllway aud about a half
lLength of the downstream channel are also to be constructed.

The road relocation work is continued in this year.

Fourth year (1986)

The main dam embankment, construction of spillway and
downstrean channel are continued in this year.

Erectfon works of spillway gate is to be done in this
year.

An intake tower and outlet valve house are constructed
in this year aad valves and penstock are erected following

the completion of the main dan embankment and plugging of
the diversion conduit,

All works are to be completed at the end of September
of this year.

COST ESTIMATE
Construction Cost

The construction cost to be financed for Nong Pla Lal
Dan is estimated at US$66,550,000 equivalent consistiag of

US$29,850,000 equivalent of foreign currency and
Us$36,700,000 equivalent of local currency, respectively,
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The cost estimate is based on the following
considerations, _ :

1} Exchange rate USSi.OO = ¥230 = B23

2) The unit cost for each item is estimated in the
.price level of February, 1981. '

3) The costs equivalent to CIF prices of construction
equipnent, metal, steel bar, fuel and oil, and
cement are included in the foreign currency portion.
Duty and Imposts and misc., local expenses are
iacluded in the local currency portion,

As for cement, steel bar, fuel and lubrications
these are included in the foreign curreancy portion
in spite of the possibility of securement in the
local market, constdering that their raw materials
must be imported,

4) Contingencies consist of price and physical con-
tingencies., Price escalation ratio of 7% and 12%
per annum are adopted for foreign and local currency
portions respectively. Physical contingency of 15%
is adopted. Physical contingency of 15% is adopted.

The breakdown of the cost estimate by each work itenm
and the annual disbursement schedule are shown in Tables 1-2
to l"5|
BAN BUNG DAM

DEISN CONDITEON

' Function of Dan and Reservoir

- Ban Bung Dam is to.be designed so as to have the
following functions and facilitles.

1) Strage Capacity

Utilization 12.5 MCM
Surcharge 7.8
Sedinent _ 1.6
Gross : 21.9

2)‘Spillway for inflow of 1.2 times 200-year flood
3} intake and Outlet for vested irrigation water/1

4) Facilities For emergency draw-down of water level

;/l' The exlstingrpuﬁping stétioné_for industrial-manicipal

agter‘are“trgnsferred'to the right abutment of the onew dam,
The new water transnission systen including punping station
for Ban Bung Municipality is to be ¢onstructed by the bene-
ficlary and not fncluded in the preject.
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5) Branch Valve for Power Generation {in future)
6) Diversion éonduit for 10-year flood
2.1.2 Design Formulation
Dan

1) Type

The geological and topographical condition of the
dam site do not accept concrete gravity dan. The
difficulty of ccononical securement of rock material
makes Ban Bung Pan difficult to adopted rock-fill
type as the dam type.

Earth-f1l1 type dan would be the only Lype recommen-—
dable for this site From the viewpoints of abundant

availability of embankment materials and relatively

snall heipght of the dan.

From the series of investigations and laboratory
tests up to date, it is revealed that the embankment
naterials with abundant quantity and enough quality
can be provided in the vicinity of the dam site.

Honogeneous earth-fill type dam is then adopted for
Ban Bung Daw.

For the foundation treatment, ¢cut-off method to
fmpervious strata of foundation shows sultability
for this dan site. 1t is superior than grouting
nethod in techoical and economical viewpoints,

2) Dan axis

The proposed dan axis is set at 100 m down-stream
of and in parallel with the existing Ban Bun Dan,

An alternative of the dan axis is the existing one.
The existing dan body will be used in this case with
some triuning of the surface of the slope. {Refer
to Filgs, 2-1 and 2-2)

From the results of comparative studies of these two
dan axes, it 1s said that the alternate axis will
require a smaller enbankment volume of about 85% to
the proposed one. lowever, the alternate axis

causes such technical by difficult problems during the
construction works as:
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- Leakage threugh the Foundation of the existing danm
will cause trouble to the excavation and embank-

ment works of the cut-off portion Just downstrean
of the existing dan body.

- The execution of the construction works such as
spillway, intake & outlet, diversion conduit are
very difficult uader full reservoir condition of
the existing reservoir,

The proposed dan axis, on which a servies of geologi~
cal investigations have been carried out, is there-
fore reconmendable in spite of the slight
inferiority of the embankment volume.

Spillway

i)

2)

Type

Anong the spillway types mentioned in i.1.2 (Nong
Pla Lai Dam), the following types are judged to be
the most suitable For Ban Bung Dan's spillway,

Control structure : Center overflow type without
gate

Discharge carrier : Chute type
Energy dissipator : Hydraulic jump type

The followings were taken into consideration for the
above judgenents.

~ For the control structure, center overflow type of
the width of 20 m will fit enough to the dam with
easy construction works.

= Horning glory type of control structure, as one of
alternative, has the problem to be blockaded by
floating matters in the reservolr resulting in
less flow capcity.

~ When the center overflow type is adopted, chute
and hydraulic jump types are defined for discharge

carrier and energy dissipator, respectively.

- Gate is eliminated from the spillway for the sake
of easy operation and nmaintenance.

Location and aligoment

Fron the viewpoint of the dam site topography, it is
desirable to serect the spillway on the right bank
of the river., The geology of this portion can pro-
vide a foundation for it with sufficient bearing
pewer and fwmperviousness.
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The proposed alignment of the spillway is the only
reconmendable one, therefore, no alternative was
studied.

3) Size and capacity

Size and capacity of spillway relate to the height
of dan. 1f a spillway of larger discharge capacity
provided, it will require less surcharge capacity
of the reserveir and resulting in the coastruction
of lower dan. Conversely, small spillway will
require a higher dan.

The followings are considered for the determination
of the size and capacity of the spillway:

- Cate is eliminated from the spiliway for easy
operation and maintenance.

~ Normal high water level of EL. 82,1 is set fron
the water balance calculation to provide a reser-
voir capacity of 14 MCM including sediment,

- The spillway has a role of flood control. The
higher the highest high water level is, the bigger
the flood control effect,

The size of the overflow weir of 20 m is finally
adoptad from the flood control study., The inflow
peak discharge of 150 m3/s wil1 be decreased to
70 m3/s of outflow peak in 30-year flood.

Diversion ConduiE

A diversion conduit will be built for smooth and safe
exccution of the construction works of the dam together with
appurtenant structures such as coffer dans,

Flood occurred in the basin firstly flows into the
existing reservolr resulting in an effective peak discharge
control.

The regulated discharge from the spiliway and/or outlet
of the existing dam will be diverted into the diversion con-
duit.

The proposed diversion conduit is on the right side of
the existing river. This location is the only one recommen-~
dable for this site fron the viewpolnt of topography and
gealogy., No alternative, therefore, was studied,



T 2.2 DESCRIPTION OF PROJECT

2,2.1 Principal Features of Danm and Reservolr

Reservoir
Catchnment area . 53 km?2
Reservoir area at H.H.W.L 4 km?

Reservoir stage

~ Hipghest high water level {H.H.W.L) EL, 84.3 n
- Normal high water level (N.W.L) EL. 82.1 m
- .Low water level (L.W.L) EL. 76.1 m

- Gross 21,900,000 n3
- Surcharge . 7,800,000 3
- Irvigation, industrial & nunicipal 12,500,000 na
~ Sediment 1,600,000 n3
Dam
- Dan Earth-fill type with cut-off trench
- Crest elevation EL. 86.3 m
~ HMax. dam height 2l.5 m
- Crest length 2,800,0 m
- Slope gradients Upstrean slope 1:3.0
= Downstrean slope ‘ 1:2.5
— Enbankment veolume ' 1,400,000 m3
Spillway
- Type Overflow weir without gate
- Capacity 125 nd/s at H.H.W.L

Intake & Qutlet

- Intake Type : Vertical Tower
- Qutlet for vested irrigation water
~ Regulating valve Jet flow gate #1,000n/u x 1 No.

Discharge capacity 5 m3/s at L.W.I
The intake and punping station for the industrial-
minicipal water of Ban Bung Municipality 1s to be
consttucted by the benefic¢iary and not included in the pro-

ject .

The existing pumping stations are transferred to the
right abutment of thé new danm,

The reservoir capacity and area curve is shown in
Flg., 2-3.
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2.2.2_ Geology

Geology of the Proposed Area

The geology of the project arca is granite-based with
flood plains covered with colluvial deposit and alluvium
(Refer to Figs. 2-4 and 2-5). Granite {s of two mica type
extensively eroded to form superficial strata of residual
sotl. Some exposure of fresh granite may be observed in the
mountains within the project area.

Flood plain and present reservoir area is covered by
loose layers of clay, silt or sand. Plains and foothills
anong the nearby hilly land are covered by colluvial deposit
of loose sandy clay, spread over the basement of granite.

Ceology of Damsite

Geblogy of dansite is composed of two mlca granite as
basement with alluvium spread over the river beds. {Refer

to Figs. 2-6 and 2-7), This basement granite is exposed on
both right and left bank, the surface being weathered down
to residual soil. Fresh rock is observed only in boreholes
taken at the river beds. :

The residual soil is distributed as such the deposit is
thicker on the right bank than on the left ranging from 4 to
8 meters., The feature of the soil is that of clayey sand
with N-value between 1D and 50,

~ Colluvial deposit carvied over from surrounding high-
lands is mostly semi-compact fine grain sandstone and covers
the residual soll deposited underneath, The layer is ! to 3
neters thick and thicker at slopes.

Alluviun distribution in the valley comprise malaly the
clayey sand which is up to 7 meters thick. N-value Is below
10 characterized by loose layer.

In addition to the above, snmall hill of slate may be
observed which interferes with the graonite,

0f the bed-rock in the dam site area, residual soil,
deconmposed granite and fresh rock arve semi-impervious to
impervious in permeability while the alluvium i{s permeable
to seni-permeable.

Test BQying

Test boring of 13 pits along the proposed dan axis has
been conducted by S.P.IL. {Sverdrup & Parcel Internattfonal,
Inc.) in 1973, the resutt of which is presented as geologi-
cal profile in Fig. 2-7. To confirm this previous test,
auvger boring was carried out along dam axis, and the results

have revealed that the geological proffle of damsite was ade-
quate,
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The permeability test by S.P.1. for soil samples .
collected at the dansite show that except for some sectlons
permeability coefFicient is generally small which i3 less
than X = t x 1079 ¢pfs, The foundation poses no problem
concerning permeability.

Underground water level at ;hé riﬁerbank is 1.0 meter
below surface and at left and right abutments, 2 to 3 meters
below,

Soil Survey and Laboratory Test

For both up and down strean area of the damsite recom—
nended by S.P.1., auger boring test was conducted for
soll survey. Characteristics of soil as well as depth
of weathering of foundation was studied, Some soil
sanples were collected and analysis was entrusted to the
Research and Laboratory Division of the RID. The results
are showa in Figs. 2-8 and 2-9 as gradation test.

According to the testresults, the soils are classified Into
either SC.or SM, which are well usable as fill materials.
The borrow areas proposed is large enough to supply quantity
for construction of embankment. ’

As for the core material, a small hill of laterized
surface layer located 2 ki down-stream of damsite would be a
good source.

Aggregates and rip-rap naterials may be acquired in a
large volume at a quarry of limestone 7.5 kn south of Chon
Buri. Another source is found in a hill of granite rock
adjacent to the right bank of the damsite.

In addition to the above test results, the summary of

soll tests conducted by $.P.I. in 1973 is shown in Figs,
1-16 and 2-i0 to 2-11,

Engineeriqgfceplogical Analysis

—~ Foundation of Dan

In the flood plain area, the top layer of granite is
enough to be the foundation of dam. The alluvium
preseant in this area have small N~value, and relati-
vely permeable sand layer found by boring test may
have to be excavated. The elevation of the foun-
dation 1s expected to be ElL. 64 to 65 meters.

As for the abutments, a layer having N-value of more
than 50 is to be accepted after removal of loose
layer in residual soll diseributed for thickuess of
1 to 5 neters.,
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2.2,3 Dam and Reservoir
§g§ervoir

The reservolr created by the construction of Ban Bung
dan will have a surface area of 4,0 kn2 {2,500 rai) at the
surcharge water level {FL. 84.3) during the inflow of the
extraordinar§ flood and a gross storage capacity of
21,900,000 mJ, :

- The normal high water level (N.W,L.) of EL. 82.1 can
provide an effective storage of 12,500,000 n3 for vested and
new water demands of irrigation, municipal and industrial
water supply,

A storage capacity for sediment is also provided below
the low water level (L.W.L.) of EL, 76.1 m. This capacity
can store 1.6 MCM of sediment that corresponds to 100 years
sedimentation.

For flood control purpese, a surcharge capacity of
7,800,000 n3 is provided between the highest high water
and normal high water level,

Highest high water level will be EL. 84.3 n.

Dan

The dan will be of earth-fill type dam with such prin-
clpal features as: Crest elevation EL 86.3 m - Height of
dan - 21,5m; Crest leagth 2,800 m and Embankment volume -
1.4 million m3,

A frecboard of 2.0 © is provided above the highest high
water tevel for the determination of the dam crest eleva-
tion. The freeboard is for the wave due to wind and addi-
tional allowance given for earth-fill dan.

HE > hw + hi

where, Hf : freeboard (m)
hw height of wave due to wind (m)
hi additional allowance according to type
aad importance of dan (m)

. am

- hw 1s estimated at 0.6 m in the case of wind velo-
city of 20 mfs and fetch distance of 3.0 km by
means of the combining method of S.M.B. and
Saville nmethods,

hi is 1.0 n for fill-type dan.
Therefore the freeboard required for the dam is deter-

nined to be 2.0 m above the highest high water level by
making round computed Hf,
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The wain embankment material will be clayey saad and
silty sand which is found ia plentiful supply in the vici-
nity of the dam site, .

The slopes of the dam body to both up and down streams
is 1:3,0 and 1:2.5 with the protection against eroslion by
rip-rap and sodding, respectively, :

The foundation of the dan will be cut-off to the imper-
vious strata with the bottom width of 6,0 to 4.0 m on the
dan axis. No curtain grouting is to be provided to improve
the foundation.

A part ofF the excavated material from'the foundation
may be used for the dan embankment after a tenporary storage.

The stability analysis was carried out for the prelimi-
nary design of standard cross-section of dam.

The stability analysis was made for the following
cases:

1) Hormal high water level without earthquake,

2} Normal high water level with horizontal earthguake
accelevation,

3) Empty reservoir just after completion of dan embank-
ment without earthquake,

4) Rapid draw-dowa of reservoir water level from normal
high water level to low water level.

Assumptions and constants used in the analysis are
given below:

1} Unit wéight
Water pWw = 1.0 t/m3
Embankment material (core & shell)
wet Wt = 1.8 t/m3
saturated Wsat = 2.0 tfm3
2) Angle of internal friction of material
$ = 25°
3) Cohesion of ﬁaterlal
C = 3.0 ton/m2
4) Seismic coefficlent (horizontal directin)
K= 0,05
The résult'of‘célcﬁlation is shown 1n Fig. 2.,12. The

safety factor {s the smallest in the case of just after
conpletion of embankmbat.

6 - 24



2.2.4

2.2.5%

Rather high pore pressure of enbankment was assuned in this

analysis standing on the safety side analysis. Therefore,
actual safety factor will show more stable condition of the
dan embankment.

No problem in other cases are found in this stabitity
analysis,

Spillway

The proposed spillway on the right bank consists of an
center overflow weir of 20 m wide, concrete lined discharge
carrier and energy dissipator of hydraulic jump type. The
total length of the spillway including the downstrean chan-
nel is about 250 m.

The design flood discharge of the splliway is estimated
at 125 n3/s that is based on the figure which {s 1.2 times
the discharge of 1/200 probability. Storage ecffect of the
reservolr is then taken into consideration to derive the
outflow peak discharge of 125 n3/g,

Inflow peak Outflow peak Storage volune

discharge discharge
(n3/s) (03/s) (n3)
Design flood e e e R
245 125 7,800,000

(1.2 x 1/200 probability)

The spillway will be used as a flood control facility,
For example surcharge capacity for the 30-year flood is as
follows, -

Inflow peak Outflow peak Storage volume

discharge discharge
(n3/s)  (m3/s) (n3)
30-year-flood 150 70 5,200,000

The Inflow-outflow hydrographs of the extraordinary
flood and 30-year flood are shown in Fig, 2-13 and Fig. 2-14,
respectively,

Intake and OQutlet

The Intake and the outlet erected at the upstrean and
downstream ends of the diversion conduit will serve to tap
irrigation water and to cope with emergency drawdown of
water level.

The diversion conduit will be diverted to a part of the
tapping irrigation water facilities after it is plugged with
concrete on the dam axis and provided with a peanstock,
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2.2.6

2.2.7

2.2,8

The capacity of the facilities are determined to
drawdown the reservoir water level in energency. The

required volume of water for the vested irrigation is small.

A main valve of 1,000 m/m in diamecter is provided at
the outlet for the said purpese. It is accompanied by a
slide gate of 1,000 m/m in diarneter on the upstrean for the
maintenance and repair.

The discharged water will be dissipated in the stilling
basin and conveyed to the downstream channel,

River Diversion

The river flow will be diverted through the diversion
conduit during the construction works of the dan.

The main facilities of the diversion works are diver—
sion conduit, upstream channal, downstveam coffer dam,

The facilities are designed to be safe against the
discharge released froa the exlsting reservoir when
10-year probable flood occurred.

The diversion conduit with 3 m in diameter is erected
oa the right side of the river. Upon completion of the danm
construction, the conduit will be plugged with concrete on
the dam axis and works as a permanent structure for tapping
irrigation water., A steel penstock will be installed.

Road Relocation and Land Acquisition

The reservoir area of 2.7 kn? at EL. 85.3 m which is
1.0 r high above the highest high water level should be
acquired before the completion of the dan construction.

Most of this land is presently under cassava production
except the existing reservelir area, Approximately 40 houses
now occupy the area,

Local roads to be submerged have to be relocated. The

. relocated road is to be on the right bank of the reservoir

with the total length of some 3.7 kn as shown in Fig. 2-15.

Pesipgn Drawiangs

The design drawings are shown in Fig. 2-16 to
Fig., 2-21, They include general plan longitudinal profile
of and standard cross-section of dan, plan of spillway and
waterway details of spillway and longitudinal profile of
waterway.
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2.3

2.3.1

2.3.2

CONSTRUCTION PLAN
Basic Consideration

The construction plan of the Ban Bung Daw is to be
formilated taking availability of construction materials on
the site, weather conditions, tepographic and geologic con-
ditions, ete., inteo consideration,

Wherever practically possible, mechanical execution of
work is to be adhered in najor itens of the work. And the
connencenent of the construction work will be in May 1984
for the eartiest possible start of impounding water. The
work will be performed by 2~shift of 8 hours (actua! work
hours of 7}, i.e., 2-shift 16 hours {(actual work hours of
14) per day.

Constyxuction MHaterials

Embankment Materials

Farth naterials to be embanked for the main dam and
coffer dans is estimated at about 1,400,000 n3 in total con-
sisting of core, shell, filter and rip-rap naterials.

Item Main dan Coffer dam Total
Core
Shell ) 1,140,000 40,000 1,180,000
Filter 80,000 - 80,000
Rip-Rap 140,000 140,000
Total 1,360,000 40,000 1,400,000

The results of boring survey and field reconnaissance
show that abundance of major constructien naterials, such as
core & shell are found in the vicinity of the dan site, and
no problem Is expected in securement of the naterfals, 1n
this plan, the borrow area is located at left and right bank
abutments of the proposed dan site.

A volume of earth fron the excavation of the daz foun-
dation and spillway will be used for embankment materials
after temporary storage during excavation.

Total excavation Coefficient Volume to

Lten volume of efficiency be embanked
Dam foundation 400,000 0.6 240,000
Spillway 25,000 0.8 20,000
Toetal 425,000 260,000
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2.3.3

For the filter material (drain naterial), sand obtained
fron the upper layer of the borrow area is expected to be |
used. Prior to securing the earth for core and shell, this
will be temporarily stored in the shed and then embanked in
compliance with the work schedule.

Rip-rap materials which is estimated at about
140,000 n3 i, total, is to be purchased from the local

Source,

Concrete Mag;rialg

The total amount required of concrete for spillway,
intake, ete., is estimated at about 12,000 nd. Coarse
aggregate and fine aggregate are to be purchased fron the
local source.

Iten Q'ty {(nd) .
Diversion 2,100
Spillway 8,500 3
Intake & Qutlet 800 12,000 w
Miscellaneous (5%) 600

For cenent (3,000 tons) and reinforcement bars (700

‘tons), it is also possible to get these materials locally.

Construction Equipment-

Construction equipnent to be used in the construction
work consist of metor scraper, {(Capacity: 16 n3 heaped)
bulldozer {(Capacity: 21 and 32 tons), wheel loader
(Capacity: 3.3 m3), Crawler loader (Capacity: 3.3 n3), heavy
dump truck (Capacity: 20 tons), etec. These construction
equipment are imported by the contractor.

Metal

Gates and valves for outlet facilities are all
imported,

Local Materials

Local materials will be utilized to the maximum extant,
The major items are cement, steel bars, wooden materials,
bricks, stone products, oil product, etc.

Construction Faéilities

, Such facilities as office, living quarters, storage
house, motor pool, repair shep, form assenbly, reinforcement
fabrication, concrete batching, water supply, power supply,
rip-rap materials, temporary shed for aggregate and rip-rap
materials, etc., and construction road are required for the
smooth execution of the construction work.
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2.3.4

2.3.5

-The part of the office will remain after completion of
construction of the dan and will become parmanently a parg
of the administration office building.

Relocation Road

Upon completion of the dam construction, the existing
road will be submerged in the reservoir. The reloca-
tion road, about 3.7 km in length, is coastructed along
the right bank of the reservoir.

Construction Schedutle
The construction works of this dam involve preparatory

works, construction works of river diversion, main coffer
dam, main dam, spillway, intake and outlet structures.

All works are scheduled to be completed in about two
years starting in May 1984 and ending in May 1986.

The construction works are to be executed on contract
bases and to be performed by 2 shift (1 shift of 8 hours,
actual work hours 7).

The construction time schedule is shown in rig. 2--22
and the main works in each year are described as follows:

First year {(1983)

Land acquisition work will be started in this year.

Second year (1984)

Hajor preparatory works such as the construction of
camps and shops, construction facilities and construction
road, ete,, are to be executed. These works shall be
coapleted by the end of this year.

Diversion conduit with the appurtenant open channels
are constructed,

Third year {1985)

The nain works of this year are excavation, embankment
and spillway construction.

The excavation work which {s started at the end of the
previous year shall be ended in April.

The embankment work is scheduled to be commenced in
March and ending in February of the next year.,
Approximately 80% of the total volume shall be embanked this
year.

As for the spillway, excavation and concrete works
shall be completed within this year.
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The intake tower and outlet valve house works are also
executed.

Fourth year {1986)

The remaining embankment shall be completed by
February.

Metal works of intake tower and outlet valve shall be
executed mainly this year.

All works including miscellaneous works are to be ended
by the end of May this year.

COST ESTIMATE
Construction Cost

The construction cost to be financed for Ban Bung Dam
is estimated at U$523,590,000 equivalent consisting of
US$12,470,000 equivalent of foreign currency portion and
Us$11,120,000 equivalent of lacal curreney portien, respec—
tively.

The breakdown of the cost estimate by each work item

and the annual disbursement schedule are shown in Tables 2-1
to 2"'[‘-

The cost estimate is based on the following
considerations.

1) Exchange rate US$1.00 = ¥230 = 23

2) The unit cost for each item is estimated in the
price level of the beginning of 1981,

3) The costs equivalent to CIF prices of constructicn
equipnent, metal, steel bar, fuel and oil, and
cenent are included in the foreign currency portion.

Duty and imposts and misc., local expenses are
included in the local currency pertien.

As for cenent, steel bar and fuel and o0il, these are
included in the foreign currency portion in spite of
the possibility of securement in the local market,
considering that their raw materials must be
imported.

4) Contingencies consist of price and physical con-
tingencies, Price escalation ratio of 7% and 12%
are adopted for foreign and local currency portions
respectively, Physical contingency of 153% is
adopted.
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Table 1-2 Financial Cost

{Nong Pla Laf Dam)

1 US§ = 23 8 =X 230

7.

D ——
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Total MILLION US$
Item Q'ty Unit - ,
Total F.C L.C
Main Civil Horks 24,62 14,07 10.55
Preparatory Works 1 L.S 1.61 0. 81 0.80
Diversion Works Con. 13,400 w3 1.84 0.99 0.85
Main Coffer Dam vob, 690,000 ol 3. 54 1.87 1.67
Main Dam Emb. 2,500,000 n3 12,48 7.63 4,85
Spillway Con. 31,000 3 4,92 2.66 2.26
Intake & Outlet Con, 1,000 3 0.23 0.11 0.12
Equipaent & 1 L.S 0.93 0.70 0.23
Materials
Road Relocation 17.3 km 2.08 1.30 0.78
(Sub-Total ! ~ 3) (22.63) | (16.07) | (11.56)
‘Land Acquisition & 3,100 ba 9,37 -1 o9.37
Compeasation 200  houses
Engineering Service 1 L.s 3.15 | 3.02 0.13
Contingencles
Physical Cont. (l SZ) 1 L.S 6. 04 2. 87 30 17
Price Cont. 1 L..S 19,22 6.75 12.47
Total 65.41 | 28.71 | 36.70
Intevest during 1 L.S 1. 14 L. 14 -
Construction (3%)
GRAND TOTAL 66.55 29.85 36,70
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Comparison of Dam Axis (Plan)
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Fig. 1-7 Geological Map of Nong Pla Lai Dam Axis
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Fig. 1-8 Geological Profile along Nong Pla Lai Dam Axis

FLAY MY
3381
1o — S o -
—\ 8 ————— - e - _ 47— —~—Daa crest EL.62.0 MSL. .
N S . i o R T TEST Fif
o . . _ o Maxinua vatec reteation EL.47.0 MSL. _’qfﬁﬁ
X TESY Ml e L1 LA &1 T S
. THz2:5% o —— N
% i \ AL LY
\ + - a3
T - EXXTi) o]
\ Uesufual o - — _— oN g - "r:’;;’
S _ - o ] #4 bl Soil
| I &
B Deconposed Grainte """ o PROFILE OF ¢ OF suRVEY Rev alluvial deposite "~ Decouposed
Granite
_ - =
» 48317 7
[ T v : TTEEIOINY TAAY
- = k - Py — 0N 3 £ p3xCommmmen ¥ 1) v amm—
@,L AT I . ; renane Al -
- - “@nnrﬁn—r* > thyyay (8- |
—_ 1 o2 £t.9 [+, | “f
R i H_!‘ b @ %h ,};’)
—- AR \ B N
HREEE e A - Figi0 b 7
- R 1w
3 ;l 'ik_ 7 _:7/ _‘ ‘_’, T_!: 2 . A soAyE 28
7 m‘i%%'- % 2 s g, u{g —_
— £ % IEE
r k“ ¥ IPV b ,-..', N & 1 / T
— —— I-I_PM . ’!.zl / ! ;Z” g ']u _;”r’
- 2, " [} [ 7] 5 B
e — _ BT Ik 2 4 " &% ! 2l g )

E
]
Il
?"-
é._._
%

% ©
0 - - y % u el '
- — — - o i i He' SN 7/L 7 Y 4000
e . . /,; [-‘u i [ i' - % ) % A | /‘_i g:&ir’/fr"_m'ﬂ % 7
- - 7 é,,_ R ﬁ"":é'ﬁ'*‘a;&.‘ ,4‘? - ’{;" LEGEND
: e B Rl E e e N e -
; e . ol a'll—uﬁal deposite .”I"".':’é"ﬁm"'/: (34 *g’/, N ;//:j T m / ﬁjé{f},ﬁ{; - ) - IO BET I TELY €L LEan cuavg
] - 4/ 7%__% "‘:‘% Za__ 5% :;é "’”‘y qﬁj-ﬁ;};’ s 1 - -1* [[[m W OSIEY SsND3 [[[ﬂ] UK PLAIC 3ACS
_ R VA . f f"‘m’f '__Ja;'#ﬁ ﬁ“',.glf w f R £ L g‘-qf{j ) ] @ $C eLATOY SANDY % Cu Far cenvs
. —— NS, a7 8 rnZ NN . - el T e
: Ly Ty »-‘-:}:/', [I]]D wL SMTS ! P1 OASING
- - T _,/ T i e ﬁ [T 7

R 200874 ]

I R _ _ . N ik ;:” sty N ° RELATIVE PEAMEABILITY €STIMATE
- _ . ;.;,-rfb e ] #  rervous ¥t MOIEARIELY EMPEAVIOUL
- - - . 5""9‘?2‘_‘;:?('&‘“'}0" 'LL'_: “*’*—?,-/3%-——-——--——————-* MP MGOLRATOLY PERYVIOUE ot IapEAYIOVE

[ - e - S — 7

| —— — — ol ,
e —————
olime —— v 300 - - 1¥656 T —}son - F2 Y% T Fseo T 7 sfooe — - Jsoo
CRAFPHIC SCALES

- [T, ] ) o

wa
waad sCHLA 0.0 M PR

& [] . ._" [
EURTTIN I RITT R 1o Su— -

6 -~ 47






1

-

-9

Geologic Log of Drill Hole

Fi

Division of Soil and Geology
Royol keigalion Depoctment

Hole No. B.15 (1/2)

GEOLOGIC LOG OF DRILL HOLE

FLaviRl . .

UL MO, 3.!5 -

SESZAVISR .. Ll ... -

OiPT O Ly OF WaTERTanE ||

BoAQY
WOCAUDN .  UP-STREAWM

Trooetsariy L. oL L
WEURMAY 5,8 | FeID BAY. £ 81 DU O DUIRBRIIN

oAt L

LNORD _Paavay

GO BT vATON

oAl

EArtH {5 ODM MALNG OF ANGLE HDU,
CMTRELSCGED By HRUTR B Tt | rospraN_ AMNUAY, )

B €L

.
L ANGU PO vEOCAL . O

o 1—01
(t¥.8.2519)

Hole No. _ gy

Sheel ¢ ... of g

LRANONG .

6 ~ 48

T Tyoe | Con PEAL OLATION T 518 T N
o s, [Ee Tim B T ool 00 | cusscanon o roreeminaty
tran, tha ot POl Rl § =5 et SESERVIY S T, ] PR AL CONDAION ercea ¥
o iting 2. ot Sl KRR g T=te (cofsec)

- T ;
Overburden 3 ! { : ! :/ 0.00-2.30 & KL
was drilled . ! ; i g ) (Sil_t)
by soil san-{ ! i i 13 Soft to mediux,
- ; ! ; 1 3 - -
p}.ing equi ©.00 s.:so_.b'i? % 10 3 il :\ioutlgoﬁ_sltgh 6.96 x 10 5
poent and iy i ! E ¥ plasticity
xash boring ! | i : E fines, 10% fins
oathod. > { H : 2 sand, brown,zoist. _s
] : ] -
Dropped Bx- v |oe0220 537 610 14 §93,30,3_30 2. SP-SM 2.11 x 10
casing. at H H . L 3 : q
dspth 0.00 - - : .‘i’:ﬁ;;’. graded
3.00 vy |3 sxcé - 3] )
3,00-4%.50 o, 300330 03] & |10 ] Loosa, ebout 9% 1.64 x 1078
4.50-6.00 o E fines to conrse
6.00-7.50 n: 3 sand,and eone
- a 4 fine graval 10% .
7.50-2.00 &, : e 6
Permeabl}it; 3004 20l.08| 6 | 0 ] non plasticity 1.52 x 10
test by gra- Bxcsz : 3 fines, brosn,wit
vity 5 | . 3 3.30-5.30 E.HL(gl t)
stangard i e ¥edium, about 35% ‘ -6
peneiration isogaao 42| 6 | 10 E slightly plasti- 8.33 x 10
resistance ccd ] city fines, 15% -6
test :- . B0 630 55] @ | 10 o fine sand,bromn, 5.62 x 10°
-dropped o E 3] eeoist. ) -6
wedght 1401bs. FCE0-3 0|0 ] 3] 3:06 x 10
" f 3 5.30-2.30 n. SK
-free foll )< ¢ b )
-N=punber ofl, bm}": 3ol ale |0 7_: is;lly :ans)Gox 3.14 x 10_6
e £001 301 .22, & | 0 5 D fine annd, 408 2.30 x 1079
At depth Bxes : 3 s1ightly pA o
11.30-15.00 a. ; ! 3 “ f‘ Jt’iP a8-
during érillq 8 ' : 83 City fines,
ing thers ! 3 brol_rn, moist.
were fiood [ 3 7:30-9.00 £.5P-SK
iwatler over . H 3 {Poorly graded
top of casing 93 9 sand)
pipe,e03) 3 3 Medius, nbout 90%
éonples weére 3 7 fine to coarss
10 | {107 B ]
EXPLANATION .
NOTE:Calculted
Fi¢orem Misheies "::::_"_:::::::::::’:,".;’..;‘:j‘ef.‘:‘.:::ﬂfa.’.‘.l‘.,‘.:‘.,:‘.t:" tyrerae ) by
3 Arrouina sl hote fMpim)- - gm0 13°, L s LB Dan s 307, Nm = B the JICA
Lotlasw slmuavse ol are M el =Te 2 A, dan -, - , Kem o 31/ §
3 ! ::::.'e. l‘.a-.-.“-:ga.:‘\;.:l—.rll'-:a-l?;?flt“. s -‘?'i{‘, l..:’;?:l!f‘ﬂ-l:)!/\‘ vereane (2 Survey
[nsde & omnwr d,[.__s‘-n; [£ ST I R FLA PR s TR L 1%, Nere ¥ team




Fig. 1-9 Geologic Log

of Prill Hole

Hole No, B.1

Divisien of 50il ond Geology
Royal lrrigotion Department

5 (2/2)

¥.0. 1— 01
{(Wn.2.2519)

Hole No. . g5 .

GtOLCGIZ i OG CF DRILL HOLE Sheet__ 2 of 2
FeaTveE __RESERVISR $O kY HOKNG BuALAL | dev.. L RMNONG.
. LOCATGH U2 - STREAW . U
- - L Gr D ey s i LANGU O virIca O
COTARBATS. L rora
HGUN {4 5, B pmatner MAY £,8) 001 OF ORI Oittr_ 1D OOLEALSG OF ASGLERORT ... _.
DEFIH OF ELEV. OF WATELTARE. . . 0. 27 M. w2600 0y NIRUTH BTwT  soopma~,  AMNUSY
ROTEY Tree | Cos o PIRCldTiDe. 1113 - H
a- '.:' ke o !("_', Pooman 1. :_t-.j"-‘-“;’":i“ PR - 108 LIS ATON AriD
by, moTw H cewy il ! : i RES ! -
voran, Chorocrae R T A e D ; Sepaie ] PYMERLCONOmON
B Kig vt o :c: LI (LT Y1) e i } taing
3 : \ ]
4 - t H
- n} ; H “ .
collected 3 i l‘ ¢ sand, predorinantl
by diaw=snd 1 i ! fine sand, 10% non
core bit with, o : . . i plasticity fines,
double tube | 3 ' ‘ : bromn, wet,
core tarrel,! g ' i
T AR 9.06-11.30 &, ML
.e_i . . (siit)
1 " I
E ' : ! E Very stiff  to hard
3 , : : ‘ ] -+ about 90} slightl_v
] X . i plasticity fines
2, H H = § 10% fire snnd,
3 I i l ] greenish gray,
4! i : . noist,
E H i I -
, 3 ! H 7 :,' 21.30-13.50 De S5M
5 ! I % 3.7
3: : 37 .21 (5ilty sand)
e i 3.5 About 6K fine to
1. H ¥ .4 coarse sand, pre-
: i .- <
5.3 - ) 15-Fex decinartly fine
= F 3 sand, 40% low plas
- o, 3 ticity fires,
] ! 1 . p
3 ; ; H 3 greenish grey,cols
-3 X ' ¥ - .
3 - H i ; k 13:.50-15.00 o, CL
3 . i E 3 (Lenn clay)
3 P ] About 90% cediun
= ; 4 -] plasticity fines,
; ; : ] 10¥ fine 6ang,
h : i h green, moist,
1 . E ]
] H 'I ! ]
= : i = *11,30-15,00 o,
E : I i ] Decomposed Granite
] 4 H r
b K 1 ]
- i =
] . ‘ l .
- H 1 -]
] I I i ]
3 ]
- H : N n
ERFLENATICNT
™ “CtCoomord, ¥ ¢ Haaryirg, 3 Sngr, € 8 Louep .
P Lretos wresmeemnaf o backae, Koo Compnted, € Botiom of comng L
. Bt 125 B s F R om0 130 R o }
A Do Naconey i cor Mapigi=ler » MW, Apn a LA™, haw 2 335, hm 0 210" Ntica? gt Eﬂ
Drvmite dom e oF fon ng Hopimilas FID°16°. Ry 2 25, Bon 27 4%, Na ¢ 1 13- ricatriete Lo
tniife Foma v of toieg (Fawint- Ca o li® 8ax E2400 B2 2305, hao )

-

Coefficient of.
Permeabilicy
(cnfsec)

NOTE;Calculted
by
-the JICA
Suxyey

6 - 49

L. .. team



Geologic Log-of Drill Hole

Hole No. B.16 (1/2)
Division of Soil ond Geology U.6. 1— 01
Royol lirigation Deportment {t2.2.2519)
Hole No.  aae. . _ .
GEOLOGIC LOG OF DRILL HOLE Sheey ... of 2
FEATLRE . RESERVIQR_... ... ...... HOKCH | NONG PLALAL L ... . CHY,... - BAIONG
) OCANON POMN-STREAM o'
“OLi MO B 16 GROUND ILEVATION . . _.._... ... ANGU faDuvigat Q.
L JRTNATES, | Tota1
MGUN FAY 35 G FirvessiD M_sz._l, 51 LOEPI OF OVIARATEN L DUTA LS BOM. MAUNG CF ANGUEROM L __ -
BEPIH OF TLEY. OF wATER TAnE LA M. ROUELOGEID 3Y NMIRUTH 8 1T §Oifwan. AMNUAY | )
T Nols Trse | Con PERCOUANION: 11885 Coefficient r
corer tadla v e T ; LOG _ oefficient o
?:..s, — . Caewy _::ﬁ,—"'{ Lt '-,:" !_,:—FL 7 oot =il rﬁ?-.ﬂf?gf&’.gﬂ Permeability
g riviig Nl B po B 1a) «rst-!b‘_f:, 1 j {comfsee)
R ' 7 T
overbordan| 3 5/ G.00-1.30 . ML
wes drilled 1 . :/ {si1t)
by s0il ses-{ 1! : |j/ Stiff,nbout 80X
pling equip- ] o 50 ¢ 3, - 6 10 5/ E stightly plasti-
zeat £nd was = laxcs : ' 3 city fines, 20%
boring nethod, 3 . : : 1 fine send,brown,
Dropped Bx- 2 ] ; : . H 2] moist,
casing at - lcoiz 30, = . & , 1o 3 : I
depth 0.00 -} 3 i o E %.30-2.30 B, SP-SH
1.50 n,1,.50- ] | { 3 {Poorly graded sond}
5.50 p, 4.50-]3 -] 3 51 KHediunm,about $5% ~4
6,00 n:6.00_ 3 teoia3nl 05 6 | 1o 3 E'; fine sand, 5% noif 1.38 x 10
750 £,7.50- 3 3 ' plaasticity fipessn
9.00 0,9.00- E N 3 Yight brown,moisg,
12.00 @y A > = ?g _ : 4
Perceabiligy 3 aa it R I B 3 2,30-7.00 n, 5P 2.27 x 10
test by gra- g _ 3 {Poorly graded san:L)
vity? 5 3 5 Hedium ,about 100
standard i 3 ] fine to coarse - -5
penetration 3 1_50:5,30 i B 3 'g sand,predocinant]y .58 x 10
resistence t 3 axcs’ 3 redium sand,brovdg s
test :- -] 000 b 30 .G5] & | 10 b 3 o ¥et. 2.6 x 10
-dropped E o00e.36].02| 6 | o 3 -5
xeight 140 Tvs.] T - 375 [17.00-8.00 2, ML %75 x 10
-free fall 3Qn 3 o ] {511¢) 5
=K=znurber of {7 ] o222l U | & {10 I 5tiff,abouvt 100% 2.23 x 10
blor 1 ©007.30 .07 & |10 17 EE slightly ylas. 1.57 x 10 3
3 Bxcs E/ ticity fines,
1 I . 3 Y brown,neist to -5
8] 7.50, 630 .031 G | 10 R e wot, 9.16 x 10
3 750 8.3d .03 & |10 3 42 . 3
3 : 3 3.00-9.00 =. Sp 9.16 x 10
3 axcy 1 (Poorly graded sand) -
9 -] 7509.a0 .35 6 |10 1a %’ Eedius,about 1004 6.06 x 10
3 750 g.3q.32] & | o h ® five sand, brown -5
K ) i wat, 5.51 x 10
IOE | 1% i
EXPLNATION NOTE:Calculted
E Cor low Type D”::’; LT D. g, M b Hopralto, § - Shee, < "C‘nrl Ang's Hala D bY
Holw e
Apornimas u (Wi the JICA
e Cora lasm Sn Bl 2 o amic)—Fan Y . MNam = ¥ .
! 2;‘;15. l:n-..:::m.::!-w :.)-:g-l,ll:/u:‘ A-t'?'i,‘ g‘:;:,:l!ﬁﬂ.-liﬂ w Vol Hele B Survey
luTde Foma w o taming {Xvorim} - Be a 410, o 0 120727, ha v 13, BNam X teanm

6 - 50



Fig. 1-10

Geologic Log of Drill Hole

Division of 5oil and Geology
Royal lirigation Depoctment

Hole No.

GEQLOGIC LOG OF DRiILL HOLE

B.16 (2/2)

U.6. 101
(iN.v.2519)

‘Hole No. __ e,

Sheet 2.0l 2 .

NONMG PLALAD

oAkl _RESERVOR R IEY 14 e . CBARNONO L
1ocaton. | DONN-STREAM .
HOLE NG, B B OIS, GASUAD IEVATION | e L ANGLE PR VT AL .
T 10taL
EOUN_MAY 2, B Finisid MAY. A B DEFIA OF OVERRPTN L. .. SHTH LP BOM. Mt OF SNGLEROW
DEFTS OLELEY. ©F WATERBANRE. . _€-3% M aADLEWOGSIR MY _NRYTH L YvrT jeuiaman_ . AMMUAY
NOTEY tyoe | Cos FERZOLATIDN 14818 I < s
O water sl od | b roo STV 106 Coefficient of
: o . | hom- pEUP : i
,.::.,:hc'::., bVl et "_;!’; e ' ('m E,.. ! ':_ fLECANIGHEREIN o »f«'i‘«f.é'if.?éf’;f.gﬂ Fermegbility
o dilleg ok hote PO T saemie b T I . l : (cmfsec)
1] [0 2 & 0 RET 311 1.49°x 107
750.10.30 4%} Lo . 5 .
3 e 3 9.,006-10.30 6. 5K 1.18 x 107%
it . (Silty sand) -4
(-3 NI Rals T Yo o5, & . o b - Yediua to dense, 7.18 x 10
1: jaconso ea o i to :/ about 80X fine to 4.33 x 1075
3. ; i i 347 .] | coerse sone,pre-
1 : t b :."/ dominantly coarse
12— i . : : |E"‘—_‘/ sand, and some
3 i v, 3 A4 | fine gravel, 20%
q: : i i '“/ s1ightly plasti-
1 X - 3271 { city fines,greenish
3 o013 00 . - ! -
13- 300300 .15 q | 1o uaj_:. 4 { brosn, moist, 1.42 x 1077
; izoorsaqd st o | 1o 17 3.23 x 107
-E —:_. 10150"21»60 B. ML
3 E (Sandy silt)
{4 —] l 14— Rard ,about 70%
3 izooigad ee| o | o 341 | 1ow plasticity 3,20 x 107°
g | E ~ A | fines 0L fine sanp
3 H 170 green, molist.
15— I =1 A
3 : 17 11-60115-80 Py SHK
= ; —]/ (5ilty sand)
5.8 2 0015 89 .83 6 {0 o Very dense, aboult 2.25 x 107°
= i -3 704 fine to coarse
] ! ' ] sandyend soxe fine
= ! - gravel 30% siightlly
] ' plasticity fices,
-3 | 1 7 groenish bromn,
] : : E pmoist.
-E i i 4 ‘:
3 ; . ]
= : -3 £11.65~15.80 m.
3 I E Becomposed Granite
] 1 3
— { 3
3 | 3
E % E
Il."lﬁ‘NAYPOM . .
[] coriom o R o S A SO RS wperen O] | FOTESCaLCULE e
LA tm)enBun n 137, Rem 2 1 327, Bon t 1IAY, Nam e ¥ - by.
S Tees Brcomrp Apcrowimort i ol tord IMawictmEun o AT, Mam LAY, San 0§34, N v 2137 Varical Mol @ .the JICA
Oun'da diomum of couing (KawimbEo ¢ 1 1316°, #r s 33°, bo o 374, Ko o 3 1¥° wrew Hel Surs
1ot 8t Fiooa-w o €3ing (Hasim] o Bo x 3%, A w 12307, be 93 3, Ne s 3 vIvey
: \_ __ team .|

6 - 51



Fig. 1-11 _ Geologic Log of Dr ill Hole
Hole No. B.17 (1/2)
Division of Soil ond Geology U.6. 1— 01
Royet Irrigotion Cepartment {12.0.2519)
Hole No, g3 .
GEQLOGIC LOG OF DRILE HOLE Sheet __ 1. ol 2
7 - N — T T —
fEareal ... _ RESERVOR . ... WOALY |, WOWDH F_ALVAL oWy, CAYCNG L.
wond O, BT LOCaTOn.. .. UP T STREAM GO TEV RN C e ANCLEREGMAMLICAL O
LOAATEL. ... .. ot
WOU IAAY D, BT Feaseip A 10, 3= OiH CF Ol Em b | | . DErA DT DAY MANIG OF ANGLLROLE . L L
copre Cd ELEY. OF WATEA NAXE . 2o BT 0 r e i0GSI Y MiRUTHE TWT | pCifaan. . ARMIBUAY
o | b e Coefticient of
Con = grar tob7e wd | te- o H R P | oG LA ICATION A% o
..::.:"'.'\.:i:. ':' ";-G’ *r‘:{:-;“:" "w —' ' '::'t Jpeanan ot E‘/ﬁw,‘._-,: M';-cu (é»c{;:‘;ou Permeability
o illing we. Wt | f((m', Te J‘:E&)‘js" amin ] 1! 1 gt {cu/sec)
i3 : i LR
Overburden 1! ' 0.0G-2.00 =, KL
sne drilled i i i (Sondy,=iit}
by 503} sacq 1 -3 ! . : V3, Soft ,osbout 60%
pling equi-| 1 i ©o0130 19 6 0! o Y ey tine, 4.16 x 1079
pacnt and 3 - i | - LO¥ fine snnd,
wach boring i: ' ; brosn,vet.
nethoed, 23 - : : H 2—- 00-5.00
: 3 coc 23025 6 3 .00-5.00 . SP-SH B
Dropped ER oc-za 2 ;? 6 ; 1@ E (Poorly graded 3.61 x 1074
Bx-casing 1: : H ' H ] sand)
at depth 3 ] : axcs ' | i 3 -3 Loose ,about 90% )
0.00-_2.00 By 3 : 303330;!53: G lio ] ]I:’me te coarse 8.39 x 10""
2.C0-4.50 &, = . | 3 sond,predocinantly
4.5€-6.00 £, 3 d ! L ] fine sond 10¥ nen -5
6.06-7. 50 oy a_gﬂm4004ao;‘!b| 1 4 -3 plasticity finea, 8.78 x 10 ¢
7.50-9.00 m. Uten|e 00 a.30i 1] & |10 3 ggray, wels 9.1 x 10
Perrendility { i |pxcs 3 )
test by gra-d l ! ] 5.00-5.00 n, SM -5
vit d i Jrsessofasle |10 5 32, 1] {silty sand} 5.49 x 10
¥ s 3 i . 18 & VP I -5
tandard 1 Jsessoasie @ 3 E Loose -ﬂbc’\fl 1334 4.58 x 10
penctratisn 34 : ; i 3.7, fine te cenrse
resistance 1 laxes ' i ¥ 3 sond, 35% low pladg- s
test :- o3 ! [0 b301—:5; G [ o o F-L ._ucity fines, .49 x 2077
~dropped 1 [#s0e2018: 010 3 Hilbroun, neist, 5,49 x 10
reight 140 | 1, ooy ; 6.00-8,00 o. sp .
1bs, 731 lboe138 42, 610 7 3¢ vl _(Poerly graded sard) 2.62 x 10
~free fall i ; L OD 230 1 L& 10 i, w  Very leoose to 2 -5
20" 3 [@Exes o 3.7 { | wedivn,about 100% 23 x 10
~R=nuaber il ; I v 3o fine sard, brewn,
of blew. f, 31 lhs0n22 o 6|10 g3 xb] wect. 1.96 x 10'2
] T50B.22 6| GO PR ; —
E : 3.-75 | 8.00-8.22 n. cP-oY 1.56 x 10
E axcsi 1 ’,/; (Poorly graded “
3 750 a.50 85| o | 1o g 3% A4 _gravel) 1.48 x 10
3 : 1 .7'E1L denat ,nbout 4
3 7.50 9 RN 3. Yery N
3 H 5/ . SOXsuvbangular fing 1.48 x 10
J i .~ gravel gl sub-
Liod | _ o4 ' o
TxPLanaTiand
\ NOTE:Calculted
Ec«-m ::-:::’_:.:;'.::::::::;:::'_::::::::’:f,‘*.:j'g.".'c":-:'_::;f'g.’.‘:;:;.‘..:5‘:;' [WORRREN B by
fd CApmasiccravtin of Fole (Mariml e 1 120 Aw TR, Ben 4 2320, New v 2 the JICA
£ CoowWocerm aaimate e (Waritpm b 1A, fue s . N - . .
S g::a.u .1.:::...::::-..6:.\-:.-'iz;‘/u. ...‘;'1’?.':'”11,!,“,':5»-.!'” veieauets (3 Survey
I R P TLEYR I P PRI AP PR I - N PR B B I S i team

6 - 52




F1g 1-11 Geologic Log of Drill Hole
- THele Wo. B.I7 (272y T

U6 1— 0%
(10,2519}

Oivision of 50il and Geology
Royo! lrrigation Department

Hole No. __maz. .
GEOLOGIC LOG OF DRILLHOLE  Sheet e of 2 .

FEATURE, ... RESSRWOR PO . RONGFALAL ey . RAYONG _
LOCANON ., . NP - BTREAM &
RMOLERO. . B VT . GROUD BRVATION - . L ANGUEFIOMVESTICRY ©
COODreaTe. . T .
MOUN MAY . Q S8 FnateiD MMAY 10381 CIN OF OVEINRDIn | . Lot 1T 190G GF anGUE viE . .
Ol O BBV, OF WAL TANE . . _ 2- 47 ¢4 nlCS56 0 MIRUFR & THT goipman_ AMNODAY _
T NOTES I | Con FEAZOALICRN TH515 } I . S )
! : LG
?:.:n:‘.:t- et ‘:,',, B!'*_'_‘_*i‘l ‘“T,r' "“h?'u!anc,n;au:n . ;‘-y:“i“"?” AND ggefilgiiit of
raton, chaoitiar o i»} T ¥ i !c“ Sa-aie fe CALCONDIDON Fmead y
of ditting v *olw Gl Toar s [ . (cofsec)
1 Ooomao 26 10 | ¥ -5
3i : ' rounded fine te 9.30 x 10
3 i ; . cearee sand, 10%
n=3 i o d nen rlasticity
E ; V ! fines,brown,wet,
3 ¢ ] . \
1. qoo‘.,o a4 6 10l §.22-10.00 n. CL $.14 x 1077
12_5 i i ' i : i {Lean clay)
1: (ecoices 52 & 10 Hard,about 90% 5.80 x 107
EN i medium plasticity
11 figes, 10% fins
13- te cenrse sand,
3 2.0013.00 -54] & | 10 greenish-broewn, 4.92 x 1070
3 meplct.
; _ 3 10,00-10,20 n. CL
H_f qOC14.10 053] & | 10 Mr: “3(5“‘!’ clay) 5.06 x 10-5
3 3 Hard,about 70%
E R & wmedium plasticity
3 37 fines 30% engular
15~ 15 4000 -5
15 157 qoc)'n.la 1zl 6 o 5|5_f~"rm?31ine eand,greenisy 7.76 x 10
3 : E gray,onoist.
; : : 10.20-15.15 m. SK
3 : 3 {silty sand)
" . o] Yery dense,abeud
] . i ] 70% fine ts cesarad
E : E srnd 30% slightly
3 ] fines,gray,moist,
3 : i :
] i ] %14.50-15.15 m.
3 i 3 Decamposed Granite
] ) 3
E 1 E
E -4
3 3
3 3
P 3
i 1
‘ EXPLANATION .
Tyos of ha's - Y Y A PR Y (I Y . H
Lol . H.:: et 84 -h:\r t.-c:'-‘:a-.-: Cos btion of tml ¥ ArgleHa'a D NOTE ga,lcuited
N Aproximaty n-llo'u(u..'u]—-[nllg‘ e s 1207, Dam ¢ 12AY, K & - .
1 Cord Tocovery Aporpaimote 00 of tod (Mawig)=fen e 87, Aun a1 LA, hem e 1 37, Nn"'ﬂ‘ varearsise [ the JICA
Cunide Is-c'ocsflmwlx-tv-)-h-Illf'lt' Sre it 1o 22, Maed t artical Ha'y
frade Fame'w of covirg (Kavind aefa® 1%, 808 1 20703, ha o 333", Ma v 3° Su:;\rey
A L _team

6 -~ 53



Division of Soil ond Geology
Royal lrrigotion Department

Fig.

1-12.

Geologic Log of Drill Hole

L. RISERVIOR
LOCATION |

FLATAL

nowg wo. . B IB

HGW.M!\I;!" B .

T COOADNATES, . . .
Firh3AlD MAY (2,81 CLPlx OF CIRBADEN |, .,

Hole RNo. B.18 (/3

6. 1— 01
(1x.p,.2519)

Hole No. g .
GEOLOGIC 1OG Of DRILL HOLE Shéet __a. . of 3
. 9RO . h-!a”c:_.ru.‘_t.é! e e Ok UBAYRNG L
Do-m TBVREAM - G
- ) GRS EU YN0 L L. L L ANGLEFIORM iR AL ..Q.. “rmn

1c1ae

pEPle LS BRI OF ANGUE @O .

Pt Ok ELEY, OF WATER 1AKE - _QO____“l:__ . AOULOGGLO BY NIRYTH £ Toi T eDafean_ __"\_’J'_“-_‘L!\_Y' e
 nors 1ot I Cos FUACCLATIOn ST I . [~ ——
O —arwe 2abls Ly oG Coefficient of
"::',:"",:’:_' ':,' "ﬁ';" bm:‘ “M"Ll. e l—h' : ELEVATION, DL " &‘ﬁé‘:f&f’;ﬁ;ﬁ Permeability
of Bithing sk Yale f(‘:}' 1e I (L'M] (m l l g {cmlsec)
| i ; . : E R
overburden i ! 3 o 3 0.00-2.00 n. SP
ves drilloed ! : ‘ ES {Facrly greded}
by seil sae-|, ! ' ; : U | sand) o
ling equi- i R . . t E Leose ts bediuf -5
l};m‘l‘lt ngd 3 ! eeotIey ere i3 about 100¥ fine 2.23 x 10
vach bering 2 . { ; p to coarse sand,
nethed, ; a_j - hgxe§ I 2 -1 prea‘cminn_ntly
prepped | 3 o0 230 4 - 6 10 3 coarse snnd bresh 5.53 03
Bx-casing at' 3 ; i f 3 wvot, . x }
depth 3 b 3 00-4.00
0.00-2.00 4y 33 | P > :(’S;ilty oand) -4
2-00-5.00 c, 3 I B 90%3 wf.s 1o {10 _; Very lense, 2.70 x 10
5.03—6.?}8 Dy E 1 _ E sbout 60X fins
+20-6.00 o, a -3 '7100‘430 ajel e o] sand, ond seoo - -5
Perposbi- 4 : ] s | 2.23 x 10
Jity test b 3 200430 .1 | & 10 1 ﬁ fine gravel Lok 7.23 10-5
y test byl zxcs 3 » slightly plasti- 43X
gravity, ] ' 3.4 city fines,brownl
5‘-;-_,‘:“1:!“’ 53 + |esoisa0|.12l 6| to P Ve wct, 3.66 x 10‘-;’
penciratien 3 o 3 AN -~
resistznce E 4zoi530(2| & | 10 E B 4.00-%.30 c. SP 3.66 x 10
test :- N axcs ! E (Pesrly groded
-érspped = > 00 & 307 .05 & | 10 o] sand) -5
weight 3 b 00 620l 0% 6 | 0 3 E’q] Lssse,nbsut I00F ;gg x ig-S
140 1bs, 3 | : ! 3 fine te ordivem s45 X
~free foll ] o i 1/ epnd bre=pn,wet. s
}‘ou. ' 73| o.z%) 30| .06] o | 10 3 i L.30-6.00 m., SH 1.31 x 10
-31.;.:1;:;901' 3 ile 730 .04 © ; 1) -'J"I.,,_ | {Silty snnd) 9.18 x 10-6
. SE. .3 . | T .5 Leasc nbsvt
j oo:-a,ao:..n', [ 7> __:_.:”, 60% fine sand, -5
8 3 zoo 830! 17! Elh:> ® E P —ﬂg YoEs1ightly plege gz: X 10_5
E : i B I 17 ticily fines 42 x 10
i ! 17 brewn, coist. :
a oooqao i G | o P £ 6.00-7.30 =, HL 6.71 x 1072
3 000930 & |6 |io 1 (s11t) 5.05 . 167>
3 e ‘stiff,about M x
R L : 80% Yew plasticity
RN 91 2- 3 S N . ] io ]
. . EXP AMATION - .
Con g Lioas brpe of bole - cobia Doomond. e Hapatele $ 0 Sha, € 0 Courn NOTE:Caicuited
] FaTe i onled ~mmnman el Pockom, (o 2 Comeied D10 biren of ca ng Aogle Mata D by
Coretrcorey J'we imete vine of cova (M g!‘-::: :’j'l Y :;.‘-‘l,c‘ ‘:--’l,;.‘! h'::....’| [V, o the JICA
Ouhide dom e of roting [Xnwimbfoe 1 137187, 2aw 2™ b #2297, Mo = 310 versrene (4 Survey
raTee dramee o coning Ak anom)-oBe @ 137, Ao v D 35027, Lo 23 3%, Ny a ) team

6 - 54




Oivision of Soil ond Geology
Royal lirigation Depactment

Geologic Log of Drill Hole

Fig. 1-12 ologi
Hole No. B.1§ {2/3)

.o, 101
(1%.8.2519)

_ tole Mo, sre
GEQLOGIC LCG OF DRILLHOLE  Sheet__e._of _a

ARl _RESERV.QR ... ... ... WOA | NONG PLALAY  gav. . RAYDHNG
' LOCATNON . POMN - STREAM . e
rottno,. BB GROUWD BLIVATION. .. .. ., .. ANGILFtOM YNNGy~ © |
CotRmaItS, . 1011
MGUN _MAY B3 BE BNt MAY 12,681 CUPTA OF OVERADIN | OWFIA 15 22 MBAUNG OF AnGU nOl . ...,
BLPTm QERLLEY, OF WATIATANE . 0. 08 1. HOWLIOGGED IYMIALTH 2 7w T rotfean_ | AMMNUAY
[T Teo Tyee | Coe T eecomnon 161s I T . coefficient of
sa bobla - BS B vy 104
Ot ot ool Bheill ICTUTTRYY VW B...T[*-y,m,.,,o“ burTa CLASLIIC AN 330 Perceability
rarmn, thracie of (321 Foom ! e l bl { Tme Somein Vo FAYIKAL LOITON ‘ ISe )
of dilTing e hola f’c":_', Ts tqargresyg, Ty Sl [3+] c
| 1 «00630, 12 6 1 10 3 ] -5
3 —! € 001030 12t & | 10 |, Jé{jiﬁ_j . 1.07 x 10_4
j H i : : 4.7 fines, 20% fine 1.00 x 10
3 : ! __13" A1 send, grees, reisth
L . (T F ey
q. ! 001125, FA° G T 10 14 137.30-5.30 b, C1L 1.07 x ll)_4
3 H i : . h 2 {Lean clay)
3 . : : ! e Very stiff,about
u 1 s 4
12— . ' . ; 12— L dr30% cediun plastid -5
] H 00225 10 IO ; ,.ggcitj fines, 10% 5.06 x 10
3 i i po! J3/) | fine send, yellesish
3 ! i i F:00 | bfewn, oeist. 6
3 ¥ . P .
> e00in2a a2l o |10 >3 A7 E53,30-9.30 n. SK 7.11 x 10
3 I Rl {silty sand)
] 3 Hediua,absut 70% -5
% bociaad 9] 6 | 10 1] ine sand, 30% nei 1.04 x 10
] E lesticity fines,
E 3.5 | 1ight grecn, ceisy,
15 13- 1.9,36-10.30 &, HL -6
5 e 5 0005 85 A5 O |10 15 eé Z‘ {siyt) 7.26 x 10
E E Hard,about &0%
] ! - slightly plastici
] } 3 ty fines, 20% find
-] : 3 sond, green, peistl,
i : 5 10.3€-13.00 a. S¥
3 i ] (silty soand)
3 3 Very dunse,nbouy
3 3 65% fines sand,35%
-3 1 slightly plastici
E 3 ty finca, green,
. J neist,
5 . 13.00-13.20 n. KL
E 3 {511t)
-3 3 Rard,about 100%
3 E alightly plasiicity
] __n:‘:L_* A,I
. ‘:I’UHAH'DN . . cec NOTE:C&ICUltEd
fg mmemmm—m e e emes * Deeard, H * Fopra'lig, 3 v Sher, €5 Chor
ot :4':: :2::4. RO P PR P Prtoche, Cme (.:.».v.d, €sn koo of “_;,; Aogle Hele D b)‘
> Apm.tn'n:u:M'.[:«—:.;)u:n-;j;, A:-.-ll)ﬁ;, IE-:‘!_.;I/;, l-',--:;v‘ the JICA
g Drcover = mairmote 2k awig)—lan v t Armm “ bem R S ] - . .
; . ' :::m:d. i-wr‘.ﬂd’:::n: u«.?i\-[.-: 114, 4, o240, B = 2IAY, Mas 3 1A Yorrwsl Hele B Survey
101 8¢ Fomae of cming iMawim] —Fa e 13°, Ba e 12200, L v 230, Has B° tezm

6 - 55



Fig. 1-12 Geologic Log of Drill Hele
"7 Hole No. B.18 (3/3)

61— 01
{1u.0.2519)

Division of Soil and Geology
Royol lrrigation Deporiment

Hole MNo. __ _a.:p

 GECLOGIC LOG OF DRILL HOLE  Sheet._3 _of 3

............. I 2
FOaneE L AFSERV.IR . mCAEE MONG PLALAY | oww. . RAYINE
a8 LOCATIOR: . . DTOWN - 57 IEAM ’ e
o r 3 : ;
e . s - . G-Oﬂ:’mvmon:c,m,._ coL ANGUERRGM vERTCaL &
MG MAY i3B! Fatketn MAY 12,8t CEPY- OF OVERIDEN | CEFpM 3% 2L sann G CF ANGeE~OUE
COMTR OO ELEY. OF watis st . _ . . AROAEATGOIE B NIRUTR b TanT scatman_  AVWUAY
KOTES P Jter T moanonusn T T
cl;::':.-:::. o u‘:, ooy T H gl'::"} EUEY A THGN: DEHT N CLASLEICATION AND Coeff;.c%er.:t of
et T Sler o [a}} t;"='(" Tt I 0 e ] TR ALCONINDION Permegbility
o Gilving e hate el e cnne gt B (cmfsec)
1 ¢ . 3 [
3 ! . ines, grecn,moist
F ' ] .
R : = 13.20-15.C0 o. SP
: f 3 (Poorly graded
3 ; ' | = sand)
3 ! ]
3 . 3 Yery donse,esbeut
_;P -3 10C% fine te cemrst
3 . E sand, brewn, wet, .
3 ! | ) : i
ER S E
- H 3 H -
= B ! : 3
i ! 3
n H 3]
] 1 I -
q i ) -3
i ; ; ]
1 : : H 3
I : 3
1 i i ]
34 ; i 3
3 H 3
1: : E
4 b =
3 ' 1 : 3
1 : :
3 i ! E
3 H i 1
] : H p
-3 | -7
3 ] 3
3 I ' ]
] i 1 I E
3 i | | 3
] 1 l ;
g : I 4
P : i ]
P 1 | ] ;
EX? LANITION -
Ve e 2e'e =rmvernimmccenaca e D% Duormond, P 2 Hapsatlive, § 5 $hot, € = Churn TE;Calculte
Cortos Ho's secipd —eenvan w? =Focker, Cmn Comamted, €18 borpm of c'ng Arg'u Faly D HOTE; Ca 4
s Kowaaingtesite of hofe (Mo piolesbwn e 17 Surm & 1 18-, Raw = 3 30, Som 4 3° - by
3 foetueey Azoronmora b1d Hert Mawgonlon t 187, Lar a1 137, Sam s FLA°, fom = 214" . N .the
Ovnite fiomeer o cming Taram=Fa s D I3/5E7, Apn 2% ba s § 227, M 310 veraatios 13 JXCA
P de domacer of toning (Meamios] aclan 17, Aa s § 730, Be v 222%, Npa ) Suzryey
L ——— - b .. keam ]

6 - 50



iens, Tt o L EAT e A e U e
: o

coe ] ineyg ._Qn.u‘_.@u__Ll( .......... bt e i ; P .hM, ) -l
P— ot Y
| _ege OF EE oo fTorTirse T o ¥ -00'% Satid,, YO B _wo~w TG
_kees 35 69 | g9l [3°6E| 023 -02°% EE 7RI e
2 T ) T74Spid “uoy 0373 <013 |ws3y Sh{ooveo)y | 1070y buol | O
) e i e B T L U T T . ’ , ong TN
WD|LIN AN 5104 JON| uejie2iglisoiy flog PRUINN et T W) UoiyeAR(g uo1§0o07 Luoa] sdwes [-ON
Y 1AV SN13 T 358v0 WILaIw ] ECT] T L e T T
_ 5318503 | TS i - TS 1 (Bwdanon) L7)8 Q) (31serd) Av1D
SUILAWITUW Nl 3ID1LEYS 2 BILIWYIC
T T S AN N wr et sl oS et el yor 80 &0 800' - €00’ 200"
¥ Bemyzere L SkReR&R B & EREESE Y ¥ 8
[v.]) M T T T T r T=T"*Y =T Y TorTT —— G
' i J i B o | R S Rl
) RS P i ——] T . ) TS
} Y S PR SRS S ; UM B e b i .
%6 — . - e ] (3 i
——— - - - 1
. - ) ) [ R h A !
R I . . . i
o - B D - — e et () t
) A D o o Tzl !
o -eim et e K¢ '
B O U I ’ ” o R '
Tl R N O ! _ o i
. — R A T T
A N i . PR I - o
3 IO . —_— . Z
= o . LN
o4 - ' e =
- - - . W " . » - -
o 0%
ek B B e i e B
N - . I o8
il Sl e g =
[-]] iy d 06
oo Y e . A . - it
) 1 [ e e . | oL ! A P . o e P99
nl «Fub ul | ub/C ni/t Py B0ty Wiy oy Ory 0%y 0oL, 00L;  THNIW L TRNIW F Chivead IWOR T NIWS | B2t NIWEE SWGE
DNINJO JIVMNDS HV1iD ! SIS OHYON VIS 'S°MY _ IWIL DNIOYIN
ssatvNy | aaug SISATYNY ¥1LIWONTAH

e d«nu\nh., I 1S3l NOLLVYaVXH" juawdoioAn] sananosyy AD|DAL {002 {EB 3 “BY| sesley

(Lre27u"wn)
QE=V UL

wvewiJode] voy el |ekoy
WOIHAL] |00 juyse)

183], UOTITPEIASD 3TJ MOII0Q T BI4 Z0ON £1-T "314

6 - 57



- R T QT :!..l_ﬂﬁ....\ww...: ﬁ&&ﬁi::!d |::..,.|:....:!..,.,.mﬂ g un——ey
H I 5 TEX T [3:%3]_ou. GO 5w —— ] (5
% 19°% WS D150 ~UON o¢ N Y N :.l‘ <
A % Fez e i3y | oo Sy tld Say | Iv by BuoN | (W)
{400 3ANISIO “{DN OB ISSBY [0S Pl jiup m;.wnw.wh*ﬂ% (W) uvoljeas)g U0({0907 | wioA aidwng| con |
ﬁu.s_x.vv % 15 V02 0TS |u YSRvOD | i:_ouinzﬁﬁ...l... B PYiv? = (2 1rvordme) 1915 OL SUY1 AYD

. . SUBLIWITIW NI 3DV A0 AL IwvIQ

oy 2o 4 L10e]

[A1 7 4 B A3 [T o 140 s1¢ [t M v w0t
\ - . AT T R '
_ M ere2es T v s W Nmmmmm m A .m g w
007 =k ¢ e e ey Trr—r—ry
! “ T A B I A
_ _ . - FOPPISRIS, O F | mmamas {os e ] s Py
RV PE— - — . !
! LT - — I - . - |
ﬁ 06 Pty imem J i [ o .
A A - “, ST b I m
_ ) : L “ ; - i :
_ oF [ETap— - L —| = et " |
' - P . ey Ca « m N
ﬁ - . P I N i w4 e .
i . o P . . h
Oh —y i bt — -y
t . i . .
. - . | -, - -
. - . - 4. - o v - PRI
: i , S
o7 v asmma s (r— e s Cemmsd] O,
= 1 ks v - I . B
m . - -‘. L lll‘ll..l.- - 1 - . ...Il. - ” ":’ m
¥ - . - e e - - z
-5 ——l O
-2 P 2o S e R, S
Q . - \ - !
- .. . i - R . =
or e e | —  —p— e
ol - ‘. N - y) v e | . i o
i . e Yo / [ S —
R 1t Phoviod Bt E i I St [ E . ol
- e e—— - W. . ri - - e | St v —
ot ! sl — 3
JIN Y D S RV QU ST AN DFUPLEV DR b -
| | — { ety o 4 \ _\ 1 . - . et e [ m———
[N S (U \ v el e | | —— R VU S —
. e fmf e T aot) SRS U I A — Stk Rl Rt Sehesess JON
ad nFef oC LI 7] 201y %y O Ory 05y 001 7 NI L CTRIW Y TNIWAL TNINDOT NIWEL T HHL NIWE aHE?
SNINO XN D8 Y310 H 320835 Q¥YONYLL “L'D I DNIQYIY
_ STSATYNY A3 SISATYNY 331 IWON0AM

S & 1T \ S owey

(evizun)
OE=- "W

L&3L NOILIVAVYED

IS2] LOTITBPTRIH ITL MOXI0Y FTT TTE Suoy HT-T -Sti

.“:nrcmopu.auo BR24N0E 3y AD{EN, [So0) 1503 ) iveloy

W soone) o 0810 1Bhey
VOIHAIQ |2]uyRe)

6 - 58



e I L LR LU S
TRt g ey . TGS ladgeve T [ v R s

Pomm Y
! AL - 0708 1063 [0SV | 5173 ~00'3 _[mIBLMEquy UoR] e T \E) w
, AT o C03 (967 | 697 o7 002 - %fg " \.. <t m
0,

ofr B ' 1 BF) 1'9% (9°73 |L-0F '3 »oo9 5/ 5 (D] Ol BUON |
i Tl g O cmialrsipmam | s H|reon
usiweg ummn._ox {oN c%:oo:_._aowo Jles Wu&.;.D T B SUABIIT ) Y0049 g Lo 090 Eo.hwu.u_mEoﬂ oN
SNV P =N [AIE] | MY ] e |
bERL L =] ! TS ! e 1 (Biavopderron) 1915 (31 (Bluserd) Av1D _
SURLIWITUW NI JIDILEYE IO TLIWWID
14T T AL ) e 1'81 [ 9Lr [ 8% 068" P AR rid* 007 610° 600" £00* 209’
. P . \ . . .0. L) . . .. M -
% Toulim n w0 seReR B B B 3833388 & § 8
Sﬂ “ LA B B M e § T T T T T L] L] Tt T X o
T = ey o T e e o, e
- ) JPUSESITUUS (USSR TRV R IS i p——
Y- - } e remm—— e v e ——— | ———
%6 1~ R P P P Lormmr R — TR S P P PRt —
- PR v e ] e ] e —— e -t — vmrm 4 { | s | -t s, - | i 5 amma] st & mams
i Tt i it AU e sovorornd i Ginasdae R T T I s A :
o8 “ ¢ o w
o drae g ommean - . ——— e Y - St | e ko e l.ull.I' " - ————— o —— o - - LT - e
SR et IR s 1 e el ot iy el Pt !
ot ol Smiovit Bl Dot A . TN TS !
o e — s s L
| Sy T T e - —— DTSN I D T i ]
~ ”IH D it B e e PR [ rren o | o [ o vt | 13 et | pen . Sy _
[ % o7 e S = - SO Sy S Ea— m— o 5
= o b ] e 0 5 bt | i ——ne ]imn—— JE SUPVORI P R — m
g T = I S T PO DUt S WO Shvhptiin) B z
R o e, et ey " §
= B A U [ Y piboliadi) Al PSSR Himmion b viol BNRpuatt BP2 gl omtmell Moo SRV Bovhiiol Reiiosltiol fepmibuy >
Q J A SO B R P et e . e v | ——— m
~ RS PN JUUUSRS [N PRENERIAN M RSV [T, AN PV S JRE =
or ) o9
PO OO AN I PO D . PAOSVRTY SRS RS VA —
i ot Rl i P R fbistulvg iyt lbounil Rt S
o i G
Rl D D ——— [ @\ _\\I IT wv—] e asmie | e . ol
. -qi\\\\\.lll I__.-!. v L= N
hemen { s . \\ \\ am “ - (PR [ rm— ——
. 2T ool [M— D———e! ; pipentnd .
ol v7 % ot S /0 w8/6 Y By 9y oy or, 0%y Doty 0027 TNIW L NI P TMIWAL CNINDSTTNIWSL RS NIWEE YHCT
ONINIO JAVNDS V1D _ $31935 QUVONYLS *5'Nn IWLL DONOYRE
b SISATYNY 3AJIS : SISATYNY ¥ILIWOYOAR

............l...o.unu.\nh..!.c...i LEIL NOLLVQYYED ._Eu..cqo_u\,eo SI0ANOTIR U JOM {S00]) {FOT DY) eloy

(Ligz7u"n)

GE= IV Ot woyutBlaa |bhoy

VOlALQ [upeysel

%8l LOTITPRAN ITJ MOIAQY TRT T4 Faon ST-1T 314

6 - 59



Fig, 1-16

o Result of Compaction Test

Result of Laboratory Test for Borrow Materials

{(After 1973 reports)

o Result of Direct Shear Test _
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