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Table IV-7 CROP PRODUCTION STATISTICS (1978/79 - 1982/83) (1/2)

Major Rice

— 1878/ 19797 1980/ 1981/ 1982/
: 7 ce i 79 80 81 © 82 33
Planted : rat : _
s area - 1,000 . 729 557 551 521 646
uthai Thani  progiceion 1,0000" 162 152 158 171 114
vield kg/rai 222 272 286 328 176
Planted_ ' N . - _ _
ihon Gapan | ATER 1,000"%" 1,781 2,079 1,782 2,303 2,356
Naknhon I3 o ’
~ production 1,000°" 562 511 529 732 623
vield - = kg/rai . 282 246 306 318 264
'Plénted rai _ -
Khampheng " area 1,000 890 897 980 1,010 959
rPhet ~ production 1,0007°" 247 268 275 321 332
vield kg/rai 275 299 281 318 346
 91anted _ o , :
Chai Nat area 1,000" 2" 728 601, 664 725 853
al Na
production 1,000 " 301 310 308 - 287 295
vield kg/rai. 414 514 464 396 345
Second Rice
1978/ 1979/ 1980/ 1981/ 1982/
. 79 80 81 82 83
Planted rai
area 1,000 - 7 16 19 7
vthai Thani b oquction 1,0007" - a 10 12 a
 vield kg/rai - 558 645 633 500
Planted ' rai
Nakhon Sawaﬁ area 1,000 - 13 90 52 84
' Production 1,000%°" - g 55 33 51
Yield kg/rai - 558 616 632 607
Planted_ _ r .
Kampheng area 1,000 0% - 26 17 22 26
© production 1,000" - 16 10 12 15
vield kg/rai - 607 600 573 580
‘" Planted rai
area 1,000 2 - 9 146 161 215
Chai Nat t
o “production 1,000 " - 6 94 107 121
Yield kg/rai = 655 645 666 563
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Table TV-7 CROP PRODUCTION STATISTICS (1978/79 - 1982/83) (2/2)

ﬂungbeans

15787 19797 19807 T 198T/ T Ises
79 SR : (O 81 82 . 83
‘planted . , , e : 5
rea 1,000°%" 17 15 21 34 -
Uthai Thani ar B con _ _ : s
Production 1,000 2. 2 2 3 -
Yield kg/rai 119 100 107 96 -
Planted rai e _ :
Nakhon Sawan oo 1,00077" 288 294 - 1346 323 339
production 1,000%°" 37 35 22 © 27 38
vield  kg/rai 129 129 64 85 111
Planted .rai
: : 1,000 '
Kampheng area ’ 210 228 .197 _333 399
Phet production 1,000%°" 16 19 3 4 3
vield -~ kg/rai 91" 84 87 - 107 57
Planted rai :
' : 9 6 2.
Chai Mat area | 1,000t : | 10 15
Production 1,000 " 1 1 - 1 1
vield kg/rai 106° 100 71 100 76

Source: Agricﬁltural Statistic of Thailand 1982/83, MOAC
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rable TV-8 (1) STANDARD CULTIVATION METHOD OF IRRIGATED PADDY

Days _ 'Mdnagemént o : .. Amount of Impieméﬂtation

“{preparation of Nursery)

- 3 Seed selection o Salt solution for seed selection
: ' : 10 liters of water + 2 kg of NaCl

- 3 geed disinfection - Benléte—TZ; (200-400 times, 6-12 hours)
or Homai (200-400 times, &-12 hours}

- 2 Seed socaking 36 hours
- 2 Hastening of germination 24 hours

- 1 Application of fertilizer Urea 100g, Triple Supexr Phosphate
: 50g per rai

0 Sowing . - ' Acreage 100m?/rai, Seed 5kg/100m?
15 Cdntrol of disease and Diazinon 30-50 cc in 1,000 litérs of
insect damage . water 100 1it./100m? spraying,

about 2 times

Nursery Period: 20 - 25 days

(After trénsplanting)

(Preparation of Paddy. Field)

- 5 Basal manuring Compound fertilizer 20 kg/rai.

0  Transplanting Spacing 20 x 25em {20 hills per n”)
3-4 seedling per hill, 25 days-aged
seeding.

10 ‘Weeding (lst) Hand rotary weeding

13 Control of disease and : Diazinon 0.1 1lit./rai,

' insect damage (1lst) Kasumin 0.1 lit./rai

15 Application of fertiliier Urea 5 kg/rai

{Top dressing)
30 Weeding (2nd) : Hang rotary. weeder
60 (panicle initiation period)
63 Application of fertilizer Urea 5 kg/rai
(2nd)
70 (Booting period)
73 Control3disease and Diazinon 0.6 1lit./rai

insect damage (2nd)
80 {Heading period)

105-110 Harvesting . Use of sickle

Note: /1; for paddy seeding diseases, rice blast, rice leaf spot, etc.
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Table IV-8 {(2) STANDARD CULTIVATION METHOD OF MUNGBEANS

Days

Management

‘Amount of Implementation -

17

20

30

a5

47

50

80

{Preparation of field)

Sowing

Application of fertilizer
(1st) '

Intertillage and'wéeding
Control insect damage (lst)

application of fertilizer -
(?nd)

Intertillage and weeding
(2nd)

Control insect and disease
damage (2nd)

Harvesting
Drying

Seed © kg/rai Spacing 25 x 25 cm
or row 50 cm and hole 20 cm with
dig 4-5 seeds/per hole number of
mungbeans 32,000'stem/rai

Compound_fértilizer 6 kg/rai

Hoe and hand
Spraying of Sumithion 0.1 1lit./rai

Compoﬁnd fertilizer 4 kg/rai
Hoe and hand

Spraying of Sumithion 0.9 1lit./rai
and 0.8 lit./rai of fungicide

By hand, about 2 times
2 - 3 times

Note: Recommendable high yield variety; U-Tong I
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table IV~9 RCONOMIC PRiCE OF PADDY AND MUNGBEANS

Paddy Mung beans

Item E/ton Ralance E/ton Balance
- . /1 )
FOB Bangkok 9,150 12, 30022
storage Loss = - 450 8,700 850 11,450
warehouée Cost 60 8,640 60 11,390
Tfénsﬁortétibn Cost _
(Nakhon Sawan- 320 8,320 350 11,040
" Bangkok)
e ' : /3
Milling Charge 200 8,120 1,530— 9,510
Ex-mill price of rice 8,120 -~
Price of Paddy .
at Mill 2,280 -
Local Storage Loss : - ' 700 8,810
Local Transportation Cost 80 5,200 85. 8,725
Farm-gate Price 5,200 8,725
: = 8,700
/L i Price in 1990 forecasted by IBRD,

"price Prospects for Major Primary
Commodities", Dec. 1983.

/2 + Price in 1990 forcasted by using

- the export prices at Bangkok in the
past and adjusted by using international
market price index by IBRD, Dec. 1983.

/3 : Including cost of bags.
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Table IV-12 FARM GATE

PRICES OF MAJOR FARM INPUTS AND QUTPUTS

Farm Gate -

Beconomic

I i . . narks
tem Unit price {1984} Price Remarks
Baht
I. Farm Product
Rice Mt 3,200 5,200
-Mungbeans ) Mt 7,200 8,?00"
II. Farm Input
Seed L'V°£%b kg 3.5 5.7
L.Y. v— kg 5.5 6.3
Mungbeans kg 7.2 8.7
Fertilizer Urea kg 6.0 - 8.8
Compound kg 7.0 10.3.
Agro-Chemicals Ingsecticides [ 180 264
Fungicides A 150 220
Land P ti
reparation Hand day 120 84 Conversion
Tractor : tor: 0.7
Threshing/ y ) a ' Factor: 0.
Winnowing achine ay 120 84 - do -
Labour Light day 30 - 30
Hleavy day 40 40 .
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ANNEX. ~ V

WATER BALANCE STUDY

1. INTRODUCTION

This report gives a summary of the water balance study done
during the pre—feasibility study stage on the basis of the irrigation
water requirements and river runnoff data.

The main purpose of this study is. to calculate the following two
cases of water balance over the Sakae Kyrang river basin.

(1} Present water balance study in the Sakae Krang basin.

The main interest of this study is to check the present water
use of existing irrigation areas and to reveal the areas actually
irrigated in the existing irrigation service areas.

(2) Water balance study for with-project condition including
" reservolir operation study. ’

The main purpose of this study is to determine the possible
development area of each proposed dam.



2. WATER BALANCE. STUDY FOR PRESENT CONDITION
2.1 Procedures

2.1.1 Layout of-irrigation water supply system

Figure V-1 shows a sYstematic layout of irrigation water supply
system under the present condition. - There are four main river system
in the Sakae Krang river basin. They are: ' Co :

(1) The Mae Wong river,

{(2)  The Khlong Pho river,

(3) The Thap Salaé river, and
(4)  The Khok Khwai river.

The Mae Wong river is called the Sakae Krang river after joining
the Khlong Pho river and the Thap Salac river, :

in the water balancé calculatibn}'the'éxisting‘irtigation areas
in the river basin are divided into 25 blocks as shown in Table v-1.

2.1.2 Definitions
(1) Simulation period and calculation interval

Caleulation of water balance at each irrigation block is
carried out for 28 years from 1954 to 1981 on the basis of runoff
data estimated in the hydrologic studies. The calculation is
carried out on 10 day-basis.

(2) Return flow

Generally, a part of water for irrigation returns to
rivers and is reused for further downstream areas. According
to the Chao Phraya - Meklong Basin Study, the return flow factor
of 75% can be considered as offective return flow available for
reuse. Ralther conservative figure of 60% is used for the water
balance study. The derivation of the effective return flow is
given as follows: '

Irrigation efficiency 45%

Effective return flow = {1 - 0.45) % Return Flow Factor
= (1 -~ 0.45) » 0.60
‘= 0.33 of diversion requirement



(3) Excess water of rainfall from paddy field

The rainfall in the paddy field is effectively used as a
part of irrigation water. Non-effective rainfall (excess water
of rainfall) is drained into the river together with the return
flow of irrigation water. According to the results of calculation

“on irrigation water requirements, about 60 to 70% of rainfall are
effectively used for irrigation. Consequently, the excess water
of rainfall is assumed as follows:

Excess water of rainfall = 0.2 X Rainfall
(4) Water balance calculation

A basic balance at an irrigation block is simply expressed
as follows: :

If Runoff > Diversion Requirement
Surplus = Runoff - Diversion Requirement

1f Runoff < Diversion Reguirement
Deficit = Diversion Requirement - Runoff

where, .
Runoff: Natural runoff at the diversion point to
irrigation block including return flows and excess

water of rainfall from_upstream

Diversion requirement: Irrigation requirement at the
diversion point to irrigation block.

A flow chart for the present water balance calculation is
shown in Fig., v-2, :

2,2 Basic Data

2.2.1 Runoff

Runoff data used for water balance calculation of each river
basin are as follows:

(1) Mae Wong river basin: Observed runoff and runoff generated
' : by the Tank Model method at CT5A

{2} Khlong Pho river basin: Observed runoff and runoff generated
B by the Tank Model method at CT7

(3) Thap Salao and Khok Observed runoff and runoff generated
¥Khwai river basin: by the Tank Model method at CT9



2.2.2 Irrigation water demand

Irrigation water requlrements are estimated in ANNEX - VIT.
(See Chapter 4). The lrrlgatlon water demand of each. 1rrlgat10n block
is calculated multiplying the size of 1rr1gatlon blOCk by the unit
lrrlqatlon water 1equ1rement

2.2.3 Rainfall

The rainfall data at the Thap Than station  (Code No. 69022) are
used for calculation on the excess water of rainfall from paddy field,

2.3 Results of Water Balance Calculation

2.3.1 Verification of systematic diagram

There exist three gauging stations downstream of proposed dam
sites in the river basin as shown below,

CT4 station: Mae Wong river {Observation Period: 1975- 1982)
CT3 station: Thap Salao river (Observation period: 1967 ~ 1971}
CP8 station: Sakae Krang river {(Observation period:.  1975- 1977)
¢4 stavion is selected toé verify the results of the present
water balance calculation, because it has long. term and recent discharge
‘records. Table V-2 shows the observed river discharge and simulated
rviver discharge at CT4 station. - Monthly mean river discharge calculated

on the present systematlc dlagram is compared w1th the actual river
discharge recorded at ¢T4 station as' shown .in Flg v-3.

The calculated river discharge is satisfactdrily similar to the
vecorded discharge.
2.3.2 Overall water balance in the Sakae Krarng river basgin

The results of overall water halance in each river basin are
shown below.



Overall Water Balance

(Unit: MCM)

- Re~used Irrigation Water
River Basin Runoff Water Water Deficit Surplus Discharged
Demand . to Outside
Mae Wong . 581 27 380 134 232 130
Khlong Pho. 1250 58 83 15 231 9
Thap Salao 318 50 251 123 156 84
Khok Khwai = 253 27 ‘118 37 199 ) 0
sakde Krang 1,570 174 851 309 1,066 136

Note: 1. Table shows the overall water balance of each river
basin at the confluence of the Sakae Krang river and
the Chao Phraya river.

2. Re-used water = Irrigation Water Demand - Deficit +
Surplus + Water discharged to outside - Runoff

3. B2ll show the average figures for 28 vears period
from 1954 to 1981,

. In the above table, the runoff includes the excess water of
rainfall from the paddy field. Except for the Mae Wong river basin,
the water discharged to the outside of basin can be used within the
Sakae Krang river basin. The deficit ratios of irrigation water are
' 35% of the Mae Wong river basin, 18% of the Khlong Pho river basin,
49% of the Thap Salao river basin, 31% of the Khok Khwai river basin
and 36% of the overall sakae Krang riﬁer basin, rvespectively. It can
be said that the Thap Salac river basin faces much water shortage
compared with the other river basins. In the Khlong Pho river kasin,
the return flow is effectively used for irrigation, about 70% of
irrigation water demand.

2.3.3 Actﬁally irrigated areas

The areas actually irrigated were estimated based on the ratio
of deficit versus irrigation water demand in each irrigation block.
Table V-3 shows the estimated areas actually irrigated based on the
results of present water balance calculation. The irrigation ratio
of each river basin is 65% of the Mak Wong river basin, 82% of the
Khlong Pho river basin, 51% of the Thap Salao river basin, 69% of
the Khok Khwai river basin and 64% of the overall Sakae Krang river
basin, respectively.



3. WATER BALANCE STUDY FQR WITH--PROJECT CONDITION
3.1 Procedureés

3.1.1 ILayout of irrigation water sdpply system

The systematic layout of irrvigation water supply system for each
river basin under the with-project condition is shown in Figure SV-4 to
v-7. The irrigation water for the Wang Rom Klao, an existing medium
scale 1rrlgatlon_ploject which is located on the Sakae Krang rlver,
has been planned. to supply mainly from the Khlong pho river. _ Accordingly,
the Wang Rom Klao Project is included in the Khlong Pho river basin,

3.1.2 <Calculation step

The water balance calculations for the with-project condition are
divided into following two steps, :

Step 1: The water balance of irrigation area is calculated in
accordance with the same procedures as.the water balahce
calculation for the present condition. ~ Through this
calculation, reguired water amount for irrigation to be
released from the proposed storage dam is estimated.

Step 2: The reservoir operation is carriéd out to determine
the possible irrigable areas and reservoir capacity of
the proposed dams by trial and error method based on
the released water amount for lrrlgatlon estlmated
through Step 1 and_glven reservoir capac1ty

In calculations of resérvoir bpetation, a balance of inflow and
outflow of a reservoir to.be created at a proposed dam site is cal- '
culated for 28 years period on the basis of the runoff data from 1954
to 1981. The balance of a certain lC0-day period of calculation is
given as follows.

Se = Sb + I - 0r - E - Os

where, Se: Reservoir storage of the end of the period
Sb: Reservoir storége at the beginning of the period
I: Inflow to the reservoir during thé_peribd
Or: Outflow from the reservoir.duriﬁg thé_period;
this is equal to the release water foxr irrigation

estimated through the water balance calculation
downstream of the proposed dam in Step 1.

E: Evaporation from the reservoir surface durlng the
period .

Os: Spillout discharge during the period, if any,  Because
the storage at the end of the period is limited to the

storage at the full supply water level in the maximum,
the excess water is defined as spillout discharge.

V-6



A flow chart of rescrvoir operation is shown in Fig, V-8,

3.1.3 pefinitions
(1) Simulation period and calculation interval

Water balance and reservoir operxation calculations' are
carried out for 28 years period from 1954 to 1981 on the basis
of runoff data and irrigation water demand. The calculations
are made on 10 day-basis.

(2} Return flow

_Thejderivation of effective return flow is given as follows:

Irrigation efficiency 55%

Effective return flow = (1 - 0.55} x Return Flow Factor
' (1 - 0.55) % 0.60

"0.27 .of diversion requirement

Il

(3). Excess water of rainfall from paddy field

Excess wéter of rainfall = 0.2 ®x Rainfall
(4) Determination of possible irrigable area

VPOssible irrigable area is determined through the reservoir
operation calculation in Step 2 on conditions that reservoir is

completely depleted five times at least for the 28 years period,
or in other word, drought damage recurs by 5 vears return.

3.2 Basic Data

3.2.1 Runoff

runoff data used for the water balance study of with-project
condition are the same ones for the present water balance study.

3.2.2 Irrigation water demand

Trrigation water requirements for with-project condition estimated
in ANNEX - VII are used for calculations.

3.2.3 Rainfall

The rainfall data at the Thap Than station (Code No. 69022) are
used for calculation on the excess water of rainfall from paddy field.



3.2,4 Evaporation

Evaporation from reservoir surface in the reservOlr 0peratlon
calculation is based on the evaporation data at Nakhon Sawan. The
evaporation loss from reservoir surface is assumed to be the estimated
evaporation depth shown in Table V-4 multiplied by the reservoir surface.

3.3 Alternative Plan for Development

3.3.1 Development plan for selection of hlqh prlorlty prOJects

To select the high prlorlty projects out of the" progects 1dent1—
fied through the overall river basin development study, water balance
for the with-proiject condltlon is made based on the following condltlon5

(1) The water resources endowed in the sub-river basins_would
be developed by constructing storage dams to the maximum extent.

{2} To evaluate all identified projects at the same level,
irrigation development scale would be determined undér the sup-
plemental irrxigation for the wet season paddy (cropping intensity
of 100%). : '

3.3.2 Alternative plan for high pribrity projects

The following alternative éeveiopment plans £or high p;iority pro-
jects were made for optimization of development .scale and: consequently
selection of first priority project among high priority prqjects.
(1) Alternative devélopment plan for optimization'of dam scale

sﬁpp1Eméntal irrigation to- the existing
irrigation area for wet season paddy

Alternative D-1

e

Alternative D-2 : supplemental irrigation to the'possible
' maximum irrigable area in each river
basin for wet season paddy

Alternative D-3 : -supplemental irrigétion to the possible
maximum irrigable area in each basin
for wet season paddy and dry season crop

(2) Alternative development plan for optlmlzatlon of- 1rrlgable area’ and
cropping intensity

Alternative I-1 : supplemental irrigation to the existing
irrigation area S

Alternative I-2 suppleménﬁéi irrigétion to the possible
' maximum irrigable area in each rlver
basin



3.4

3.4.1

Regults of Water Balance Study

Waterx balahce study results for selection of high priority
projects

(l) Water bhalance study results

Based on the systematic diagram shown in Fig. V-4 to
Fig. v-7, the water balance and reservoir operation calculations
fox each sub-river basin are made. The results are shown 1n
Table Vv-5. The storage changes of the Lower Mae Wong Dam, the
Upper Mae Wong Dam and the Khlong Pho Dam are representatively
shown in Figures V-9 to V-11. From Table V-5, the relationship
curve bétween required effective reservoir capacity and possible
irrigable area is made as shown in Fig. v-12, The figure shows
that even further increase of reservoir capacity, no mere increase

. of possible irrigable area can be expectéd. Subsequently, as-

sumptions applied for detérmination of possible maximum reservolr
capacity described in ANNEX - VI are approved within certain
accuracy. '

From the results shown in Table V-5, the possible
irrigable area of each proposed dam with possible maximum re-
servoir capacity is summarized in Tabhle V-6.

(2) Selection of high priority projects

Referring the preliminary design of dam and
reservoir, the major dimensions of possible projects such as
watershed, reservoir, dam, irrigable area and reservoir capacity
are determined on a_preliminary basis and are shown in Table V-7.
For selection of high priority projects, preliminary evaluation
is made on the possible projects by using several lndicators
like reservoir pérformance, incremental irrigable area and dam
construction cost which are calculated on the basis of the said
major dimensions. The indicators used for evaluation are summa-
rized below:



Items

Mae Wong

Phlon

g Huai Khun Kaew

Upper Lower - Pho Rang Upper Lower
Resefvoir’Performénce_ |
Irr. Area/Eff. Storage ha/MCM 213 153 260 111 342 202
Embk. Vol/Eff. Storage 103m3/McM  14.8 1.1 7.7 46.1 34.7 40.4
Irrigation _
Irrigation area 103 ha 49.0 53.5 25.0° 2.0 13.0 14.9
Incremental - : S R "
Irrigation Arca 103 ha 25,4 29.9 18.0 - A7 6.6
Irr. Avea/Eff. Storage ha/MCM 110 85 187 - 124 129
pam Construction Cost .
Direct Const. Cost VB © 1,148 6200 567 195 © 403 545
Const/Eff. Storage ME/MCM 4.9 . 1.8 579 ;0,8 10.6 . .10.7
‘Cost/Embk. Vol. B/m3 326 1,140 497 235 305 265
Construction Period Yr 5 5 5 4.5 5 5
. Resettlement ‘ o _
House No - 40 520 365 218 . 30 105
Land km? - 19.5 68.0 32.0.. 2.2 2.2 7.3
Compensation @0.2 ME/House,
Q0.6 ME/kmZ2 . _ :
MB 19.7 144.8 92.2_ 44 .9 7.3 25.4

The pr0p05ed DrOjectb are obV1ously cla¢51f1ed 1nto two
groups such as. 1arge and mEdlum scale pro1octs accordlng to their

development scales of 1rrlgat10n areas.

Large scale 1rr1gatlon

development w111 be attained by prOJects of Upper Mae WOng, Lower
Mae Wong ‘and Khlong Pho, having total 1rrlgatlon -area in wet season
from 25,000 ha to 53,500 ha and 1ncremental 1rr1gat10n area of
Comparleon of two groups are expressed as

more than 10, 000 ha
follows.

Uppe
Lowe
- Khlo

Embk, vol./Eff. Storage
Irrigation area :
Incremental Irr. area

Dam Cost/Eff. Storage

r Mae Wong Huai Rang K

r Mae Wong Upper Khun Kaew
ng Pho Lower Khun Kaew
Small Large

Large Small

Large Small

Small Large
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. Based on the evaluation on these four components, it is
“concluded that the high priority projects are selected to be the
Upper Mae Wolg, Tower Mae Wong and Khlong Pho projects. Among

these three projects, merits and demerits are counted as follows:

(a)

(b)

{c)

' Upper Mae Wong Project

(Merit)

- Higher effective use of reservoir'storage

Irrigation Area/Effective Storage = 213 ha/MCM
- Small ﬁtoblem'expected'for resettlement
~:High¢f pbﬁentiality of hydro-power generation
- Large irrigation area

- Good foundation and materiais available for dam

'(Demefit)

- Large construction cost for dam
Lower Mae Wong Project

{Merit)
- Small construction cost for dam

- Large irrigation area

(Demerit})

- Resetilement problem
- Low efficiency in use of reservoir storage
Irrigation Area/Effective Storage = 153 ha/MCM

Khlong Pho Project

(Meritj

~ Smaller construction cost for dam

- Higher effectivé use of reservolr storage
Trrigation Area/Effective Storage = 260 ha/MCM

(Demerit) _

~ Reseltlement problem

- Unsuitable geological structure {loose sand layer)
- for dam foundation

- Poor materials for embankment,

v-11



(3)' Consideration on the Upper Khun Kaew project

Babed on the englneerlng evaluation on.the scale of lrrlgd~
tion . development and the dam construction cost efflclency on .the
exploitationh of water resources, the gaid three pleectS are _'
selected to be high priority: pxogects. However, it .is. necessary
to emphasize the expected difficulties involved in the resettle-
ment programme which will deal . with political, social and
economical.aspects to Be duly settled,

Among six proposed pr03ects, the Upper Mae Wong and Upper
Khun Kaew progectb have less number of. household in the submerged
area. It is foreseen from the study that the Upper Khun Kaew
project will not gain higher economical performance in the
project evaluation. But, the total investment amount is the
smallest among them except for the Huai, Rang project,

Resettlement problems will be less, and geological forma-
tion is suitable for dam construction. Considering these merits,
it is necessary to keep atténtion on the Upper Khun Kaew project.

3.4.2 Water balance study results For high priority brojects

The results of the water balance study for_éach alternative plan
are shown as follows.

Alter- Reservoir Pogsible Irrigable Area Cropping

Dam native Capacity Existing Potential Total 1nten51ty
plan {(McM) - {ha) (ha} (ha) (3}
D~1 115 36,800 - 36,800 100
D-2 205 36,800 11,000 47,800 100
Upper Mae Wong D-3 230 36,800 11,000 47,800 105
1-1 230 36,800 - 36,800 130
1-2 230 36,800 11,000 47,800 105
D-1 115 36,800 - 36,800 100
D-2 235 36,800 11,000 47,800 100
Lower Mae Wong D-3 350 36,800 - 11,000- 47,800 115
T-1 350 36,800 ~ . 36,800 140
1-2 350 36,800 11,000 47,800 115
D-1 25 10,600 - 10,600 100
p-2 45 10,600 7,300 -17,900 100
Khilong Pho D-3 96 10,600 7,300 17,900 140
-1 96 10,600 - 10,600 190

-2 96 10,600 7,300 17,900 140

Note: Cropping Pattern = Paddy + Mung Bean
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The storage changes of Alternative I-2, for each dam are shown
in Fig, v-13 to ¥ig. v-15, From the above results, the relationship
petween possible irrigable area and cropping intensity is worked out
as.shown in Fig, v-16. '
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Table V-1

IRRIGATION BLOCK FOR PRESENT WATER BALANCE

Sexrvice Arca

river Basin ‘Block (rai) Rgmark
MWl 105,000
MW2 10,000
M3 3,000

Mae Wong Mw4 3,000
MW5 73,000 sub-total
MW6 16,000 230,000 rai
MW7 26,000 (36,800 ha}
Kprl 4,000

¢hlong Fho kP2 20,800 sub-total

' KP3 17,500 53,800 rai

Kp4 11,500 {8,600 ha)
TS1 7,500
TS2 10,000
TS3 21,500

Thap Salao TS4 88,000
TSS 7,500
TS6 12,500 sub-total
BS7 11,000 162,000 rai
TS8 4,000 {25,920 ha)
XK1 6,000
KK2 21,700

Khok Khwai K3 11,850 sub-total
KK4 10,000 76,050 rai
KK5 26,500 (12,170 ha)

Sakae Krang 12,500 (2,000 ha)

SK1

V-14



Table V-2 RIVER DISCHARGE AT CT4 STATION

Observed River Discharge at CT4 Station

S

(Unit: MCH)
Year JUN. JUL. AUG. SEP. OCT. NOV. DEC. JAN. 'FEB. MAR. APR. MAY 7oy
1975 14.0 12.3 16.9 70.7 103.2 51.2 11.1  6.6. 2.7 0.8 0.7 13.8 304,
1976 2.9 1.4 7.9 99.2 105.3 88.6 11.1 5.6 1.9 1.9 2.1 2.9 1303
1977 0.5 0.0 0.2 18.3 17.3 6.1 1.6 0.7 0.0 0.0  0.1. 8.9 539
1978 3.3 30.4 25.7 76.7 119.1 18.3 6.8 1.7 0.1 0.1 - - .
1979 - - - - - - - = - - 0.4 37.2 B}
1980 86.9 26.8 30.6 81.7 134.7 30.9 8.0 2.5 0.1 0.2 0.4 7.6 4104
1981 8.0 6.1 20.3 36.3 63.6 164.5. 32,8 10,00 1.6 0.6 1.7 5.4 350.9
Mean 19.3 12.8 16.9 63.8 90.5 59.9 11.9 4.5 1.1 0.6 0.9 12.6 294§

Simulated River Discharge at CT4 Station

(Unit: MCM)
Year JUN. JUL. AUG. SEP. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY Total
1975 28.7 4. 4.9 71.4 117.4 57.3 21.4 2,0 1.1 4.3 3.8 21.8 3.l
1976 6.4 1.8 17.0 88.1 -81.0101.2° 9.7 1.0 0.4 0.3 3.9 6.6 317.4
1977 2.7 1.4. 4.5 21.4 5.2 1.6 1.3 0.3 0.7 0.3 3.7 13.0 55.9
1978 8.6 25.9 6.8 91.6 143.2 3.7 7.2 0.8 0.6 0.2 3.1 7.3 2989
1979 34.7 2 3.8 110.1 25.6 1.5 1.4 0.4 0.3 0.5 2,3 88.2 2714
1980 36.2 .9 9.8 87.1230.4 20.2 7.7 0.9 1.2 0.9 7.5 18.9 427.6
1981 28.5 6. 8.4 51.9 75.9 64.3 25.9 1.1 0.6 0.4 3.0 11.5 277.6
Mean 20.8 7.0 7.9 74.5 96.9 35.7 10.7 -0.9. 0.7 1.0 3.9 23.9 283.8




Table V-3 ACTUALLY IRRIGATED AREA

. Jrrigation Actually
River Basin . Block Service Area Irrigated Area
: ' (rai) (rai)
MW1 _ 105,000 75,600
Mw2 10,000 5,200
MW3 3,000 2,700
Mac Wong M4 3,000 1,300
| | ‘Mws 73,000 43,000
MW6 10,000 9,700
MWT 26,000 10,100
Sub-total 230,000 147,600
. (36,800 ha) (23,600 ha)
KP1 ' 4,000 3,800
Knlong Pho KP2 20,800 17,000
XP3 17,500 13,800
KP4 11,500 . 9,200
Sub-total 53,800 | 43,800
{8,600 ha) {7,000 ha)
TS1 7,500 7,200
TS2 10,000 8,300
Thap Salao ‘TS3 21,500 12,400
. TS4 88,000 33,400
TS5 7,500 6,500
TS6 12,500 5,700
ST ' 11,000 5,300
TS8 4,000 3,600
Sub-total © 162,000 82,400
(25,920 ha) {13,100 ha)
KK1 6,000 5,300
KK2 21,700 17,100
Khok Khwai KK3 11,850 5,500
KK4 10,000 8,100
KK5 26,500 . 16,100
Sub-total 76,050 52,100
(12,170 ha) (8,300 ha)
Sakae Krang Skl %g’ggg h.' 12,00
: (2,000 ha) (1,900 ha)
Total ?;;:358 ha) ?;47:888 ha)

V~16



Table V-4  ESTIMATED EVAPORATION DEPTH

NUMBER -OF RATNLESS DAY AT CT-52
s ' R (Unit: day)

J . F M

m
o
2=
)

Year A Mg I A
1970 24 14 6 s 6 10 20 és'_: 25 31 26 29
1971 24 13 21 18 16 11 17 28 31 31 29 31
1972 26 20 18 31 25 14 20 23 28 31 - 28 2
1973 29 8 12 18 15 13 20 26 31 - 30 27 22
1974 19 20 23 15 18 11 15 26 31 20 27 25
1975 28 15 23 19 16 14 13 .25 30 31 28 28
1976 26 15 20 19 i1 11 17 24 31 31 28 29
1977 23 20 24 22 20 11 21 30 30 31 24 3
1978 29 19 21 8 13 10 19 30 '31; 30 27 31
1979 28 23 17 21 22 11 27 30 31 .31 28 29
1980 27 22 12 10 17 4 19 30 31 31 28 28
1981 26 23 13 15 10 12 17 . 25 - - - .

1982 30 22 23 19 17 9 17 25 31 30 28 29

Average 26.1 18.0 17.9 17.2 15,9 10.9 18.6 26.7 30.1 29.8 27.3 28.0

Ratio 0.87 0.58 0.60 0.56 0.51 0.36 0.60 _0;89 0.97 0.96 0.97 0.90

EVAPORATION DEPTH

{Unit: mm)}

J . F M A M J Jg . a8 o] . N D
Fp- 4.9 6.2 7.5 8.7 7.1 6.1 5.6 4.9 4.3 4.5 ‘4.4 4.5
Ed 3,06 -3.91 4,39 4,92 2,68 2.38 2.04 1.62 1.01 1.76 2.55 2.84
Note: .Ep = Mean monthly evaporation at Nakhon Sawan

Ed

i

Estimated evaporation depth

il

Ep x Ratio of Rainless Day x 0.65
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_ Table V-5 WATER BALANCE STUDY RESULTS FOR SELECTION OF
: HIGH PRIORITY PROJECT

o . s Release -
“Inflow _ttes_erw‘rpn,r Trrigable for Ir- EV?I.JO_“ Spll_l— Deficit
Dam : Capacity Area . , . ration out
— o : - rigation

(MCM) (MCM) ~(ha} - {MCM) (MCM)  (MCM)  (MCM)
Lover Mae Wong 298 115 36,800 154 26 119 7.0
' 298 205 - 44,800 186 34 75 5.0
298 235. 47,800 206 35 57 6.2
298 350 53,500 246 37 16 13.3
Upper Mae Wong 196 115 36,800 105 . 9 82 4.0
196 175 44,800 132 11 53 5.3
196 205 47,800 148 1 37 7.8
196 230 49,000 154 12 30 7.9
Khlong Pho 87 25 10,600 8 19 60 1.5
87 45 17,900 27 21 39 2.2
87 82 24,000 40 26 22 2.5
87 96 25,000 43 25 19 3.4
Thap Salao 124 160 23,500 14 13 2 11.6
Huai Rang 18 18 2,000 105 1 5 0.7
Lower Khun Kaew 51 25 10,270 16 5 30 1.1
51 51 14,910 33 6 12 4.5
Upper Khun Kaew 38 20 10,270 15 1 21 1.7

38 38 . 13,000 24 2 12 3

Note: Cropping Intensity = 100 %



Table V-6  ESTIMATED POSSIBLE IRRIGABLE AREA

-

13,000

: (2)
. . : Reservoir Irrigable '
River Basin Dam Copacity " Avea. - ()/(2)
(MCM) . (ha) '
Mae Wong Lower Mae Wong 350 53,500 6,540
Upper Mac Wong 230 - 49,000 4,690
Khlong Fho Khlong Pho 26 25,000 3,840
Thap Salao Thap Salao 160 23,500 6,800
Huai Rang 18 2,000 9,000
Khok Khwai Lower Khun Kaew 51 14,910 3,420
Upper Khun Kaew 38 2,920
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—
READ

Condition'of Caléulation
Basic Data

Calculation Loop by yvear

Caldulétion’ Loop by irrigation Block

- calculation of Irrigation
Water Demand for Irrigation
Block (Diversion Requirement)

i

calculation of River Runoff at Diversion Point
to - Irrigation Block

Runoff = Surplus Water from Upstream +
Intervening Flow + Excess Water of
Rainfall from Paddy Field +
Return Flow

Water Balance Calculation

Balance = Runoff w_Divérsion
Requirement

NG

Balance < 0 ——1

Deficit = 0
Surplus = Balance

) Yeé

peficit = |Balance]

Surplus =0

WRITE

_Oﬁtput of
Result

Fig. v-2 Flow Chart of Water Balance Calculation
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READ ) .
Condition of Calculation
- Basic Dpata
SUBROUTINE. ) Calculation Loop by Year

calculation of Release|
Water for Irxigation

Vsz V2 Vp

Calculation of Balance

Balance = Inflaw - Evaporation
- Release Water for
Irrigation

3

[_V = Ralance + Previous Storage

—

x\fifffmeﬁt

v> Vs

V< vp

= Inflow +

B

previous Storage
S = Evaporation + Dead Stcrage

- No

Vs = Full Water Storage
Vp= Dead Water Storage

Storage =
Previous Storage
+ Balance

peficit = 0

Release Water =
Release for only
Irrigation

Release Water =
Inflow

+ Previous Storage
- Evaporation’

-~ Dead Storage (Vs)

Storage =
pead Storage (Vs)

peficit =
Required Release
Water for
Irrigation .

- Release Water

WRITE
Output of
Results

Evaroration =
Inflow
- Dead Water

Storage =
Dead Water (Vs)

Release Water = 0O

peficit =

Ixrigation

+ Previous Storage

Release Water for
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Release Water =
Balance
+ Revicus Storage
- Vs
+ Reguireé Realse
Water for
Irrigation

Fig. v-8 Flow Chart of Reservoir Operation
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' ANNEX VI

DAM AND RESERVOTR

1.  INTRODUCTION

1.1 ‘General Condition-

Followihg the results of the Part-A study undertaken in 1984,
three dam and reservoir sites were selected as high priority projects,
namely, the Upper Mae Wong dam, the Lower Mae Wong dam and the Khlong
pho dam. Required effective storage capacities of these reservoirs and
their drainage areas are as follows:

Effective Storage  Drainage Area

(MCM) - (km?)

Upper. Mae Worg - 230 612
Lower Mae Wong 350 930
_xhlong Pho . 96 394

The lower Mae Wong dam and the Khlong Pho dam are located within
the range ‘of the Khao .Chonkan mountalns. The Upper Mae Wong dam is
located at about 17 km upstream of the Lower Mae Wong dam site, where
the mountain rangeés-of the Mt. Khao Mokochun meet with the flood plain.
Geologically  foundations. at these dam sites are formed mainly by the
palaeozoic metamorphic complexes and Mosozoic sandstones, shales, minor
and volcanic conglomerates.

The dealgn of these dams were conducted at the pre- feaSlblllty
level which aimed to define the major dimensions of dam body and related
structures, Most of design values on the earth fill materials and
foundation cond1t1ons are based on the estimates obtained from the site
investigation. Bore hole drllllng data are available only for the Knlong
Pho dam. Topoqlaphlcal maps applied in the study are 1/50,000 scale for
the Upper Mae Wong and the Khlong pho dams and 1/10,000 scale for the
Lower Mae Wong dam.

1.2 Basic Design Criteria Applied for the Study

1.2.1  seismic force

Seismic force is one of the major components in the design of
large dam. Data on the distribution of epicenter locations and their
magnitudes are available for the period from 1912 to 1981 in the Studies
and Research Div. of the Meteclogical Department and they are shown in

vVI-1



rig. vi-l. The most of. eplcenters are located alonq the Indlan ocean
plate which has arciform extendlng from Indonesia to Burma. - Rellable
epicenters of greater magnitude are not recorded w1th1n Thailand.

L2

(1) Seismio aooelérdtion force diétributioﬁ

Along the eplcenter ‘arciform belt the max imum magnltude of
M = B was recorded at two points but eastern area of - arciform. -
belt has relatlvely minor magnitude epicenters:. . Draw1nq the
envelope line along the eastern edge of the recorded eplcenter g
'1ocatlons and assuming M = 7 magnltude on the ‘envelope- with depth
of 40 ‘km from thé ground surface, the SelSmlC acceleratlon force
{gal) dlstrlbutlon was estimated. . The, resulte are shown in Fig. -
VIi-2. In the calculation of. relatlon between dlstance from the

epicenter and seismic force (gal) _Lhe_follow1ng formulae were
adopted. ' ' S '

(a) Seed (1968)
log Gmax = 2:04 + 0.35M = 1.6 log L

(b)  Okamoto (1979)

Crax 150 -4, 93 0.8 | 0.043 :
iog (1'000) = 100 + 9M ~ O M2 )
where M - magnltude

Gmax : maximum accelaratlon (gal)

L .+ distance from eplcenter (km)

(2) Design'seismic force .

' Proposed dam 51tes are located about 300: km away from the
M = 7 line arid the estlmated seismic acceleratxon is 1ess ‘than
5 gal. Cons:derlng that the proposed dam sites are located -hear:
to the epicenter zone, it was assumed that the magnltude of M = 8
occurs at the edge of eplcenter zone, Then,- the acceleration
force is estimated to be 10 gal. For de51gn of the proposed dam,
safety factor ‘should be taken into con51derat10n for different’
geological condltlons. The design seismic force Kh is then deter-

mined at 0.03 Jthh is derlved by 10931:{3/980 taklng safety
factor at 3.

Basic design criteria
(1) Safety factor
Safety factor for-slope stability of dam body is taken at 1.2,

(2) Dam dimensioﬁ,for £ill dam



Core c¢rest elevation

_(a:)"

Core crest elevation = H.W.L. + HFf

A = R+ 1.0> 2,0
wher_é ,- H.W.L. ': flood water level
R : wave creep height to the slope

For estimation of R, the following figure is applied
taking a wind speed of 30 m/sec.
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‘Distance to the Opposite Shore (m)
. (b} Dam crest width

' Da'm'c.rest is often used as
the crest width is determined as
width of 8 m.

a part of local road and
follows, taking a minimum

3.6 ¥YH - 3.0 earthfill dam

0.05H + 6.0

i

for

= for rockfill dam

B
B
H : dam -he_ight (m)

(3)"  sediment inflow to the reservoir

_ : According to the sediment gradation analysis based on the
data at CT-5A shown in Annex I, the average sediment inflow hecomes
about 0.8 'm3/km2_/year of bed load and 71.3 m3/km2/year of suspended
load. These values are considered too low., In the design of the
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Huad, Thap Salao dam, total sudlmont 1nf10w Lo the reservoir ig
estimated. at 340 ) /kmz/year. :

Con31der1ng the dlfference of forest cover on the water~
shed and of geologlcal condltlons, the de51gn values for sediment
inflow on the Mae WOng and ‘the Khlong Pho rivers are determlned
as follows:

Unit sediment inflow _

Mae.Won§ river -' - 300 m?/kmz/year
Khlong”Pho river = . 350'm3/kh2/year:
The dead storage capa01ty 1n the reservolr 1s estlmated

u51ng the follow1ng equatlon

100 years X (Unlt sedlment 1nflow) X (Dralnage area)
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2. . UPPER MAL WONG DAM

2.1 Géﬁetal

The Upper Mae wOng dam site is located at abouL 17 km upsteam of
the Lower Mae Wong . dam, where the mountain ranges of the Mt. Khao
Mokochun meet with the flood plaln. ‘Valley shape is relatively wide,
about 400 m to 800 m but foundation rocks are hard, exposed on the
surface and bearable:for all types of high dam. As it is reported in
Annex TI, the elasticity modulus of foﬁndét:on rocks is estimated at
a range of 50,000 kg/cm2 to 100,000 kg/cm The reservoir ared is
covered by thick forest, and numbers of households within the expected
submerged area will be 40 according to the official data. The resettle-
ment is con21dered Lo be a minox comoornent for the prOjCCt implementa-~

tion,

. _The:reeérVQif storage volume and area versus elevation curve is
made From the topographical wmap of 1/50,000 scale and is shown Fig. VI-3.
The effective storage required from the water balance study is 230 MCM
at full water level.of EL. 216 m and dam height is expected to be about
62 m. '

2,2  Preliminary Design of Dam

2.2.1 ‘Dam type

selection of dam type is made based on the studies laying stress
on.the available materials near the dam site, foundation conditions and
economi.cal constructlon cost. TIn case of the Upper Mae Wong dam, the
foundation xocks_are_con31dered to. be suitable for all types of dam.
valley shape is wide with a river bed width of about 400 m and a valley
width of about 800 m. A concrete dam is considered to be disadvantageous
because of wide valley shape which will require 0bv1ously higher construc-
tion cost for concrete dam. type.

As the helght of dam is ewpected to be more than 60 m, the embank-
ment materlals, in case of- earthflll type, should have large shearing
strength agalnst shear failure and should be uniform in quality. Large
volume of such embankment materials is not obtainable near the proposed
dam site., Rock materials with’ sufficient strength for high dam embank-
ment . are abundant around the dam site and excavated materials from the
service splllway can be dlverted to the embankment. Rockfill type is
preferable in all aepects euch as material availability, suitability
for high dam and. economical construction. Rockfill dam with center-core
is then selected For the Upper Mae Wong dam.
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2,2.2 Design of dam

(1)

{2}

" Dimension

Freébéard '

JThe freeboard is’ designed at 2 5 m taklng deqagn factors
‘as follows. :

5 km

Distance to the opp051te shore g = _

. Maximum w1nd veloclty P 7: vV = 30¢m/se§
Embankment_slope ‘ S _ : '1-: 135‘ 7
Slopé_sﬁffé@é'- - _ T rugged gutfacé7 .
Wave creep'ﬁeight . R=1.5m

HE = 1.5 + 1,0 = 2.5 m

Crest of core zone

CH.W.L. + Hf = EL. 219 + 2.5 = EL. 221.5'm

H.W.L. : high water level

pDam crest

EL. 221.5 + Crest road 0.5 m = BL. 222 m

Crest'widfh

i

6+ 0.05H=91um H=62mn
3.6 x V-3 =11.2 m

Taking average value,. crest width is designed at 10 m.

Materials for embankment

Core zone :'-Borrow axea is selected at downstream of
dam ax1s,'where talus dep051t ‘and’ ‘deep
_weathered granlte are found
Among excavated materlals from ‘service
splllway, talus dep051t and deep weathered
mater1als can be used for core 4one.

Rock zone r Borrow area for rock materlal is selected

at left side of the rlver about 1.5 km
upstream from the dam axis.

- VI-6



Transition zone: Most of excavated materials. from the
: -scrvlce splllway are utilized for transi-
tion zone, Small grade of blasted rocks
from the rock horrow area are also used
for this zone,

Filter zone . : River sand is applied.

_ Rock_matefidlé obtéined'frbm the ‘diversion tunnel will be
© used for pavement of construction road.

(3} '.Dééign values of embankment materials

Based on the site investigations, the design values of
elbankment materials are assumed as follows.

Zohe_ . ;_'Gs ya- e YW ysat o] C k
t/m3  t/m3 o e/md e/ t/m2  cm/sec
Filter ~ . 2.65 1,70 0.559 1.80 2.06 30° 0 k> 1x1073
core 2.67  1.70 0.571 1.95 2.05 25° 2,5 k<1xl07®
Transition  2.65 = - 0.325 2,00 2,25 37° O K > 5x10™"
Rock 2.65 -~  0.325 2.00 2.25 42° O -
where, Gs - : unit‘wgightf
' +vd '+ dry density
e -+ i void ratio
yw @ wet dénsity
ysat : saturated density
é. -: internal friction angle
= ¢ cohesion
k- 1 permeability coefficient

(4) Typical cross section

The - layout plan and Lyplcal cross sections of dam are shown
1n Fig. IV-4, VI-5 and VI-6. The safety factor for the dam slope
stablllty is calculated by a Sllp Cchle method applying the above
design values.
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RIS safety
o LConditaon

‘Pactor -
1.7 Upstream slope (S 1 l 70)
a. Immedlately after the constructlon ' Fs = 1.82
 {with earthquake pore pressure 50% remaln)
b. Full storage level with earthquake : ' Fs = 1;56
(selsmlc force kh 0. 03J '
¢. Sudden dr0p of water level o ' - Fs. o= 1.44
(core & tran51tlon, pressure ]OO% remaln) : :
d. Sudden drop of water and earthgquake Fs =1.33
e. Burface slip s = 1.357
2. Downstream slope (S = 1:1.60)
~a., Surface slip - _ R  Fs = 1.348

{5) Foundation . treatment

The lowest excavation line for core zone is determihEd'ét

© EL. 160 m. As the dam -foundation is formed by hard rocks, the
prlnclpal purpose- of foundation treatment is to deécrease: the
seepage  through dam’ foundation. - Cement groutings are adopted'for
this purpose and they are composed of blanket qrout curtain grout
and supplemental curtain grout ' '

Blanket grout with . short deDtn would be made for the all"
foundation area of core zone. It is designed. to improve the
loosened rock foundatlon zone. near the ground’ surface due to
excavation by means’ of fllllng up the open cracks in the rock
with cement milk.  Main curtain. grout is designed at the centre
of core basement and would have deep grouting length to stop '
seepage through foundation. ‘Supplemental grout would have medium
length 1ocat1ng both ‘sides of main curtaln grout lines and is
_de51gned to 1ncrease the efflc]ency Of main curtaln grout '
These grout lines are desrgned as follows-

Main curtain grout

d =h/3 %+ c

where, h : depth from’ full water level to foundation
level :
Simond's coefficient, assumed at 15
4 maximumrgrout depth
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d= 56/3 +.1% = 34 m

number of grout lines

. line space.

‘grout hole space

Suppiémental gréﬁi

grout: dépth

* number of grout lines  :

line space

grout hole spéqe

_Blanket grbﬁt

- (6)

grout depth

numnber of greut lines

line space

grout hole space

Service spillway

3 lines
3m

3.5 m

1/3 of curtain grout, minimum 5.0 m

"1 line each at outside of curtain

grout
3m

3.5 m

Im

2 lines each outside of supple-
mental grout

Im

3.5 m

“The location of service spiliway is selected at the right

side of the dam considering mainly topographic and geological
conditions: At the dam site, the river course changes from the
left side to the right side, so if the spillway is located at the
right side of dam, -a connecting canal from the spillway to the

river is not necessary.

Excavated materials are expected to be

hard rocks of granite and they can be used for the embankment of

trangition zone.
follows; :

Degign flood

~Spillway type

Flood overfiow depth

Spillway crest length
SpillWay'channel

tot31 leng£h

width

depth

Dimensions of the spillway are designed as

1,770 m®/sec

side spillway combined with chute
and hydraulic jump stilling pool.

3.0 m
165 m

525 m

25 m
22 m
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(7). Dlver510n tunnel and 1ntake stxucture

. Based on’ the ‘same reasone fol'selectlo of the service
splllway locatlon, the dlver81on tunnelulsfto he lovated at the
right side bank to: mlnlmlae the. tunnel'le ' ;The constructlon
-perlod of: the ‘dam is “estimated’ at about years' _since’ the dam

foundatlon is w1de hav1ng about - 300 m to, 400 moin wmdth,’excava-
tion of foundatlon and: embankment of: dam can pdrtly be pr greSsed
prior to. the completlon of dlver51on=t nnel, by.use.of the -open
:channel to be excavated atthe- rlqht 1de ‘of valley ‘for’ leQrSlon
“of the river: flow.ﬂ “After completlng: _ Ddlver31on tunnel the.
Jriver flow w;ll be. dlverted ‘through tannel and the open: channel
will be closed for embankment of dam The ‘diversion tunnel

would be utlllzed only for 2 to 3 ‘years. Con51derlnq these condi~
tions, . the design. dlscharge for alver51on tunnel is determlned at
700 m3/sec equ1va1ent to the flood.with 5~year return period.

" Intake facilities are dedlgned so as to utilize the dlvers1on
‘tunnel. Deslgned dlmenslons are as follows,_ ST

Diverslon tunnel

aésigﬁ?aischarge 1 700 n¥/sec
tunnel dlameter . 9m _ '
tunnel length _ ' : 190 m

Intake'structure
type - . . drop inlet

1ntake dlscharge (max ) 35 mi/sec

vI=10



5. LOWER MAE WONG DAM

3.1 Genefali'

' The Lower Mae WOng dam 51te JS located. -at about 3 km upstream of

gaging ‘station. CT-SA where the ‘Mae Wong' river Tuns through the narrow

valley of - the Khao Chonkan mountians. = The valley shape is steep and
river: Wldth is Barrow hav1ng about 60 'm, which is considered to be
fairly sultable for dam site. . The reservoir area-was formerly beéautiful
forest - reserve but the v1llagers have treaepassed and settled down in
the. reserved area. The upstream of the pr0posed dam site has been
turned ‘into the farmland Thus, the réservoir area becomes vast flat
'farmland and it gives great potentlale for reservoir storage but the
resettlement of people and their properties to be submerged under the
reservolir will be the dlfflcult problem for the implementation of the
dam construction. Accordlng to the:official data, the number of house-
hold within the reservoir are is reported to be 520.  Careful considera-
tions and dellberate studles ‘are required for the preparation of reset-
tlement program.“

‘Based on the 1/10 OOO ecale topographic map, the reservoir storage
volume. and.area versus elevation curve is prepared and shown in Fig.
vIi-7. Dralnage area at dam site is 612 km . Required effective storage
volume based on’ the water balance studies is 350 MCM. Full water storage
level is at EL. 136 m. - Dam height becomes at 38.1 m.

3.2.  Preliminary Design of Dam

3.2.1 Dam- type

Taklng into account the valley shape at dam site and the large
scale of désign Fflood for spillway, a concrete dam type seems to be most
preferable._ HoWever, existence of the fault running from north to south
is indicated in the qe010q1ca1 map at about 400 m upstream of porposed
dam axis, This fault could not be confirmed by the site investigation
because of. thick alluvial dep051ts and vegetable covers. Foundation
rocks of sandstone and. shale at the dam site are condsidered to be
dlsturbed con51derably by this fault.

AS far as evaluatlng from fhe surface investigation at site,
_elastlclty modulus of . the. foundation rocks are estimated at about 3,000
kg/cm? “to 5,000 kg/cm2 for weathered,shale weathering of rocks are
consadered to be. also’ proceeded- for wide range. Evaluating from these
conditions, construction’ of a cohicrete dam with helght of more than 25 m
- may be. dlfflcult Embankment materials obtalnable in and around the dam
site, are mostly talus deposit and weathered sandstone and shale. Hard
rocks will be obtained from deep excavation but limited in guantity.

From the above, the earthfill dam type with a center core zone
is selected for the Lower Mae Wong Dam.
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3.2.2 Design of dam

(1) Dimension -
—Freeboérd:_.
rblstance to tho opp051te shore 1 B = 7 ik km o
 Max1mum w1nd ve1001ty . ":{,Vri 30 m/sec-
Embankment slope o B -1:3 2. 5 '
Slope surface o f_‘-. ..7 Ly rugged surface
.Wave creep helght :

R = 1.6 m
HE = 1.6 +'1:0.= 2.6 n .

-Ciest of=c§ré #one- |

H..I‘;..L. b HE = EL. 140 4 2.6N=: EL. 142.6 m
Daﬁ:crgég

EL.'142.6 + 5;5.m'(c?est road) #;EL..143.1 m:
g;esf wid££..

6m+ 0.05x 38, 1m=7.9m<8.0m

B =
B=36x3\/381-—3 =9.1m

Crest w1dth is determlned at 9. O m

12) Materials.for'embankment—~

Four zones are con51dered from the avallablllty of materlals
- for embankment

Coxre zone 1 Core material borrow area is seleécted
S at left side of downstream where. the
talus deposit and weathered shale are

found in a shape of terrace.

Semi-pervious: zone : . Greater part. of excavateéed materials
L © . from spillway is considered to be .
-weathered shale and sandstone, and
can be utlllzed for sem1—perv1ous
- zone, -
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‘Randoni zone I Among excavated materials, deeply

‘weathered rocks will be utilized for
this Zcne,

‘Rock zone - : Hard rock materials_will be obtained

from spillway excavation and tunnel
excavation. Quantity may be small
but they aré to be used for rock zone
which is necessary to keep the slope
stability at upstream.

“Filter =zone . . River sand is applied.

(3}- Design values of ‘embankment materials

Based on the site investigations, the_design values of
embankment materials are assumed as follows;

zone Gs  yd e “yw  ysat ¢ ¢ k
t/m® t/md - t/m3 5/m> t/m?  cm/sec
pilter ©2.65 1.70 0.559 1.80 2.06 30° O k> 1x1073
Core 2.70 1.55 ©0.74 1.90 1.98 20° 3.5 k> 1x107°

Seml pervious
Random

Rock

2.65 1.75 0.154 2.00

2.65 1.75 0.514 2.00 2.09 35° 1.0 k=1x10 "

.09 35° - -

s

2.65 - 0.325 2.00 2.25 do°

where, Gs

.

unit weight

vd : dry density.

e : - void ratib

YW :  wet density

ysat : saturated density

b : internal friction angle

c cohesion

k permeability coefficient
{4)  Typical cross section

The layou£ plan and typical cross sections of dam are shown
in Fig. VI-8, VI¥9 and VI-10. ‘The safety factor for the dam slope
stability is calculated by a slip circle method.
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. Condition Safety

‘TFactor
1. Upetream_elope (S =132.8)
A Immedlately after the constructlon w1th_ " Fs.= 1.47

'earthquake, (pore pressure 50% for core .
and 30% for seml—perv1ous} :

b. Sudden drop of waLer level and earthquake- _Fs_% 1,39
{pore pressuxe 100% rema1n except rock '

ZONEe)

2. Downstream slope (8 = i:Z,Si o

)
—
(%
98

a. Immediately after the constructlon with' Fs
ealthquake '

(51} fFoundetion treatment

. The lowest excavation- line for core zone ie'determined at -
EL, 105 m and the dam height becomes 38.1 m. Cement groutlngs
are adopted for the foundatlon treatment. As the foundation is
'con51dered to be soft rocks formation, the spaces for the. grout
line and grout hole are selected narrower than those in the case
of the Upper Mae Wong dam.,

Grout line space - ¢ 2.0 m

Grout hole space : 2.5 m

Main curtain grout

Three numbers of main curtain grout 1inee'afe designed;
The maximum grout depth is determined as follows;
d=h/3 +c
h

c = 15
31/3 + 15 = 26'm

EL. 13t m - EL. 105 m = 31 m

o]
Il

.Supplemental-gfout

grout depeh . : :"l/zrof cuftain-groufjdeptﬁ _
nuijber of grout line : 1 line each at outside of curtain
91anket~gfog§_

grout'depth o : 5m

number of grout line : 2 lines each at outside of supple-
mental grout
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(6) .Service spillway

Con51der1ng the: LOqurapth ‘condition and utility of exca-
vated nmaterials for embankment, the location of service spillway
is selected at rlght side abutment. The deésign flood of spillway
-igs 2,600 m /sec which will make the scale of. spillway structure
exceqs1ve1y larqe compared with the size of dam body. In thlS
study, a comparatlve study was made for two spillways plan consist-
ing of a. service qplllway and a emergency spillway. However, this
plan could- not be adopted because there is no suitable site for
a emergency spillway. Designed dimensions of spillway are as
follows; '

'_DeSign £lood” _ ;2,600 m3/sec

Spillway type . side spillway combined with chute
i - '~' : and stilling pool
Fiédd éverflow depth : 4.0m
Spiilway crest length : 155 m

Spiliway-channel

total length : 465 m
width : 30 m
depth : 23 m
{7} Diversion tunnel and ‘intake structure

in case of the Lower Mae Wong dam, the valley shape is
narrow s6 - that all construction works should be commenced after
completion of diversion tunnel for diversion of river flow.

The design discharge. for diversion tunnel is determined at 1,240
3/sec equlvalent to the flood with 10-~year return period. With
this design flood, two diversion tunnels are necessary to keep the
tunnel diameter not excessively large. . The tunnel is designed at
both. sides of the river. Tunnel alignment is determined to keep

sufficient distance from the spillway and dam foundation.
Designed dimensions are as follows;

Diversion tunnel

desigh discharge : 1,240 m3/sec
for single tunnel . 620 m°/sec
tunnel diaméter : 8.5 m

tunnel length
right side tunnel : 565 m
left side tunnel : 266 m

Intake structure

type : drop inlet

intake discharge {max.) : 36 m3/sec
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4, KHLONG PHO DAM

4.1 General

The Kholong Pho river orlglnates from the southern edge.oE the o
~ Khao Mokochun wountain ranges . .and most of. the drainage argas’are gently
undulatlng alluv1a1 plaln hav1ng ‘river, gladlent of more: than 1/250
Exploltatlon of" large reservoli w1th a hlgh dam is coneldered k6 be'

" difficult because the valley shape 'is shallow’ and wide; " waterehed ‘area
is relatively thxn and geologlcal condltlon is’ not sultable for large
dam. : . . E . .

The proposed dam site is- 1ocated at the southern tlp of the Khao
Chonkan mountaln ranges,. where- the river runs through the hlgh terrace
of the plaln.- The valley width is about 1,500 m and the maxlmum dam
height from the rlver ‘bed Wlll not exceed 20m, The dralnage area at
dam site is 394 km’. : )

The reservolr ‘area has been developed for agrlculture and number
of household within the reservoir area is reported to* be 365 accordlng
to the OfflClal data. The reseftlement prograin becomes one of the major'
components for this pro;ect 1mplementatlon Phe reservoir: storage
volume and area vexrsus elevation curve is made from the topographlcal
map of 1/50,000 scale and is shown in Flg vIi=11l,  Effective storage
capacity is 96 MCM according to the water balance study. The full water
level is EL. 100 m. :

4,2 Preliﬁinafy Design of Dam

4,2,1 Dam type

The foundatlon at the dam slte is composed of loose dlluv1al sand,
and available materlals for embankment: are sand-and sandy Sllt '
Construction of a concrete dam will not be p0351b1e as the: foundatlon
sandy layers have not encugh- sheéaring’ strength for the load of ‘a. goncrete
dam. Rock materials are not obtainable around the dam, and” therefor
the earthfill type dam is prefefable R

- Core materlals w1ll be obtalned at around the foot hills located
about 5 km away - frOm the “dari 51te in order to: utlllZe the. sandy silt
materials obtainable abundantly from the dam 51te, the 1nc11ned core type
is selected. Since the sandy silt’ materlal decreaees its ehearlng
strength under the condltlon of saturatlon, this materlal is de51gned
to be embanked al downstream zone behind the core zone. Zoning of dam
consists of inclined core zone, sandy silt zone and fllter zone in
between them, taking account of the dam scale with height of about 21 m,
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4.2.2  Deglgn of ‘dam
(1) Dimension
Freeboard

* Distance to the opposite shore : F = 5 km

Maximum wind velocity 1 V= 30 m/sec
Embankment slope ° ;1 ;2.5
‘Wave creep height _ : R=1.4m

Crest. of core zone

"H.W.L. + Hf = EL. 102.0 + 2.4 = BL. 104.4
bam crest
BL. 104.4 + 0.5 = EL. 104.9

Crest width -

B=6+0.05=7,1m, H=2lm
3
B=3,6x/¢YH -3=6.8mn

Taking minimum core crest width, it is designed at 8 m.

'{2) .besign value of embankment materials

Zone S Gs . yd e . yw  ysat ¢ ¢ k
t/ma-' t/m? t/m3 t/m’ t/m? cm/sec
Foundation  2.65 1.55 0,71  1.96 1.96 28° -  k=1xl0™
© Core . 2,70 1.55 0.74  1.90 1.98 20° 3.5 k< 1xl07®
Random . - 2.65 1.45 ©0.828 1.80  1.90 20° 1.0 k=1x10"}
where, Gs .:_ upit-wéight
“vd :. dry density
e : void ratio
CYw. @ wet density
vsat : saturated density
P : _internal friction angle
e . : cohesion =
k ;- permeability coefficient
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(3) 7Typical cross section'j_

The layout plan and typloal sectlons of dam - are - shown - Flg
Vi-12, vI~13 and vIi-14. The safety factor for tho slope "tablllty
is ca]cu]ated by a slip cxrcle method. '

{a) Upstream slope
‘As shown 1n the typlcal cross sectlon of dam, the

1ncllned core zone is extended to the: hollzontal blanhet'
zone at L, 95 w hav1ng a berm: w1dth of 15 m. C

case . B=8m ~ B=15m B = 20m
1. Inmediately after the  Fs = 1.27 Fs=1.67 Fs=2.29
construction and ' g
earthguake
2. Sudden drop of water ‘Fs = 1.07 Fs = 1.33 0 Fs = 1.77

level and earthguake

where, B :  Bearm Gidth_at BEL. 95 m~
Fs. : BSafety factor.

in case of 1mmedlate1y after the constructlon, 1t is.
assumed that 30. % pore pressure remains -in all zones 1nclud-'
ing foundation zone. ~ In. case -of - sudden drop of water. level,
it is assumed that 100 % pore pressure remalns for all zones
within the seepage line. :

L (b) Downstream slope

Slope stabllltv is calculated w1th slopes of 1:2.0 and
1:2.5, and berm widths of 3 0 m at EL,. 98 m and 10. 0O mat’

BEL. 92 m.

In case of immediately after the construction, with _
30 % pore pressure remaining, safety factor is glven at.
1.34. :

(4). . Foundation tfeatment'

" As. 1t is dlSCUSSOd in the., Annex 11, the eroded valley is
buried in the foundation near. the’ borlng hole DH 6 near the right
side of river. Loose' dlluv1a1 sands are’ dep031ted in this" valley.
At both sides abutments, dlluv1a1 depOSlt 18, shallow but consoll—
dated well, and ‘weathered foundatlon rocks of sand stone or mud-.
stone may be found. In the river bed or buried valley, the founda-
tion rock may be found in the deep distance. The Foundation
exacavatlon 11ne is determlned folloang the burled leley shape.
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._Datum of foundatlon excavatlon iz at LL. 84 m and the dam height
bccomes 20 9 .

_ ”.[Cementggroutinq is planned for both abutments as their

foundations are considered to be consclidated. These grouts are
composed of3 lines of main ¢urtdin grout, 2 linés of supple-
mental grout and 2 lines of blankeét grout having line space at
2 m and grout hole spacd at 2.5 m.

In roder to treat ‘the: loose diluvial dep051t in the buried
valley 901t10n, chémical grouting is preferred. Conslderlng that
‘the’ permeablllty of foundation is estimated. at about 1x107 fem/sec,
is determlned at 1.0.m and grout hole space at 1.5 m for chemical
groutlnge

(5) Sefvicefséillway
The 1ocat10n of spillway. is selected at the right side abut-

mernit where N values are reported to be more than 50. The designed
" gpillway dlmen51ons are as follows;

.Desigh flood B 1,190 m®/sec
'Splllway type | | :.1eide spillway
_Tlood overflow depth K 2.0 m
Sp;llwaj crest 1ength : 200 m

Spll]way channel

total length : 850 m
width : 30 m
depth. : 13,4 m

(6) - Diversion tunnel and intake

" In case of the Khlong Pho dam, the dam site valley is about
'] 500 m wide and dam helght isg only 20.9 @. Since the width of river
is very narrow,'only about. 30 m, river diversion is not necessary
-except for the last enclosure of the dam site. Selecting the
“donstruction period for enclosing embankment during dry season,
river diversion will be'requifed for only small dry season [low.

_ The  maximuam 1ntake discharge for 1rrlgatlon is estimated at
‘10 o m3/sec. Therefore, the river diversion would be made through

“the lntake_tunﬁelfWhich is located at the right side.

Intake tunnel

diameter : 1.8m
intake discharge : 10.0 md/sec
“length : 300 m
.intake type . ~+ drop inlet
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“Table Vi-]

'SUNMARY OF RESERVOIR AND DAM

Upper Hae

¥ 1 'Right side tunnel 565
- Left side tunnel = 266

VI~20

Hen Lower Mae Khlong

o - Wong ‘Wong Pho
. Reservoir- .- .

Calchwent area Kt 612 - 930 394
 Effective storage MCH 230 350 96
“Dead storage - HON 20 30 BT
- Total storage - MO - 250 380 110
Water level R :

© Full storage . Elw - 218 136" 160

‘High water ~  Eln 219 - 140 - 102
Dead storage. Eln 189 124 95
Resetvoir area = - '
Full storage ki 17.0 - 54.0 30.0
High water kb 19.5 68.0 36.0
. Dam- S
Type RF Z6F EF

Height B - B2.0° 38.1 20.9

Crest level ~  Elu 222 143.1 -104.9

Foundation level — Elm 160 105 84

Crest length _ 7% 205 1,555

Embankment HOH 3.40 0.28 0.74
. Spillway - .

Design flood m'/s 1,770 2,600 1,190

Crest length D 165 155 200

Total Length- B 525 465 850
. Diversion tunnel’

Design discharge  m/s 700 1,240 10
- Tunnel diameter m 8.0 . 8.5 1.8

Tunnel tength B 190 831 * 300
. Intake structure _

Type . _ DI 1) DI

Intake discharge m/s 35.0 36.0 10

-RF : Rockfill type _ EF : Earthfill type
‘ZBF: Zone type earthfill = DI : Drop Inlet type
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